Nanofabrication methods
(0]
Plasmonics

G. Lérondel

J. Plain and S. Kostcheev

Laboratory for Nanotechnology and Optical Instrumentation
Tad I



1 11OLU]

Py B Lithography
) C:uft.;en and R. P. Van

‘Uctu rati()n S Duyne J. Vac. Sci. 13 1553

¥ P (1995) Nanofabricatio




it ivyliapyii

2dia

ithography Is a printing
rocess that uses chemical
rocesses to create an
mage (inv. 1796).

Lithography stone and mirror-image print of a map of Munich.
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on theory for a pinhole

3essel function of the first kind

How to reduce a7
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What Is the smallest aperture you can obtained
exposing In air a photoresist using a green laser (A
515nm) and a microscope objective of NA=0.57?

a .. =1.24 um!!!
Reduce Wavelength




immersion ltnograpny

Increase 6 ~ /2 (a,,,= 0.62 um)

min

Liquid... water (a.,, = 0.47 um)

min

Solid Immersion Lenses (SIL)
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An

(SI;N, n=2.5)
a...=0.19

min




UV, DUP, EUV (X rays).
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http://www.xraylith.wisc.edu/ngl/

Soft X rays (10nm) a

= 10nm !
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Figure 1: An artist’s rendition of the proposed EUVL system (after Haowryluk A.M [7])
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Wave-particle duality

e alternative to light i.e. photon

1.226
f==22
NR =

with E In eV and A In nm
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Instrumentation

Electron microscope
(Textbook material)
Electron beam lithography



Electron microscopy

Electron microscope : optical microscope

Interaction area
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sample
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Thermoelectronics emission - (heating: T)
Tungsten fillament
Lanthanum Hexaboride LaB filament

Field emission (electric field induced) — cold emissior
Combined

create an e pencil that will be then used tc
Image (expose) the sample surface:
Probe (brightness and size)



R
. Résistance

de

polarisation




-ICIU TSI

Tungsten monocrystalline tip (r=0.1um)

Emission through tuni

e-density
Virtual source b (Fowler-Nordheim)
(dy= 25nm , a,)

1st anode [
2nd anode D Brightness

B J.eU,
A 10° A

A=1.4 10° B=4.5107 et E=1(




pliferent types or gun

Radius Cross-over

of di
| Temperature lameter
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(pm)
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2700
W pointe 2700
La86 - 1900

FE 300 - 1200

W
LaB, (high vacuum)
FE (weak probing intensity, ultra - vacuum)



(electro-)magnetic lenses

F=-—eVAB

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

Magnetic field

e speed module and energy are constant, only

n | | ]
Fla AT Fratma At At 7 v e i S



e’ In a magnetc 1ield

Uniform field

mv sin ¢
R —

eB

Rapid variation of radial
component of the field




(electro-)magnetic lenses
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Source + 2 electronic (magnetic) lenses

C. =MM, =

dg

M =50 and 1(
S,=20cm, S;=30cm anc
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Diffraction

d4=5.2nM with WD=25mm, 1=8.6 103(E,=20keV) et ®=:

Chromatic (AE) Large o. = small ¢

Spherical ... small a'!
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Jnfocalized without correction
Jnfocalized with correction




dZZZi diz (independent phenomena)
Thermoelectronic Emission

dal, (Uandp)
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Lithography

Electron beam lithography
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IMA spin-coating Al evaporation Exposure

lopment (MIBK:IPA) Metal evaporation Lift-off (aceton)
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_Ines and dots...

08-Feb-01

10-Jul-02 LNIO WD 3.7mm 20.0kvV x100k 500nm







Dot spacing

n

» On glass

0y

08 mn

c-¢ 125 nm dia. 35 n

4004

L (N ) - c-¢ 100 nm dia. 40 m
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period A = 466 nm
+ period ?Lp= 256 nm
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TS ng " m Figure 1. Off-resonant single Au nanowire investigatiol

picture of a 4 gm long nanowire. (b) PEEM near fiels
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Ag = 792 nm, incident power P = 110 MW/cm?®).
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o, = Sigma for forwand
scattering distribution

I'-I—— 3 pm ——'I-‘l
g, = Sigma for backscatiered
distribution (20 kv)

Beam size < 1nm

Forward scattermg

(Acceleration Voltage)

Resist thickness




beam lithography: resolution limits and applications
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Cr — TIO, or Cr,Oq

e
0.3}-30-nm thick i f--{---

0.2

Extinction

Wavelength (nm)

Figure 7. Extinction spectra for a gold cylinder {diameter 100 nm,
height 50nm) calculated for different chromium intermediate layer
thicknesses: Onm. | nm, 5nm and 30 nm, respectively. The

extinction spectrum for a 30nm high chromium cylinder is also

presented.
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templated lithograp




on Mmet:e

PMMA structuring
or
Lift-off of dielectric strutures (SIO,)
on

metallic films



Focused lon Bec

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



ematic diagrams of single-laver (5L) and double-layver (DL)
masks and the comesponding penedic particle array (PPA) sur-
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Head Group — 40

Spacer Group

Terminal

Sulfur \

Group

Substrate

Figure 1. Schematic diagram of a thiol molecule.
The sulfur group links the molecule to the gold surface. The head group can

be designed to provide virtually any surface chemistry, binding capacity, or
property.




