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Excitation of plasmons in 2DEG
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Excitation of plasmons in two-dimensional electron gas

Samples under investigation

Magnetotransport measurements and their interpretation
Results of THz magnetospectroscopy

Methods of extracting valuable information from the raw spectra
Theoretical description of non-local properties of an electron gas

Interpretation of experimental results & discussion
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Excitation of plasmons in 2DEG
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Grating-gate transist tru res
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[+ Growth & processing:
R. Gaska & J. Yang

Sensor Electronic Technology, Inc., Columbia,
South Carolina, USA

° GaN/AlGaN heterostructure grown by
Migration  Enhanced  Metal-Organic
Chemical Vapor Deposition

d =28+ 2 nm thickness: 2 x 108 cm3

@ active area: 1.6 x 1.6 mm?

4 grating structures:

L:2.5 um, 3.0 um,
3.5um, 4.0 um
$:0.35 pm or 0.85 pm
W=L-S§

reference
structure without
a gate/grating

Magnetotransport characterization
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Magnetotransport characterization
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Magnetotransport characterization

resistor-network model of a transitor with a leaky
gate electrode:
Elwctric potental, ¥

Gate-leakage current induced
geometrical magnetoresistance
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Photocurrent | PC ) Transmission
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low-noise, adjustable power supply for bolometer,
o equipped with symmetric voltage stabilizers
based on LM317 and LM337 positive and negative

transmission of 252 THz radiation voltage regulators and 9V batteries

measured as a function of the gate voltage

(U,) at a given B low-noise differential pre-amplifier for
g o photocurrent  measurements and  voltage

summator, based on precise OP27 operational
amplifiers

measured simultaneously as a function of B
atagiven U, well-defined common potential for all BNC
O conncectors

@ transmission of 2.52 THz radiation & PC
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Magnetooptical experiments - photocurrent
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Magnetooptical experiments
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g good correspondence between two complementary types of transmission experiments

< satisfying description of experimental results provided by a relatively simple theoretical
model

Magnetooptical experiments - Transmission vs U,
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Excitation of so-called Bernstein modes
as an explanation of discrepancy
between the experimental data and
the simple theoretical description?

1. B. Bernstein, Phys. Rev. 109, 10 (1958)
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Bernstein modes in other materials

GaAs/AlGaAs heterostructures
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Experimental Data Treatment
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Fourier Transform Infrared (FTIR) Magnetospectroscopy

close cooperation with M. Orlita and M. Potemski
from the GHMFL and A. Witowski from the Faculty
of Physics of the University of Warsaw

o Bruker IFS 113v spectrometer coupled

with the magnetic field up to 13 T
~ampli . .
Pee-amplifias o transmission measured by a sensitive
silicon bolometer:
Y
= sample " "
- 3 o for different values of B and floating
— source, drain and gate electrodes
© for different values of U, at a constant
bolometer 1.8 K value of B
cryostat o T=1.8K

o spectral range: 20 cm™ — 500 cm™!

(mercury lamp as a source of far-infrared
radiation + T222 beam-splitter)
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Results of FTIR Magnetospectroscopy
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Experimental Data Treatment - FSD
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Results of FTIR
Magnetospectroscopy
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Description of non-local properties of an electron gas

The Model: %+[U«V+9(E+UXB)~Vp]f:[—)

. . . + Maxwell’s equations
° is_based on a self-consistent solution of the
Boltzmann-Vlasov kinetic equation describing of _ f-f%p
the motion of electrons forming a plasma subject 5+[u~V+e(E +UxB)-V,]f=—

to an external magnetic field

f=f(prh=f(p+of(prt) u=-L

e includes the long-range Coulomb interaction m
between electrons in the form of self-consistent
electric field
e neglects: local-field corrections, correlation J'(k»w)*(2 ¥ J'(p/m )6t (p.k,w)d’p
effects, exchange and short-range Coulomb
interactions between electrons ik, ) =o(k,w)E

o assumes validity of the relaxation time, effective
mass and random phase approximations

2(,K) = Epgics (@) +

i6(w,k)
we,
e focuses on long-wavelength plasma excitations

Non-local dispersion of 2D magnetoplasmons
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known from magnetotransport known grating parameter

measurements (appropriately corrected
due to leaky gate effects for non-zero V)

€,,=53(GaN) &,,=52(Al,GaeN) Nn=1,23,.,9 fi=1 f=1
Vio=742cm? (GaN) vy, =560 cm (GaN)

[ w only 3 fitting parameters: m’, u., f, ]
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Description of non-local properties of an electron gas

@ implicit dependence on k of & ( @, k ) through @,( k) and so-called non-local parameter

measure of the extent to which the cyclotron motion of electrons probes
the spatially non-uniform electric field of the plasma wave

[+ X; =0« local limit [+ Xi=le strong non-local
effects

@ estimation of the X parameter for the T4 sample:

N=88x10m? m'=022m, m==> u, =L (2xN)">=391x10°m/s

L=25um j=2 k,“; B=8T m==) | X,(B=8T)~031
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Interpretation & discussion

Transistor T4: L =2.5 ym, W=2.15 um -
‘ non-local
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Interpretation & discussion
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Current experimental capabilites of TQP & FIR Laboratory at the Faculty of Physics of the

University of Warsaw:
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Breakdown of the model at low B?

6 & n’g.(X,) low B w2 (k)& 6n%g, (X)) = 6n°g,(X )
1-w (k) —5 vt 1-— =0 el |
P T PTG D
1.5 - . . .

nar at the L

1. ) 3 4 5 & T a 9
ZDEG dansity. cm

Gali voltags swieg, V

[ J.'J I.ﬂ ‘_5_ }_D 1_.’- J_f\ Tl.! A_E. k._' ’J_C
TRNL N ® 5 m

Magnatic Field, T
o

7 8 8§
x1g”

ninar at the

riddles

(contraw to the statement of A.

to the threshold voltage and fo
leaky gate electrode, there is
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(Appl. Phys. Lett. 96, 042105 (2010)), even close

Muravjov et al.
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ity between the
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-

wavelength  approximation
\description of plasma excitations)

necessity of increasing twice the square of plasma
4 | frequency — result of neglecting the lattice
contribution to the dynamic dielectric function of
2DEG (overestimating the validity of long-

~
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theoretical
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@ ‘ control over DC electrical properties

- control over the optical properties
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Summary

The first report on experimental observation of non-local interaction between 2D
magnetoplasmons and CR harmonics in GaN/AlGaN heterostructures

The strength of non-local interaction of the same value as in the case of
GaAs/AlGaAs heterostructures

Observation of non-local interaction between both the second and the third CR
harmonic and higher order magnetoplasmon resonances (up to 7t)

Non-local dispersion of magnetoplasmons well described within a semi-classical
model based on a solution of the Boltzmann-Vlasov kinetic equation of motion of
electrons forming a plasma subjected to an external magnetic field

Decrease of the third harmonic cyclotron mass in comparison with the primary
cyclotron mass — phenomenon not observed up to now due to lack of experimental
data for higher Bernstein modes, originating probably from the band structure
effects

Significant influence of the gate-leakage current on the effective geometry of the
samples under investigation

Important role of lattice vibrations in correct description of plasma oscillations
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