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Abstract- A hygrometer is an apparatus that measure humidity. Modern electronic devices use temperature of condensation or 

change in electrical capacitance to measure humidity difference. Humidity sensors are employed to provide an indication of 

moisture levels in the environment. To measure moisture level, various technologies are used.  A capacitive type moisture  sensor 

consisting of  nano- porous thin film of alumina coated in between two parallel gold electrode onto an alumina substrate will be 

use. A suitable signal signal conditioning circuit has been develop to convert the capacitance change into voltage signal and signal 

conditioning  is done. The capacitive sensing technology as describe in this paper reveals the fact that capacitive technology is 

increasingly being used in broad range of applications. Humidity sensor plays an important role in process industries and 

environment control. This work includes various design aspects and the techniques to interface the signal onto a microcontroller. 

The electronic activity of all sensor is also different which makes the interfacing of the sensors to the microcontroller.   

Index Term- Humidity sensor, parallel electrodes,porous alumina, sol-gel thin film 

__________________________________________________*****_________________________________________________ 

I. INTRODUCTION  

Measurement and monitoring  of humidity are necessary 
to make living and working environment comfortable. 
Humidity is connected with the amount of water vapour 
present in air or gas. Humidity sensors are widely used in 
many measurement and control applications, plays an 
important role in industries. Humidity sensors are also used 
in cement industries, automobile industries, building and 
laundries. Humidity sensors are used for chemical gas 
purification, health monitoring of transformer oil, paper mill 
and textile production. There are endless applications where 
moisture measurement is needed. The types of humidity 
sensors are required depend on measurement range and 
application. A low cost microcontroller based hygrometer 
has been developed to measure the moisture level of the 
atmosphere of the air by converting analog data to digital 
data using analog to digital converter. In earlier case signal is 
in analog form then the accuracy of the measurement may be 
degraded now use the such a smart sensor with the circuit by 
high sensitivity, low response and recovery time, low cost, 
and linear response is always desirable and different material 
can be used to fabricate the humidity sensor such as organic 
polymer, porous ceramic, porous silicon[1]  

The ability of capacitive humidity sensor to function 
accurately and reliably extends over a wide range of 
temperature and pressure. They also exhibit low hysteresis 
and high stability with minimum maintenance requirements. 
These features make capacitive humidity sensor viable for 
many specific operating conditions. They detect moisture 
induced change in dielectric constant  of a hygroscopic layer 
to measure the ambient relative humidity level. Important 
parameters for humidity sensors include the response time, 
sensitivity, long term stability, hysteresis, linearity, accuracy 
and power consumption [2].  
Capacitive humidity sensor relying on this principle consists 
of a hygroscopic dielectric material sandwiched between a 
pair of electrodes forming a small capacitor. Most capacitive 
secsor use a plastic or polymer as the dielectric material with 
a typical dielectric constant ranging from 2 to 15. In absence 

of moisture the dielectric constant of the hygroscopic 
dielectric material and the sensor geometry determine the 
value of capacitance. Most of these capacitive sensor are 
based on dielectric changes of thin filmupon water vapour 
uptake as a measure of the water vapour content. At mormal 
room temperature the dielectric contant of water vapor of 
about 80, a value much larger then the constant of the sensor 
dielectric material. Therefore, absorption of water vapor by 
the sensor results in an increase in sensor capacitance. At 
equilibrium condition the amount of moisture present in a 
hygroscopic material depends on both the ambient 
temperature and ambient water vapor pressure. This is true 
also for the hygroscopic dielectric material used on the 
sensor. Humidity measurement determine the amount of 
water vapour in a gas tha can be mixture, such as air, or pure 
gas, such as nitrogen or argon. Various terms used to indicate 
moisture levels as for example, absolute humidity, relative 
humidity, specific humidity, volume ratio, parts per million. 
 

II. FABRICATION OF HUMIDITY SENSOR 

Humidity is the presence of water in the air. The amount of 
water vapor in the air can affect human comfort as well as 
many manufacturing processes in the industries. Here we 
have develop a capacitive moisture sensor which is 
fabricated on an alumina substrate of dimension 2cmx2cm. 
Then, by using manual screen printing equipment, a gold 
electrode of dimension 1.6cmx1.4cm was screen printed onto 
an alumina substrate and fired at 900

◦
 C for one hour. ᵞ-Al2

 

O3 deposited on the electrode with the help of dip coated by 
dipping the substrate 6 times in the sol gel solution. To 
ensure uniform thickness of film, the film was deposited by 
using PC controlled automatic dip coater[3]. Deposited thin 
film of  6 µm thickness on electrode is the dried slowly at 
room temperature for several hours and another gold 
electrode of dimension 1.3 cm x 1.2cm was screen printed on 
thin film. An optimal thickness of the film is desired because 
if the thickness is small the two electrodes may easily short 
and if the thickness is large the sensitivity of the device will 
reduce. Also the gold is made porous with average pore 
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dimension 1.7µm large then the pore dimension is thin film 
(10A

◦
). Larger pores in electrode will allow water molecules 

to penetrate then absorbed by the porous ᵞ-Al2
 
O3 film with 

very large specific area. Finally the film was sintered in a 
programmable furnace by firing it initially at 400

