From Atoms to microfilms:
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Optical antennas
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Large-scale fabrication methods

Metasurface

Colloid
Verre et al., Advanced Materlals 2017

Study of new materials as optical antennas

Patterned
substrate

Patterned
WS, flake

\\\‘

Verre et al., Nature Nanotech., 2019

Complex e-beam patterned assemblies

Verre et al., ACS nano, 2014

Complex interactions between optical antennas
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Verre et al., Nano Letter, 2015
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A journery in thin film deposition

e Critical parameters
e Practical applications
e Research frontiers

These aspects discussed with
a nanooptic prospective
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Think about the enviroment!!!
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Evaporation chamber
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Semicore site

Wall chamers
Material & Geometry (high conductance)
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Physical vapor deposition (PVD): thermal
evaporation

Kinetic Data for Air as a Function of Pressure

Number Monolayer
Pressure Mean Free Impingement Impingement
(Torr) Path (cm) Rate (s7! - cm™) Rate (s!)
10! 0.5 3.8 x 108 4400
10 51 3.8 x 10'¢ 44
10~ 510 3.8 x 10" 4.4
107 5.1 x 10* 3.8 x 10" 4.4 x 107

10~ 5.1 x 10* 3.8 x 10" 4.4 x 10




The Scale of Things - Nanometers and More

Ve
' Things Natural

InEF zeku
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Human hair
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ATP synthase

Atoms of silicon
spacing 0.078 nm

DNA
~2-1/2 nm diameter
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—-— Nanoworld —
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___1em
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1,000,000 nanometers =
— 1 millimeter (mm)

Microwave
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100 pm

| 0.01 mm
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1,000 nanometers =
1 micrometer (pum)

Visible

0.1 pm
100 nm

Ultraviolet

L 001 pum
10 nm

1 nanometer (nm})

— 0.1 nm

Things Manmade

Head of a pin
1-2 mm

MicroElectroMechanical
QMEHS} devices
0-100 pm wide

Pollen grain
Red blood cells

Zone plate x-ray “lens”
Quter ring spacing ~35 nm

Self-assembled,
Nature-inspired structure
Many 105 of nm

Quantum corral of 48 iron atoms on nn;rer{surface
positioned one at a time with an STM tip
Corral diameter 14 nm

The Challenge

Fabricate and combine
nanascale building
blocks to make wseful
devices, 1'.);-... a
photosynthetic reaction
cenrer wirh integral
semiconductor sforage.

~1.3 nm diameter




The Scale of Things - Nanometers and More

Microstructured films

Multilayers

Thin film

Sub-monolayer
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Visible

0.1 pm
100 nm

Ultraviolet

001 pm
10 nm
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Soft x-ray

0.1 nm

Things Manmade

Head of a pin

1-2mm The Challenge

MicroElectroMechanical
QMEHS} devices
0 -100 pm wide

Pollen grain
Red blood cells

Zone plate x-ray “lens”
Quter ring spacing ~35 nm

Fabricate and combine
nanascale building
blocks to make wseful
devices, 1'.);-... a
photosynthetic reaction
cenrer wirh integral
semicondirctor storage.

Self-assembled,
Nature-inspired structure
Many 105 of nm

g

i, - .
- -
o |

sk Pt
Quantum corral of 48 iron atoms on ¢

,, : d °§P¢"?“ﬁ“3
positioned one at a time with an 5TM tip Ot ot By S

Corral diameter 14 nm
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Submonolayer: magnetic superlattices

! a Monatomic
Co atoms -
Ptierrace ogu I‘Grl chains
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Submonolayer: MoS, Edge Hydrogen catalysis

A
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Chorkendorf group, Science, 2007
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HATE OF DEPOSITION, A/ sec

Monolayer:

Cu films deposited on (111) NaCl substrate.

