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Speaker Introduction

ü Attila Bonyár 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 .

ü He has two M.Sc. degrees in electrical engineering and biomedical

engineering and Ph.D, habilitation and DSc in electrical engineering.

ü His research activities are focused on the development of optical, affinity

type biosensors, utilizing low-dimensional nanomaterials, plasmonics and

nanometrology (AFM).

ü IEEE Senior member since 2021.

ü IEEE Hungary&Romania EPS&NTC (Electronics Packaging Society and

Nanotechnology Council) joint chapter chair since 2019.

ü IEEE EPS/NTC Nanotechnology/Nanopackaging Technical Committee chair

since 2022, co-chair since 2019.

ü IEEE NTC Region 8 Chapters Coordinator.
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Speaker Introduction

Budapest University of Technology 

and Economics

ü Oldest and largest technical university 

in Hungary (established in 1782, 

~21.000 students, 8 faculties)

Faculty of Electrical Engineering and 

Informatics 

ü Largest faculty of the university with 10 

departments. 

ü 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-mm thick targets

3. Nanocomposites doped with boron compounds

3.1. Bulk nanocomposites

3.2. Surface nanocomposites

3.3. Small spherical targets

4. Targets with oriented nanorods
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1. Introduction of the NAPLIFE project

Theoretical group 

(modelling, simulations)

Target fabrication group 

(nanocomposite preparation, 

measurements)

Laser group

(Target irradiation)

Analytical group

(Effect detection)

Target properties

Target

Irradiated target

Target 

performance

Nano-Plasmonic Laser Inertial Fusion Experiment Collaboration

Prof. Johann Rafelski

(U. Arizona)

Prof. Tamás Biró 

(Wigner RCP, 

project leader)

Prof. Norbert Kroó

(Wignr RCP) 
Prof. László Csernai

(U. Bergen)
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1. Introduction of the Target Fabrication Group

Dr. Attila Bonyár

Professor

Dr. Alexandra Borók, Dr. Shereen Zangana, 

Rebeka Kovács, Nóra Tarpataki

PhD Students

Dr. Melinda Szalóki

Associate Professor

Dr. Péter Petrik

Senior Research Fellow, 

Head of Laboratory

Dr. Zsolt Fogarassy

Dr. Andrea

KeczánnéÜveges  

Associate Professor
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Number of layers: n=10

d1=d2=é=dn= 2 mm

D = sum(d) = 20 mm

rn: concentration of the 

nanoparticles in the layers.
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2.1. Initial considerations for the targets

Calculations from the Theory Group

Target schematics 

considering two -sided 

irradiation

Calculations from the Theory Group
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This is where we started (history)
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2. Nanocomposites ïconsiderations for the target

Boundary conditions (requirements or requests) :

üThe continuous nanoparticle distribution will be approximated with layers of 

constant nanoparticle densities.

üThe layer thickness needs to be controlled (approx. 2 µm).

üThe absorption peak should be at 795 nm. 

üThe nanoparticle density should be controlled, aggregation should be avoided.

üMultiple particle types/shapes should be tested (e.g. nanorods, nanoprisms, core-

shellsé).

Extra requests:

üInclusion of extra materials in the targets (e.g. boron).

üOriented nanoparticles to increase efficiency.

üThin targets (around a few mm thick).
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2. Nanocomposites

Questions to be answered :

üWhat fabrication technology should 

we use?

üSurface of bulk nanocomposites?

üWhat matrix material should we use?

üHow to synthetize nanoparticles with 

various shape and size?

üHow can we control the plasmon 

absorption peak of the final target 

material?

üHow to control the layer thickness 

and build layers on top of each 

other?

Source: Bonyár, ACS Appl. Nano Materials, 2020
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2. Nanocomposites - nanoparticle synthesis

Gold nanoparticles from HAuCl4 solutions

(Source: Nguen et al, 2011)

HAuCl4 salt crystals

Nanoparticle synthesis

Size- (left) and size -controlled (right) growth

Reduction
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2. Nanocomposites doped with gold nanorods

Water + 

nanoparticles 

(top)

Organic 

solvent 

(bottom)

Organic solvent 

+ nanoparticles 

(bottom)

Water 

(top)

2.2. Controlling the particle concentration

Phase transfer: changing CTAB to alkanethiol

It is important to make the nanoparticles soluble in the 

polymer matrix, to avoid aggregation or segregation , 

and to ensure uniform distribution.

Solubility is defined by the molecular capping .

How we usually imagine doping with nanoparticles goes?