◦
 c for one 

hour and then subsequently at 900 degree c for another one 
hour for curing the top gold electrode. Electrical connection 
to the sensor is made by two silver wire soldered on both 
electrodes[11]. The fabrication of sensor in the form of thin 
film is highly desirable to response to the micro and 
nanotechnology demand. The sensor based on film 
technology will be very fast, highly reproducible, very low 
hysteresis. Among different types of materials ceramic 
sensor offers excellent physical and chemical stability. There 
are many types of humidity sensor but capacitive sensor in 
the form of parallel plate where sensing film in between the 
electrodes are very few. The parallel electrode structure is 
important for detecting humidity in lower range. The efforts 
are being made to make the sensor output as linear as 
possible for easy fabrication, low cost and simple[5]. 

 

 

Fig. 1. Photograph of the capacitive humidity sensor. 

 

 

 
 

Fig.2. Observation of humidity at location(Electrical 
Machine Lab. NITTTR) 

                                                   

III. ELECTRICAL CHARACTERISTICS OF THE 

SENSOR 

The humidity sensor consists of a polymide capacitor 

fabricated on silicon substrate. The use of a silicon as 

substrate offers the possibility of integrating the signal 

processing circuit and thus developing smart sensor.  All the 

electrical measurement of the sensor was measured and 

sensor was tested at different percentage of relative 

humidity. The sensor was tested at a fixed ac voltage of 1V 

(rms) and signal frequency of 1 KHz. The low frequency has 

been selected because most of the humidity sensors show 

maximum sensitivity at low signal frequency. Experiments 

have been performed to determine the response, 

repeatability, capacitive response, and hysteresis effect of 

the sensor. Experiments have been performed to determine 

the response of the sensor shows that as capacitance value 

increases, humidity level increases. Similarly for decrease in 

capacitance value, decrease in humidity.  The humidity 

characteristics graph fig.3. shows that humidity increases 

voltage drop across the sensor also increases[7]. 

 To fulfil the need of humidity measurement the sensor 

should posses high sensitivity, very low response and 

recovery time. In addition the output should be linear and 

the cost should be low. In practice it is very difficult to 

fabricate a sensor having all desirable characteristics. 

Various technique have been use to fabricate low cost 

humidity  sensor  like resistive, capacitive, optical. Today 

90% sensor use capacitive method because of temperature 

stability, high sensitivity and output as linear as possible. 

This will help to reduce the sensor cost. To understand the 

behaviour of the sensor for measuring humidity in real time 

environment the values of voltage at different humidity were 

taken. To plot the characteristics of humidity sensor  shows 

that how voltage varies with respect to humidity and 

temperature at various locations. It is known that as the 

temperature increases humidity also increases and the same 

has noticed during the observation. The variation of two 

parameters has been shown in Fig.4. 

 

 

 
Fig.3.Electrical Characteristics of Humidity Sensor 
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Fig.4. Humidity vs. Temperature Characteristics of Sensor 
     

IV. SIGNAL CONDITIONING FOR HUMIDITY  

DISPLAY 

Block diagram of the complete system is shown in Fig. 5. 
For detection and signal processing an 8 bit microcontroller 
was used. Since the output of the sensor is in digital form it 
can be interfaced directly to the microcontroller. Here 
microcontroller is programmed with the help of flow codes, 
which is one of the most advanced graphical programming 
language for microcontroller.This is the complete block 
diagram of a  hygrometer for measuring moisture in the 
range of 1.8 to 100 ppm which consist of capacitive type 
humidity sensor and LM-35 temperature sensor, output of the 
sensor is analog form and converted to digital value by 
analog to digital converter and signal processing is done by 
microcontroller and moisture level display on 2x16 
alphanumeric LCD in terms of parts per million (PPM).  The 
instrument for measurement of humidity using the sensor the 
capacitance change should be converted into voltage signal 
as shown in above fig.2. The voltage output of the signal 
conditioning circuit with the variation of humidity[9]. If the 
signal is in analog form then the accuracy of the 
measurement may be degraded for transmission of the signal 
without proper signal conditioning. Output of the sensor 
followed by an analog to digital converter. This is because 
digital ouput offers high noise immunity, low ouput signal 
power, high accuracy, simplicity of communication, easy of 
interfacing[9]. 

 

Fig. 5. Block Diagram of Microcontroller based Hygrometer 

V. CONCLUSION 

     The effort is being to make the sensor change in 

capacitance of the sensor depends on the change in dielectric 

constant of the porous thin film on adsorption of water 

inside the pores. Characteristics of the sensor fabricated 

using thin film deposition method on electrode geometrics, 

thickness of the film, film uniformity. Initially the sample 

was fired at 450 degree centigrade for one or two hour and 

then fired at 900 degree centigrade for 1 hour. Finally two 

terminals are soldered for the electrical connection of the 

sensor. The sensor output as linear as possible for easy 

calibration and simple signal conditioning for the direct 

display of  the humidity of the digital panel meter.The range 

of applications of humidity measurement is endless and day 

by day increasing with time as new information is required 

on the efforts of humidity for quality, cost, safety, comfort, 

and human health.   
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