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Speaker Introduction

U Attila Bonyar is a full professor at the Department of Electronics Technology
at Budapest University of Technology and Economics, and head of the
Nanotechnology and Sensorics Research Group .

U He has two M.Sc. degrees in electrical engineering and biomedical
engineering and Ph.D, habilitation and DSc in electrical engineering.

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

U IEEE Senior member since 2021.

U IEEE Hungary&Romania EPS&NTC (Electronics Packaging Society and
Nanotechnology Council) joint chapter chair since 2019.

U IEEE EPS/NTC Nanotechnology/Nanopackaging Technical Committee chair
since 2022, co-chair since 2019.
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Budapest University of Technology
and Economics

U Oldest and largest technical university
in Hungary (established in 1782,
~21.000 students, 8 faculties)

. Faculty of Electrical Engineering and
y # Informatics
0.
U Largest faculty of the university with 10
departments.
U Established 76 years ago, currently
running with 5000 students, 300 staff.

Department of Electronics
Technology -> Nanotechnology
and Sensorics Research Group
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Agenda
1. Introduction of the NAPLIFE project and our work group

2. Nanocomposites doped with gold nanorods
2.1. Initial considerations for the targets
2.2. Controlling the particle concentration
2.3. Fine-tuning the plasmon resonance peak
2.4. Controlling the layer thickness
2.5. Preparation of few-nm thick targets

3. Nanocomposites doped with boron compounds
3.1. Bulk nanocomposites
3.2. Surface nanocomposites
3.3. Small spherical targets
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4. Targets with oriented nanorods
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1. Introduction of the NAPLIFE project

Nano-Plasmonic Laser Inertial Fusion Experiment Collaboration

Theoretical group
(modelling, simulations)

Prof. Norbert Kro0 Prof. LAszl6 Csernai
(Wignr RCP) (U. Bergen)

Target properties Target fabrication group

(nanocomposite preparation,
measurements)

Target

Laser group
(Target irradiation) |

Irradiated target

Analytical group

(Effect detection) Prof. Johann Rafelski Prof. Tamas Biro

(U. Arizona) (Wigner RCP,
project leader)
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1. Introduction of the Target Fabrication Group

Dr. Melinda Szaldki
Associate Professor

Dr. Andrea
. KeczanneUveges
Associate Professor

Dr. Attila Bonyar
Professor

Dr. Péter Petrik
Senior Research Fellow,

BI\/IEETT

ELEKTRONIKAI TECHNOLOGI

Head of Laboratory

Dr. Alexandra Borok, Dr. Shereen Zangana,
Rebeka Kovacs, Nora Tarpataki

Q‘.{o BMEETT PhD Students

Dr. Zsolt Fogarassy
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2. Nanocomposites

2.1. Initial considerations for the targets

This is where we started (history)
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Target thickness [um]

Calculations from the Theory Group
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r .. concentration of the

nanoparticles in the layers.
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2. Nanocomposites 1 considerations for the target

Boundary conditions (requirements or reguests)

U The continuous nanoparticle distribution will be approximated with layers of
constant nanoparticle densities.

U The layer thickness needs to be controlled (approx. 2 um).
U The absorption peak should be at 795 nm.
U The nanoparticle density should be controlled, aggregation should be avoided.

U Multiple particle types/shapes should be tested (e.g. nanorods, nanoprisms, core-
shell se) .

Extra requests:

U Inclusion of extra materials in the targets (e.g. boron).
U Oriented nanoparticles to increase efficiency.

U Thin targets (around a few nm thick).

X BMEETT 8/33
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2. Nanocomposites

Questions to be answered

U What fabrication technology should
we use”?

U Surface of bulk nanocomposites?

U What matrix material should we use?

U How to synthetize nanoparticles with
various shape and size?

U How can we control the plasmon
absorption peak of the final target
material?

U How to control the layer thickness
and build layers on top of each
other?

X BMEETT

=
-
L
@)
-
=
<
95
N
I
O
S
L1 |
=
=
O
i O
‘.
=




2. Nanocomposites - nanoparticle synthesis

Gold nanoparticles from HAuCI, solutions

Aus? Reducing agent Size- (left) and size -controlled (right) growth
O + A T
l . ¥
. I ) v
O Au atom Reduction : Size-controlled growth Shape-controlled growth HAuUCI 4 salt Crystals
: I |
S = CTAB

Aut3 /_.
O

" iy 100

| 'Au atom : 8 Faceted particle Nanocube Nanocage
r
g
I |o l"— Au/Au*3 r
I | w o
‘ Au nucleus ol b / ‘ ” w
_ . I|h t
Mucleation by collision : h
I between ions, atoms I Nanobelt Branched particle Nanokite
L and clusters -

oo-t.'\-:o BMEETT (Source: Nguen et al, 2011) 10/33
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2. Nanocomposites doped with gold nanorods

2.2. Controlling the particle concentration Solubility is defined by the  molecular capping

Water +
i nanoparticles

How we usually imagine doping with nanoparticles goes?

