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Abstract—The voltage/current characteristics and the effect of 

NO2 gas on the electrical conductivity of a PbPc gas sensor array is 
investigated. The gas sensor is manufactured using vacuum 
deposition of gold electrodes on sapphire substrate with the lead-
phathalocyanine vacuum sublimed on the top of the gold electrodes. 
Two versions of the PbPc gas sensor array are investigated. The 
tested types differ in the gap sizes between the deposited gold 
electrodes. The sensors are tested at different temperatures to account 
for conductivity changes as the molecular adsorption/desorption rate 
is affected by heat. The obtained results found to be encouraging as 
the sensors shoed stability and sensitivity towards low concentration 
of applied NO2 gas. 
 

Keywords—Intelligent System, PbPc, Gas Sensor, Hardware, 
Software, Neural.  

I. INTRODUCTION 
HE gases absorbed on the surfaces of the organic 
materials have a marked effect on the electrical 

conductivity of these materials; where the electrical 
conductivity of an organic material that contains transition and 
heavy central atoms changes by many orders of magnitude 
when a gas adsorbs on its surface. 

Adsorption involves the formation of bonds between the 
adsorbed gas and the organic material, by transfer of electrical 
charge The charge transfer changes the electronic structure of 
the material; changing its conductivity. Changes in the 
conductivity are related to the number of gas molecules 
adsorbed on the surface, and hence, to the concentration of the 
adsorbed species in the surrounding atmosphere. The 
measurement of changes in electrical conductance due to gas 
adsorption makes organic materials ideal for the detection of 
low gas concentration. 

The conductivity of an organic material can either be 
affected at the surface with no bulk interaction, or following 
the reaction at the surface; carriers can be injected into the 
bulk causing both surface and bulk conductivities to be 
affected [8, 11, 17].  
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When a gas molecule chemisorbs on the surface of the 
organic material, an electron or electrons may be transferred 
from one to the other, where the direction of transfer depends 
on the electro negativity of the gas and the work function of 
the solid. Also the physisorption of the gas plays an important 
role in the overall mechanism of gas adsorption and 
subsequent conductivity changes in the organic material. The 
adsorption of the gas molecules as ions on the surface 
removes electrons from the solid and localizes them at the 
surface, thus generation electron traps in the solid. This result 
in an increase in the hole concentration and therefore an 
increase in the conductance as the material will function as a 
P-type material. 

In this paper the properties of the PbPc sensor array is 
confirmed and employed in an intelligent discriminating and 
controlling system. The system uses the inter-digital geometry 
together with PbPc film properties to distinguish between 
types of gases and alert to any increase in the level of these 
gases above acceptable levels.  

II. BACKGROUND 

A. Metal-Phthalocyanines  
They are a group of organic materials known to have 

several properties that make them attractive as a potential gas 
sensing materials or gas detectors. They have the following 
desirable properties: 
1. They are considered to be good electrical conductors, 

where the charge carriers are known to be positive holes 
[2, 3, 25]. 

2. Reaction of Phthalocyanines with electron accepting 
gases should increase its conductivity. 

3. They are thermally stable to temperatures in excess of 
400 degrees centigrade. 

4. They can be used for extended periods at elevated 
temperatures. 

5. Organic groups can be easily modified and functional 
groups can be substituted on either ring structure or on 
the central hydrogen atom in the metal-free 
Phthalocyanines (H2Pc). 

Several of the Metal-Phthalocyanine materials (e.g. 
commercial materials) contain significant amounts of 
impurities which can result in irreproducible electrical 
characteristics, which can be purified using either Gas-
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Entrainer Sublimation (in Nitrogen or Oxygen) or by Vacuum 
Sublimation (the used technique in our work). The 
purification process leads to stable and reproducible electrical 
characteristics. Early studies of Phthalocyanines showed that 
many are sensitive to the presence of NO2 with an increase in 
the sensitivity observed when the Phthalocyanines contains 
heavier central atoms. 

