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Airport security screening - Explosives detection 

Fast screening of  

airline passengers  

for concealed explosives  

using walk-through  

corridors 



Terrorist intervention: Illicit bomb factory detection 

Hidden bomb factory  scenario indicating detection options 



Crime intervention: Trafficking of illicit drugs  



Technical requirements 

ÅHandheld, portable, easy-to-use detectors for 
security threat materials 

 
ÅSmall, easy to camouflage, networkable sensors with 

minimum power consumption and/or energy 
harvesting capabilities   

The large numbers of potential control points calls for mass-
manufacturable low-cost detectors 
 

Ą MEMS miniaturized sensor solutions ! 



State of the art in security screening 

ÅThe security detection market is dominated by ion mobility 
spectrometers (IMS) 

 
ÅMEMS miniaturised solid state gas sensor technologies  
     have not yet made any significant impact in the security market 

This talk: 

 

ÅSolid state gas sensors can make an impact  

    in the security domain, if it these are properly used 

 

ÅSuccessful use requires a proper and adapted  

    engineering of the sensor periphery   



How does security screening work? 

Ion Mobility Spectrometry (IMS) 

Sampling for trace explosives 
residue 

IMS gas/vapour detector 

Insertion port for sampler spoon 
Thermal solid/vapour conversion 
inside IMS 



Target substance: Explosives residue 



Target substance: Illicit drugs 

Cocaine powder Ecstasy Ephedrine 

Once again: Low vapour pressure solids! 

http://upload.wikimedia.org/wikipedia/commons/8/82/CocaineHydrochloridePowder.jpg
http://upload.wikimedia.org/wikipedia/commons/e/e3/Ecstacy_monogram.jpg
http://upload.wikimedia.org/wikipedia/commons/7/73/EphedrineInBottles.jpg


State of the art: IMS explosives/drug detection 
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Ion Mobility Spectrometer (IMS) 

Detectable 
threats: 

ω Explosives 

ω Drugs 

ω CWA 

ω TIC 

Radioactive ionization (63Ni) 

Å almost real time 

Å ambient pressure operation 

Å can distinguish isomers 

Minimum 
detectable 
quantities: 

~ 0.1ng (solid) 

~ ppb (gas) 



IMS spectrometers 

Downsides: 

 

- High price (~ 40-50 kϵ/unit) 

- Bulky 

- Radioactive 

 

- Specially trained personnel 

- Use only in approved locations 



Feasibility  
of metal oxide (MOX)  

gas sensors  
for detecting security 

threats   



Working towards MEMS detectors solutions 
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Military High Explosives (MHE): Distinguishing features 

Heat  

Å Almost all kinds of MHE contain NOx groups 

Å MHE melt/disintegrate ~ 200-250ÁC ! 

NO2 

vapour 



Commercial NO2 detectors 

CNEQ ~  
~ 10ppb 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=r3k4pKpevBGAkM&tbnid=D12cBVNSYRKgGM:&ved=0CAUQjRw&url=http://www.directindustry.com/prod/synkera-technologies/semiconductor-nitrogen-dioxide-no2-sensors-54300-366092.html&ei=_MSaU9etL87iO-a7gbAH&bvm=bv.68911936,d.bGQ&psig=AFQjCNF53tfhlQTdkId0jrNiH-QSprZBFQ&ust=1402738272365435
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=0jNj1ozlrdOR0M&tbnid=YY4UrW6YyfTTTM:&ved=0CAUQjRw&url=http://pubs.rsc.org/en/content/articlehtml/2009/cp/b905234h&ei=V8WaU8ufOYbFOfuJgegD&bvm=bv.68911936,d.bGQ&psig=AFQjCNGwuTUHMnwC-B5gyM5JxwVERpAu4w&ust=1402738339503155


Vgrain = 1mm3 

 

= 10-12 cm3 

Weight ~ 1pico gram 
 
~ 3*1010 molecules 

Detector chamber ~ 0.1cm3  

Heat  

~ 3*1011  
molecules/cm3 

 
gas concentration 
~ 10ppb 
 
Detection limit  
of a good solid state  
gas sensor ! 

Solid particles as  

natural concentrators  

of target analytes 



Solid particles as  

natural concentrators  

of target analytes 

Detector chamber ~ 0.1cm3  

~ 3*1014 
molecules/cm3 
 
gas concentration 
~ 10ppm 
 
~ 1000 times  
detection limit  
of a good 
solid state  
gas sensor ! 

Heat  

A fingerprint may easily  

contain thousands of 

1mm particles ! 



Thermal desorption detection of TNT 



Target and interfering stuff 

ÅLaboratory dust (unspecified) 
ÅMineral dust (TiO2) 
ÅPollen  (Bio contamination) 
ÅCondensed humidity 

TNT 

What you are looking for  
and what else  
you Ƴŀȅ ŦƛƴŘ ǘƘŜǊŜΧΦ 



Target and interfering stuff 

Coarse-grained 
Laboratory dust  
seems to carry  
adsorbed water layers 
 
Ą Small reducing signals 