(top)

o
- Organic %
~«——— solvent ”
Sa—— (bottom) %
-
F. §
pr— A& l Phase transfer: changing CTAB to alkanethiol
CL
Yoghurt with goji berries (Al generated) Hungarian fish soup @ RRRRRRRRRR , %
% | // 5
S / Water Q
. . . SS S 888888
It is important to make the nanoparticles soluble inthe ~ ~ "<° 3 "0 ) (top) =
polymer matrix, to avoid aggregation _or segregation , = s s R A < solvent &
. . . . ‘P«S‘SSSSSSSSSSS% rganic soiven
and to ensure uniform distribution. Fa / \\ v/+ nanoparticles u§
o ¢ T\ .. (bottom)
- BMEETT * RRRRRRRRRR 11/33



2. Nanocomposites doped with gold nanorods

2.2. Controlling the particle concentration Validation steps:

1) Concentration of the stock solution (spectroscopy)
a) b) c) " 2) Absorbance of the nanocomposite (spectroscopy)
UDMA nanocomposite “ 3) Concentration of the nanorods in matrix (TEM)

Y . ;
E > 3D printed 1
Glass slide frame Pressing with a top glass slide Polymerization with blue light

Polymerization during mechanical shaping between glass slides

-
(4]
1

-
o
1

(8]
1

25x75 nm, 1.9x10"* mL'
——25x85 nm, 9.5x10"" mL’

——25x85 nm, 1.9x10"* mL'
—— Bare polymer mixture
0 - = ~ — -;-wWw-y_.m—; ey

600 650 700 750 800 850 900 950 1000 Nanocomposite

Wavelength [nm] =

Absorption coefficient [cm™']
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2. Nanocomposites doped with gold nanorods

2.3. Fine-tuning the absorbance peak

Nanopartz™ Gold Nanorodz Products
UV-VIS Extinction
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2. Nanocomposites doped with gold nanorods

2.3. Fine-tuning the absorbance peak

Closed analytical expression to describe the
plasmon peak tuning:

Y_ (Y Y_ (Y @ )

Y_(RYy 6p Q p A

Data (blue) vs fit (red)

* Data
o Model fit|
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The model is fitted on the experimental data measured on the 25 x 85 nm rods
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2. Nanocomposites doped with gold nanorods

. . | . Pl hamber with |
2.4. Controlling the layer thickness with oxygen plasma etching asma chamber with OXygen plasma
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2. Nanocomposites doped with gold nanorods

2.5. Preparation of few -mm thick targets (j) : : : : : : : : ;

00000000

o0 00NORGROGOOGES

(@) (b) (©) (d) 9006920004
| b Nt . N

() (f) (&) (h)

Layer thickness 3 -4 mm

(i () ) -
PVA
Nanocomposite
Glycerol
Metal grid
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g More information: Tarpataki, et. al. Polymers 17 (10),
< BMEETT 1391, 2025.

Dark -field optical rhicroséopy
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3. Nanocomposites doped with boron compounds

Reqguest : Create targets doped with boron compounds (besides the gold nanorods)

BN nano particles Problem 1) The BN nanoparticles are hydrophilic -> will not

(65-75 nm diam.) disperse in the polymers -> silanization (surface chemistry)
He-4

Problem 2) The gold nanorods should be directly on the
surface of the BN nanoparticles for plasmonic interactions.
The nanorods should be chemically bound to the BN
particles.

1053 nm fs
Laser Impulse

-

Piciotto (2024)

» . 3 -

E-field distribution around a 25 nm x 85 nm nanorod in UDMA l‘v-c} S e O P, : Silane

Bare BN particlesin § @  Silane capped BN capeed
water ‘ particles in water particles

Decay Iength | ~ - : float on

7 ‘ Jren h
where E=E /e > | Zu‘:face .
~8.5 nm

the water
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‘ ' ; Hydrophilic a Hydrophobic
10 20 30 40 nature of the nature of the
Distance from NP surface (nm) partic particles
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3. Nanocomposites doped with boron compounds

When the surface chemistry is not good  -> particle aggregation

APTES-based
surface chemistry

2
(TEM by Attila Kohut, 5
spring 2024, Szeged) %
T
v
—
Aggregated resonant Aggregated off -resonant §
nanorods (TEM image) nanorods (TEM image) =
O
LLJ
=
& BMEETT
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3. Nanocomposites doped with boron compounds