TEMPERATURE, *C
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ZE

Dependence on substrate
temperature and deposition rate

e If equilibrium is achieved for all ad-
atoms, film will be mono-crystal

(epitaxy).
e Higher temperature increases ad-
atom’s surface mobility. It will stop

once it finds the lowest energy
position nearby.

* Too fast deposition stops the
movement (before the ad-atom finds
the lowest energy position nearby).
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ZE

Dependence on substrate
temperature and deposition rate

e If equilibrium is achieved for all ad-
atoms, film will be mono-crystal

(epitaxy).
e Higher temperature increases ad-
atom’s surface mobility. It will stop
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HATE OF DEPOSITION, A/ see

Aluminium on oxide surfaces
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Solution: read old (or new) surface science

Increasing Reactivity —
—

High Rates

=
7]
T

#

Homologous Temp. (Tagg k/Trmp)
(]
(%)
]

Low Rates

P |

-2 -1 0 1 2
Standard Electrode Potential (Volts)

Ta~ 0.3 (assuming T is at room temperature).

0.15 < T»< 0.3 contain metastable phases with surface diffusion-driven grain
growth proceeding for the mobile grain boundaries.

Fast evaportaion rate heat less the substrates!

Large deposition rate decrease reactivity of the film and improve the optical
properties

[f[f[f

ordic Nan IbNt k

Norris et al., ACS photonics 2015
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Take home messages

* Pressure should be as low as possible

e Radiative heating does not influece very much the
deposition characteristics

e Rate should be high for reactive metal

AR
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The Scale of Things - Nanometers and More

Multilayers

Thin film
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Thin film evaporation: characterization

e Grow good quality materials

Linearly Polarized Light
p

E p-plane — _F __
p = - f(nlr dl)
7"5
s-plane
Elliptically Polarized Light
p-plane  E
e ‘
/ s-plane !
L2 . -r’-"'i"’
S \ L
plane of incidence \,
2

Reflect off Sample

Ellipsometry is non-invasive, and provide ALL required information
about the optical properties of a fillm.
Use and report your results in a paper so that comparison becomes
straightforward

i



Stage/sample control
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What can one do using rotating and tilting stages?
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Rotating stage

(a)

Evaporated
material

B

Sample

m
Ogier et al. Advanced materials 2016

S iEn STy AL nem AECE

Xiong et al. Advanced materials
Nano Letters

[f[f[f

Nordic Nanolab Network

-+



[ 4

\ /- \ /- \
[\I [\ [‘I‘

\ \ \
Nordic Nanolab Network

Y
w

m_._ll-?\._m_i
._ ﬂu ﬁ‘_ﬁ “.,..
PRSRE 2
R o

e T

IHOMGITIEL

=)

o e |

Xiong et al. Nano Letters

Y=k

3
u.__
o,
o
N

Dark field
Bllgnl el el _=l_

Bnil al ol _en_

I

ot sl cdEllnln AuliRliN
ol il _ull sl anllann=dniNRRSENENI

LA LEE R TET ST I
es me ml pt e et aned el el el 0D [[LL AT DU L] LSS .
ol ol melinill galpullwill sl ol ol B ERNREAREA RN NN wntnnl o al oal a0
gl atll oull sl anll woll nli ool ol o BRI AR DRERRERRR DR R mnl nnll ol ol _0_
gl gtl il sl ool ool el B AR R DR AR IR DA RS m AR wnl sl el e -
PR L LA LTt U T L LT LB LI LI LB L LRP R

CULL L LT TLTTL S .
llll.ll.ll'll.-.*l--

Metallic reflective paper




24

Future coloured Kindle
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Tilting + rotating stage

Flaw afl incident particles

w@=0.03rpm o =0.25rpm @ =10 rpm

Substrate
Al
Ty=
Part
Shadowing S0l
effect
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w
Nordic Nanolab Netwwk

4o



26

Tilting + rotating stage

Fisher group

Nelson group, advanced Materials, 2012
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Applications



