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 
Abstract— The measurement and control of humidity is one 

of the most crucial issues in several fields of applications such as 

automated systems, instrumentation, agriculture, climatology 

and GIS. Various kinds of materials are being examined for 

their humidity sensing properties. Here we investigate humidity 

sensing characteristics of organic-inorganic composite based 

sensor fabricated on a glass substrate. Carbon nanotubes-zinc 

oxide (CNTs-ZnO) blend prepared in ethanol is used as 

organic-inorganic composite layer. The resistance and 

capacitance of the device are measured as function of relative 

humidity (RH) at different frequencies. The decrease in 

resistance and increase in capacitance of the device manifests 

humidity sensitivity of CNTs-ZnO composite. The capacitive 

and resistive response of the hygrometer was analyzed at 

frequencies of 0.1 kHz, 1 kHz and 10 kHz. The sensor shows 

higher sensitivity at lower frequency as compared with the 

higher ones. 

 

Index Terms— Relative Humidity, Resistance, Capacitance, 

Composite film, Frequency. 

 

I. INTRODUCTION 

  Humidity is important component of our environment and it 

becomes a vital part of various physical and chemical sensors. 

The control of humidity is of utmost importance in several 

industries as well as in daily life. For better sensing  humidity 

sensor must fulfill the following demands; good sensitivity 

over wide range of humidity, good reproducibility, long life 

time, no hysteresis, resistance for contaminants, simple 

structure and low cost. Most of the humidity sensors in 

modern control system are based on electrical properties such 

as capacitance, resistance and impedance. A wide range of 

materials such as polymers, ceramics and composites have 

been studied in various humidity sensors [1-10]. These 

polymer electrolytes exhibit good sensing properties and have 

long stability and reliability compare with other materials. 

However, these polymers have some shortcomings such as 

large hysteresis and instability at high humidity [11, 12]. 

Hence different modifications techniques have been 

introduced such as cross linking [13, 14], graft 

polymerization [15-18] and organic-inorganic composite 

materials [5, 19-23]. 

Since their discovery in 1993, carbon nanotubes (CNTs) have 

gained immense interest of scientist throughout the world due  
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to their remarkable properties in the field of engineering, 

chemistry, biology and medicine [24-29]. CNTs have been 

extensively studied for various sensing applications such as 

humidity, gas and chemical sensing [30-33]. Humidity 

sensors based on CNTs have shown outstanding sensing 

properties. Along with CNTs and many other materials, ZnO 

and its nanostructures are also considered as prominent 

candidate for humidity sensors. The large surface area of both 

CNTs and nanostructures of ZnO causes efficient moisture 

adsorption which produces the change in electrical properties 

of these materials in diverse humidity environments [34].     

In this work, we investigate the humidity sensing properties of 

organic-inorganic (CNTs-ZnO) composite based hygrometer 

at different frequencies. CNTs-ZnO composite film as an 

active layer is deposited on glass substrate with Cu electrodes. 

The electrical response i.e. resistance, capacitance and 

impedance of the device are studied as function of RH at 0.1 

kHz, 1 kHz and 10 kHz. The decrease in resistance and 

increase in capacitance with increasing RH at all frequencies 

manifests the humidity sensitivity of the device.  

II.  EXPERIMENTAL WORK 

The fabrication process of the device is depicted 

schematically in Fig. 1a. A 1×1 cm
2
 glass substrate was used, 

which was first washed in deionized water for 15 minutes and 

then in ultrasonic bath for 30 minutes. Substrate was also 

plasma cleaned in the. 
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Figure 1: Resistance vs RH (black curves) and capacitance vs 

RH (blue curves) trends at (a) 0.1 kHz, (b) 1 kHz and (c) 10 

kHz. The decrease in resistance and increase in capacitance 

manifests the humidity sensitivity of the device 

 

 

 
Figure 2: (a) Schematic description of the process used for the 

fabrication of Cu/CNTs-ZnO/Cu sensor on a glass substrate. 

