INTRODUCTION to TERAHERTZ




THz Why and Where ?

THz waves propagate in air and penetrate: plastics, paper,
clothes, polymers,wood, tooth, bone, dried foods, etc.

astrophysics

Optical communications Medical imaging

micro- millimeter

wave & RF waves
101° Hz 1011 Hz 103Hz 1014Hz 10"15Hz 1018Hz
3 cm 3 mm 30 um 3 um 30 nm 0.3 nm

Small Energy of Photons - harmiless

Wavelengths — 1THz ~300um=0.3mm - resolution




A Nondestructive Testing




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)
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ERC - PANEL 5Min Presentation




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

WOJICIECH KNAP — CENTERA LABORATORIES — WARSAW - POLAND
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PLASMA WAVES & Me =
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PLASMA WAVES THz DETECTOR SUCCESS & 30 YEAR OLD AMPLIFIER CHALLENGE
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USA + JAPAN Founder of CENTERA Labs, Warsaw

PhD, University of Warsaw University of Montpellier
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BREAK-THROUGH RESULTS N

THz
PLASMONIC THz AMPLIFICATION (STARTING POINT)

e CURRENT

Absorbtion Amplification

The first observation of energy transfer
from DC current to plasmons,
S leading to THz amplification
thSICS° at ROOM TEMPERATURE

Physical Review X—July 6, 2020
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AMPLIFICATION?
) -t ULTRA STRONG
- Pea DOPPLER?
' = SILENCE GAP?
“ <
KEY CHALLENGES!

N°1) FIND PHYSICS BEHIND...PRX RESULTS

N°2) EXPLORE NEW PHENOMENA...



Energy (meV)

CHALLENGE & APPROACH - N°1 N

o

FIND PHYSICS BEHIND...PRX RESULTS 1hz
Is the linear energy dispersion Is the grating gate geometry
crucial? crucial?
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HgTe Quantum wells - “Dirac — at will”

Compare Plasmonic crystal versus
Check influence on plasma properties sum of individual oscillators hypothesis?
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KEY CHALLENGE & APPROACH — N°2 N
EXPLORE NEW MECHANISMS of AMPLIFICATION >

CAN PLASMA TURBULENCE LEAD TO AMPLIFICATION/GENERATION of THz RADIATION?
PREDICTED BUT NEVER OBSERVED

Kelvin Helmholtz Turbulence Two Interacting 2D Plasmas

THZz

M. Dyakonov et al. — private communication unpublished
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IMPLEMENTATION -
CENTERA LABS — STRONG POINTS &

WHY NOW - AFTER 30 YEARS OF RESEARCH - PLASMA AMPLIFIERS CAN BECOME A REALITY?
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IMPORTANCE/IMPACT =D

EEEEEEE

TERAPLASM
SCIENCE - Physics of: SOCIETY — Application for:
Influence of relativistic Nondestructive
1. ) ) 1. -
dispersion on plasma properties quality control
2 Physics of Plasmonic crystals vs 2 Security and safety
" ensembles of individual resonators " screening
3 30 years old —problem of THz 3 High data rate wireless
" amplification by plasma in solids " communication - S
. Off-axis mirror e - -
&,

THz | with AMP| coating

\—— CURRENT . )
Flat mirror with

AMP coating




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 Garle]

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


mailto:biuro@studio-prezentacji.pl

Presentation preparation with PAS - team
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IMPORTANCE FOR FUTURE
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European European Union
Republic Foundation for

u European Regional

Sle't‘! Gsomh - of Poland @ P Polish Sclence W:* Fund

Center for Terahertz Research

| [f[[ e qnd Applications, CENTERA &)
of Sciences CEZI\M,\T

unipress

“ Budzet MAB: 39 946 537 zt

A Realizacja: wrzesien 2018 — grudzien 2023
T H z The ,,Center for Terahertz Research and Applications (CENTERA)” project is carried out within
CENTERA the 'International Research Agendas' programme of the Foundation for Polish Science

co-financed by the European Union under the European Regional Developmfgt Fund.



CENTERA LAB -( 5 TEAMS)
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@ Laboratoria CENTERA - dorobek naukowy
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PUBLIKACIJE JCR

afiliowane do CENTERA
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mmm ARTYKULY rocznie ~ essssCYTOWANIA skumulowane

’ Pelna lista: htips://centera.eu/publications. (UWAGA! dane za 2023 sg jeszcze niekompletne)


https://centera.eu/publications

@ Rozwoj Terahercowej Elektroniki

Rozmiar: 35cm x 35cm Rozmiar: 35mm x 35mm (x10)

Cena: 120 000 PLN Cena: 1200 PLN (x100)
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N TOWARDS ON-CHIP PLASMONIC AMPLIFIERS
(@ OF TERAHERTZ (THz) RADIATION (TERAPLASM)
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@ Laboratoria CENTERA - TRWALOSC

Wydatki biezace (zt) kwartalnie (dokonane|zamierzone) .
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500.000

Phys. Rev. X 2023 in print -accepted in print
Plasmonic C:llystals — Krysztaly Plazmoniczne

Place m®Materiaty ™ Posrednie Podwykonawstwo Inne granty

’ MAB CENTERA 40 min zt



THz basic knowledge
ERC - story based on 5 min talk

Importance of National suport

ERC importance to stabilze CENTERA

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

Y 4

www.centera.eu

24



European European Union

Funds - g?g:?ali\cd ‘ FNP' Foundation for European Regionl

Polish Sclence Development Furd

Smart Crowth

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

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

Plasmonic Crystals
\ Budzet MAB: 39946 537 zt
A Realizacja: wrzesien 2018 — grudzien 2023

CENTERA WIQCQ_/ infOfmGCji.' www.centera.eu
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Inne informacje prasowe

E) CEO( OM.PI

BIZNES W PRAKTYCE

#  AKTUALNOSCI ¥ L/RYNKI ¥ @ RAPORTYI1ANALIZY HSFRMY SNWIDEO

Prawo ‘ Podatk ‘ Kariera Zarzadzanie | Gospodarka

Wyniki firm za Il kwartat: koniunktura sie chwieje

Przedsiebiorczy naukowiec -
kluczowe ogniwo w taricuchu polskiej
gospodarki

JEOVNKA EUREKA

Jak wykorzystac fale elektromagnetyczne o
bardzo wysokiej czestotliwosci?

Data publikacji 1072022 2150 Ostatnia sksuatzacie 11072022 2201

0000

NAICZESCIE) CZYTANE

O Narodowe Czytanie.

“Litorackie éwigta": reportaz
Doroty Bonieckiej-Gorny ...

4 B Opozycja nie chee zapory,
Maclerewicz: dziatania KO |
propaganda filmowa to rodza..

izowy grant iskiej Rady ds. Badar dla polskiego badacza. W .ﬁ\ Obm«i
ostatnim konkursie ERC Advanced Grants érodki na realizacje projektu TERAPLASM

otrzymal prof. Wojciech Knap. Celem badari polskiego uczonego jest zastosowanie
fal czyli takich o bardzo wysokiej czestotliwosci, w " -

komunikacii takiej jak telefonia komérkowa i WiFi kolejnych generacji, systemach @ O Poset PO o priorytetach

ykrywania i ia obiektow, a nawet programu partik rewnowazenie
Budbotu jost wazne. alo nio-:

POLITYKA

o b e cwroms - weaizosowe - eios — worersme - wen - Q

Profesor Wojciech Knap.
Sita terahercow

[TTIT} Nauka dlainnowacji. Ode. 6.

NAUKA DLA
INNOWACJI

Profesor Wojciech Knap. Sila terahercow
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