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2"d generation IBM LEEM/PEEM Design: ~30 instruments sold
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Lab-based LEEM/PEEM imaging modes
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Energy filtering of returning electrons
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IBM/SPECS PEEM with an integrated imaging energy analyser
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Low Energy Electron Microscopy

llluminate surfaces, interfaces, thin films with low energy electrons
or
Extract low energy electrons by some other means (photoemission, thermo-emission,
ion bombardment, etcetera)
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Thin film polymer (resist) exposures with LEEM
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EUV lithography: 13.5nm (91.8 eV) photons




LEEM for EUV lithography research
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Use low energy electron exposure to mimic EUV exposure
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Typical experiment
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Typical result (20 nm PMMA)
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Energy spectra vs exposure time
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Resist charging during exposure
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Charging explains threshold shift
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Secondary electrons

{ PMMA
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Y.Lin, D.C. Joy, Surface and Interface Analysis 37 (2005) 895-900

Incident electrons create secondary electrons that leave the sample.
This decreases the net electron current.
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Current

Big implications!
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Catastrophe theory — cusp catastrophe
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Theory fits the data: increase in conductance, decrease in
secondary electron emission with exposure

(traps!)
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But what about this?
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Journal of the Mechanics and Physics of Solids, Vol. 63,
February 2014, Pages 201-213,

Breakdown strength Ep, 4 [kV/mm]

That is 1.25 MV/mm |

Dielectric breakdown !

25V over 20 nm thick PMMA

10"
3
10°; N
L
] '5 4= =
2
104
] #  PMMA our exp.;
101_4 4 PMMA Vieweg and Esser, 1975, B PS our exp.;
{1 PMMA Miyairi and ltoh, 2004; =  PS Becker and Braun, 1996;
A PVC our exp.; O PS5 Jow and Cygan, 1993;
| & PVCMagaoetal, 1992; @ PS5 Brehmer et al., 1983;
0 ® PE Oakes, 1948; O PSleda et al., 1994,
10 5 T T 'l"|"|"|'l'|'|4" T TTTTll'l 3 T T '|"|"|'|l'|| 21’ T T'l'l'Tl-'I 1 T T '|'|'|'|'l'|u T T
10 10 10 10 10 10

Sample thickness d [mm]




Or this ?

Time (5]

~ 0 eV electrons expose resist!
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And what about Sn-oxo clusters?
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Observations

Resist charges during exposure, either negative or positive

Exposure threshold due to low conductance

Conductance increases during exposure

Secondary electrons play key role; decrease during exposure (E, increases)
Charging instabilities due to intrinsic non-linearities; catastrophe theory
Charging can be severe enough to cause dielectric breakdown (LER !!!)

~0 eV electrons expose resist — no lower threshold (modeling !!!)

LEEM provides new insight in resist exposure dynamics
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