Au film: Surface Plasmon resonances

e Label-free

* Sensitive

e Cheap and Simple
e Reproducible

28

Flow system
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Norio Miura et al., Journal of Physics D: Applied Physics
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https://iopscience.iop.org/journal/0022-3727

Au film: Surface Plasmon resonances

Global Surtace Plasmon Resonance Viarket Shar m
By Region , 2017 (US$ Mn) fii
245.5 AR
MU Wit Wt
North rYy ;!3 Y'Y CAGRof6.3%
America (2017-2027)

KHK
‘Western
Europe
XX
APEJ
XX
Japan Easter Latin
Eur OD'E Ame rica HH-X
MEA

Type of Market @  World Wide Market Size (M USD) | Year Growth Rate |4
Chromatography $7,000 2015 5.50%
PCR 54,650 2015 6.60%
Electrophoresis $1,505 2015 4.80%
SPR/Label-Free $1,220 2015 11.86%
Western Blot $320 2015 4.00%
ELISA $141 2015 4.58%
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Solar Cooler

Is it possible to create a material which cools down is illuminated by the sun?

Fan group, Nature, 2014

IRE
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Solar Cooler

Net cooling power is

Pmc}l ( T) — Prad ( T) — Patm (Tamb) — PSLm

* The power radiated by the structure is

o

Poa(T) = [dszmsﬂ[ dAileg(T, 2)e(4,0)

0

e The absorbed power due to atmospheric thermal radiation

e

Patm (Tamb) =A [dQ cos 0/ " d/ IBB( amb » /) (/:w())'eatm (/30)

J0

e The absorbed solar power absorbed by the structure

PSun =A [ d';f(;'-a()Sun) IAMlB(Z)
JO

94% of sunlight must be reflected [//////&"

oo
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Solar Cooler
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Metasurfaces: a new way to control light

a) Illumination b) [Ilumination

Reflection Anomalus

Reflection

AYAYAN

. Tnterface

holograms Invisibility cloak Lenses of phones

Metasurface

I-riew sensor supports Focus Pixels
and enables even faster autofocus
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Metasurfaces: a new way to control light
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Metasurfaces: a new way to control light

Sputtering  Evaporation
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Metasurfaces: a new way to control light

A Substrate with resist B Exposed pattern C Inital ALD
e
St
& ﬁ\ (cu,
- TiOz film
D Completed ALD E Etched film F Final metasurface

IVa=e¢21
Va=pe 0N
sme gl e
sl Vam

- i "

_ BRI Wt

Capasso group, Science, PNAS
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Coating in particle physics

LHC in CERN:

« Decreases electron clouds

* In LHC the walls are covered by a
thin a-C layer deposited by
sputtering.

 They used the superconducting
magnet to induce the plasma and
sputter

https://cds.cern.ch/journal/ CERNBulletin/2014/07/News%20Articles/1645428?In=en



Beer and Festivals: further upscaling




Light and energy: solar impulse 2

Wingspan
Weight
Number of solar cells

Number of propellers and
batteries

Total energy produced from
Abu Dhabi to Abu Dhabi

Maximum flight time achieved

Maximum altitude

Average airspeed

Maximum recorded ground
speed

72m
2.3 tons

17,248

11655 kWh

117 hours 52 minutes [Andre
Borschberg)

28,000 feet
75 km/h

216 km/h



Epitaxial layer lift-off

Etchant

HF 49%
RAMS 2.955 £ 0.214 nm

Sadana group, Nature Comm. 2016

Fan-LeiWu et al.,
Solar Energy Materials and Solar Cells, 2014
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https://www.sciencedirect.com/science/article/pii/S0927024813006466#!
https://www.sciencedirect.com/science/journal/09270248

Conclusions

* We need to grasp how machine are working if we want to use them
(often Wikipedia is enough)

* Thin film deposition is an active area of research where multiple
applications can be found and findamental questions can be
answered

e Examples:

Biology

Catalysis

Active matter Meta-optic Energy

Flow system Evanescent wave




Thank you for your attention and good research
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