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Added electron gun for resist or witness plate exposures
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Sample EUV witness plate result (Ellipsometry)
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Witness plate testing with EUV is ongoing and can provide measurable results
Witness plate testing with electrons is in progress
Metrology may be more time consuming than exposures
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Measurable contamination
in illuminated spot
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Preliminary electron outgassing measurements

« Dose from electron exposures not yet measured — so compare
outgassing after normalization to mass 78 to account for different doses

« Depth of penetration for electrons varies with energy — so low energy
exposures are more surface sensitive and have outgassing from a
reduced volume of resist

« Rate of outgassing with electron gun is higher than for EUV so exposure
time is shorter and outgassing measurement affected by exposure time
due to time scale for some outgassing species
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Depth of penetration for electrons varies with energy

« Use CASINO simulation software
« 100 eV electrons only penetrate about 1 nm
1500 eV and higher penetrates typical resist thicknesses
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Electron versus EUV outgassing exposures

[+ [l

EUV E-Gun (low current setting)

Electron guns can provide approximately two orders of magnitude faster exposures

Since time scale for outgassing affects measurement, faster exposures will give

some differences in results
These tests done at same time scale so dose is not the same

To reduce effect of changing intensity and dose, results scaled to mass 78
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Comparison of electron versus EUV outgassing
for open source resist
(from Robert Brainard’s group at CNSE)

92% polymer
— PHS/Sty/TBAH (65/20/15 mole ratio)
7.5% PAG

— triphenylsulfonium nonaflate

0.5% base
— tetrabutylammonium hydroxide
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EUV exposures to ~ 5k, show small changes in outgassing
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1 keV electron exposures to ~20E, show small changes in
itgassing versus dose
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Outgassing with EUV or 1 keV electrons are similar for most

1.60 - _
SpeCIeS 0.06 CoHi0S
Carbon Monoxide: 28 0.05 ~
Carbon Dioxide: 44 0.04 -
Sulfur Dioxide: 16, 32,48, 64 0.03 A
1.40 Benzene: 39, 50, 51, 52,77, 78 CO 0.02 -
Diphenyl Sulfide : 50, 51, 77, 152, 184, 185, 1186 2 0.01 -
0.00 -
1.20 - 183 184 185 186 187 188 189 190
HEUV
Results normalized to 78 AMU
1.00 - mlkeV
0.80 - SO,
0.60 -
0.40 -
0.20 -

0.00 —____ LR RARREE 1. __RERRNER.. . RATRARSANL L ARANNREENSA \_amiR Ly 8. RERREAN . . _____
semu\1'5(:|-|i ) gdenbeaux@uamail.albany.edu
cnse.albany.edu



COLLEGE OF NANOSCALE

SCIENCE & ENGINEERING

UNIVERSITY AT ALBANY State University of New York

Comparison of outgassing at varied electron energies

AMU 39 41 44 48 30 a1 26 64 78 186
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« After normalization for the dose variations, most species outgas similarly
for either exposure mechanism

* For this resist, there is more outgassing for SO, and CO,, for electrons than
for EUV

« Changes in electron energy do not have large effect on outgassing species

NOTE: All data normalized to 78AMU
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Other resist chemistries may outgas differently...

Resist 1 (commercial supplier) — normalized to 78 AMU

AMU A B C D E F G H I J
2keV/EUV 28 16 10 28 19 28 30 24 30 45

300eV/EUV 31 20 10 32 21 31 29 23 31 46

100eV/IEUV 43 22 10 42 24 43 42 28 44 A48

Resist 2 (not a commercial supplier) — normalized to high outgassing mass (not 78)
preliminary data with results only from low energy short penetration depth exposures

AMU A B C D E F G H I J K
100eV/EUV 01 01 32 10 16 71 04 01 11 19 18

We have found NO species that outgas from EUV or
electrons and not from the other exposure mechanism
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Status and Plans

« Witness plate testing with photons ongoing, but
exposures are slow

« Testing of electrons as substitute for EUV photons
(faster and cheaper) is ongoing

— Exposures may be fast enough that metrology would be
limit to throughput
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