
INTRODUCTION to TERAHERTZ
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THz Why and Where ?

THz

THz waves propagate in air and penetrate: plastics, paper, 

clothes, polymers,wood, tooth, bone, dried foods, etc. 

Small Energy of Photons - harmless

Wavelengths – 1THz ~300µm=0.3mm - resolution



NondestructiveTesting



Wireless communication
“data rate x10= carrier frequency “
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Agriculture and Food Industry

THz – monitoring of Water contents of plants

Water is evapoarating ( green – to –blue)



ERC – PANEL  5Min Presentation
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TOWARDS ON-CHIP PLASMONIC AMPLIFIERS 
OF TERAHERTZ (THz) RADIATION (TERAPLASM)

X-rayUV mm wavesmicrowaves THz waves IR

QUALITY CONTROL  
SAFETY/SECURITY 

TELECOMMUNICATION

1011 Hz 1012 Hz 1013 Hz 1014 Hz 1015 Hz1010 Hz 1017 Hz

THz
GAP

WOJCIECH KNAP – CENTERA LABORATORIES – WARSAW - POLAND

BUT NO COST-EFFECTIVE
COMPACT SOLID STATE 

AMPLIFIERS & SOURCES

HIGH 
APPLICATION POTENTIAL
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FREE ELECTRON LASERS                  

THz 
AMPLIFIERS

ON-CHIP

TERAPLASM
SOLID STATE

PHYSICS



PLASMA WAVES & Me
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PLASMA WAVE THz ELECTRONICS
(DYAKONOV & SHUR)

PhD, University of Warsaw Grenoble Toulouse

Founder of CENTERA Labs, Warsaw

University of Montpellier

1980 1990 2000 2010 2020

USA + JAPAN

PLASMA WAVES THz DETECTOR SUCCESS & 30 YEAR OLD AMPLIFIER CHALLENGE 
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AMPLIFICATION? 

ULTRA STRONG 
DOPPLER?

SILENCE GAP?

The first observation of energy transfer
from DC current to plasmons,

leading to THz amplification 
at ROOM TEMPERATURE 

Physical Review X–July 6, 2020

KEY CHALLENGES!

N°1) FIND PHYSICS BEHIND…PRX RESULTS

N°2) EXPLORE NEW PHENOMENA… 

PLASMONIC THz AMPLIFICATION (STARTING POINT)

BREAK-THROUGH RESULTS 



CHALLENGE & APPROACH – N°1
FIND PHYSICS BEHIND…PRX RESULTS 

10

HgTe Quantum wells  - “Dirac – at will”
Check influence on plasma properties

Is the linear energy dispersion 
crucial? 

Is the grating gate geometry  
crucial?

Compare Plasmonic crystal versus 
sum of individual oscillators hypothesis?



KEY CHALLENGE & APPROACH – N°2
EXPLORE NEW MECHANISMS of AMPLIFICATION
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Two Interacting 2D Plasmas 

M. Dyakonov et al. – private communication unpublished

CAN PLASMA TURBULENCE LEAD TO AMPLIFICATION/GENERATION of THz RADIATION?
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Kelvin Helmholtz Turbulence

PREDICTED BUT NEVER OBSERVED



IMPLEMENTATION 
CENTERA LABS – STRONG POINTS 

MATERIALS 
SYNTHESIS

THEORY 
THz 

EXPERIMENT
NANODEVICE 
PROCESSING
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NANOTECHNOLOGY HUB 
& THz LABORATORY  

1µm

1mm JANUARY 2022 

GaN 2D plasmons

WHY NOW - AFTER 30 YEARS OF RESEARCH - PLASMA AMPLIFIERS CAN BECOME A REALITY? 



IMPORTANCE/IMPACT
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SCIENCE – Physics of: SOCIETY – Application for: 

1.

Physics of Plasmonic crystals vs 
ensembles of individual resonators

2.

Influence of relativistic
dispersion on plasma properties

3.

Nondestructive 
quality control 

1.

High data rate wireless 
communication

2.

3.

Security and safety
screening 

TERAPLASM

30 years old –problem of THz 
amplification by plasma in solids



ERC – National HELP teams
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Help from PAS &NCBR ERC –help boards

Interview prepartion - 2 panels with two different
committees
PAS
<Anna.Urbanska@pan.pl>
Piotr Garlej biuro@studio-prezentacji.pl

& NCBR
<magdalena.chomicka@ncbr.gov.pl>
<bogna.hryniszyn@ncbr.gov.pl>

mailto:biuro@studio-prezentacji.pl


Presentation preparation with PAS - team



IMPORTANCE FOR FUTURE 
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Center for Terahertz Research
and Applications, CENTERA

Budżet MAB:  39 946 537 zł 
Realizacja: wrzesień 2018 – grudzień 2023

The „Center for Terahertz Research and Applications (CENTERA)” project is carried out within 
the 'International Research Agendas' programme of the Foundation for Polish Science 
co-financed by the European Union under the European Regional Development Fund.



CENTERA LAB –( 5 TEAMS)
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Laboratoria CENTERA – dorobek naukowy

Pełna lista: https://centera.eu/publications (UWAGA!  dane za 2023 są jeszcze niekompletne)
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https://centera.eu/publications


Rozwoj Terahercowej Elektroniki
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Rozmiar: 35cm x 35cm

Cena: 120 000 PLN

Rozmiar: 35mm × 35mm   (x10)

Cena: 1200 PLN                 (x100)



TOWARDS ON-CHIP PLASMONIC AMPLIFIERS 
OF TERAHERTZ (THz) RADIATION (TERAPLASM)

.
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LASERY NA 

SWOBODNYCH 

ELEKTRONACH                  

TERAPLASM

FIZYKA CIAŁA 

STAŁEGO

SCALONE

(„ON-CHIP”)

WZMACNIACZE 

THz 



Laboratoria CENTERA -TRWAŁOŚĆ
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Wydatki bieżące (zł) kwartalnie (dokonane|zamierzone)  .

Płace Materiały Pośrednie Podwykonawstwo Inne granty

MAB CENTERA 40 mln zł 

Phys. Rev. X 2023 in print - accepted in print
Plasmonic Crystals – Krysztaly Plazmoniczne
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THz basic knowledge

ERC - story based on 5 min talk

Importance of National suport 

ERC importance to stabilze CENTERA

www.centera.eu

(Phys. Rev. X 2020; 10, 031004)          Phys. Rev. X 2023 Plasmonic Crystals in print
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Thank You

Budżet MAB:  39 946 537 zł 
Realizacja: wrzesień 2018 – grudzień 2023

Więcej informacji:  www.centera.eu

Current

(Phys. Rev. X 2020; 10, 031004)

Phys. Rev. X 2023 in print - accepted in print
Plasmonic Crystals



Inne informacje prasowe
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