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Abstract Key words 
     In this work, nickel oxide thin films have been successfully 
deposited on glass substrates by sputtering technique at different 
temperatures, and explored as a fast response sensor to hydrogen 
reducing gas. 
The nickel oxide sensor exhibits an increase of the conductance upon 
exposure to hydrogen gas of various concentrations at different 
operating temperatures. Pure sputtered NiO sample showed excellent 
sensitivity S of 1488% to hydrogen gas at the optimum H2: air 
concentration of 3.75%. 
The variation of the operating temperature of the film has led to a 
significant change in the sensitivity of the sensor with an ideal 
operating temperature of about 275Ԩ after which it began to saturate 
with increasing temperature and test was terminated. The variation of 
NiO sensor sample with H2: air gas ratio concentration showed linear 
relationship up to 3% after which saturation of S occurred. 
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  تحسسية محسنه لغاز الھيدروجين باستخدام اغشية اوكسيد النيكل الرقيقة المرسبة بالترذيذ

 عفاف فاضل سلطان

 العراق ، بغداد ،جامعة بغداد ،كلية العلوم، قسم الفيزياء

  الخلاصة
تحضير اغشية لاوكسيد النيكل على قواعد زجاجية باستخدام طريقة الترذيذ وتم تفحصھا تم ، في ھذا البحث     

 .                            غاز الھيدروجين المحتزل عند درجات حرارية مختلفةكمتحسس سريع الاستجابة ل
كيز و درجات حرارة ولقد اظھر متحسس اوكسيد النيكل زيادة في التوصيلية بتعرضه لغاز الھيدروجين عند ترا

لغاز الھيدروجين عند تركيز % 1488اظھرالنموذج النقي لاوكسيد النيكل تحسسية فائقة مقدارھا . مختلفة
3.75  .% 

ان تغير درجات الحرارة لھذا المتحسس ادى الى تغير ملحوظ في الحساسية حيث كانت درجة الحرارة المثالية 
ان تغير حساسية  .بدات الحساسية بالتشبع بزيادة درجات الحرارةدرجة مئوية بعدھا  275للاشتغال حوالي 

وبعدھا تحدث حالة % 3المتحسس مع نسبة تركيز غاز الھيدروجين في الھواء اظھرت علاقة خطية حتى تركيز 
  .          اشباع للتحسسية

  
Introduction 
     The ever growing human society 
continues to impose more and more 
complexities and severe life threats 
especially those related to the public 
health. To overcome such problems, 
scientists always try to mimic 
"simulate" human senses in a step to 
lessen the effects of these threats. Both 

liquids and gases are chemical 
materials of special important. 
Chemical gas sensors simulate the 
human nose function. Principally, a gas 
sensor is gas-dependent resistor, i.e., 
its resistance R changes in respond to a 
specific gas concentration present in 
the nearly environment. Although there 
are different types of gas resistive 
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sensing elements, those based on 
semiconducting metal oxide (SMO) 
are at the forefront. The current 
research demonstrates the sensing 
effect of Nickel Oxide thin film 
structures exposed to reducing 
hydrogen gas at various concentration 
and temperatures. 
Nickel oxide (NiO) is an attractive 
material due to its excellent chemical 
stability, as well as optical, electrical 
and magnetic properties. It has been 
used as antiferromagetic material [1], 
material for electrochromic display 
devices [2] and functional layer 
material for chemical sensors [3]. 
Furthermore, it is a p-type 
semiconductor conductivity films due 
to its wide band-gap energy ranging 
from (3.6 to 4.0) eV [4]. 
Among the different methods currently 
used to obtain NiO metal oxide of 
superior quality, sputtering was 
adopted in the current study. The 
crystallite size as calculated in 
accordance with Debye-Scherer 
formula is given bellow [5]. 

