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Motivation:
Development of gas sensor microarrays (GSMA) as chemical condition monitor for intelligent devices in
industry and households. The Karlsruhe Micro Nose KAMINA intend to combine high gas analytical performance
with low cost, small size and high robustness to obtain widespread applicability. 
GSMA with nanogranular tin dioxide achieve extreme gas sensitivities & faster response times compared to 
sputtered layers. Nano wedge gradient membranes improve the gas discrimination power of the
gas sensor microarray  
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Gradient Technique

Gas Sensor Gradient
Microarray (GSMA)

reverse side equipped
with 4 heaters

gradient microarray
with 38 sensor segments

8 mm
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m

Reverse sideFront of chip

Design of GSMA: single metal oxide layer  
subdivided into sensor elements (segments) by 
parallel platinum electrodes

4 separate platinum heating elements allow defined 
inhomogeneous heating of the GSMA (temperature 
gradient)

wedge-shaped nano membrane coating makes gas 
access to detector layer different for each segment

Aim: differentiation of initially identical sensor seg-
ments regarding their gas response

2 platinum temperature sensors control the operating 
temperature at both ends of metal oxide field

2 ways: thickness gradient of ceramic membrane 
and gradient of operating temperature 

Based on semiconducting metal oxides (SnO2, WO3)

SnO2 nanoparticles were prepared by
Chemical Vapor Synthesis  (CVS) at
TU Darmstadt
Low cost mass production on the basis of 
spin-coating of an aqueous colloidal 
dispersion of SnO2 nanoparticles and 
dimethylsiloxane ethylene oxide block
copolymer (surfactant)
2-hydroxyethyl cellulose (viscosity trimmer)

Metal oxide (mox) electrons are immobilized by adsorbed
oxygen atoms which interact reversibly with gases of the
ambience. The deficiency of mobile electrons caused by
oxygen results in high electrical resistance of the mox de-
pendent on the gas composition adjacent to the oxide 
surface. The electrical current through the nanogranular
layer has to pass many grain touch points with high
resistance which determine the total resistance. The smaller
the grains the higher the density of the grain touch points 
resulting in significantly increased overall gas sensitivity.
The space between the mox particles allows fast gas 
diffusion through the granular layer shortening extremely
the response time of gas sensing.

nanogranular mox layer
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Electron depletion zonesElectron depletion zones

increased gas sensitivity

enhanced response speed

AFM image (1µm scan) 
shows agglomerate
superstructure of the
primary nanoparticles 

FE-SEM image of a 
nanogranular SnO2 
layer after annealing 
at 400 °C for 3 h

mean grain size 4 nm
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Gas specific resistance patterns allow sensitive
gas discrimination. Linear Discriminant Analysis
(LDA) displays the signal patterns in reduced
signal dimensionality. 

Homogenous membranes decrease discrimination 
Shallow gradient membranes have little effect on
gas discrimination:
compensation of damping and differentiation effect
Steep gradient membranes increase gas discrimination
(differentiation effect dominates damping)
Increasing membranes gradient always improve gas
discrimination

gas sensor microarrays were exposed to
2-propanol and NO2  at an operation temperature
of 300..250 °C (50% r.H.)

Nanoparticle Results

Results obtained with
nano wedge membranes

We would like to thank T. Scherer (FZ Karlsruhe, INT) for the 
FE-SEM investigations of the nanogranular layers and 
T. Koch (FZ Karlsruhe, INT) for the AFM investigations.

median resistance of the
38 sensor segments 
during 2-propanol 
exposure
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Nano wedge membranes of
SiO2 with thickness gradient 

Distance of signal patterns resulting from 
exposures to CO, Acetone and 2-propanol.microarray
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extreme sensitivity
good enough to detect
ppb concentrations

time response in the
range of 20-30 sec

long-term degradation
with 2- propanol 

 


