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Lithography

Lithography stone and mirror-image print of a map of Munich. 

edia : 
Lithography is a printing 
process that uses chemical
processes to create an 
mage (inv. 1796).



Lithography

Lithography

Gate width

1mm in 1970

Micro and 
nanoelectronics



Lithography
glossary

Photolithography

E-beam lithography

I-beam lithography

Laser writing

Embossing

Dip pen lithography

SNOM lithography

Imprint
Self assembling

NA assisted lithography
RIE IBECAIBE

terference lithography
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Conventional
Techniques



Photolithograp

Projection type 

⇒

Diffraction limited



Resolution

How to reduce amin?

λ
=

sinn
22.1amin

on theory for a pinhole

Bessel function of the first kind



TutorialSolution
What is the smallest aperture you can obtained

exposing in air a photoresist using a green laser (λ=
515nm) and a microscope objective of NA=0.5?

amin = 1.24 µm!!!

θ
λ

=
sinn

22.1amin

Reduce Wavelength



Immersion lithography
Increase θ ∼ π/2 (amin = 0.62 µm)

Liquid… water (amin = 0.47 µm)

Solid Immersion Lenses (SIL)

λ
λ/n

(Si3N4 n = 2.5)

amin = 0.19



Photolithography
UV, DUP, EUV (X rays)…



EUV lithograph

Issues:                   Reflection 

http://www.xraylith.wisc.edu/ngl/in

Soft X rays (10nm) amin = 10nm !!



What else apa
photons

Wave-particle duality

e-: alternative to light i.e. photon

NR                     with E in eV and λ in nm
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Instrumentation
Electron microscope 
(Textbook material)

Electron beam lithography



Electron microscopy
Electron microscope : optical microscope

source
sample

Interaction area

Acceleration + Focalization Blanker



Source and e- gun
Thermoelectronics emission - (heating: T)

Tungsten filament
Lanthanum Hexaboride LaB6 filament

Field emission (electric field induced) – cold emission
Combined 

Objective: create an e- pencil that will be then used to
image (expose) the sample surface: 

Probe (brightness and size)
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Thermoelectronic emission



e- density
(Fowler-Nordheim)

A=1.4 10-6 B=4.5107 et E=10

Field emissio
Tungsten monocrystalline tip (r=0.1µm)

exp(
2 WB

W
EAJ

s

−=

Brightness

109 A∆
=

π
β 10eUJ

∆ 0 3 V

Emission through tunn

Virtual source
(d0 ≈ 25nm , α0) 1000 V

1st anode

2nd anode

Virtual source
(d0 ≈ 25nm , α0)



W
LaB6 (high vacuum)

FE (weak probing intensity, ultra - vacuum)

Different types of gun
Radius 

of 
curvature

Temperature
Cross-over 
diameter Density Brightness Working

time

FE



(electro-)magnetic lenses

Goal : image the « cross over » on the sample 
(size reduction 10 000) 

Magnetic field

e- speed module and energy are constant, only 
their trajectory varies

BveF
rrr

∧−=  



e- in a magnetic field

Uniform field Variable field
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(electro-)magnetic lenses

olenoid surrounding by pure Iron 
*
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Probe

Source + 2 electronic (magnetic) lenses

MM
d
d

g
21

0 ==

M = 50 and 10
S0=20cm, S1=30cm and

dg=0.5µm
with a 3rd lens

⇒ M=1000 et 10

Beam diameter



Diffraction

Chromatic (∆E)

Spherical … small α !

Aberrations

α
λ22.1=dd

dd=5.2nm with WD=25mm, λ=8.6 10-3(E0=20keV) et Φ=1

Large α = small d



Stigmatism…

Focalized with correction
Focalized without correction
Unfocalized without correction
Unfocalized with correction



the beam
d2=Σi di

2 (independent phenomena)

Thermoelectronic Emission

d α i0 (U and β) 

ast)(
4
114 62

22
02 ++= α
αβπ sCi

αoptimum

dopt. ∼ a few nanom
Field emission 30kV



Lithography
Electron beam lithography



EBL and lift off proce

MMA spin-coating

lopment (MIBK:IPA)

Al evaporation Exposure

Metal evaporation Lift-off (aceton)



Test patterns
Lines and dots…

Glass



Test patterns
Wheel…



Parametric study



ITO substra



Beam size < 1nm

(Acceleration Voltage)

Resist thickness



EBL resoluti



y

ss

Cr TiO2 or Cr2O3



PMM
templated lithograph



on meta
PMMA structuring

or 

Lift-off of dielectric strutures (SiO2)

on 

metallic films

A Hohenau et al Optics Letters 30 (8) 2005



Focused Ion Bea
Important technique for the realization of « test »
samples

Principle: id. SEM but with heavy charged 
particles (ions) …

…Direct writing (physical process)

Drawback: possible contamination and 
redeposition

Examples of structure : See T. Ebbesen
presentation



Alternative methods
Surface chemistry



Lithograp





Au-thiolate (Au0-S)

Binding energy of (Au0-S)
electrostatic interaction < (Au0-S) < covalent bond





From colloids to complex architectures

+



thiolated D

architectures



architectures



complex architectures



rom colloids to complex architectures: 1D to 2



architectures: 1D to 2

Chemical 
nanopatternin
Pallandre et al. NanoLett 20

Plain et al. small 2006



architectures: 1D to 2



architectures: 1D to 2



architectures: 1D to 2



architectures: 1D to 2



rom colloids to complex architectures: 1D to 3



architectures: 1D to 3



From colloids to hybrid architectures



architectures



architectures



architectu



Emerging methods
and 

Fourth coming issues



How fast, how small and how large?
Solution : being able to write fast and small on a 

large surface, VLSI 

Applicatio

Million transistor price



architecture

1. Surface functionalization

(40 nm gold particle grafting) 

2. Holographic patterning

3. Glass wet etching



p

quartz

Courtesy of S. Landis CEA/LETI



g

PLACIDO ANR proje
See Poster session today M. Février p5

300 nm
Si

SiO2500 nm

Si

∆n > 2
Esurface < 1% Eguided

Ultimate refractive silicon photonics

SWIFTS
One of the first metallic
structures realized on SOI 
waveguiding structure

Plasmonic block



related issue
Gold ⇒ Cupper

Alloy

Crystal quality
Diltbacher et al. PRL 95, 257403 (20

emically
ynthized

m fabricated



Plasmonics
for 

nanofabrication



SP assisted lithograph

Superlens

UCB, science 308 534 (2005)

PRL 85 (2000)



lithograph
Localized plasmons assisted « lithography »

NIO – ANL - Northwestern
noletters 5 615 (2005) 97nm

LNIO – DPG PRL
p107402 (2007)



lithograph

mons interferences printing
λsp = λ / Re(neff)

Incident field

source SPP source



(
Plasmon
lithograp

UCB, science 308 534 (2005)



Concluding remarks
Nanofrabrication ⇔ plasmonics

Combination of techniques is required

including soft chemistry routes

and 3D nanoobjects assembly 

Coming issues: 

Silicon photonic integration

Elaboration of (hybrid) functional Materials 
d



Thank you


