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Under EUV exposure

Carbon contamination

Photon-induced dissociation SE-induced dissociation

ObjectiveObjective
Develop and validate the theoretical model to predict the thickness of the 

carbon contamination layer under given experimental conditions

Description
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* J. Hollenshead, L. Klebanoff, J. Vacuum Science and Technology B, 24 64-82 2006
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Under EUV exposure
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Radiation

H-K model: Assumptions

Radiation

Effect of out-of-band radiation

Monochromatic source at 13.5 nm
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H-K model: Assumptions

Radiation

Effect of pulsed source radiation

Incident photon intensity is independent of time
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H-K model: Assumptions

• Site competition due to non-contaminant molecules

• Multicontaminant environment

Only one species is considered that is a contaminant
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H-K model: Assumptions

Sticking coefficient is dependent on the surface coverage and 
substrate temperature

Sticking coefficient is constant
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H-K model: Assumptions
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Binding energy decreases with as the surface coverage increases

Binding energy of the molecule is independent of surface coverage
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H-K model: Assumptions
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Binding energy decreases with as the surface coverage increases

Binding energy of the molecule is independent of surface coverage
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H-K model: Assumptions

• Molecules are in a condensed phase

• Gross overestimation

EUV absorption by adsorbed molecules given by the summation of 
photoabsorption by atoms in the gas phase 

(substrate) (gas) (gas) (gas)
photon photoabsorption photoabsorption photoabsorption photoabsorption(C H O ) (C) (H) (O)x y z x y zσ σ σ σ σ≈ ≈ + +



11

9 June 2009 11

e- e-

e-
e-

e-
e-

e-

H-K model: Assumptions

• No contribution from radicals, or ionized molecules 
• Ionization yield is near unity, if compared to dissociation yield
• No surface-reaction mechanism is suggested for incorporation

• Incorporation efficiencies assumed to be unity

EUV absorption by adsorbed molecules causes dissociation,
leading to complete incorporation in carbonaceous film
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H-K model: Assumptions

• Intensity of the secondary electron with energy should be 
considered

• Dissociation cross section should be dependent upon the energy 
of the electron

Electron-induced dissociation is independent of electron energy
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H-K model: Assumptions

The chemical configuration of the top surface changes from capping 
layer material to a carbonaceous layer that should change the 

binding energy and sticking coefficient of the impinging molecule

No change in binding energy and sticking coefficient during 
growth of contamination layer
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H-K model: Assumptions
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sp substrate

I
T
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∆ =

Extra desorption processes due to local heating and electron-
induced processes

des SE adI Nσ−
Temperature increase due to 

local heating

Electron-induced desorption
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Extension of the model: 
Out-of-band effects
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Extension of the model: 
Out-of-band effects
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Out-of-band effects
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Carbon contamination on 
Ru after 8-hr exposure at 
1x10-8 Torr partial 
pressure of C9H20

Band of 50-80 nm could provide more than an order of 
magnitude higher contamination than EUV in-band
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Out-of-band effects

Hypothetical source assumed with 10% out-of-band radiation



19

9 June 2009 19

Out-of-band effects
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10% out-of-band radiation can increase the contamination rate by an 
order of magnitude
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Summary

• Outlined a list of assumptions that need to be improved 
further

• Must identify relevant processes and related parameters

• Must improve accuracy and precision of input parameters

• Developed approach to incorporate multi-wavelength 
source and out-of-band radiation
– 50-80 nm out-of-band radiation could cause more than order of 

magnitude higher contamination rate than EUV in-band


