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Vázlat

• Röviden az ELI-ről

• Fény-anyag kölcsönhatás határfelületeken 

• Ultragyors dinamika félvezetőkben, vizsgálati módszerek

• Napelemek



as 10-18 s

fs 10-15 s

ps 10-12 s

ns 10-9 s

ms 10-6 s

ms 10-3 s

100 s

103 s 

106 s 

109 s 

1012 s

1015 s

1018 s 1878 E. Muybridge

Femto-kémia
Zewail, 1999

Univerzum

Attofizika

Ember

Szem

Ultragyors fényképezés

1960
laser

Az idő rövid története

1878 E. Muybridge

http://upload.wikimedia.org/wikipedia/commons/7/75/Water_droplet_blue_bg03.jpg


1 s
0,000 001 s

0,000 000 000 000 000 001 s

0,000 000 000 000 001 s

0,000 000 000 001 s

A pillanat mértéke…



Az ELI-ALPS

A lehető legrövidebb időtartamú fényimpulzusok 
előállítása

a lehető legszélesebb spektrális tartományon
a lehető legnagyobb ismétlési frekvenciával.



1. Kutatási tevékenység szerkezete
2. Lézeres kutatás és fejlesztés
3. Másodlagos források
4. Alapkutatási tevékenység
5. Alkalmazott kutatási tevékenység
6. Ipari alkalmazások
7. A közép-infravörös lézer használatának tudományos 

távlatai

A megújított Scientific Case



Research activities

1 Laser research and development

2 Research and development of secondary sources

3 Atomic, molecular, nanophysics, cond.mat. research

4 Applied research | biomedicine, materials science

See in details: www.eli-alps.hu





Fizikai Nobel-díj 2018



Protein desintegration

Structural changes in phenyl-alanine

Krypton
atom

Attosecond electron dynamics



How to harvest the energy of 
sunlight?

There is nothing new under the sun: see Fujishima-Honda (1972)



Milyen folyamatok mennek 
végbe megvilágításkor?



Folyamatok időskálája I.



Folyamatok időskálája II.



Fundamental understanding is 
often missing…



ELI-ALPS mission



Folyamatok energetikája



Why are these semiconductor
interfaces interesting I.?

Solar energy conversion at irradiated semiconductor interfaces:

• Solid/solid interface: solar photovoltaic cells (electricity generation)
• Solid/liquid interface: photoelectrochemical cells (solar fuel generation)





Ultrafast dynamics in semiconductors I.

State-of-the-Art

The efficient conversion of clean, sustainable solar energy using
photoelectrochemical and photocatalytic systems requires precise control over
the thermodynamics, kinetics, and structural aspects of materials and molecules.
Various photoinduced processes in semiconductors occur at distinctly different
timescales. Ultrafast laser spectroscopy has been long the tool for examining
mechanistic aspects of light induced processes in semiconductors as well as at
semiconductor interfaces.

So far, most of the work has focused mainly on
transient absorption spectroscopy, at relatively
long timescales (typically ns-µs, sometimes
ps), where charge transfer, recombination, and
different surface reactions occur. On the other
hand, much less is known about the photo-
excitation process itself, carrier cooling and
trapping, which occurs at the femtosecond
timescale.



Why semiconductor
nanostructures I.? 

We aim to understand the peculiar conduction mechanisms (including
photoinduced charge carrier formation, exciton dissociation, recombination,
etc.) in different classes of semiconductors; such as organic semiconductors
(conjugated polymers) , different 1D and 2D inorganic semiconductors (this
latter group is also called topological insulators, such as MoS2 and NbSe2),
and organic-inorganic hybrid materials (for example organic lead halide
perovskites).

While these materials play an impressively increasing role in different
practical applications, very little is known about the fundamentals of the
mechanism of (photo)conductivity (which forms the basis of most
applications) observed in these materials.

What happens with the photogenerated charge carriers in the semiconductors?



Why semiconductor
nanostructures II.?

Interfacial electron transfer

There is only limited information on the charge carrier dynamics
through SC/SC junctions at well-defined surfaces and nanstructures.

Photogenerated electrons can move and get trapped at the semiconductors
surface within 100-200 fs and relax into deeper bulk traps at the 100 ps
timescale. However, if the semiconductor is decorated with metal
nanoparticles or films (Schottky-junction), they can intercept these electrons
before they relax to the deep bulk trap states.

However, in situ experiments were difficult so far, because water-based
solutions absorb the probe. However, special cell designs using very thin
liquid films, and the high intensity output of the ELI lasers may help to
overcome these difficulties.



