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Crete Center for Quantum Complexity and Nanotechnology 

Department of Physics, University of Crete 

REGPOT Program 
 
1 September 2013 – 28 February 2017 
9 Partner Institution 
Over 30 postdoctoral associates and senior 
associates  

The aim: 
• Create a High performance  Nanotechnology Center  
• Form of a local CENTER OF EXCELENCE in Theoretical, 

Computational and Experimental Physics, Chemistry and 
Materials Science with long term viability 

• Connect with the local economy and induce smart 
specialization qcn.physics.uoc.gr 
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Transparent Conductive Materials Group 
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Outline 
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• Introduction 

    - Chemical sensors (definition, applications etc) 

    - Metal Oxides Semiconductors 

    - Why Ozone?? 

• Our Research activities on Gas Sensors 

•  Highly Sensitive and Durable Ozone Sensing Elements 

• Conclusions  
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Chemical sensors definition and classification 
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 A   chemical   sensor   is   a   device   that   transforms   chemical information, 

ranging from the concentration of a specific sample component  to  total  

composition  analysis,  into  an  analytically useful signal. The chemical 

information, mentioned above, may originate  from  a  chemical  reaction  of  the  

analyte  or  from  a physical property of the system investigated. 

Pure & App. Chern., Vol. 63, No. 9, pp. 1247-1250,  1991 

 In  solid  state  (chemical)  gas  sensors  the  input  signal  is  the 

concentration of one or more gaseous species in a carrier (an unknown pattern 

in Electronic Noses) and the sensor is solid. 
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Chemical sensors definition and classification 
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 Chemical   sensor   may be classified according to the operating principle of 

the tranducer. Optical / Electrochemical / Electrical / Mass Sensitive / Magnetic / 

Thermometric devices 

Pure & App. Chern., Vol. 63, No. 9, pp. 1247-1250,  1991 

Electrical devices based on measurements, where no  electrochemical 

processes take place, but the signal arises from the change of electrical 

properties caused by the interaction of the analyte. 

 

Metal oxide semiconductor sensors used principally as gas phase detectors, 

based on reversible redox processes of analyte gas components.  



10 

Chemical Sensors 

• Sensitivity 

• Selectivity 

• Stability 

• Recovery time 

• Economic efficiency 

    - low manufacturing costs 

    - low operating temperatures 
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Gas Sensors Applications 

• Automotive, industrial and 

aerospace sector (safety, comfort, 

combustion control and exhaust gases 

monitoring) 

• Food industries 

• Security sector 

• Environmental monitoring 

• Medical sector (diagnosis and parient 

monitoring) 

• Home (safety, comfort, etc) 
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Metal Oxide Conductometric (resistive) gas sensors 

•  Metal  Oxide  Semiconductor gas  sensors  are  high  gap  ionic 

semiconductors. Donors are oxygen vacancies. 

 

• A  change  of  the  surrounding  environment  modifies  electrical  transport 

properties of Metal Oxide Semiconductors 

 

• Metal Oxide Semiconductors  are  promising  devices  (small  dimension,  low  

cost,  low  power consumption, on-line operation and high compatibility 

with microelectronic processing) 

 

• Application  field:  environmental  monitoring,  automotive  applications,  air 

conditioning in airplanes, spacecrafts and houses, sensors networks. 
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Metal Oxide Conductometric (resistive) gas sensors 

FIFTH SCIENTIFIC MEETING, Sofia, Bulgaria 16/12/2015 

Studies on n- and p-type oxide semiconductor gas sensors  

(internet search of Web of Knowledge) 

Sensors and Actuators B 192 (2014) 607–627 
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Metal Oxide Conductometric (resistive) gas sensors 

Schematic layout of a typical resistive gas sensor 
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*Nicolae Barsan & Udo Weimar, J of Electroceramics, V7, p 143-167, 2001 
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Why Ozone Sensor??? 

• Ozone O3 is an powerful oxidazing gas 

• O3 is widely used for purification, deodorizing in pharmaceutical, food, chemical 

industries etc 

• The exposure to O3 becomes hazardous to human health and can cause serious 

health problems (e.g. headache, burning eyes, lung damage etc) 

• The European Guidelines (2002/3/EG) recommend avoiding exposure to ozone levels 

above 120 ppb. 

• Exposure of 0.1 – 1 ppm causes headaches, burning eyes etc (an individual 

remaining in a 0.1 ppm O3 environment for two hours will sustain a loss of 20% in 

breathing capacity, and after remaining in 1 ppm O3 for 6h) 

• O3 is also produced in the office environment by photocopies and laser printers 
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Ozone is an important gas  

for monitoring and control from ppb to ppm levels 
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Research activities on Gas Sensors 

• Gas Sensing elements based on non-Stoichiometric metal oxides 

     (In, Zn) 

• Growth of Metal Oxide films using; Sputtering, aqua chemical growth, 

Spray (pulsed –aerosol) Pyrolysis, PLD techniques and solution 

based techniques (such as printing) 

• Full characterization of film properties (Structural, Optical, Electrical) 

• Ultra low detection limits at room temperature (RT) for O3  (< 6 ppb) 

• Ageing effect and Durability testing (Very high sensing response 

after 7 years) 
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Conductivity based system 
for photoreduction and oxidation processes 
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Conductometric Response 

Photoreduction and oxidation 

mechanism: Formation and 

Annihilation of Vo 

UV Irradiation with E > bonding In-O 

energy O atoms transform from bound to 

gaseous state 

Formation of doubly charged O vacancies 
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Gas Sensing Elements 

based on In and Zn 
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Gas Sensing Elements 
In2O3-x on glass and flexible substrate 
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Gas Sensing Elements 
In2O3-x on glass and flexible substrate 

Photoreduction / Oxidation process 
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Gas Sensing Elements 
In2O3-x prepared with Spattering 

Sensor repeatability towards 6ppb ozone 
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Gas Sensing Elements 
Ageing effect of In2O3-x 
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Gas Sensing Elements 
Ageing effect of In2O3-x 
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Gas Sensing Elements 
Ageing effect of In2O3-x 

0 50 100 150 200

10
-9

10
-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

 

 In
2
O

3
- 611 | TH:120nm

   Conductivity after

   Conductivity before

 

Time (min)

C
o
n

d
u
c
ti
v
it
y
 (


c
m

)-1

Photoreduction 
with 254nm  

/ 2mW/cm2 
   

800mbar vacuum 

Oxidation  
with 500sccm ozone 

flow @ 800mbar  

Sensing material durability test 

 

after 7 years 

FIFTH SCIENTIFIC MEETING, Sofia, Bulgaria 16/12/2015 



26 

Conclusions 
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• Gas Sensing elements based on non-Stoichiometric metal oxides 

     (In, Zn)  

 

• Ultra low detection limits at room temperature (RT) for O3  (< 6 ppb) 

 

• Ageing effect and Durability testing (Very high sensing response after 

7 years) 
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