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First realized 2D electron systems

2D ES in MOSFET (1966)
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191" B MarauTHOM noJie. KBa3ukJjaccuka.
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JAII" B MarHuTHOM moJie. YpoBHu Jlanjgay.
KBanToBbIl 3pPexT XoJia.
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Pu(B)/p,(0)

OCIII/IJIJIHIII/II/I MATHCTOCOIIPOTUBJICHUII,
NHAYHHUPOBAHHBIC MUKPOBOJIHOBBIM U3JYYCHHUCM

Zudov, M.A et al, Phys.Rev. B 64, 201311(R). (2001) R.Mani et al, Nature,420, 646 (2002)

Zudov, M.A et al 2003, Phys.Rev. Lett,
90, 046807 (2003) ; 91, 096803 (2003).
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FIG. 6 (color online). (a) Magnetoresistivity oscillations with vz C
ing Batfixed f = 81 GHz. (b) Microwave-induced correction g, -

the resistivity as a function of ... obtained by subtracting the slowly

varying background. The data were obtained at T = 1.5 K in a

100 wm wide Hall-bar sample with r, = 3.0 % 10" cm™ and u =

1.2 % 107 em?/V s.



Teopernueckue moaenau. CaBuronasi.
I. A. Dmitriev, A. D. Mirlin, D. G. Polyakov, and M. A. Zudov, Rev. Mod. Phys. 84, 1709 (2012).

(b) v(e)

FIG. 10 (color online). (a) Shift of the guiding center of a
cyclotron orbit due to quasielastic scattering off disorder.
(b) Schematics of the correlations between the direction of the
cyclotron-orbit shifts AX in the process of photon absorption and
the sign of the detuning 6, = w/w, — 2 for the second harmonic
of the CR. The stripes mark the DOS maxima g, = (n + 1/2)w, in
LLs tilted by a dc field.



MIROQO as the edge effect

(A.D.Chepelyansky and D.V.Shepelyansky, Phys. Rev. 80, 241308(R) (2009), B 88, 035410 (2013))
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Microwave radiation can
stabilize edge trajectories
against small angle disorder
scattering. For propagating
edge channels a microwave
field creates a nonlinear
resonance well described
by the Chirikov standard
map. Dissipative processes
lead to trapping of particle
Inside the resonance.



MIRO as a contact effect

(S.A.Mikhailov, PRB, 70 (2004), 74 (2006), 83 (2011))

Microwave irradiation creates near-
contact depletion/accumulation
regions

= contacts - depletion/accumulation areas

FIG. 4. The geometry of (a) the Corbino disk and (b) the Hall-bar
sample under intense microwave irradiation. The gray areas near
the contacts show the microwave-induced depletion/accumulation
regions.
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N is the density factor, defined
as the ratio of the electron
density in the near-contact
region to that in the bulk

N = ni',-"fi_?



P deKThl NIAMATH B MATHETOTPAHCIIOPTE

ABYMCPHbIX 3JICKTPOHOB
(3.M.backun, JI.M.Marapuui, M.B.9utun, XKI9T®, 1.75, cTp.723 (1978)

//\ = o
/ /—\\

Puc. 3. TpaeKTopuH dJA€KTPOHOB B 110JIeé KOPOTKO-
HeUCTBYIOIAX npuMeced. YepHBIMH KpyKKaMH
n300pakeHsl NPUMECH, CINIOMIHBIMA JHHAAMY —

TPAeKTOPHH 3JIEKTPOHOB, IYHKTHPHBIMA — I'PaHM-
Il PO3ETOK




MIRO kak kiaaccuuecknii 3¢ @dexkT mamsiTu
Beltukov, Y.M. and Dyakonov, M.1. Phys. Rev. Lett., 116, 176801 (2016).
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L A ] FIG. 2. Extended double collision. At time 7 — T the electron
L ] hits the scattering center with an impact parameter p; and velocity
b \/ ] vl)(¢ — T), which is changed to v} ( — T) after scattering. In the
r ) ) absence of external fields (dashed line), after completing the
1 2 3 4 5 G 7 8 cyclotron circle the impact parameter remains to be p,, while
w/we the velocity becomes v!(z). The action of dc and ac electric

fields during the cyclotron period produces a mismatch 4, which
results in changing the new impact parameter to p,. After the

second scattering, the velocity becomes v\ (t).



3ayem Teparepubi?

Bo-niepBbIX, 1I000IBITHO: 10 KAKUX 4acTOT A(P(HEKT BCE el1le
cymectByer? Bo3amoxken iu nepexos or MIRO k TIRO?

Teopus 1 MIRO skcniepuMeHThI 1at0T MECCUMUCTUYECKUM OTBET HA
BTOPO# Bompoc: BennuuHa s3¢dexra Ap, ~ o™*. To ectb npu 1 THz

Ap,, Oyner Ha 4 nopsiaka meHplie, yem npu 100 I'T .

W Bce e MCMoJIb30BaHUE TEPAreplioBOTO U3IyUYeHUS UMEET JIBa
BaKHBIX MMPEUMYIIECTBA: HAMHOTO MPOIIE MPOBOJIUTh
MOJISIPU3AIIMOHHBIC DKCIIEPUMEHTHI (TaK KakK 3TO YK€ KBa3HONTHKA) U
JOKaJIbHOE 30HJIUpOBaHKE. A MOCTaHOBKA ATHUX SKCIIEPUMEHTOB
NpUHIMIIHANIbHA SIS ONIpeJIeTICHUs] TEOpUH, HanboJiee aJeKBaTHO
onuchIBaronien 3pPexT.



Experimental setup

The terahertz response was studied at wavelengths of 432 and 184 um in
magnetic fields of upto 7 T and at temperatures T=1.9 K- 15 K. A
molecular laser with an optical pumping by a CO, laser was used as a
terahertz source. The active medium used to generate radiation at a
frequency of 0.7 and 1.63 THz (the wavelength A = 432 and 184 um) was
formic acid and difluoromethane, respectively. The terahertz radiation

power was about 80 mW at the 184 and 5 mW at 432um lines.



Ocuu/IIAUH, HHAYIHPOBAHHbIE TeparepuoBbIM
m3ayuenueM (TIRO). IlepBoe nad.ar0aenue.
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Corbino disc on the basis of a 2DEG

2DEG In AlGaAs/GaAs

N, = (5-24)-101 cm-
n = (0.5-10)-10°cm?/Vs

(IIV) = G, = 6, 2a/In(dout/din)



IKCIEPUMEHT ¢ HUPKYJISAPHO MOJISAPU30BAHHBIM
N3J1y4YeHHEeM
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FIG. 3. Aoy, as a function of w/w, for large size samples A
(a) and Dy | (b) with a metal mask (gray square) preventing irradiation
of contacts. (c) Oscillation amplitude as a function of the laser spot
position for sample covered by a metal mask with a slit (see inset).
The beam 1s scanned along the slit from bulk regions of the Corbino
disk onto the outer contact area. The solid line shows the transmission
signal measured simultaneously with the oscillations.



Ocuuiassuun MC, HHAYHMPOBAHHbIE
MOIIHBIM TeparepuoBbIM U3JIy4YEeHHEM.
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3aBHCHUMOCTH OT MOIITHOCTH
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While at low power (linear regime) TIRO exhibit
a strong frequency dependence, comparison of the
traces for different frequencies at high intensities
shows that the TIRO amplitude becomes almost
frequency independent in the saturation regime of

the photoresponse.



