EUV Interference Lithography with
a Gas Discharge Source
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Abstract

In this work the feasibility of using a Talbot selfimaging effect for EUVinterference
lithography with laboratory gasdischarge sourcesis studied. Analytical modeling
together with ray-tracing simulationsare employedto formulate the requirementsto
emissionparameters

The obtained resultsshow that Talbot interference schemeallows for doubling of the

Transmission masks manufacturing

SIN- based masks can no longer be used dtl nm 2 below Si L-edge!

Niobium Is a suitable substitution for silicon nitride as a support membrane @. nm:
+ Niobium with a thickness of 100 nm has a sufficient transmission of 65% atll nm
+ Niobium as an builtin filter for wavelength > 18 nm

+ Mechanically stable, used in MEMS technology

o

Gratings and pinhole arrays have been
structured with e-beam with 100-150 nm pitch

mask period and can be efficiently used for EUVIL with an incoherent source,
especiallyfor structureswith critical dimensionsin sub-20 nm range.

EUV Interference Lithography
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Requires a coherent light

_ow cost?2 no complicated and expensive optics
Ultimate resolution for the wavelength (4/4) - e.g.
50 nm features with 193 nm light
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Zni EUV:A=11 nm mm) feature size: ~3 nm
Ziiisiiis Densepatterns with half-pitch down to 11 nm are
=3 already demonstrated with EUMVIL using Nb(100nm)/Cr(100nm) Nb(50nm)/Cr(10nm)
qwmmwwp_ o synchrotronradiation Flat niobium membranes up to 465um X
>l le 2sin 0/2 - 465um areas are successfully manufactured
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Enabling technology, if achieved
with compact laboratory sources

lllumination setup
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—— Applications:

+ Nanooptical systems fanoplasmonics
nanophotonics)

Sensor arrays (chemoand biosensing)
High-density magnetic storage
Nanowire crossbar arrays

..and many more
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Lo . . . . Proof-of principle setup for
Resist illumination time <1min ! princip p

Achromatic Talbot effect i 1l umination of

+ Wafer-mask distance and tilt control with 10nm precisior?

- necessary for Talbot lithography
2d? + Compact and rigid to minimise influence of vibration

- critical for targeted sulb20nm structures
+ Minimum optical components to reduce losse$

- Increasing of the throughput

Self images of the grating at distances proportional to
Talbot distance

L ot = o

For not perfectly monochromatic light Talbot self images
mix and form a stationary image with half of the grating
period at a distancez (AA Is a bandwidth of the source.

First exposure results

2d°
L= A—/l 2D autocorrelation function of PMMA
resist exposed in monochromatic and
EUMVSource on mask wafer achromatic Talbot modes.

Period Is reduced by factor
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7 on wafer

z=0.91pm Z=58.5um

AFM measurements of PMMA resist structured
. with Nb/Ni pinhole mask in the contact mode.

Period of structures- 100 nm
Hole diameter2 40 nm
+ Array size- 265 X 265 pum
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EUV gas discharge source
Summary

I+

Repetition rate: up to 2 kHz

I+

+ XUV Iinterference lithography with compact sources allows for high throughput
patterning with high resolution and hasa huge potential for applications

+ Modelling of achromatic Talbot lithography with gas discharge sourceshave been
performed to determine the requirementsto the sourceand illumination setup.

+ Emission of gas discharge source was optimised to achieve highest possible

Input power: 6 kW

I+

Spot size / plasma diameter: 15850 um
Optimized bandwidth @ 10.9 nm: 3.2 %

I+

+ Emission @13.5 nm (2 %.w.): 6.6 mJ(2nsr) _ T _

o iIntensity within 3.2% bandwidth
+ Emission @10.9 nm (3.2 %b.w.): 20 mJ(2nsr) + Free standing thin Nb membranes for necessary transmission masks were
+ Resist exposure times below 30 seconds Emission spectrum of the manufactured with areasexceeding0.2 mm? and patterned with e-beam

with state-of-the-art sources + Proof-of-principle setup for XUV patterning based on compact gas discharge

optimized Xenon plasma | |
plasmaXUV sourcewas designedand realizedfor sub 20 nm structures
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