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IntroductionIntroduction

•• Why Gas sensor?Why Gas sensor?
•• Environmental monitoringEnvironmental monitoring: : Increasing Increasing 

atmospheric pollution problems atmospheric pollution problems →→ Higher Higher 
need of effective and low cost monitoring need of effective and low cost monitoring 
and controlling systems for detection and and controlling systems for detection and 
quantification of pollution sourcesquantification of pollution sources

•• Electronic noseElectronic nose:: OrdorOrdor detectionsdetections
• Alcohol detection: Driver testing
• Classify different ripeness degrees of fruits
• Tracking of the aroma evolution of ice stored meat
• Discrimination and test of perfume
• Discrimination between single volatile compounds
• Classification of wines
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IntroductionIntroduction

•• Semiconductor gas sensorSemiconductor gas sensor
Low costLow cost
High sensitivityHigh sensitivity
Fast responseFast response
Simple electronic interfaceSimple electronic interface
Low selectivityLow selectivity
High power consumptionHigh power consumption

•• Thin film type gas sensorThin film type gas sensor
Microelectronic compatibilityMicroelectronic compatibility
Ease of control process parametersEase of control process parameters
Reproducibility Reproducibility 
Fast responseFast response
Relatively low power consumption and low costRelatively low power consumption and low cost
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IntroductionIntroduction

•• Thin film deposition techniquesThin film deposition techniques
SputteringSputtering
Electron beam evaporationElectron beam evaporation
Chemical vapor deposition Chemical vapor deposition ((CVDCVD))
SpraySpray pyrolysispyrolysis
SolSol--gelgel

•• Electron beam evaporationElectron beam evaporation
Ease of batch fabrication Ease of batch fabrication 
Ability to form highAbility to form high--qualityquality multilayermultilayer thin film thin film 
structures structures 
Poor gasPoor gas--sensing sensitivitysensing sensitivity
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IntroductionIntroduction

•• Electron beam evaporation with ionElectron beam evaporation with ion--
assisted deposition assisted deposition ((IADIAD))

Improved evaporation technique for high quality Improved evaporation technique for high quality 
thin film depositionthin film deposition
Reactive deposition for chemical composition Reactive deposition for chemical composition 
controlcontrol: : vary oxygen component in metal oxide vary oxygen component in metal oxide 
film during deposition by adjusting gas flow and film during deposition by adjusting gas flow and 
ion powerion power
Substrate preSubstrate pre--cleaning for excellent adhesioncleaning for excellent adhesion
Gas sensor thin film by this method may not need Gas sensor thin film by this method may not need 
postpost--deposition annealingdeposition annealing
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Material and methodsMaterial and methods
•• IIonon--assisted eassisted e--beam evaporation systembeam evaporation system
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Material and methodsMaterial and methods
•• IIonon--assisted eassisted e--beam evaporation systembeam evaporation system

Helium Leak Helium Leak 
DetectorDetector

IonIon--Assisted Assisted 
EE--Beam EvaporatorBeam Evaporator
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Material and methodsMaterial and methods

•• SnOSnO22//WOWO33 Deposition with IADDeposition with IAD
SnOSnO22 materialmaterial: : compressed compressed 9999..55% % SnOSnO2 2 powderpowder
WOWO33 materialmaterial: : compressed compressed 9999..9999% % WOWO3 3 powderpowder
SubstrateSubstrate: : BKBK77 glass slideglass slide
PrePre--deposition cleaning with oxygendeposition cleaning with oxygen--ion beamion beam
SnOSnO22//WOWO33 evaporated under oxygenevaporated under oxygen--ion beamion beam
Ion source parametersIon source parameters

Driving voltageDriving voltage and currentand current: : ~~400 400 V and ~V and ~00..13 13 AA

VaringVaring IAD parametersIAD parameters
Oxygen flow rateOxygen flow rate: : 0 0 to to 3030 sccmsccm

Substrate temperatureSubstrate temperature: : 130130 ooC C 

Film thicknessFilm thickness: : 2000 2000 ÅÅ
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Material and methodsMaterial and methods

•• Metal oxide gas sensor fabricationMetal oxide gas sensor fabrication
AlAl//AuAu interdigitatedinterdigitated electrode coating by eelectrode coating by e--beam beam 
evaporation through an electroplated shadow evaporation through an electroplated shadow 
maskmask:: InterdigitInterdigit spacing ~ spacing ~ 100 100 µµmm
Metal oxide deposition with IAD through another Metal oxide deposition with IAD through another 
electroplated shadow maskelectroplated shadow mask
NiCrNiCr heater blanket evaporation on the back sideheater blanket evaporation on the back side

Glass substrate
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oxide
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Metal 
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1 mm
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Structure and photograph of a metal oxide thin film gas 
sensor with built in NiCr heater
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Material and methodsMaterial and methods

•• Metal oxide gas sensorMetal oxide gas sensor

100 nm

Typical SEM and STM micrograph of surface morphology 
of e-beam evaporated metal oxide thin film
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Gas sensing measurementGas sensing measurement

