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RUTGERS  Secondary Electrons and PAG Activation
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RUTGERS Objective of This Study

We aim to answer the following questions:

A What are the mechanisms by which EUV-generated electrons
deposit energy into a resist?

A What are the relevant resulting molecular excitations in the resist?

A How does the probability of those excitations depend upon
electron energy?

A How can this information be used to model electron scattering in
EUV resists?

A Can this information be used to guide EUV resist formulation?



RUTGERS Experimental and Theoretical Approach

A Understand individual EUV resist components (monomers, polymers,
PAGS, &)
A Electron spectroscopic techniques (XPS, UPS, EELS)
A First principles (DTF) calculations A origin of spectral features

A Measure electron energy loss (EELS) spectra of resists and
components.

A Perform theoretical calculations (TD-DFT) of excitation spectrum
and compare to EELS results.

A ldentify the molecular excitations that energetic electrons cause in
the resist.

A Via SEMATECH, transfer this knowledge to collaborators:
Model ers, synthetic chemists, e



RUTGERS Resist components
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RUTGERS Principle of techniques

Photoemission: Reflection Electron Energy Loss Spectroscopy
UPS or XPS (REELS)
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RUTGERS

Example: Polyhydroxystyrene
XPS and UPS Spectra

(Do we have what we think we have?)



RUTGERS Polyhydroxystyrene

XPS core level spectra: local chemical environment
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RUTGERS Polyhydroxystyrene

UPS valence band spectra: Identify molecular orbitals

Polyhydroxystyrene Valence Band
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RUTGERS

Polyhydroxystyrene
EELS Spectra

A Ground state successfully modeled

A Now investigate energy loss mechanisms



RUTGERS Absorption spectra calculations

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

Excited states are linear combinations of the ground state orbitals
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First excited state for this molecule is due to a HOMO to LUMO transition
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RUTGERS Polyhydroxystyrene

* spectrum
PAP (E, =30eV)
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A Good agreement between measured loss features and calculated spectrum.
A Identified origin of EELS features.
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RUTGERS

Our approach worked for a homopolymer
(polyhydroxystyrene)

What about a multicomponent resist polymer?
(Polymer 1)



RUTGERS

Simulation of Polymer 1
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RUTGERS

Intensity (Arb. Units)

Polymer 1

XPS Core level Spectra
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RUTGERS Polymer 1

Absorption (Arb. Units)

llII|llII|Il] IIIIlIIl|IlIl|lllI|IIIIIIIIT|IIII

REELS
Theory

Polymer

ar

1

K

OH 65/20/15
HOStyr/Styr/TBA

4 -2 0

Energy (eV)

StyrOH

Styr

[The absorption is dominated by p A P* transition of benzene ring ]
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Intensity (Arb. Units)
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RUTGERS Comparison: Polyhydroxystyrene vs Polymer 1
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A Overall shape of theoretical curves

A Polymer 1 and polyhydroxystyrene

match experimental spectra.

loss spectra very similar.

A The absorption is dominated by
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