Metal-Phthalocyanines organic semiconductors found to 
undergo conductivity changes upon the adsorption of strongly 
electrophilic gases such as NO2, CL2 and F2. The magnitude 
and reversibility of these conductivity variations found to be 
dependant on the central metal species. Because of their high 
decomposition temperatures (450 Degrees Centigrade), 
Phthalocyanines can be vacuum evaporated to produce thin 
films. The deposition of such films on the surface of a 
substrate eliminates some of the complications arising from 
having to consider both surface and bulk conductivities in the 
analysis process. The absence of bulk conductivity effect will 
improve the response and recovery times of the designed 
sensor array. However, the presence of impurities will affect 
resistivity, linearity, hysteresis and drift of the electrical 
characteristics. Also the conduction activation energy and the 
specific conduction mechanism will be affected. 

Electron transfer between adsorbed molecules and the 
semiconductor surface causes changes in the conductivity. 
The electrical conduction takes place via individual SnO2 
grains. NO2 gets chemisorbed at the surface of SnO2 grains. 
Hereby they trap electrons at the surface. SnO2 in a n-type 
semiconductor. Hence the trapping of the free electrons causes 
a decrease in free charge carrier concentration and therefore 
an increase in the sensor resistance 

B. Lead-Phthalocyanines (PbPc ) 
It is the most sensitive and stable Phthalocyanine material. 

Although, insensitive to a wide range of gases (e.g. weak 
electrophilic and electrophobic gases and CH4, CO, CO2, H2O, 
H2, Hydrocarbons and changes in O2 pressure), PbPc based 
sensor is very sensitive and potentially useful  in detecting 
strong electrophilic gases particularly to NO2 or NOx and will 
respond to low concentrations of F2 and less than 1ppm 
concentration of CL2 gases. Thus it could form the basis of a 
highly sensitive and selective NO2 or NOx sensor and it is 
suitable for detecting these gases at concentrations from 1ppb 
to 10 ppm in air and retains discrimination to concentrations 
above 100ppm. 

Since PbPC has high sensitivity and selectivity to strongly 
accepting gases such as NO2, CL2, F2, and O3, discrimination 
between strongly accepting gases and other gases is achieved 
by careful choice of operating temperatures.  However, the 
stability and electrical properties of this type of sensors is 
affected by water vapor, so a heating element is usually fitted 
to the back of the sensor to eliminate such-factor. 

It is found [25] that PbPc sensor is most sensitive to NO2 
gas and can be operated in a continuous mode at temperatures 
above 100 degrees C with its sensitivity and stability 
decreasing as the temperature approaches 200 Degrees C. 

These temperatures are also a function of PbPc film thickness 
deposited on the substrate and can be extended when thick 
films are used. 

III. PBPC SENSOR DESIGN 
The sensor is based on a sapphire substrate (Alpha-Al2O3), 

which usually contains traces of Fe and Ti ions. The substrate 
has a very high melting point (about 2050 Degrees C). It is 
very hard and quite inert, especially towards acids. The 
substrate has an area of 12.5 mm by 12.5mm. Different types 
of electrode gap separations are produced to study the effect 
of inter-electrode separation of sensor sensitivity as shown in 
the SEM photographs in fig.1-2. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 10:10:10 Gap Ratio 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.2 5:10:15 Gap Ratio 

IV. EXPERIMENTAL SETUP  
The sensor is mounted on a transistor like base as shown in 

fig.3, as it comprises three gaps. A testing chamber is built 
with air and temperature controls supplied through a computer 
controlled unit. 

 
 
 
 
 
 
 
 
 

Fig.3 Sensor Mounting  
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Electrical characteristics of the sensor and its response to 
gases are recorded via specially designed hardware/software 

system as shown in fig. 4 [13, 18, 21, 24]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4 Testing System 

The DC conductivity sensor consists of a resistive layer, 
which is deposited on top of electrode structure. The electrode 
structure is usually an inter-digital structure for keeping the 
resistance in an easy to measurable range. One the backside of 
the substrate holds a heater, for keeping the sensor at the 
appropriate operation temperature, and a thermo-resistor for 
rechecking the resulting temperature. 

The substrates can be miniaturized and mounted on 
commercial standard sockets. 