Au-thiolate (Auo-S)

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



N
le 3: Some head group examples useful for the applications

pplication
on-fouling surfaces

Common Head Group

PEG,, Mannose

ecific binding receptors

Biotin, NTA, Peptide,

. Carbohydrates

|| supports Peptide

olecular electronics CHs, SH

icroarrays DNA, Peptide, PEG,
parations NTA

Irface reactions

Azide, COOH, NH,, OH, SH




From colloids to complex architectures
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Figure 2. (a) Calculated maximum intensity enhancement ([#"F) in the gap
of groupings 3 (O) and 4 (@) for particle spacings ranging from 0.5 to 5
nm (n = 1.5 dielectric environment). (b) Evolution of ™ on the surface of
the 5 nm particle i groupings 5 (1 and 0.5 nm spacings), for ¢ ranging
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‘om colloids to complex architectures: 1D to 2
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Fig. 9 (a) Schematic itllustration of the fabrication of sub-10 nm gap
Au NP arrays. (b) SEM 1mage of a Au NP array on I'TO glass. (¢) Vis-
NIR extinction spectrum of the NPs arrays (solid curve). (d) SERS

spectra of pMA adsorbed on the Au nanosphere arrays. The red curve
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Andrea R. Tao, Stephen Connor, Rongrul He, and Peldong Yang"

10 colloidal lines RN

PEERRERRERE

20 galbaidal e rsed g L aanelayer
monolayer On waber with a substrale

b

il]{l Lum




alcriitecuures. Lu 10 .

Irea R. Tao, Stephen Connor, Rongrul He, and Peldong Yang®

1st coating

—_— i

200 um

e 3. (a) Schematic diagrams 1llustrating the grid patterns obtained by two sequential crossed dip-coatings. Optical microscopy 1
ng (b) the Au single particle line pattern obtained by the first coating, (c) the grid pattern obtained by coating a second line |
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From colloids to hybrid architectures
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1G. 2 (color). (a) and (b) AFM 1mages recorded after irradia
on and developing of the silver nanoparticles arrays covere
/1th the photopolymerizable formulation. (c¢) Intensity distribu

on 1n the vicinity of an Ag particle embedded 1n the formulatio
s calculated by FDTD method (A = 514 nm). The white arrov
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9. Luminescence spectra of (a) four-layer p(DDA/Ru) nanosheets and (b) four-layer p(DDA /Ru) nanosheets + Ag
ey were assembled on quartz slides.



Emerging methods
and
Fourth coming Issues
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How fast, how small and how large?
Solution : being able to write fast and small on a
large surface, VLSI

Million transistor price

Exposure Tool Price {$M)

1985 1989 1993 1997 2001




alCritecture

Fig. 2. (a) 5EM image of integrated plasmonic glass nanotips (scale bar=2 pm), (b} Top zoom of (a) SEM image of gold nanospheres (external
circle =diameter of curvature of the nanotip apex = 160 nm) (b) bottom AFM image of glass nanotips array.

1. Surface functionalization

L (nm) at each modification step of the surface and the corresponding
ayer thickness (nm)

— (40 nm gold particle grafting)
s 2. Holographic patterning

+ PDDA + PSS

3. Glass wet etching
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Ultimate refractive silicon photonics

Plasmonic block

[—

300 nm An > 2

E < 1% E

surface

guided

SWIFTS

ne of the first metallic
structures realized on SOI
vaveguiding structure

PLACIDO ANR proje

See Poster session today M. Février p5
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Plasmonics
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lithograpl

Localized plasmons assisted « lithography »

Trans form . .
ET-" lhv o
\ .

Cis form '

LNIO - DPG PR
0107402 (2007)

10 — ANL - Northwestern
noletters 5 615 (2005)




lithograph

10ns Interferences printing
Aep = A [ Re(Ngg)

Incident field
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Concluding remarks

Nanofrabrication < plasmonics

Combination of techniques iIs required
iIncluding soft chemistry routes

and 3D nanoobjects assembly

Coming ISsues:
Silicon photonic integration

Elaboration of (hybrid) functional Materials
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