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NNAH OOKINALA

« 3a4yeM 3aHMMaTbCA Haykon? BeegeHue.
* [1apy cnos npo NDTT PAH.
* TpexmepHble nra3mMeHHble KorebaHus.

 [TnasmeHHble BO30OYXOeHNSA B ABYMEPHbIX 3NEeKTPOHHbIX
cucTemax.

 HoBble «MPOKCNMUTU» TMJ1a3MEHHbIE BO36y>K,EI,eHI/IFI B
ABYMEPHbIX 3J1EKTPOHHbLIX CUCTEMAX.

 Bawu BONpocChbl.
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3a4yeM 3aHMMaTbCA HayKon?

SCIENCE




3a4yeM 3aHMMaTbCA HayKon?

Hayka — aTo Beaywimm chaktop, KOTOPpbIN MHOFOKpaTHO nNpeBbillaeT
Nno cBOeMy BJIUSAHUIO HA XXU3Hb CcpeaHero YyerioBeka UHble hakTopbl
(nonutuka, onTuMmnsauma 6M3Hec NpoLeccoB, IKOHOMMUKA).
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3a4yeM 3aHMMaTbCA HayKon?
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NMpo NPTT PAH

v

440 cotpyaHMKOB

2 4 Hay4HbIX COTPYAHMKOB

(13 Hux 82 B BO3pacTe Ao 40 neT)

’ 56 fokTOpOB Hayk
. 113 KaHAMAATOB HayK
‘ 20 acnupaHToB

51 accuCTeHT

[Aantble 3a 2015 .

3a 2015 roa cOTpyAHMKaMM MHCTUTYTa ony6imKoBaHo 320 cTaTel B BeAyLUMX MEXAYHAPOAHbIX U OTEYECTBEHHbIX
HayuHbIX }ypHanax: Science, Nature, Physical Review, Scientific Reports, Applied Physics Letters, Physica, Surface
Science, Physica Status Solidi, Ycnexu duamnyeckux Hayk, Mucbma B XKIT® u apyrue.




NMpo NPTT PAH

'
& Naypeat Ho6enesckon
npemun 2010 r.

Mpemua obLyecTea
Makca MNnaxka 2001 r.

OT3bIBbl BbIMMYCKHUKOB KA®E/PbI:

Angpen Mlenm
BbinyckHMK Kadeapbl 1982 roga, MNpodeccop MaHUYeCTEPCKOro yHMBEpPCUTETA
(BenmkobputaHusa).

«OXOMHO NPUHUMQI0 U 20mog NpUHUMAame 8 6ydyuiem 8 ceok slabopamopuro
8bINycKHUKo8 Kagedpbl PTT, yposeHb N0G20MOBKU KOMOPbLIX, NO-NPEKHEMY,

OY€Hb BbICOK. »

Uropb KyKyLIKHUH
BbinyckHMK Kadeapbl drsnku TBepaoro tena 1984 r. JAoktop dm3.-MaT. Hayk,
npodeccop, YneH-kopp. PAH, rnaBHbiM HayuHbIM cOTpyAHUK MOTT PAH.

«TpyOHO nepeyuc/Iume B8Cex 3amevamesibHbIX Y4eHbiX, C KOmopbIMU MHE
nocyacmauguiock obwamsca 8 YepHo20/108Ke, NOCKO/IbKY 8 3MOoM mMecme,
HagepHoe, camas BbICOKAS 8 MUPE NJIOIMHOCMb UHMeAAeKma Ha eGuHuULy
naowadu. Kpome yHUKa/IbHOU BO3MOXKHOCMU 06WEHUSA C YMHbIMU J1l0ObMU

U npogeccuoHaIbHbIMU YYeHbIMU, 8 UPTT cobpaHbl camble COBPEMEHHbLIE
YCMAHoB8KU, maKk Ymo ocmaemcsa npocmo npulmu u peasiu308ame NPaKmMuYecku
o6y uHMepecHy udeko. Mpuxodume u peanusylime ceoli nomeHyuasn!»
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NMpo NPTT PAH

r@ >
& locyaapcTBEHHas nNpemus
P® um. 3BopbikuHa 2008 r.

Anekceun YcTUHOB
BbinyckHUK Kadeapbl 1984 roaa, Mpodgeccop TexHON0rnM4eckoro

nHctutyTa Kapscpys (Ffepmanus).

