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Speaker Introduction

» Attila Bonyar is an associate professor at the
Department of Electronics Technology at
Budapest University of Technology and
Economics.

» He has two M.Sc. degrees in electrical
engineering and biomedical engineering and a
Ph.D in electrical engineering.

» His research activities are focused on the
development of optical, affinity type
biosensors, utilizing low-dimensional
nanomaterials, plasmonics and
nanometrology (AFM).

» Chair of the IEEE Hu&Ro EPS&NTC joint
chapter.

» IEEE NTC (Nanotechnology Council) AdCom
member, Nanopackaging TC member.

» |IEEE NTC Region 8 Chapters Coordinator
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Agenda

NAPLIFE Introduction

Laser fusion target considerations

Nanocomposite preparation

Fabrication methods

Refractive index measurements — Ellipsometry
Refractive index measurements — LSPR sensor
Absorbance measurements

Laser irradiation experiments
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Raman-spectroscopy on irradiated targets
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1. NAPLIFE Introduction

Nano-Plasmonic Laser Inertial Fusion Experiment Collaboration

Theoretical group
(modelling, simulations)

Material
: properties
Target properties Target fabrication group
(nanocomposite preparation,
measurements)
Target
Laser group
: . Tar
(Target irradiation) arget
performance

Irradiated target :
Analytical group

(Effect detection)
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2. Target fabrication considerations

a Inner cone b Shot

o,y ---for validation.

Time profile of
the laser beam:

Initial pre-
compression of
~ 10 ns,

N1
2 sﬁgii;,\ > Stable
— | 1
I ) compression
= /
o 3 N :
irnceitie E | oot | ~asex | > Then final
: = “shocks” of
- /J Low foot —_ 15 ns
Laserquads 0.0 5.0 1(:;) ) 15.0 20.0 to Ignlte
ns

%‘, BMEETT [O.A. Hurricane et al., Nature, 506, 343 (2014), doi:10.1038/nature13008 ] 5/25
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2. Target fabrication considerations

Our general idea is to increase the absorptivity of the target by using
different types of nanomaterials, such as core-shell structures and nano
rods. Calculations via solving the Maxwell equations, and evaluating the

Ohmic heating were performed. one- / two-sided
o : ordered irradiati
individual cross-sections ; |rrad||at|on

5 nanoro

& | a-I=1:L2 nm |@‘:ogf!shell ACS SCS E " J/’% E
gE 4 a;,=25nm :‘.l rod==-=- -——— 2Tk
g 1 r=27.1nm . . &
.% 34 r,=30 nm = 23
2 o ® 3 @ - L gt
5 core-shell ; - | $3
g 1] , \ 7 N <> : gi
. /‘)y a=200 nm o
O600 760 800 960 1000 O O O «

wavelength (nm) m$ E
1 ps laser pulse length, A = 800 nm. One-sided & two-sided irradiation tested, 85-

100 % absorption in the DT target length h. Nano-antenna shapes, layer
configurations, layer distribution varied & analyzed.
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2. Target fabrication considerations

900 +

. ) : - (10x42 nm)
Simulations were performed to 80 %
» optimize  the particle  geometry *

considering the RI of the target. "] Hoesm
» investigate the effect of random
orientation and distribution.
» maximize the absorption (and heating) _
along the target. 740 (50x110 nm)
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resonance wavelength (nm)
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2. Target fabrication considerations

Steady-state simulations -> random nanoresonator distributions

-> uniform heating throughout UDMA target
optimization

number of nanoparticles in periodic layer:
3018 18 19 16

randomized
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2. Target fabrication considerations

Concept of our target for nanoplasmonic laser fusion

Laser top

Ans Pn Target parameters
(from simulations):
Number of layers n=10
| d,=d,=...=d,= 2 um
ds, o D =sum(d) =20 pm
d,, p, Py different concentration of
d,, p, Nanoparticles in one layer.
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3. Nanocomposite preparation

The fusion target will be a nanocomposite, where the nanoparticles are doped
into the bulk of a polymer. The type of the polymer and the polymerization itself
needs to be selected according to our requirements:

» Uniform particle distribution,

» Avoid particle aggregation, cr RO
» Long-time particle stability, gcécé ;
» Possibility to build layers on each other. (1»:( & - -
) ] Water %
» Polymerization type: - s »
= Solution polymerization, — 5
= Bulk polymerization, oarle 9
. Ph0t0p0|ymerization' l Exchange with thiol 1 2
e
» Particle capping should be controlled. \ TLLLLLTT T / 5
= Hydrophilic (synthesis), \G,S SSSSSSSSSSy 4 - S
= Hydrophobic (for doping). - - 2—’* %
| /"“sssssqsssssb%\ = \Nater O
» Nanoparticle phase transfer / \ B oganic §
RRRRRRRRRR solvent + <
NPs

:\{\-’o BMEETT [El Khoury, 2009, 10.1039/b901826c] 10/25



Absorbance (AU)

3. Nanocomposite preparation

The selected polymerization method is photopolymerization:

» Works with thin layers (see microtechnology resists e.g. SU-8).
» Fast polymerization (a couple of minutes).

» Polymerized layers are stable in organic solvents.

» Layers can be built on each other.

The selected polymer is UDMA (urethane dimethacrylate) with TEGDMA
(Triethylene Glycol Dimethacrylate) dilution monomer, CQ (Camphorgquinone)
photoinitiator and EDAB (ethyl 4-dimethylaminobenzoate) co-initiator, which is a
well-known mixture in dentistry.

0.05 1 Emission spectrum and equipment used for the photopolymerization
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4. Fabrication methods — Spin Coating

A Deposition A Thin film "
generatlon ¢ _Nitrogen flow
? i s 2 i i i |
lHlumination
4o Spin-off A Evaporation

in 3 \Ji w &

[Rodrigo Perez Gartia: 10.13140/RG.2.2.31031.78247]

Challenges:

» The viscosity needs to be controlled.

» Thereis non-polymerized film on top of the polymerized layer.
» Surface roughness is not ideal.

X BMEETT 12125
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4. Fabrication methods — Sandwich
Pressing

lHlumination

Glass (silicon) Pressure

a droplet of polymer ‘

| |
Glass (silicon) IPressure

Challenges:
» the viscosity needs to be controlled,
» layer uniformity needs to be controlled (pressing).

X BMEETT
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5. Refractive index measurements -
Ellipsometry

Film / Substrate

: Rotating  Analyzer
Xe Light Compensator

5 Spectrograph and
Source (3)

Si Photodiode Array

For the simulations the complex
refractive index sensitivity is needed!

ELKH, Centre for Energy Research,
Institute for Technical Physics and
Materials Science

:\@\‘.\; BMEETT Woollam M-2000DI
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5. Refractive iIndex measurements -

El | i pSO m etry -|Layer # 1 = Cauchy_layer Thickness # 1 = 5279.49 nm (fit)

A = 1.785 (fit) B = 0.00747 (fit) C =-5.8015E-05 (fit)
- Urbach Absorption Parameters

Variable Angle Spectroscopic Ellipsometric (VASE) Data k Amplitude = 0.06464 (fit) Exponent = 3.688 (fit)
60 300 Band Edge = 400.0 nm
Substrate = Si_JAW.
i A A ﬁ f E‘
FIVNAT =
! i . .
j Ry j . Top: Results obtained on a spin
, r’ / Y 18y '© 8 coated thick (~5um) sample
' ; ] F
v ’ 0 &
. ! ‘VJ; \r;a \wjj vj;‘ \U} 1] \t Bottom: Sample made with @
s 5011 sandwich pressing, thickness 0
Wavelength (nm) beIOW 1 um QQ')
Spectroscopic Data At X=0, Y=0.6 Opt. Const. of Cauchy Film vs. nm %
250 1.5356 1.0 0
200 15354 o5 %
150 O
1.5352
_ 100 g 0.6 E
ol ® c 1.5350 - Y
50 ° 0.4 Z
0 1.5348 Z
50 1.5346 0.2 8
0 -100 1.5344 0.0 LLl
600 700 800 900 1000 600 700 800 900 1000 i
Wavelength (nm) Wavelength (nm})
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5. Refractive index measurements -
Ellipsometry