When the surface chemistry is properly controlled -> uniformly dispersed particles

. | '\1 . / ¥

N 1 MPTMS-based

surface chemistry

(TEM by Attila Kohut,
spring 2024, Szeged)
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3. Nanocomposites doped with boron compounds

MPTMS-based surface chemistry with nanoprisms (nano -triangles)

D1=91.07 nm

| SEMHV:5.0kV WD: 7.94 mm MIRAS TESCAN|

View field: 0.554 ym Det: SE 1100 nm
SEM MAG: 1000 kx Date{m/dly): 12/05/23  Wigner Research Centre for Physics

(Synthesized in Wigner (TEM by Attila Kohut, spring 2024, Szeged)

-
SEM HV: 5.0 kV WD: 7.93 mm Il | MIRA3 TESCAN| b N ~ T k
View field: 1.38 pm Det: SE 200 nm y O ra ar p ata I o —1 m
SEM MAG: 400 kx  Date(m/dly): 12/05/23  Wigner Rescarch Centre for Physics l—‘






3. Nanocomposites doped with boron

Preliminary results from laser irradiation experiments (ELI
SEM images from craters

CR-39
plate
calibrated
with
Am-241 U-
source

SM: RESOLUTION
SEM MAG: 8.00 kx

-ALPS)

d=3.06 pm

SEM HV: 1.0 kV

Proton energy distributions from Thomson parabolas

Energy distribution of ions: Histogram of all counts in the parabola strip vs Energy

= 005_shot_2024-02-05-14-11-50-777915: W/Z = 1.01
~— 006_shot_2024-02-05-14-12-47-765358 : MZ = 1.01
— 007_shot_2024-02-05-14-13-13-369092 : W/Z = 1.01
— 103_shot_2024-02-05-16-38-40-534386 : MZ = 1.02
— 104 _shot_2024-02-05-16-38-53-140783 : MZ = 1.02
= 105_shot_2024-02-05-16-39-06-637595 : MZ = 1.02

Proton

100 125

energy (keV)

150

103 A

10?

10° 4

d=3.00 pm

d=2.98 ym
d=2.95um

Det: SE

Stage Til

supervi

t:0.0° 20 pm

MIRA3 TESCAN|

sor Wigner Research Centre for Physics

= BN-Au0
—— BN-Au2
BN+Au
BN only
20 42) 6v0 8Y0 160 12'0 1;0 160 léO

Proton energy (keV)

200

Count

2

e

Részecskenyomok méreteloszldsa CR-39 detektorlemezeken

— File: 138-1h_km01-15.txt CR-39: 138 Target: BN-AUO, 10 lovés

—— File: 137-1h.txt CR-39: 137 Target: BN-Au2, 10 lovés

BN only

Crater diameter ( mm) |

0 25 30 a5 40

45

5.0
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3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with  carborane -thiol coating

Fabrication technology of AuNP 1 SiO, T epoxy nanocomposites Tom8§g
Lednicky,
Ph.D.

Porous Anodic Alumina

“L . Altemplate

>, ‘ \l B P
iy

polishing anodizing PAA removal |4] PVD of Au annealing substrqte
PDMS or epoxy _ SiO,/epoxy casting
V- < ,s i 1 bilayer

Al removal 89 RIE of SiO,

WE CONNECT CHIPS AND SYSTEMS

Al removal
< > < >
1st and 2"d generations LACEITEL 3 generation

o\o Central European Institute of Technology
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3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with  carborane -thiol coating

Controlling the particle size and interparticle gapdiscrete steps (thickness window)9yeneration

Layer thicknesses: +7 nm

The nanoparticle size and distribution is controlled uniformly on a large surface area (~cm 2,
The different nanoparticle sizes enable interparticle gap engineering.

X BMEETT
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3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with  carborane -thiol coating - possibility of creating nanowire matrixes

Two-step anodic oxidation ~ Disordered oxide after the first , Ordered oxide after the second
step Oxide removal step
A B/
Gold layer Template

N

Aluminium > Aluminium
A C

| |

=

. Thm'tf'”m . ..{ Electrochemical | -
eposition "4 deposition
annealing ’.

Seb Sctal
| ’..4!.““.&09

N - i i B b
<% BMEETT Source: T. Lednicky (2014)
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3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with  carborane -thiol coating

Developed and fabricated in the framework of an

international collaboration with CEITEC, Brno .
m-Carborane -9-thiol

SiO, pillar

Chalkogenide layer (n=2.42)

Carborane-thiol layer (~1-2 nm)
_ _ Resonance
Gold nano-ellipsoids shifted to

795 nm
k.\.o BMEETT S|02 substrate 26/33
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