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Chemical sensors suffer from noise

Noise comes from natural variation in parameters
and averages over time to zero

* Johnson noise, Shot noise, flicker nois
* Sample errors
* Digital bit error

with Ethanol Sensor D

* Chemical noise is often 1/f noise i
* Parameter S/N = 9
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Chemical sensors suffer from interference

Interference comes from parameters dependent en other
variables (can be modelled)

Qutput voltage (V)

O P N W b~ O O N 0O © O

* Ambient temperature

* Ambient humidity
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* Atmospheric oxygen

* Parameter AS=(dS/dC)AC + =(dS/dI)Al (<104 for
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Chemical sensors suffer from drift

Variation over time of signals and parameters

* Aging of sample

* Baseline or response of sensor
* Parametric drift

* Aging of sensor material

* Poisoning of sensor

* Parameter: dS/dt
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Pre-processing algorithms help ...

Sensor

Feature selection: 2

Electronics
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Time-dependent sensor models help ..

Use transient properties of sensor signal to extract more information
— not possible with mass spectrometers and DNA chips.

Transitory Pre-processed
response response
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* Include time-constants in the sensor model for dynamical model
* Create linear and non-linear models
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Any challenges left in chemical sensing?
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Depends on Problem ....

Measurand Reference Odour Vapour Numbe;
odour? stability? pressure components

Simple odours, e.g. Yes Good High One
ethanol

Solvents in polymers, Yes Good
paints, plastics etc.

Perfumes/essential Some OK

oils

Food: Coffee quality No Poor Medium
Explosive materials Yes Good Very Low
(plastic)

Human odours No Poor Low
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Remote environmental gas sensing

* Need low-cost detection of levels of
chemicals (<10 ppm) in atmospheric air

* Need response of sensors for normal . use
(1’'s not 10’s to 100’s)

* Perhaps need to source of gas so mobile
(ms)
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Detection of underground mines

» 100 millions of mines in world
* Different types of mines

* Variable terrain

« Poor countries

« Extremely low vapour pressures
of plastic explosives
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Detection of hidden explosives needed

» Explosives in airport luggage

* Fast and reliable detection needed

» Trace levels with variable background

* Different materials (nitrates and peroxides)

Gardner EU NetAir (Special Session), Nuremberg, May 2012

12


http://www.highcomsecurity.com/images/stories/Metal_Detectors/smd600-multizone.jpg
http://images.google.com/imgres?imgurl=http://www.panoramio.com/photos/original/9033969.jpg&imgrefurl=http://www.panoramio.com/photo/9033969&usg=__YNWugy29V9DzkyJcgcXDM8xt6rw=&h=768&w=1024&sz=364&hl=en&start=18&um=1&tbnid=xwfXGFW8CflNSM:&tbnh=113&tbnw=150&prev=/images?q=airport+sniffer&um=1&hl=en&rls=com.microsoft:en-gb:IE-SearchBox&rlz=1I7SKPB
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Humidity mg/ml

EUNetAir — Low cost please?

Basic e-nose

E-nose with
SPME
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New Approaches: Gas/Odour Mlcrosensors
Nanomaterials E\E : o
- Metal oxides
* CNTs

* Polymers

CMOS gas sensors
* Resistive
* Calorimetric

* Thermal modulation

Source:
Santra et al 2010 Nanotechnology 21 1
lwaki et al 2009 IEEE Sensors Journal 9 S

Artificial e-mucosa and Ratiometric chemorecepti
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Human Olfactory Mucosa
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Warwick E-mucosa

Microchannel

Mucus/retentive
coating

Temporal sensor
Spatial sensor separation
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Large CMOS sensor arrays

@ 5 rows by 14 columns 70 resistive and 70 FET sensors
@ Each row is deposited with a different polymer to

discrimination capability
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25 X 12 Sensor Array Response to Oils —
Convolution between front and back arrays

Cinnamon Lemon Grass Lavender
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No baseline signal used 19
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INSECT-BASED INFO-CHEMICAL
COMMUNICATION SYSTEM (ICHEM)
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Insect-Based Chemoreception
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Ratiometric detection of molecules
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Cole et al 2009 Proceedings of IEEE Sensors Conference, 978-1-4244-5335-1/09
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Example: Fruit volatiles

Chemical GC (%)
butyl hexanoate 37
pentyl hexanoate 5
propyl hexanoate 4
butyl butanoate 10
hexyl butanoate L,
butyl hexanoate 0.01
Hawthorn ?,-methylbutan-l-ol i
, isoamyl acetate 15
g | 4,8-dimethyl-1,3(E),7-nonatriene 0.09
ethyl acetate 94.3
dihydro-B-ionone 0.10
B-caryophyllene 5.8
Dogwood 3-methylbutan-1-ol 2705
' W isoamyl acetate 0.9
1-octen-3-ol 9
ethyl acetate 54.Q
dimethyl trisulfide 1.9

(Linn et. al, 2005)
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Quartz Crystal Microbalance (QCM)

h?"

Operational Mechanism: Sauerbrey equation eﬂ)‘ o J 3

(ALENRW 35T goco /w08 08

gy eo0ueY B8N e OWIr
B S g W—
uqumouum!'()

Sensitivity: Af = 7.2 Hz/ng

Gas sensitive
coating

d

Gold
electrode

Quartz
crystal

Gold
electrode

Gardner EU NetAir (Special Session), Nuremberg, May 2012



Ligand detection using QCMs
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Ratiometric Compounds: Quad Array of Dual 262 MHz SAWR
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Ratiometric decoding using sensor responses
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Gardner

Neuromorphic FPGA of Insect
Antennal Lobe
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Real-time Chemical Communication

Ratio 2:2 | Ratio 3:1 Ratio 3:1
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Finally .. Cell-based Sensors
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Cell based SAW sensor for Ligands
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Conclusions — New Approaches Please

* Real-world low-cost environmental monitoring is
challenging

* Current methods are often lab based, slow and expensive
— hence EU NetAir project

* Biologically-inspired solutions may help?
Artificial olfactory mucosa with convolution based signal

processing
Differential and Drift Rejection

Info-chemical receivers based on classifying
ratiometrically-encoded molecules

Differential and Ratiometric, Fast, Low-cost and Noise
Rejection
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