Most ultrafast techniques are pump-probe approaches generally relying on a
Ti:sapphire laser with an optical delay line to achieve femtosecond time
resolution over a nanosecond range. The sample is photoexcited with the
pump pulse and then probed a short time later.
• visible or near-infrared (near-IR) transient absorption (TA) spectroscopy
• time-resolved fluorescence spectroscopy
• time-resolved terahertz spectroscopy (TRTS) 
• time-resolved X-ray absorption spectroscopy (TR-XAS),
• time-resolved microwave spectroscopy, 
• ultrafast electron microscopy,
• femtosecond diffuse reflectance spectroscopy,
• time-resolved two-photon photoemission (TR-2PPE), 
• time-correlated single-photon counting,
• time-resolved photoelectron spectroscopy (TRPES), 
• ultrafast Kerr-gated fluorescence microscopy, 
• picosecond electron paramagnetic resonance (EPR) spectroscopy,
• time-resolved resonance Raman spectroscopy

Methodology I.: overview



Visible or near-infrared (near-IR) transient absorption (TA) spectroscopy
probes interband and molecular transitions. TA is the most widely used
ultrafast technique for solar fuel studies. The sample is excited by a pump
pulse and the dynamics of the sample are monitored as a function of time
at many wavelengths by a white-light supercontinuum probe. This
technique can be used in both transmission or reflection mode.

Methodology III.: 
transient absorption spectroscopy

An example from Newport



Transient Absorption Spectroscopy can be used to trace the intermediate states
in a photo-chemical reaction; energy, charge or electron transfer process;
conformational changes, thermal relaxation, fluorescence or phosphorescence
processes, etc.

Transient absorption spectroscopy has become an important tool for
characterizing various electronic states and energy transfer processes in
nanoparticles, to locate trap states and further helps in characterizing the
efficient passivation strategies.

Methodology IV.: 
transient absorption spectroscopy



Photovoltaic Solar Cells

There are multiple interface of interest and the picture gets even
murkier at the nanoscale!

Till now we don’t have experimental evidence wheter the photoexcited 
species are excitons or free charge carriers (+timescale!)



What are the right model systems?

- Well-defined materials to allow to distinguish between among the various
competing processes.

- Practically relevant systems shall be studied.
- Nanoscale engineering shall be possible.

System #1 Lead halide perovskites (in collaboration with László Óvári)



Lead halide perovskites II.
Single crystals






Lead halide perovskites I.



Transient absorption spectroscopy -
electrochemistry



Transient absorption spectroscopy -
electrochemistry



Transient absorption spectroscopy -
electrochemistry



Time-resolved fluorescence spectroscopy is an extension of fluorescence
spectroscopy. Here, the fluorescence of a sample is monitored as a
function of time after excitation by a flash of light. The time resolution can
be obtained in a number of ways, depending on the required sensitivity and
time resolution:

• With fast-detection electronics (nanoseconds and slower)
• With Time Correlated Single Photon Counting (picoseconds and slower)
• With a streak camera (picoseconds and slower)
• With intensified CCD cameras (down to 200 picoseconds and slower)
• With optical gating (femtoseconds-nanoseconds) - a short laser pulse

acts as a gate for the detection of fluorescence light; only fluorescence
light that arrives at the detector at the same time as the gate pulse is
detected.

Methodology V.: 
Time-resolved fluorescence spectroscopy



Time-resolved terahertz spectroscopy (TRTS) uses an optical pump with
a THZ probe to measure intraband transitions TRTS is used in solar fuel
research as a noncontact probe of transient photoconductivity. TRTS is
technique which is used to study systems in which a visible excitation
initiates a change in far-infrared absorption properties on a sub-
picosecond timescale.

Methodology II.: 
Time resolved THZ spectroscopy

The change in the peak THz time-
domain transmission is monitored as
a function of the time delay between
the pump and probe beams. Because
the pump beam is chopped, the
measured signal is the change in THz
transmission observed upon
photoexcitation.



- Experimental setup, where an external electrochemical control will allow to test
different materials under practically relevant conditions.

- Evolution and cease of excitons will be probed with TAS and THZ

Methodology III.: 
Combined methods are even more powerful



Spatially and temporally
resolved THZ spectroscopy

Multispectral Imaging (MSI) system

ACS Nano, 8, 2014, 11147-11153Nano Letters 16, 2016, 2023–2032



Either spatial or temporal resolution



Az ELI helye ezekben a folyamatokban



THANK YOU
FOR YOUR
ATTENTION!



Outline
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