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Target gases

•Carbon dioxide
•Oxygen
•Humidity
•Hydrocarbons
•Ammonia
•Hydrogen
•VOC
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Target gases

•Oxygen 

•Carbon dioxide

•Ethylene

•Humidity

•Hydrocarcons

•VOC
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Types of gas sensors

Electrochemical
Optical (NDIR – non-dispersive infra-red)
Piezo microballance
Semiconductor
Termochemical (thermocatalytic)
Opto-acoustic
Thermoconductometric
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Technologies for the fabrication of 
MOX semiconductor and thermocatalytic sensors

Volume ceramic technology.
Wire microcoil for thermocatalytic and 
semiconductor gas sensors.
Screen printing.
Silicon micromachining.
Technology of ceramic MEMS.
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Wire Microcoil technology for 
thermocatalytic sensors

Thermocatalytic gas sensing 
element made of 10 micron Pt wire 
in glass shell. Sensing layer is 
alumina (~100 m2/g) impregnated 
with Pt/Pd catalyst. 

Sensor fabricated by LLC “IGD”, 
Moscow, Russia. 

Mass-produced sensors of this 
type are applied for the detection 
of methane in coal mines in a 
concentration range of ~0.1 – 10 
vol. %.
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Thick film sensor (screen printing)
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TO-8 packaged thick film 
sensor chip. 

Chip size 2.5 x 0.3 x 0.1 mm
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SiO2/Si3N4 based MEMS platforms
(FBK, Trento, Italy – NRC KI, Moscow, Russia)

1.5 mm

MEMS platform with 
multilayer SiO2/Si3N4
membrane. Membrane 
thickness is of about 1.2 
µm, power consumption 
~50 mW at permanent 
heating up to 4500C. 

5 million cycles;

maximum working 
temperature 4500C;

maximum annealing 
temperature in furnace 
7200C.
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MEMS sensor of Figaro Inc.

The idea of the application of 
this shape of the 
microhotplate is the 
minimization of bending and, 
therefore, stresses in the 
membrane of gas sensor. 
However, the connections of 
the microhotplate to the legs 
are the concentrators of the 
strains.
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Air quality sensor of “Applied Sensors”

Air quality sensor chip made 
using silicon technology 
with Pt heater and SnO2-
Sb2O5/Pd sensing layer.
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Alumina Chip with Pt Microheater

Sensor chip based on anodic alumina. 
Thickness of alumina is of 30 µm, diameter 
of the chip is of 6.8 mm, the size of hot area 
of microhotplate is of 300 x 300 µm. The 
size of the chip is compatible with TO-5 
package. 

Hot area of the microhotplate under 
optical microscope. Temperature of 
the microhotplate is of 6800C. 
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Problem Statement

The target is the development of the microheater platform free of the 
disadvantages of existing MEMS devices fabricated using silicon 
technology: 
complex technology needing clean room facilities  inadequate to sensor 
production scale;
incompatibility of materials used in silicon technology (Si, SiO2/Si3N4
membrane, Pt).
low efficiency of Pt sputtering process and high consumption of precious 
metals in sputtering;
bending of membrane in temperature cycling leading to destruction of 
the microheater;
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Ink-jet Printer Dimatix DMP 2831
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Aerosol printing machine

Atomizer

Printing head
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Aerosol jet printer
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Au, Ag, and Pt Inks used for Printing

Printable ink 
consists of organic 
solvent (viscosity 
of about 10 cPs) 
with dispersed Pt, 
Au, or Ag 
nanoparticles (10 –
30 nm in diameter)
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TEM Picture of Platinum nanoparticles from the 
Ink Usable for Printing

Particle size 3-8 nm 
without agglomerates.
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Substrates Made by Anodic Oxidation of 
Aluminum Foil

Alumina film (12 µm thick) prepared by 
anodic oxidation of aluminium 
followed by annealing at 10000C. 
Membrane size is of 48x60 mm. 

Alumina cantilever chip in TO8 
package. Alumina film thickness is of 
12 µm. 
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SEM Picture of Alumina Film 
Cross-Section
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Printing with Dimatix DMP 2831 
Ink-jet Printer 

35 µm
35 µm
35 µm
35 µm

Printing with Ag ink (particle size of ~10 nm) in organic solvent with 
viscosity of 10 cPs. Annealing at 2500C. Ag line sheet resistance is of 
~ 2 Ohm/square.
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Power consumption of the sensor printed 
using ink jet technique
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Cantilever Sensor Layout 
Obtained Using Aerosol Jet Printer

Printing with Pt 
based ink of 
alumina substrate. 
Line width and 
gaps are of about 
40 µm.
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Profile of lines printed using aerosol jet 
technique
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The application of LTCC membranes as 
sensor substrate
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The application of LTCC membranes as 
sensor substrate
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Pt printed microheater on 20 mm LTCC 
membrane

Aerosol printed high-resistance 
part of the microheater. Heater 
material is platinum ink (particle 
size of 3-8 nm), line width is 50 
mm (average).

Pt line profile. Line width is of about 50 
mm, line height is of about 1 mm. 
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Thermal characteristics of Pt printed 
microheater on 20 mm LTCC membrane
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Pt aerosol printed microsesor based on 
SnO2/Pd sensing material.
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Thermal properties of sensor based on 
alumina membrane and printed Pt heater
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Thermal properties of sensor based on 
alumina membrane and printed Pt heater
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Tin dioxide based material for gas 
sensors

SEM (left) and TEM pictures of sensing material 
based on SnO2 used for gas sensors
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Response of membrane type sensor to methane 
concentrations.
Impulse heating.
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Measurement of CO concentration using MEMS 
sensors with membranes made of SiO2/Si3N4. 
Sensing layer SnO2/Pd.

Response of the sensor in synthetic air. Measurement cycle 450/1100C 
(0.5/2.5 s). 
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Measurement of CO concentration using MEMS 
sensors with membranes made of SiO2/Si3N4. 
Sensing layer SnO2/Pd.

Response of the sensor to СО and H2 concentrations in synthetic air. 
Measurement cycle 450/1100C (0.5/2.5 s). 

CO concentration 3 ppm CO concentration 5 ppm
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Measurement of CO concentration using MEMS 
sensors with membranes made of SiO2/Si3N4. 
Sensing layer SnO2/Pd.

Response of the sensor to СО and H2 concentrations in synthetic air. 
Measurement cycle 450/1100C (0.5/2.5 s).

H2 concentration 3 ppmCO concentration 3 ppm
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Measurement of CO concentration using MEMS 
sensors with membranes made of SiO2/Si3N4.
Sensing layer SnO2/Pd.

Response of the sensor to СО and H2 concentrations in synthetic air. 
Measurement cycle 450/2500C (0.5/2.5 s).

CO concentration 3 ppm H2 concentration 3 ppm
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Ammonia response of the sensor 
operating in impulse mode
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Intellectual gas sensing module
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Conclusion

It is demonstrated that the application of aerosol and ink jet printing over 
thin alumina membrane fabricated by anodic oxidation of aluminum foil 
enables the manufacturing of microhotplates compatible by properties with Si 
MEMS.
The combination of alumina thin membranes with additive technology of 
functional element deposition gives a possibility to produce gas sensors with 
high working (>6000C) and technological (>10000C) treatment temperature.
The suggested approach saves precious metals used for functional element 
formation and enables the fabrication of sensors with relatively simple 
equipment.
The approach is very suitable for medium scale production of sensors. 
Existing aerosol printer is sufficient for the fabrication of ~2000 sensor chips 
per hour.
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