(b) SEM image of CNTs-ZnO composite layer. 

 

chamber of thermal evaporator for 5 minutes. The Cu 

electrodes of 100 nm thickness were deposited on the 

substrate under high vacuum 0f 1× 10
-4

 mbar at evaporation 

rate of 0.1 nm/sec by vacuum thermal evaporation technique. 

A gap of 20 μm was designed between the deposited metal 

electrodes by using micro–wire mask technique. Humidity 

sensitive layer i.e. 5wt % solution of CNTs and ZnO prepared 

in ethanol was drop casted on the substrate. Resistance and 

capacitance of the device were measured by using a dual 

display LCR meter (U1732A).  

III. RESULTS AND DISCUSSION 

The SEM image of the CNTs-ZnO composite film is shown in 

Fig. 1(b), which reveals the presence of pores in the layer. 

This porous structure helps in adsorption and condensation 

water molecules that produces a change in electrical 

properties. Figure 2(a-c) demonstrates the capacitive and 

resistive response of sensor with varying RH at 0.1 kHz, 1 

kHz and 10 kHz.  At 0.1 kHz the resistance decreases sharply 

from 45-80% RH while the capacitance increases above 50% 

RH. For the frequency of 1 kHz the change in these  

 
Figure 3: Impedance as function of RH at (a) 0.1 kHz, (b) 1 

kHz and (c) 10 kHz 

 

Figure 4: Linear fits of the resistance vs RH curves over a 

specific range of humidity at the frequencies of; (a) 0.1 kHz, 

(b) 1 kHz and (c) 10 kHz 
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electrical parameters is negligible at low humidity and it 

becomes significant above 60% RH as shown in Fig. 2b. The 

response of resistance is more linear at 10 KHz over wide 

range of humidity. The decrease in resistance at all 

frequencies with increasing RH might be due to displacement 

current caused by water molecules and the donation of 

electrons from adsorbed water molecules to surface of 

semiconducting later [35-37]. In contrast to resistance, the 

capacitance of the device increases with increase in RH due to 

enhancement in permittivity of the film caused by adsorption 

and condensation of water vapors. The capacitance ‘C’ is 
given by the relation   

 
Here, ‘ ’ is permittivity of space, ‘ ’ is permittivity of 
dielectric medium, ‘ ’ is the area of Au plates and ‘ ’ is 
separation between them. As the permittivity of water is high 

so the condensation of water vapors in the pores of active 

layer causes an increase in the capacitance of the device. The 

impedance of the sensor also decreases with respect to RH at 

all three frequencies as demonstrated in Fig. 3(a-c). 

To approximate the sensitivity, we have taken the linear fits of 

resistance vs RH curves in the RH range of 45-80% for 0.1 

kHz, 65-95% for 1 kHz and 30-95% for 10 kHz as depicted in 

Fig. 4(a-c), respectively. The sensitivity ‘S’ is then estimated 

by using the relation 

 
Here, ‘ ’ is the maximum value of resistance (in Fig. 4 
(a-c)), and ‘  / ’ is slope of the line. The values of ‘S’ are 
estimated to be ~2.8%/%RH for 0.1 kHz and ~1%/%RH for 1 

kHz and 10 kHz.  

IV. CONCLUSION 

In conclusion, we investigated the humidity sensing 

characteristics organic-inorganic (CNTs-ZnO) composite 

based sensor. The device showed good sensitivity over a wide 

range of humidity. The decrease in resistance and increase in 

capacitance of the hygrometer with increasing RH manifested 

the humidity dependence of the electrical response of the 

device. These measurements were carried out at three 

different frequencies i.e. 0.1 kHz, 1 kHz and 10 kHz. The 

sensitivity of the device was observed to be higher at 0.1 kHz 

as compared with other two frequencies. Our results could be 

useful for fabrication of low-cost devises for measurement of 

humidity.  
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