«BenukonenHoe mecmo O/18 pazsumus CBOUX Hay4YHbIX masaHmog u udedl.
PekomeHOyro kagedpy u3uKU meepdo2o mesia 8cem UHMeEPECYUWUMCA

¢usukol cmydeHmam! »




ELECTROMAGNETISM
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2D ELECTROMAGNETISM = PHOTONIC INTEGRATED CIRCUITS
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2D ELECTROMAGNETISM = PHOTONIC INTEGRATED CIRCUITS

Gold film
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2D Plasmons

PLASMONS AS A PLAYGROUND TO STUDY
2D ELECTROMAGNETISM
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3D PLASMA OSCILLATIONS

A slab of electrons moving back and forth on top of
a slab of neutralizing positive charge: plasma oscillations.
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3D PLASMA OSCILLATIONS
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3D PLASMON
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Figure 8 Energy loss spectra for electrons reflected from films of (a) aluminum and (b) magnesium,
for primary electron energies of 2020 eV. The 12 loss peaks observed in Al are made up of combina-
tions of 10.3 and 15.3 eV losses, where the 10.3 eV loss is due to surface plasmons and the 15.3 eV
loss is due to volume plasmons. The ten loss peaks observed in Mg are made up of combinations of
7.1 eV surface plasmons and 10.6 eV volume plasmons. Surface plasmons are the subject of Prob-

lem 1. (After C. J. Powell and J. B. Swan.)
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PLASMONS - EXPERIMENTAL DISCOVERY
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Observation of Two-Dimensional Plasmons and Electron-Ripplon Scattering
in a Sheet of Electrons on Liquid Helium

C. C. Grimes and Gregory Adams
Bell Labovatovies, Muvvay Hill, New Jevsey 07974
(Received 12 November 1975)
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Observation of the Two-Dimensional Plasmon in Silicon Inversion Layers

S. J. Allen, Jr., D. C. Tsui, and R. A. Logan
Bell Labovatovies, Muvvay Hill, New Jevsey 07974
(Received 18 March 1977)
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2D PLASMONS SPECTRUM
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2D PLASMONS
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2D PLASMONS
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NEW 2D PLASMA MODES
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PRL 114, 106805 (2015) PHYSICAL REVIEW LETTERS 13 MARCH 2015

Novel Relativistic Plasma Excitations in a Gated Two-Dimensional Electron System

V.M. Muravev, P. A. Gusikhin, I. V. Andreev, and I. V. Kukushkin
Institute of Solid State Physics, RAS, Chernogolovka 142432, Russia
(Received 3 November 2014; revised manuscript received 21 January 2015; published 10 March 2015)
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PHYSICAL NATURE




2D PLASMONS - EXPERIMENTAL DISCOVERY
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LOST MODE: PROXIMITY PLASMON

plasmon potential
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PROXIMITY PLASMON

PHYSICAL REVIEW B 99, 165304 (2019)

Interaction of gated and ungated plasmons in two-dimensional electron systems

A. A. Zabolotnykh and V. A. Volkov®
Kotelnikov Institute of Radio-engineering and Electronics of the RAS, Mokhovaya 11-7, Moscow 125009, Russia
and Moscow Institute of Physics and Technology, Institutskii per. 9, Dolgoprudny, Moscow region 141700, Russia

® (Received 25 December 2018; published 8 April 2019)
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PROXIMITY PLASMON

PHYSICAL REVIEW B 99, 165304 (2019)

Interaction of gated and ungated plasmons in two-dimensional electron systems

A. A. Zabolotnykh and V. A. Volkov®
Kotelnikov Institute of Radio-engineering and Electronics of the RAS, Mokhovaya 11-7, Moscow 125009, Russia
and Moscow Institute of Physics and Technology, Institutskii per. 9, Dolgoprudny, Moscow region 141700, Russia

® (Received 25 December 2018; published 8 April 2019)
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PROXIMITY PLASMON

PHYSICAL REVIEW B 99, 165304 (2019)

Interaction of gated and ungated plasmons in two-dimensional electron systems

A. A. Zabolotnykh and V. A. Volkov®
Kotelnikov Institute of Radio-engineering and Electronics of the RAS, Mokhovaya 11-7, Moscow 125009, Russia
and Moscow Institute of Physics and Technology, Institutskii per. 9, Dolgoprudny, Moscow region 141700, Russia

® (Received 25 December 2018; published 8 April 2019)
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SAMPLES and METHODS
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EXPERIMENTAL RESULTS
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EXPERIMENTAL RESULTS
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SPECTRUM OF PROXIMITY PLASMON
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Absorption (arb. units)

ANOMALOUSLY STRONG INTERACTION WITH LIGHT
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[My6nukaummn no Teme 3a nocnegHni rog no Teme

PHYSICAL REVIEW B 102, 081301(R) (2020)

Physical origin of relativistic plasmons in a two-dimensional electron system

V. M. Muravev,' P. A. Gusikhin®,! A. M. Zarezin®,"2 A. A. Zabolotnykh,? V. A. Volkov,? and I. V. Kukushkin ®!
Ynstitute of Solid State Physics, RAS, Chernogolovka, 142432 Russia
2Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Russia
3Kotelnikov Institute of Radio-engineering and Electronics of the RAS, Mokhovaya 11-7, Moscow 125009, Russia

PHYSICAL REVIEW B 99, 241406(R) (2019)

Rapid Communications

Two-dimensional plasmon induced by metal proximity

V. M. Muraveyv, P. A. Gusikhin, A. M. Zarezin, I. V. Andreev, S. 1. Gubarev, and 1. V. Kukushkin
Institute of Solid State Physics, RAS, Chernogolovka, 142432 Russia
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Proximity plasma excitations in disk and ring geometries

