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Secondary Electrons and PAG Activation 

Brainard et al. Proc. of SPIE Vol. 6923, 692325 (2008) 

EUV photon absorption 
  

 Ą primary and secondary electrons 
  

     Ą inelastic scattering  
 

         Ą energy deposited into resist 

The resulting low energy 

electrons interact with the 

PAGs to produce photoacids 
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Objective of This Study 

We aim to answer the following questions:  
 

ÅWhat are the mechanisms by which EUV-generated electrons 

deposit energy into a resist? 
 

ÅWhat are the relevant resulting molecular excitations in the resist? 
 

ÅHow does the probability of those excitations depend upon 

electron energy? 
 

ÅHow can this information be used to model electron scattering in    

EUV resists? 
 

ÅCan this information be used to guide EUV resist formulation?   
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Experimental and Theoretical Approach 

ÅUnderstand individual EUV resist components (monomers, polymers, 

PAGS, é) 

Å Electron spectroscopic techniques (XPS, UPS, EELS) 

Å First principles (DTF) calculations Ą origin of spectral features 
 

ÅMeasure electron energy loss (EELS) spectra of resists and 

components. 
 

ÅPerform theoretical calculations (TD-DFT) of excitation spectrum 

and compare to EELS results. 
 

Å Identify the molecular excitations that energetic electrons cause in 

the resist. 
 

ÅVia SEMATECH, transfer this knowledge to collaborators: 

Modelers, synthetic chemists, é  



Resist components 

PMMA 

Polymer 1 

Polymer 2 

Pure S PAG 

Pure I PAG 

TBAH  

Polymer 1 Polymer 2 

S-PAG Resist 1 (OS 4) Resist 3 (OS 14) 

I-PAG Resist 2 (OS 2) Resist 4 (OS 12) 

Goal: 

 

Establishing predictive tool 

for low energy loss 

processes 

Polyhydroxystyrene 



6 

Principle of techniques 
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Photoemission: 

UPS or XPS 
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UPS: UV photoemission 

XPS:  x-ray photoemission 

Reflection Electron Energy Loss Spectroscopy 

(REELS) 
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Energy loss 

Primary elastic peak 

Electrons with less kinetic 

energy due to energy loss 



Example: Polyhydroxystyrene 

XPS and UPS Spectra 

 
(Do we have what we think we have?) 
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Density Functional Theory of 

simple model successfully 

describes core level spectra   

Polyhydroxystyrene 

XPS core level spectra: local chemical environment 

XPS  

DFT Calc. 

C 1s   

core level 

XPS 

DFT Calculation 

O 1s   

core level 
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Polyhydroxystyrene 

StyrOHsg 

Valence band is well described 

by DFT calc. of ñStyrOHsgò 

UPS Spectrum 

DFT Calculation 

UPS valence band spectra: Identify molecular orbitals 

 

Valence Band 

 

Polyhydroxystyrene 



Polyhydroxystyrene  

EELS Spectra 

Å Ground state successfully modeled 

 

Å Now investigate energy loss mechanisms 
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Absorption spectra calculations 

Use Time Dependent DFT (TD-DFT) to determine excited states. 
 

Excited states are linear combinations of the ground state orbitals 

First excited state for this molecule is due to a HOMO to LUMO transition 

Second 

excited state 
First  

excited state 

HOMO 

HOMO-1 

LUMO 

LUMO+1 

LUMO 

HOMO 
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Polyhydroxystyrene 

HL 
Calculated  

spectrum 

Expôtal  

spectrum  

(Ep = 30 eV) 

ÅGood agreement between measured loss features and calculated spectrum. 

Å Identified origin of EELS features. 

HĄL+1 

p Ą p* 

REELS HOMO LUMO 

HL 

HOMO LUMO+1 

HĄL+1 

HOMO-1 LUMO 

p Ą p* 



Our approach worked for a homopolymer 

(polyhydroxystyrene) 

 

What about a multicomponent resist polymer? 

(Polymer 1) 
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65/20/15 

Simulation of Polymer 1 

StyrOHsg Styrsg TBA 

Molecular models 

Model polymer 1 as sum of 3 monomers 

Polymer 1 

+ + 
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Polymer 1 

UPS VB 

Theory 

65/20/15 

XPS Core level Spectra 

Valence Band Spectrum 

ÅCore levels and valence band are well described by weighted sum of 

contribution from each individual components 
 

Å This model is a good starting point for excited states determination 

TBA 

StyrOH 

Styr 

Sum 

Expôt 
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The absorption is dominated by p Ą p* transition of benzene ring 

StyrOH Styr TBA 

Theory 

65/20/15 

+ + 

Polymer 1 

REELS 

Polymer 1 

HL 

HĄL+1 

p Ą p* 

TBA 

StyrOH 

Styr 

Sum 
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Comparison: Polyhydroxystyrene vs Polymer 1 

ÅOverall shape of theoretical curves 

match experimental spectra. 

 

Å Polymer 1 and polyhydroxystyrene 

loss spectra very similar. 

 

Å The absorption is dominated by 

the p Ą p* transition on benzene 

ring. Experiment 

Theory 
REELS 

REELS 

HL 

HĄL+1 

p Ą p* 


