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Variable Shaped Beam (VSB) -
Bl Markets and Application examples
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Masks for optical lithography
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Emerging applications
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Vistec VSB writers have been adapted to optical requirements vistec
Il and non-Manhattan features I Electron Beam

Variety of Nano Optical Pattern

sub-wavelength resolution

high positioning accuracy over very large distances
large areas to become application relevant

repetitive / periodic

optical lithograp
photonics
metasurfaces
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quantum (
MEMS
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Source: U. Zeitner (Fraunhofer IOF, Germany); SPIE AL2023
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Vvistec

lll Available solutions for optical applications on Vistec E-Beam Writers I Electron Beam

Any-angle gratings Diffractive optical elements

Nanophotonics

Photonic waveguides

Source: Vistec Electron Beam GmbH.
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E-beam lithography — vistec
Bl well concerted system of e-beam writer, resist & data prep I Electron Beam

ePLACE

eBeam Direct Write and Mask Data
Preparation Layout Console

substrate on vacuum stage electron-optical column pattern writing (exposure)

Source: Vistec Electron Beam GmbH
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adjustable in 1 nm steps

Il Pattern writing with Variable Shaped Beam (VSB)

substrate
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electron-optical column

Source: Vistec Electron Beam GmbH
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Pattern writing with Cell Projection (CP) — visteco
Ml Enhanced productivity, seamless combination with VSB I Electron Beam
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electron-optical column

Source: Vistec Electron Beam GmbH
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Patterning of dense nano-structures on a 300 mm watfer for a visteco
Il metasurface master is feasible with VSB & CP e-beam writers I Electron Beam

min CD: 100 nm
min pitch: 200 nm 1 VSB

effective medium blazed grating exposure layout (detail)

VSB / CP / dots Writing this
squares arrays pattern is
o o approx. 50 x
shot count 596 billion 11 billion e o e
LGS 74d 20 h 1d12h
estimate
write time - 1d12h
Resist: EN038, FujiFilm; 55puC/cm? Sou;ce: FraunhoferA IOF_, Jena / Germany
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Key Requirements for Optical Applications demand
Il high e-beam patterning performance & fast writing

Angle-independent
characteristics
High diffraction efficiency

High pattern fidelity
Low scattering

- Accurate edge location

- Low and angle-independent edge

roughness
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Optical
Fiber Coupler

CD 200 nm

i
Pitch 200nm

CD 60nm

- : CD-SEM marks
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JES — Approximation enables fracturing with respect to the vistec
lll resist edge and not to the pattern edge I Electron Beam

Border Approximation JES-Approximation

X shot corner

) pattern edge

“. pattern edge

"\ resist edge

. Accuracy N Accuracy JAP X
Ne

parameter

Common mode
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JAP enables accurate edge location, low and angle- visteco
iIndependent edge roughness — BUT only MIA avoids vertices I Electron Beam

Border-Approximation
(BAP)

JES-Approximation
(JAP)

Mathematical Input
Approximation
(MIA)
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Starting point

\
% |||l
Vertlces of input polygons remain present

\\W\W
Polygonal data \X\X\x\x

Input

Trapezoids JES-data Shots

Polygonal data

Vertices of input polygons remain present

n - pitch = r(x,y) = x% + y?

Exact function for axicon

—
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Vvistec

lll Available solutions for optical applications on Vistec E-Beam Writers I Electron Beam

Arbitrary Non-Manhattan:
JES-Approximation
MIA-Approximation

=2
g3
S 9

Diffractive optical elements

Any-angle gratings

Repetitive Non-Manhattan:
Cell Projection (CP) +

Nanophotonics

Photonic waveguides

Source: Vistec Electron Beam GmbH
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Thank you for your attention!

WWW.Vistec-semi.com

>< mathias. haedrich@vistec semi.com
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Publisher

Vistec Electron Beam GmbH
lImstr. 4

07743 Jena

Germany

WWW.Vistec-semi.com
Tel.: +49 (0) 3641 7998 0
Fax: +49 (0) 3641 7998 222

The contents of this publication must not be reproduced in any form, or communicated to third party, without prior written permission of Vistec
Electron Beam GmbH.

The use of trademarks, brand names etc. in this document does not entitle third parties to consider these names to be unprotected.

All reasonable steps have been taken to ensure that this publication is correct and complete. But should any user be in doubt about any
detalil, clarification may be sought from Vistec Electron Beam GmbH or their accredited representative. Vistec Electron Beam GmbH accepts
no responsibility for any errors that may appear in this document.

Copyright © Vistec Electron Beam GmbH 2023. All rights reserved.
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