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GasGas SensorSensor ActivitiesActivities atat LAASLAAS

Microtechnology
Design et Realisation of micro hotplate for SGS

Characterisations
-Rs(t) 
-Impedance spectroscopy under controlled atmosphere
-Thermal Characterisation : IR Camera

Ph. Ménini (MCF;100%), A. Martinez (Pr;10%) - E. Scheid (CR1;10%) - H. Chalabi (doct3) - C. Tropis (doct2) – P. 
Yoboue (doc1)
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IntroductionIntroduction

Our Objective :

Measuring accurately the concentration of one target 
gas (CO) in a gas mixture (air, NO2 and CxHy)… 
… with only 1 sensor (SGS)

Knowing that SGS :

• good sensitivity

• Poor selectivity at constant working temperature

• Great influence of humidity

Introduction
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OutlineOutline

• Single Sensor technology

• Functioning Method and Data 
Treatment

• Results

• Conclusion and Outlook 
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SensorSensor TechnologyTechnology : SGS: SGS

Structure

membrane +
Active layerSiO2 + SiNx

temperature sensorSensing layer Pt electrodes

HeaterSi Si

SiO2

substrate

Cold part Cold partWarm part

LAAS sensor

The sensor used

4% Pt-
doped SnO2 

sensorMics sensor

Sensor description
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SensingSensing layerslayers

Sn
N

N
Sn NN

Me Me

Me Me

MeMe

Me Me
Sn

SnOx

colloïd
Taille : 12-20 nm

135°C ; 3 h

anisole/H2O

LCC-CNRS : Nanoparticular SnO2

Colloïd Deposited by microinjector (industrialised by MiCS)
Volume controlled (1 nl – Ø400µm – 2 µm of thickness)

L2MP-Marseille : WO3

Deposited by RF magnetron sputtering
50 nm of thickness

Sensor description
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Principle of DetectionPrinciple of Detection
Phase 1: Oxygen Adsorption

½ O2gaz + SnO2-x + e- (SnO2-x)Oad
-

eVs

O- O-

O-
O-

O-

O-O-

O- O
-

O-
O-

O-O-

Grain Boundary

G
GO

G : reductive gas

OPhase 2 : Reaction with reductive gases

G + (SnO2-x)Oad
- GO + SnO2-x + e-

ρ decreases
(opposite for oxidative gases)

Chemical reactions at the surface 
occurs at high temperatures (>250°C):
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Functioning MethodFunctioning Method

Sensing layer is heated by an integrated resistor

Either powered by constant voltage (T° = Ct)
Or by variable voltage :

Regular pulsesSinusoïdal Triangular

Our choice : profile with fast steps (Tamb<T°<500°C):
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5 6 Cycled Profile :
-Ton : for desorbtion (10s)
-Toff : power minimization
-Steps (2s): for discrimination

Operating mode



9

Operating mode : Operating mode : DynamicDynamic thermal profilethermal profile
((PhDPhD of  F. of  F. ParretParret ➨➨ C. C. TropisTropis))

Example of test profile applied on the heater : 
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Goal : to determine most
efficient steps (with
significant discrimation)
for one application

Operating mode
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Test ProfileTest Profile

Capteur dopé 2%Pd 5a
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Operating mode
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Profile of temperature Sensor response

1. Normalisation

( )
f

fi
n R

RR
R

−
=∆

A
A

-0,35

-0,25

-0,15

-0,05

0,05

0 0,5 1 1,5 2

{1} Air

{2} CO

{3} C3H8

{4} NO2

{5} CO-C3H8

{6} CO-NO2

{7} CO-NO2-C3H8

{8} NO2-C3H8{2}, {5}, {6} and {7} overlap

{3}

{8}

{1}{4}

-0.2

-0.1

0

0.1

0 0.5 1 1.5 2
Temps (seconde)

R
n

 (s
an

s 
u

n
it

é

air CO

C3H8 NO2

CO+NO2 CO+C3H8

C3H8+NO2 CO+C3H8+NO2

Mélange 
composé de NO2

-0.2

-0.1

0

0.1

0 0.5 1 1.5 2
Temps (seconde)