Gases in the atmosphere interact with the resistive layer. 
The gases get absorbed onto the sensor surface and depending 
on the nature of their interaction electrons are trapped or 
released into the bulk. Changes in the ambient atmosphere 
reflect in changes in the sensor resistance as shown in fig.5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig.5 Sensor Interaction with NO2 Gas 

The measured conductivity is a combination of a 
conductivity contribution of the surface, which is affected by 
the gas, and a conductivity contribution of the bulk, which is 
typically unaffected at the operation temperature of the sensor. 

A. Sensor Interface Circuit 
The obtained signals from the PbPc sensor array is known 

to have relatively small values, hence, a differential amplifier 
interface circuit is designed and used to condition the sensor 
output signal to the remaining part of the signal processing 
system, which also includes A/D converter and noise filters. 
The basic amplifying unit is shown in fig.6 [5, 9, 12]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.6 Differential Amplifier Interface Unit 
 
In fig.6 each two inter electrodes produce a voltage signal 

proportional to the gap size and film thickness of the 
deposited PbPc film. The difference in the voltage of each two 
electrodes is amplified and processed to the next stage. The 
Amplifying unit acts as an impedance matcher, so that a 
correct measure of the detected gas level is acquired with 
minimal signal loss. 

 

B. Interfacing Algorithm   

After digitizing the amplified and cleaned sensor array 
signals, they are processed then analyzed using the algorithm 
shown in fig7.
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Fig.7 Interface Algorithm 

I. DISCUSSION AND CONCLUSION 
Tables (I, II, III) show the testing results of our array 

sensor, which clearly indicates an increase in the output signal 
response of the sensor as a function of three main factors: 
1. Distance between conducting electrodes (Inter-digital 

separation). 
2. Increase in atmospheric temperature. 
3. Effect of gas concentration. 

These factors can be used to control the behavior of the 
sensor in terms of the amount and type of adsorbed odors and 
the rate of desorption. The table also shows that the increase 
in output signal current is exponential. The mathematical law 
governing the response of the sensor is affected by the way 
the Organic Semi conducting layer is sublimed and its 
thickness and uniformity. 

 

 

 

 

 

 
 
 

 

 
TABLE I 

SENSOR CONDUCTANCE / CONCENTRATION AT  110 DEGREE C  
 

 
 
 
 
 
 
 
 
 
 
 

TABLE II 
SENSOR CONDUCTANCE / CONCENTRATION AT  130 DEGREE C  
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TABLE III 
SENSOR CONDUCTANCE / CONCENTRATION AT  150 DEGREE C   

 
  

 
 
 
 
 
 
 
 
 
 
 

Overall the obtained characteristics of the tested groups 
of sensors very much agree with the literature and more 
proves the response shape of such sensor to be a specific 
case of power law response, which is a real exponential. 
Each sensor can be modeled as a group of three sensors 
grouped together which initiates the need to use pattern 
recognition and smart classification techniques for complex 
analysis.  

Using initially obtained values of voltage, temperature, 
and inter electrode separation, a neural model is built as 
shown in fig.8 [4, 7, 10].   

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.8 Neural Model for sensor array 

 
This model associates the three mentioned important 

parameters, which implicitly determined the sensor array 
currents that enable the system to determine and predict level 
of gas concentration and type of detected gas. The model 
operates using back propagation principles such that the 
sensor array system can be used as both gas type discriminator 
and gas level controller. Both applications are very important 
in terms of distinguishing between types of gases (e.g. Normal 
or hazardous) and if the level of gas exceeds a preset safe limit 
will operate as a controlling system indicator. 

The constructed neural model is tested to after being trained 
using Back propagation algorithm. Table IV shows the 
predicted results for the 5:10:15 sensor array at 110 Degrees 
C. The obtained neural results are evidently very close to the 
experimental ones. This is partly due to proper pruning of the 
neural network and the use of several hidden layers [14, 15, 
16, 19, 20, 22, 23]. 

 
 
 
 
 
 
 
 

 
 

TABLE IV 
PREDICTED VALUES FOR THE 5:10:15 SENSOR  ARRAY   
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