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Laser interference lithography

 Two coherent beams of radiation from a laser interfere to make periodic fringes with a

smaller separation than the optical wavelength.

 Maskless lithography

 Simple, inexpensive, large-area nanolithography

Introduction
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Light Interference

Basic principle
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Water wave interference Young’s double slit experiment

 Since light has wave properties, it will experience interference like that seen with water

waves

 Constructive or destructive interference depends on the wavelength of the light

 Repetitive constructive and destructive interference form a periodic fringe pattern.



Interference of coherent laser beams

 When two laser beams from the same source coincide, an interference pattern is created.

 The fringe pattern has a sinusoidal intensity distribution by constructive and destructive

interference.

 Lithography is possible by exposing interfered light with this intensity distribution to the

photosensitve layer.

Principle
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Period of interference pattern 

The main factor that determines

the pattern size is the wavelength.



Laser source

Setup
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 Mainly using UV laser

 Pattern sizes depending on laser wavelength

Interferometer

Spatial filter

 Causing interference between beams

 Mach-zehnder interferometer

 Lloyd’s mirror interferemeter

 To expand the beams for dose uniformity

over a large area

 To remove the spatial frequency noise



Mach-Zehnder interferometer

Feature

 Laser splitting in two arms

 Recombined using a set of mirrors

 Spatial filter in each arm

Interferometer
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Requirement

 Accurate positioning

 Precise alignment



Lloyd’s mirror interferometer

Interferometer
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Feature

 Composed of a laser with a long coherent

beam, a lens, a pinhole and a mirror

 The mirror perpendicular to the exposed

surface (substrate) to create second beam

 Optically equivalent to half of a Mach-

Zehnder Interferometer.

Requirement

 Beam center must be aligned at the

intersection of the mirror and the substrate

 Beam should be symmetrically aligned over

the substrate and mirror to have same

intensity



Optical setup

 Laser beam filtered with a spatial filter

consisting of a lens and a pinhole

 Mostly used Lloyd’s mirror interferometer

consisting of a sample holder, mirror, and

rotation stage

Setup
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 To prevent vibrations, which could disturb

the interference pattern, the complete

setup is built on a vibration-isolated table



Reflections and standing waves

Process
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Anti-reflection coating



Reflections and standing waves

 Two coherent beams of radiation from a laser interfere to make periodic fringes

Process
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Surface reflection 

reduced by ARC layer

 The shape of the pattern varies

depending on the ARC thickness.

 Optimization of ARC thickness is

required for a clean shape

Reflection at ARC layer thickness

Optimum 

thickness



Multi exposure

Process
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 Double exposure forms another arrangement such as cubic, hexagonal with the sample rotation

(b) – rotation by 30° (c) – rotation by 60° (d) – rotation by 90°

 Single exposure forms a grating structure

Scheme of LIL 



Thank you
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Mode locking 
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Wave Vector component separation
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Airy disk
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In physics, a standing wave – also known as a stationary wave – is a wave in which its peaks (or 

any other point on the wave) do not move spatially.

https://en.wikipedia.org/wiki/Standing_wave

https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Wave