Material and methodsMaterial and methods
GasGas--sensor Characterizationsensor Characterization
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Experimental results and DiscussionExperimental results and Discussion

•• Gas sensing characteristics of SnOGas sensing characteristics of SnO22 thin filmthin film
–– Time response characteristicsTime response characteristics

Response time ~ Response time ~ 33 ss
Recovery time ~ Recovery time ~ 5050 ss

300 ppm 700 ppm500 ppm 1000 ppm200 ppm

Time responses to CO at 300 °C of tin oxide thin film 
with oxygen flow rate of 30 sccm



NanoNanoNano&MEMS Section&MEMS Section&MEMS Section

Experimental results and DiscussionExperimental results and Discussion

•• Gas sensing characteristics of WOGas sensing characteristics of WO33 thin filmthin film
–– Time response characteristicsTime response characteristics

Response time ~ Response time ~ 55 ss
Recovery time ~ Recovery time ~ 6060 ss

Eth 1% Eth 2%Eth 1% Eth 2%

Time responses to ethanol at 300 °C of tungsten oxide 
thin film with oxygen flow rate of 30 sccm
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Experimental results and DiscussionExperimental results and Discussion

•• Gas sensing characteristics of SnOGas sensing characteristics of SnO22 thin filmthin film
–– The effect of oxygen flow rate on sensitivityThe effect of oxygen flow rate on sensitivity

Typical sensitivity to ethanol and CO vs. oxygen flow 
rate of tin and tungsten oxide thin film 

Sensitivity tends to Sensitivity tends to 
increase as oxygen increase as oxygen 
flow rate increases flow rate increases 
for both metal oxide for both metal oxide 
and both reducing and both reducing 
gasesgases
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Experimental results and DiscussionExperimental results and Discussion

•• The effect of oxygen flow rate on sensitivityThe effect of oxygen flow rate on sensitivity
–– As oxygen flow rate increases above As oxygen flow rate increases above 2525 sccmsccm,,

Sensitivity to ethanol and CO tends to increaseSensitivity to ethanol and CO tends to increase
Possible explanationPossible explanation: : 

AAddition of oxygenddition of oxygen--ion and the increase of oxygen flow ion and the increase of oxygen flow 
rate enhance the reducing reaction at the surface of thin rate enhance the reducing reaction at the surface of thin 
film because the number of oxygen vacancies in and on film because the number of oxygen vacancies in and on 
the surface of thin film is reducedthe surface of thin film is reduced: : The advantages ofThe advantages of
reoxidizingreoxidizing the thin film by oxygenthe thin film by oxygen--ion over ion over 
conventional annealing are the much lower process conventional annealing are the much lower process 
temperature and higher thin film qualitytemperature and higher thin film quality
Oxygen ion bombardment during deposition increase Oxygen ion bombardment during deposition increase 
film porosity and surface roughnessfilm porosity and surface roughness: : Increase gas Increase gas 
adsorption siteadsorption site
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Experimental results and DiscussionExperimental results and Discussion

•• Gas sensing characteristics of Metal oxide thin filmGas sensing characteristics of Metal oxide thin film
–– The sensitivity as a function of temperatureThe sensitivity as a function of temperature

Sensitivity to alcoholSensitivity to alcohol
and ammonia areand ammonia are
Good in T ~Good in T ~300300--350 350 °°CC

Typical sensitivity to ethanol and CO vs. oxygen flow 
rate of tin and tungsten oxide thin film 
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ConclusionConclusion
•• Gas sensor were fabricated based on ionGas sensor were fabricated based on ion--assisted electron assisted electron 

beam evaporated metal oxide thin film  and gasbeam evaporated metal oxide thin film  and gas--sensing sensing 
characteristics of the gas sensor characteristics of the gas sensor were studiedwere studied with no postwith no post--
deposition annealingdeposition annealing

•• Sensitivity to CO and alcohol of metal oxide thin film Sensitivity to CO and alcohol of metal oxide thin film 
-- Improved with oxygenImproved with oxygen--ion addition during eion addition during e--beam beam 

evaporation and tends to increase as the oxygen flow rate evaporation and tends to increase as the oxygen flow rate 
increasesincreases

–– Possible explanationPossible explanation: : the increase of oxygen flow rate the increase of oxygen flow rate 
enhance oxygen content and reduce oxygen vacancies in enhance oxygen content and reduce oxygen vacancies in 
and on the surface of thin film and on the surface of thin film 

–– Good sensitivity at moderate temperature of Good sensitivity at moderate temperature of 300300--350 350 °°CC
•• IonIon--assisted eassisted e--beam evaporation is a potential process for beam evaporation is a potential process for 

thin film gas sensor fabrication that can produce gas thin film gas sensor fabrication that can produce gas 
sensors having good response at moderate temperature sensors having good response at moderate temperature 
with no postwith no post--deposition annealingdeposition annealing