Yoghurt with goji berries (AI generated) Hungarian fish soup
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2. Nanocomposites doped with gold nanorods

2.2. Controlling the particle concentration

Polymerization during mechanical shaping between glass slides

Validation steps:

1) Concentration of the stock solution (spectroscopy)

2) Absorbance of the nanocomposite (spectroscopy)

3) Concentration of the nanorods in matrix (TEM)

1)

3)

2)
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2. Nanocomposites doped with gold nanorods

2.3. Fine-tuning the absorbance peak

13
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2. Nanocomposites doped with gold nanorods

2.3. Fine-tuning the absorbance peak

Ў‗ ὸȟὝ Ў‗ Ὕ ρ Ὡ

Ў‗ ὸȟὝ ὃρ Ὡ ρ Å

Closed analytical expression to describe the 

plasmon peak tuning:

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

2.4. Controlling the layer thickness with oxygen plasma etching

ü The etching rate of the UDMA:TEGDMA (3:1) matrix was 

established at various etching conditions (top).

ü Precise control in the layer thickness can be achieved for 

multilayered structures.

ü Physical and chemical changes were characterized.

ü The optical properties can be regenerated with new cover layers 

(right).

ü More information: Borók, et. al. Polymer Testing 144, 108732, 

2025.

Plasma chamber with oxygen plasma
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2. Nanocomposites doped with gold nanorods

2.5. Preparation of few -mm thick targets
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More information: Tarpataki, et. al. Polymers 17 (10), 

1391, 2025.
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3. Nanocomposites doped with boron compounds

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

Piciotto (2024)

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

disperse in the polymers -> silanization (surface chemistry)

BN nano particles

(65-75 nm diam.) 

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. 

Decay length 

where E=E 0/e

~8.5 nm

E-field distribution around a 25 nm x 85 nm nanorod in UDMA
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3. Nanocomposites doped with boron compounds

When the surface chemistry is not good -> particle aggregation

Aggregated resonant 

nanorods (TEM image)

Aggregated off -resonant 

nanorods (TEM image)

(TEM by Attila Kohut, 

spring 2024, Szeged)

APTES-based 

surface chemistry
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3. Nanocomposites doped with boron compounds

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

(TEM by Attila Kohut, 

spring 2024, Szeged)

MPTMS-based 

surface chemistry

BN+Au BN only
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(TEM by Attila Kohut, spring 2024, Szeged)

3. Nanocomposites doped with boron compounds
MPTMS-based surface chemistry with nanoprisms (nano -triangles)

(Synthesized in Wigner 

by Nóra Tarpataki )



/3321

3. Nanocomposites doped with boron compounds
Preliminary results from laser irradiation experiments (ELI -ALPS)

~2 cm
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3. Nanocomposites doped with boron
Preliminary results from laser irradiation experiments (ELI -ALPS)

Proton energy (keV)Proton energy (keV)
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BN only

BN+Au

BN only

BN+Au

Crater diameter ( mm)

BN only

BN+Au

C
o
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SEM images from craters

Without gold With gold

CR-39 

plate 

calibrated 

with

Am-241 Ŭ-

source

Proton energy distributions from Thomson parabolas
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3. Nanocomposites doped with boron compounds

Fabrication technology of AuNP ïSiO2ïepoxy nanocomposites

1st and 2nd generations 3rd generation

3.2. Surface nanocomposites with carborane -thiol coating

Tom§ġ

Lednický, 

Ph.D.
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3. Nanocomposites doped with boron compounds

Controlling the particle size and interparticle gap ςdiscrete steps (thickness window), 3rd generation

Layer thicknesses:               8 nm                                 +7 nm                                              +5.5 nm

SiO2 pillars

The nanoparticle size and distribution is controlled uniformly on a large surface area (~cm 2).

The different nanoparticle sizes enable interparticle gap engineering.

3.2. Surface nanocomposites with carborane -thiol coating
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Thin film 

deposition + 

annealing

Electrochemical 

deposition

Two-step anodic oxidation Disordered oxide after the first 

step
Ordered oxide after the second 

stepOxide removal

3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with carborane -thiol coating - possibility of creating nanowire matrixes 
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3. Nanocomposites doped with boron compounds

3.2. Surface nanocomposites with carborane -thiol coating

SiO2 substrate

Gold nano-ellipsoids

Carborane-thiol layer (~1-2 nm)

Chalkogenide layer (n=2.42)

Developed and fabricated in the framework of an 

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

Resonance 

shifted to 

795 nm

SiO2 pillar