R
n

 (s
an

s 
u

n
it

é

air CO

C3H8 NO2

CO+NO2 CO+C3H8

C3H8+NO2 CO+C3H8+NO2

Mélange 
composé de NO2

Mixtures
with NO2

Time (s)

Transient sensor responsesTransient sensor responses

Transient response depends on : 
- Temperature variation
- ambient gas mixture

Correlation to kinetic chemical reactions

Operating mode
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Typical sensor responsesTypical sensor responses
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Low temperature step (dT = 110 –
185°C):
• Distinction of NO2 & mixture from

other gases

Around 250°C (dT = 110 – 285°C): 
• Beginning of CO & C3H8 detection

• Good distinction from mixtures with 
NO2

High temperature (dT = 110 – 480°C):
• All mixtures with CO create an 
overshoot & similar position time.

Operating mode
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Data treatmentData treatment
2. Variables and mathematical analysis

4 Different transient response shapes

20 points within 
the first part of each step 

Multi-variable analysis :
Factorial Discriminate Analysis

(FDA)

Data Treatment
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1. Selectivity

Good selectivity… In Humid atmosphere…  With only 1 sensor

Data Treatment
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ResultsResults
2. Determination of CO Concentration

What is the influence of different CO Concentrations on the transient respons

0

100

200

300

400

500

600

0 5 10 15 20 25 30 35 40

Time (second)

Te
m

pe
ra

tu
re

 (°
C

)

Ton Toff, power off

Profile allocated to 
discrimination

1 2 3 4

5 6

-0.85

-0.6

-0.35

-0.1

0.15

0.4

0 0.5 1 1.5 2

Time (second)
R

n 
(w

ith
ou

t u
ni

t)

{1} Air             {2} 1 ppm 

{3} 5 ppm       {4} 10 ppm

{5} 30 ppm     {6} 50 ppm

{7} 100 ppm   {8} 200 ppm

{7}

{8}{1}, {2} overlap

{3}

{4}

{5}, {6} overlap

NO2:  1,8ppm 
C3H8: 200ppm 

Important variables : over-shoot coordinates

2nd FDA to separate different CO concentrations  

Data Treatment
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22ndnd FDA ResultsFDA Results
2. Determination of CO Concentration
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Data Treatment
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DeterminationDetermination of CO Concentrationof CO Concentration
y = 526634x2 + 108711x + 5656.8

R2 = 0.9972
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Exemple of Exemple of dynamicdynamic measurementsmeasurements

New individuals corresponding to the evolution of CO concentration

Evolution de 0 à 1 ppm
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SummarySummary : : COCO--SensorSensor descriptiondescription
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Thermal Profile

• Normalisation

• 20 points / step

0-650 ms

• detection of max and min

Algorithm

Unknown

vector

Tranfert Matrix

From

FDA1

Selective analysis

no
CO ? Determination of the ambient

gas mixture by Decision tree

unknown
Tranfert Matrix

From

FDA2

quantitative

Analysis

yes
CO Concentration 

(1 – 200 ppm)

Regression (2nd order)

Data Treatment
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ConclusionsConclusions

• Development of a new generation of SGS 
– (Microhotplate + Pt-doped Nanoparticular SnO2  by drop 

deposition) 

• New Functioning Method :
– Cycled Temperature profile (Ton, 2s-Steps, Toff)

• Data Treatment :
– Normalization (to put in evidence the transient response of the 

sensor)
– choice of useful variables,
– FDA method (2 phases)

• Results :
– Discrimination between 8 different mixtures of gas
– Determination of CO concentration with 2 ppm of resolution
– Possibility to measure dynamically 
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OutlookOutlook

• Multi-sensor technology 

• Optimization of the profile :
– Minimum of steps to minimize the response time (<30 

s)
– Use of NN method

• Reproducibility
– Plug and Play system

• Integrability : portable system Example : SGS + DSPiC
(MC68HC908) developed by 
NANOSENSE in the frame of 
Nanosensoflex Project
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Design of Design of MultisensorsMultisensors
(membranes and (membranes and heatersheaters independantindependant))

Double sensor

2.2mm

1.3
mm

1.8
mm

3.5mm

Array of
4 sensors

3.0mm

3.0mm

2.2mm

2.2mm

To go to the smart nose…
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