Correlation between the sample thickness, the obtained refractive index, and the
MSE of model fitting

Thick #1i . Positi
e S n of Cauchy Film £ 8000 nm vs. Position

3500 1,80
3000
1.75
2500
2000 1.70 QE’)
1500 165 UF‘J
1000 1.60 C£
)
KOG
. 0O
o H =
a 3 B q 12 15 1.2 <[
Measurament 3 o 3 & g 12 15 O
- Measurement %
MSE vs, Position I
140 Q
f—
) i . 1= O
Obtained along aline with <
decreasing sample o S
thickness 8
40 i
. BMEETT
.9'\%0 1"CID 3 (5] 9 12 15 16/25
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0. Refractive index measurements —
L S P RI S e n S O r [Lednicky, 2020ACS APPLIED MATERIALS & INTERFACES 12 : 4 pp. 4804-

4814., 11 p. (2020)]

Interesting method: LSPRi nanocomposite to measure the Rl of the polymer
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0. Refractive index measurements —

LSPRI sensor

Light source

glass glass glass
e ép'o”xly ..... | epoxy epoxy epoxy
Spectrometer

a) air; b) water; c) prepolymer mixture; d) polymer

Peak positions: air 528 nm, water: 558 nm, prepolymer mixture: 570 nm, polymer: 577 nm.,
From this the refractive index sensitivity of the sensor is: 90 nm/RIU.
The refractive index of the prepolymer is 1.466; the polymer: 1.544.

X BMEETT
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/. Absorbance measurements

Measured in transmittance mode with a VIS-NIR spectrometer

After subtracting the reference

1 : : : : 0.7
nanoparticle ol
T o concentration —
. 051
@ c 0
o I o
s °° %” 5 W,Ml 3
a % Qo 02 W a
< U W | < 32
D 04 WM b 3 ot W
N ‘ N
g L B VI I :
L
e oy LT | ¢
LA |" | =
< |Reference W ,W i < o2f =
800 700 800 900 1000 1100 03 ‘ ' ‘ ‘ ~
600 700 800 900 1000 1100 O
Wavelength [nm] Wavelength [nm] “ZJ
=
@)
O
Further optimization is needed! ;“
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8. Laser irradiation experiments

The setup at Wigner Research Centre for Physics

<
=
¥
o))
Q
=
<L
o]
a8
T
S
G
Ly
=
>
e
O
L
=

X BMEETT 20125



8. Laser irradiation experiments

Main laser parameters

Impulse energy ~ 32 mJ

Impulse length ~ 45 fs

Focusing lens: f = 50 cm

Beam diameter without focusing ~ 12 mm

Beam diameter in the focus ~ 100 um
Calculated intensity in the focus ~ 8x1016 W/cm?

During the After irradiation (one side only!)

shot

After the shot
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9. Raman spectroscopy on irradiated
targets

Renishaw inVia mikro-Raman spectrometer and
a LeicaDM2700 optical microscope

Experimental conditions

Excitation wavelength: 532 nm
Focus diameter: 1.3 um

Laser intensity in focus: 6 mW
Exposition time: 10 s
Accumulation number: 20

5 points were averaged for each
sample
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9. Raman spectroscopy on irradiated
targets

Normalized and background Doped - reference sample
corrected Raman intensities (differential Raman intensities)
—— Bg BLcorr \7 NDopp—Dopp\

Dopp BLcorr
— NDopp BLcorr

Small differences
in peak
intensities

/

L

Raman intensity (a.u.)
Raman intensity (a.u.)

T T T T T T T T T T T T T T T T T T T T T T T T T T T
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
Raman shift (cm™) Raman shift (cm™)

Differences in the intensities of carbon-related peaks can be
observed for the doped samples

X BMEETT 23/25
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Conclusions

» A concept for nanoplasmonic laser fusion with two-sided laser
illumination was presented.

» Preliminary experiments are being performed on nanocomposites:
polymers doped with nanoparticles.

» The effect of the nanoparticles’ properties on the absorption of the
target was discussed.

» Target fabrication technologies were introduced.
» Preliminary characterization results obtained on the first batch of

nanocomposites were presented, including ellipsometry, optical
spectroscopy and Raman spectroscopy.
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