V. M. Muravev,! A. M. Zarezin®,? P. A. Gusikhin,! A. V. Shupletsov®,3 and I. V. Kukushkin'
Unstitute of Solid State Physics, RAS, Chernogolovka, 142432 Russia
2Moscow Institute of Physics and Technology, Dolgoprudny, 141700 Russia
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INNOVATION
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PROXIMITY PLASMON

PHYSICAL REVIEW B 99, 165304 (2019)

Interaction of gated and ungated plasmons in two-dimensional electron systems

A. A. Zabolotnykh and V. A. Volkov®
Kotelnikov Institute of Radio-engineering and Electronics of the RAS, Mokhovaya 11-7, Moscow 125009, Russia
and Moscow Institute of Physics and Technology, Institutskii per. 9, Dolgoprudny, Moscow region 141700, Russia

® (Received 25 December 2018; published 8 April 2019)
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PRACTICAL APPLICATION

WIKIPEDIA
The Free Encyclopedia

Main page
Contents

Featured content
Current events
Random article
Donate to Wikipedia
Wikipedia store

Interaction

Helo

Article  Talk

High-electron-mobility transistor

From Wikipedia, the free encyclopedia

"HEMT" redirects here. For the military truck, see Heavy Expanded Mobility Tactical Truck.

High bility i (HEMT), also known as heterostructure FET (HFET) or modulation-doped FET (MODFET). is a field-effect transistor incorporating a junction between two materials with
different band gaps (i.e. a heterojunction) as the channel instead of a doped region (as is generally the case for MOSFET). A commonly used material combination is GaAs with AIGaAs, though there is wide
variation. dependent on the application of the device. Devices incorporating more indium generally show better high-frequency performance, while in recent years, gallium nitride HEMTs have attracted attention
due to their high-power performance. Like other FETs, HEMTs are used in integrated circuits as digital on-off switches. FETs can also be used as amplifiers for large amounts of current using a small voltage as
a control signal. Both of these uses are made possible by the FET’s unique current-voltage characteristics. HEMT transistors are able to operate at higher frequencies than ordinary transistors, up to millimeter
wave frequencies, and are used in high-frequency products such as cell phones, satellite television receivers, voltage converters, and radar equipment. They are widely used in satellite receivers, in low power

amplifiers and in the defense industry.

capping layer
spacer barrier

—

two-dimensional substrate
electron gas (2DEG)

& Notloggedin Talk Contributions Create account Logi

Read Edit View history §§earch Wikipedia

capping layer

spacer

two-dimensional /| _ substrate
electron gas (2DEG]

UOTT PAH
ISSP RAS

Q



PRACTICAL APPLICATION
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Fig. 8. SEM photograph and schematic diagram of recessed-gate pseudomorphic low-noise HEMT.
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What is TERAHERTZ?
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The last not occupied diapason in the Electromagnetic spectrum.

“Terahertz gap”
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WHY T-RAYS?

Security Communications

Resolution (mm'1)

?.03 0.3 3 30
] Cotton
Atmosphere 2 mm
- (1 km)
O 0.14 n
GCJ Rubber Spectra of
S (2 m solids
o and
L liquids
$0.01 - B
|_
Leather
(2 mm)
10 100 1000 10000

Frequency (GHZz)

Tera/Ense

sensing another vision



PLASMONS FOR TERAHERTZ DETECTION

Incident
THz-radiation
2D electrons
Au gates
K SiO slab

AuG

AuGe = AuGe
Econtact

contact =

GaAs substrate

* on-chip detector with no bias of 0.05 - 1 THz radiation

» broadband frequency sensitivity
« manufacture cycle involves only optical lithography steps
 fully compatible with existing manufacturing lines

US Patent WO 2001020346 A3 (filed 07.10.2008) “Apparatus and Method of Detecting Electromagnetic Radiation”
US Patent CA 2811905 A1 (filed 10.12.2009) “Tera- and Gigahertz Solid State Miniature Spectrometer”
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Terahertz Security Scanner (100 GHz)
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TeparepuoBbiu AocMmoTpoBbIn ckaHep (100 NMwu)
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Terahertz Security Scanner (100 GHz)
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Terahertz Linear Scanner

100 Mu wn 300 Ny,

Min detectable power/pixel:

45 nW (at 1000 fps)
14nW (at 100 fps)

S”; ~
- A o
—— | i 1

Number of pixels: 256 (256 x 1) Cyb-TeparepLoBblii
reHepatop

Pixel size: 1.5 x 3 mm? C 3epKanom

Imaging area: 384 x 3 mm?

Dimensions of device: 450 x 160 x 44 mm? KoHseliep

Sync out: TTL(+5V)

Interface: mini-USB

Image acquisition rate: 5000 fps (5 KHz)

Responsivity: 8000V/W

100 nW (at 5000 fps)
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Terahertz Linear Scanner
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