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Edge magnetoplasmons are studied in GaAs/AIGaAs heterojunctions of a typical size of 3 X 3 mm* in the regime of the quantized Hall 
effect at frequencies below 500 MHz and low temperatures. The resonance frequency scales with integer Landau level filling factor. With 
increasing temperature, in the 0.4-4 K temperature range, the resonance frequency decreases slightly, whereas the linewidth increases 
about linearly with temperature. The experimental results are compared to theoretical predictions. 

Edge magnetoplasmons (EMP) are collective 
electronic excitations propagating along the perim- 
eter of a bounded quasi two-dimensional electron 
system (2DES). Driven by the Hall conductivity gxy 
and little damped by the dissipative conductivity a,, 
they may be considered as the dynamical equivalent 
of the Hall effect. Experimentally they have attracted 
much recent attention, both in a classical 2DES on 
the surface of liquid helium [ 1,2] and in a degen- 
erate 2DES of GaAs/AIGaAs heterojunctions [ 3-61, 
where they have been observed in the frequency re- 
gime or>>1 (~=ppr*p/e) [3] and or<<1 [4,6]. 
Their resonance behavior has been calculated clas- 
sically as a 2D limiting case of 3D depolari~tion 
[ 3,7 1. A strictly 2D approach has been used by Vol- 
kov and Mikhailov [ 81 by introducing a character- 
istic length 1 within which the EMP is located at the 
perimeter of the 2DES. 

Here we study the EMP spectrum experimentally 
in the regime of the integer quantum Hall effect on 
GaAs/AlGaAs heterojunctions containing a 2DES 
with mobility ~2 lO’cm-*/V-s and area1 electron 
density n,” 3 x 10”cm-* in the low frequency re- 
gime UT<< 1. Our experiments focus on the temper- 
ature dependence of the resonance frequency and 
linewidth in the temperature regime between 0.4 and 
4.2 K. We excite an EMP at radio frequencies by us- 

                                                       
                

ing a coupling technique that avoids strong pertur- 
bation of the EMP mode. We attach the center con- 
ductor of an open ended coaxial cable, fed by the RF 
source and oriented normal to the sample plane, to 
one edge of an GaAs/AlGaAs sample typically 3 X 3 
mm2 large. We use a second coaxial cable attached 
to the opposing edge of the sample to detect the EMP 
mode in transmission. With a strong magnetic field 
applied perpendicularly to the sample plane, we ob- 
serve strong transmitted signals on resonance, pro- 
vided the damping of the EMP is sufficiently small. 
Classically, one would expect that well defined EMP 
resonances should become observable at frequencies 
1x7 -=sz 1 whenever ~&~/o~~~= @3z+ 1 [ 3,6 1. In this re- 
gime the resonance frequency we of the Iowest mode 
is expected to be proportional to a,,/P, where P is 
the sample perimeter. Experimentally, at magnetic 
fields with .&I >> 1 we only observe EMP resonances 
whenever the Landau level tilling factor hn,/eR is 
close to an integer v so that the conductivity o;, ap- 
proaches a minimum. 

Typical transmitted signals for the lowest EMP 
mode for a sample of carrier density n,=2.6X 10” 
cm-* at different magnetic fields corresponding to 
integer filling factors Y= 1, 2 and 4, respectively, are 
shown in fig. 1 at our lowest temperature. We have 
studied similarly well defined EMP resonances in 
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Fig. 1. Transmitted RF signal at different magnetic fields show- 
ing the lowest EMP resonance for a sample with carrier density 
n,=2.6X 10” cm-* at a temperature of TzO.42 K. The inset 
shows the dependence of the resonance frequency on the integer 

tilling factor Y. 

many samples and at temperatures up to 4.2 IL In 
fig. 2 we present the dependence of the resonance 
frequency c&27r and the linewidth (full width at half 
heights) on the magnetic field (fig. 2a) and tem- 
perature (fig. 2b) for the lowest EMP mode around 
tilling factor v=2. The observed linewidth exhibits 
a minimum around v=2 (fig. 2a) and this mini- 
mum value increases about linearly with increasing 
temperature (fig. 2b). Around a given tilling factor 
the dependence of the resonance frequency on mag- 
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Fig. 2. Dependence of the resonance frequency (left scale) and 
linewidth (right scale) of the lowest EMP mode around filling 

factor v= 2 on the magnetic tield (a) and temperature (b ) 

netic field B deviates from the l/B-behavior ex- 
pected classically and seems to approach a plateau, 
as shown in fig. 2a around ~=2. The value of o. is 
found to vary to good accuracy linearly with integer 
Y and thus with cr.,.. as demonstrated in the inset of 
fig. 1. As visible in fig. 2b for ZJ= 2 the resonance fre- 
quency at integer v decreases with increasing tem- 
perature. Generally we find that increased damping 
results in a decreasing w. in agreement with ref. [ 5 1. 
Though suggested by the appearance of a plateau-like 
structure around a given v and by the linear depen- 
dence on Y we thus conclude that the resonance fre- 
quency o. is not exclusively controlled by the quan- 
tized Hall conductivity a,,= &/h. In many 
c~culations wO/crXY is expected to depend logarithm- 
ically on the magnetic field [ 5,8]. For the quantized 
Hall regime ref. [ 81 also predicts that u. is a power 
law of temperature. Neither of the two predictions 
can be verified by our experimental results. 

Similarly we cannot use present theories to satis- 
factorily describe the observed linewidth and its de- 
pendence on the magnetic field and temperature. 
Using a classical crXX= co/( l+y’B*) andp= 5x 10’ 
cm2/V-s one predicts a linewidth of about 1.5 MHz 
for the data in fig. 2 significantly smaller than ob- 
served. Also, studying various samples with different 
mobilitiesfiu 5 x lo5 cm2/V-s we do not find a sim- 
ple correlation between EMP linewidth and DC mo- 
bility. For the quantized Hall effect regime Volkov 
and Mikhailov (8 ] predict a damping independent 
on temperature at variance with our observations. 
Also in an attempt to use their theory to describe 
some of our results it remains unclear which physical 
meaning is attached to the length I that appears both 
in their expressions for the resonance frequency and 
the linewidth of the lowest EMP mode. 

On a particular sample we also have observed ad- 
ditional EMP modes with frequencies above 0,. As 
in previous work [ 51 we relate these modes to higher 
harmonics in which the EMP wavelength is a frac- 
tion of the sample perimeter. However in contrast to 
ref. [ 5 ] we do not find those modes to follow a sim- 
ple harmonic law o= nw, (n = 1,2,3,... ). The details 
of these results will be discussed elsewhere. 

In conclusion we have extensively studied EMP 
resonance frequencies and linewidths on large pe- 
rimeter (_ 10 mm) GaAs/AlGaAs heterojunctions 
in the magnetic and temperature regime of the quan- 



42                                                                           

tized Hall effect using a simple direct excitation and References 
detection scheme. Comparison of our experimental 
results with various theoretical models demonstrates [ I] D.B. Mast, A.J. Dahm and A.L. Fetter, Phys. Rev. Lett. 54 
that a detailed understanding of the EMP frequency 
is still missing. Even less clear are the mechanisms 
that control the damping of such EMP resonances in 
the quantized Hall effect regime. Particularly it re- 
mains to be understood why the extended plateaus 
observed in our samples in measurements of the DC 
Hall resistivity pXY are not reflected equally well in 
the EMP resonance frequency. 
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