ܦ ൌ
ߣ݇

ߠݏ݋ܿߚ
																																											ሺ1ሻ	

 
where k=0.89, λ is the wavelength of 
the radiation being equal to 1.504ߚ ,°ܣ 
is the full width at half maximum 
(FWHM) in radian and ߠ is the Bragg 
diffraction angle in degree as obtained 
from 2ߠ  values corresponding to 
maximum intensity peak in the XRD 
pattern. 
The performance of the annealed NiO 
dements upon exposure to a hydrogen 
gas was tested at numerous affecting 
characterization parameters including 
gas concentration, temperature, rise 
and recovery times.  
The response of a sensor upon the 
introduction of a particular gas species 
is called the sensitivity(S). The most 
general definition of sensitivity is 
applied to solid –state chemi-resistive 
gas sensors is a change in the electrical 

resistance (or conductance) relative to 
the initial state upon exposure to a 
reducing or oxidizing gas component. 
The sensitivity depends on many 
factors including the background gas 
composition, relative humidity level, 
sensor temperature, oxide 
microstructure, film thickness and gas 
exposure time. One of the most 
common methods is to report(S) the 
ratio of the electrical resistance in air 
(RAIR) to the resistance measured when 
a gas is introduced(RGAS) as given in 
Eq. (2)  [6]: 
 

ܵ ൌ
R୅୍ୖ
ܴீ஺ௌ

ൌ
஺ௌீܩ
஺ூோܩ

																																ሺ2ሻ 

 
where R is the electrical resistance and 
G is the electrical conductance and the 
subscript "AIR" indicates that 
background is the initial dry air state 
and the subscript "GAS" indicates the 
analytic gas has been introduced. 
Another common approach to report S 
is shown in Eq. (3) and (4) [7] 

S=
∆ோ

ோ°
ൈ 100% ൌ

ோಸಲೄషೃಲ಺ೃ
ோಲ಺ೃ

ൈ 100%						ሺ3ሻ 

 

S=
∆ீ

ீ°
ൈ 100% ൌ

ீಸಲೄషಸಲ಺ೃ
ீಸಲೄ

ൈ 100%						ሺ4ሻ 

 
The response timeሺ߬௥௘௦ሻ of a gas 
sensor is defined as the time it takes 
the sensor to reach 90% of 
maximum/minimum value of 
conductance upon introduction of the 
reducing/oxidizing gas [8]. Similarly, 
the recovery time ሺ߬௥௘௖ሻ is defined as 
the time required recovering within 
10% of the original baseline when the 
flow of reducing or oxidizing gas is 
removed. 
 
Experimental procedure 
     Thin NiO film were deposited on 
glass substrate by radio frequency 
magnetron sputtering from NiO target 
in Ar plasma using RF power of 140W 
at ambient 100	Ԩ substrate 
temperatures. The distance between the 
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Fig. 5b: The variation of resistance of NiO sample at 4.8V bias voltage and 275	Ԩ to traces 

of H2 gas mixing ratios. 
 

Fig. 6 shows the change of sensor 
sensitivity S, as taken by using Eq. (3) 
with gas mixing ratio C. The 
sensitivity of the sensor is linear in the 
low gas concentration region up to 3% 
after that the sensitivity tends to 

saturate in the high gas concentration. 
One applicable use of such behavior is 
as an actuator by enabling it to detect 
different concentrations of combustible 
gases as shown in the Fig. 6 [10]. 
  

 

Fig. 6: The sensitivity of as sputtered NiO sensor on exposure to different hydrogen gas 
mixing ratios. 

 
Operation temperature of the sensor     
     The high temperature required for 
the sensor operation (400	Ԩ) is the 
basic disadvantage of Nickel oxide gas 
sensors. 
As a result, the effect of the operation 
temperature on the thin film sensitivity 
was studied. 
Fig. 7 shows the variation of sensitivity 
with the operating temperature. The 
sensitivity goes up as the operating 
temperature     increases,      reaching  

a maximum value at ~300Ԩ	and it 
reaches saturation with further going 
up in the operating temperature. The 
optimum operating temperature 
obtained was 275	Ԩ which are 
recommended for high sensitivity. 
In addition to sensitivity, response time 
is temperature dependent because the 
chemical kinetics controlling the solid-
gas interface reaction is temperature 
dependent [11]. 
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Fig. 7: The variation of sensitivity with the operating temperature of the Nickel Oxide gas sensor. 
 

Conclusions 
     In this study, Nickel oxide thin film 
was successfully deposited on glass 
substrate at 400 Ԩ prepared by 
sputtering technique, some conclusions 
can be summarized: 
1-Nickel oxide thin film sensors 
demonstrated high sensitivity to 
hydrogen gas. 
2-For sputtered NiO element to work 
as an hydrogen gas sensor, it is 
advisable to operate it at temperature 
of ~300Ԩ	.	Thus, the variation of the 
operating temperature of the prepared 
samples led to a significant change in 
the sensitivity of the sensor with an 
ideal operating temperature of about 
275Ԩ. After which sensor sensitivity 
decreased. 
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