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Summary

EUV light generated from Sn-based DPP systems are studied in simulated
experiments in the IMPACT (Interaction of Materials with charged Particles and
Components Testing) experimental facility. The studies focus on the interaction of
fast Sn particle interaction with candidate grazing incidence collector mirrors under
various device-relevant conditions and, more importantly, the effect on EUV
reflectivity.

IMPACT is a particle-beam experiment equipped with a suite of in-situ metrology
fully characterizing heterogeneous surfaces under exposure to multiple irradiation
and evaporation sources. Experimental results of both photon reflectivity and ion-
induced sputtering from fast, energetic Sn particles are used to benchmark surface
computational codes to estimate mirror lifetime and performance. Collector mirrors
with Ru, Rh and Pd single-layers are used in these studies to simulate grazing
incidence mirrors in EUV Sn-DPP source devices. Close collaboration with EUV source
suppliers identifies key areas of study and establishes design of experiments. In-
situ metrology using ion and electron-based surface spectroscopy track in real time
the evolution of the surface during implantation and deposition with energetic and
thermal Sn particles, respectively. The exposure conditions include incident singly-
charged particles between 500-1000 eV, oblique incidence, and incident fluxes
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‘ IMPACT Experimental Setup

The new IMPACT experimental facility is designed to study multi-component surfaces
with in-situ metrology during surface modification by energetic charged and neutral
particles at low energies (5-1000 eV)
Some of the attributes in the IMPACT experimental facility include:
® LEISS and DRS (direct recoil spectroscopy) are used in conjunction with other
techniques: AES, XPS and EUPS for complete elemental and chemical analysis of
the surface.
®  Absolute in-situ ion or photon-induced desorption is measured during surface treatment.
® Newly installed in-situ EUV reflectometry system to conduct relative reflectivity
measurements at a single incident angle of 15 degrees.
®  Tunable 193-nm and 248-nm light for in-situ laser post-ionisation for quantitative
elemental analysis (e.g. PI-SNMS) coupled to existing IMPACT in-situ metrology (i.e.
LEISS, DRS, AES, XPS and EUPS) is used to interrogate desorbed species
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Surface kinetics in real time by means of in-situ metrology during Sn ion irradiation and
deposition of candidate mirror materials (e.g., Pd, Ru, Rh) are thus studied in simulated,
controlled experiments with in-situ surface metrology

Results feed back to computational models for both understanding and integrated design

In collaboration with B.J. Heuser, et al.,
Univ lllinois, Urbana-Champaign

Q&Y

Angle of Incidence (degrees)

In collaboration with C. Tarrio, et al. NIST

X-ray Reflectivity and
Scattering Length Density

In-situ EUV Reflectometry

o S
nes's EUVL research str Plasma/surface interaction issues in \ oo ’F Lh
DPP configuration « EUV in-situ reflectometer using N \ ] '
13.5-nm wavelength \ ¥ v 1 . .h
« Changes in reflectivity can be L IJJ =y
measured in real-time as a \'f\ h
function of treatment to the e n . j ‘ - —
sample (bombardment, heating, \,\ _[J j
coating, etc.) 2 o
« Grazing (15°) and near normal ) R T e
incidence measurements

Future poteatish
coflaborations.

Modeling Sn irradiation of grazing
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Summary of Results from IMPACT
Sn exposures on grazing incidence mirrors

QO Energetic, heavy-ion implantation in EUV collector mirrors is deposited at few
monolayers from the air/film interface

O Implanted energetic Sn particles reach an equilibrium surface atomic fraction
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® Argonne’s EUVL research strategy is to combine state-of-the art and vary weakly with incident particle energy

computational codes at different stages of the EUV light source and
benchmark with experimental data

® As Sn* fluence increases, Sn
content in the sample increases
* Sn depth distribution changes

1keV Sn" at 45-degree incidence
on 15 A S/ 85 A Ru SLM

Q Temperature can have a significant effect on the surface kinetics of implanted
Sn atoms

® This presentation focuses on use of surface codes for modeling of collector
optical mirrors:

® ITMC-DYN and SIBIDET - Dynamic surface codes simulate the surface of a multi-
component system as a function of implantation time
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effects that may affect the Sn
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* IMD: computational code by D. Windt include models such as the reflectivity response of
materials for a given range of wavelengths and incident angles
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