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Characteristic features of the Giant Magnetoresistance Oscillations (GMO)
and nearly Zero-Resistance States (ZRS)

1. The GMO positions approximately follow condition @ = »n @, = n eH/m*c

2. The GMO maximums (minima and ZRS) lyeat @ <n @, (®>n w,)
3. Magnetoresistance in GMO is independent of filling factor of Landau levels.

4. GMO has triangle like form with rather steep drop in the vicinity of @ = n @,
Other characteristic features of the 2DES photoresnonse.

1.Hall resistance is practically independent of the microwave radiation.
2.At high microwave frequencies (large H) and moderate power, amplitude of SdH

oscillations are only slightly affected by the microwaves at @ < @,
andat o=~ 1.5 ..

3.At low microwave frequencies and high power,

(i) subharmonic @ = @,/2 appears
(ii) the magnetoresistance at @ < @, is strongly suppressed.
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Formulas of the self-consistent Born approximation
in the absence of Landau level mixing

o= S el (5]
-GS @ [ (D - (5] e

D(e) is the density of states,

€ = hwe(n +1/2) is the energy of the n-th spin-degenerate
Landau level with the width I, and the total number of states
on the level Ny = 2¢eH/he.

Short-range scatterers

[ =T= (zﬁwcg)lfzm\/j{_
()2 = (1 +1/2)I2
(D) = (n+1/2)I*

Long-range scatterers

N=4<(V{E)-<V()>)?>

(TF)? =12 < (VV(r))® >
l = (he/eH)V? is the magnetic length

(T = 4(n+1/2) 2 < (VV(r))? >2
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Basic equations to determine nonequilibrium distribution function
(all transitions except ones accompanying one photon (hw) absorption or emission are neglected)
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Here X = u’:‘nduced/ Wspm‘azeneous

/_c:, (f(€) = fole)) D(€)de = 0

In the absence of relaxation processes

i (f(e + nhw) — fo(e + nhw)) D(e + nhw) =0

n=-—00



. , . : .
(a) long-range I',=0.075ho  hw=0.064 ¢,
3
o | scatterers =4 5x10(w/w,)
1000
g
>
x
o ol
500
0
0,0 0,5 1,0 1.5

(b) short-range T /ho =0. 335*(03/03 )”2

=  scalierers e 00328 fob, = T




RELATION BETWEEN TYPE OF I-V CHARACTERIC
IN A HOMOGENEOUS STATE,
DOMAIN STRUCTURE
AND I-V CHARACTERISTIC IN INHOMOGENEOUS STATE
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Dynamical symmetry breaking as the origin of the zero-dc-resistance state in an
ac-driven system.

A.V. Andreev,’'? LL. Aleiner,® and A.J. Millis®

! Physics Department, University of Colorado, Boulder, CO 80309
2Bell Labs, Lucent Technologies, Room 1D-267, Murray Hill, NJ 07974
3 Physics Department, Columbia University, New York, NY 10027
(Dated: February 4, 2003)

Under a strong ac drive the zero-frequency linear response dissipative resistivity ps(j = 0) of a
homogenecous state is allowed to become negative. We show that such a state is absolutely unstable.
The only time-independent state of a system with a py(j = 0) < 0 is characterized by a current
which almost everywhere has a magnitude jo fixed by the condition that the nonlinear dissipative
resistivity pa(j2) = 0. As a result, the dissipative component of the de electric field vanishes. The
total current may be varied by rearranging the current pattern appropriately with the dissipative
component of the de-electric field remaining zero. This result, together with the calculation of Durst
et. al., indicating the existence of regimes of applied ac microwave field and dc magnetic field where
pa(j = 0) < 0, explains the zero-resistance state observed by Zudov et. al. and Mani et. al..
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FIG. 1: Conjectured dependence of the dissipative component

of the local electric field E: on the current density jr. The
inset shows the current dependence of the dissipative resistiv-

ity.

Writing j(r,t) = j; + 04 (r,t), linearizing in 4§, and
taking the divergency of both sides of Eq. (8), we find

8V63 - g Yy -1 -y .
S 1 (V (Pd + ,OH) VU) v-éi, (9)

with pg = pn [_0] (1)] the usual Hall resistivity tensor,

Pa = pdl +j3; ® 3, (10)

and
dnal32)

value jo defined in Eq. (4) is unstable with respect to
inhomogeneous current fluctuations.

(#7) The only possible time independent state is one in
which the current j has magnitude jp everywhere except
at isolated singular points (vortex cores) or lines (domain
walls), implying vanishing dissipative electric field, j -
E=0.

An immediate consequence of (i) is that by adjusting
the details of the current pattern, any net de current less
than a threshold value (which we discuss below) can be
sustained at vanishing electric field, so that any micro-
scopic mechanism of non-equilibrium drive resulting in
pa(3* = 0) < 0 leads to the observed [1, £] zero dissipa-
tive differential resistance:

Ve _, (5)
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FIG. 2: The simplest passible pattern of the current distribu-
tion - domain wall. The net current, I, is accommodated by
a shift of the position of the domain wall by the distance d,
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EXISTING PROBLEMS
(The questions which I do not like)

1. The role of other relaxation processes.

2. Cyclotron against magnetoplasmon resonance.

3. Domain structure for different geometries.
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FIG. 3. Sheet conductance of array as a function of frequency.
Magnetic field normal to the surface is a parameter,

resonance splits in two. As the magnetic field is raised, one
mode approaches the cyclotron resonance, and the low-
frequency mode tends toward zero but at an ever decreasing
rate (Fig. 4). :

To model the response of this system, we consider the
disc of 2D electrons to be an oblate spheroid with small
thickness, . The internal field, £, is related to the exter-
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nal field, E°, oriented in the plane of the disc, by
E-w=E°—LP . (1)

L is the depolarization factor for the thin oblate spheroid®
and P the internal polarization:

—T (10 )E™ . )
daeiw
Here o, is an effective 3D conductivity, e the dielectric con-
stant in which the disc is imbedded, and a is the disc radius.

In the limit as t — 0, 1o, approaches the 2D surface con-
ductivity, o,, with appropriate units of mho/square
(Imho=10"!). Further, we note that in the system
shown in Fig. 2, the fringing fields that contribute to the
depolarization field in the 2D limit are divided between free
space and GaAs and we replace ¢ in (2) by (eo+e1y/2
where €y and €, are dielectric constants of free space and
GaAs, respectively.

Then we have

LP ==

E2 3
l14+7o,/2a(ep+e))iw

E ™ =
and the average sheet conductivity
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o=f

where f is the fraction of the area covered by discs.
Assu.fiing a classical Drude relaxation of the conductivity
of the 2D electron gas
2
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we obtain the o
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Rel(o) = f

n, e, 7, and m are the 2D electron density, charge, scatter-
ing time, and mass, respectively.
wp is the resonance frequency for the disc given by
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W= ————————
am®2(ey+¢€;)

In deriving (6) we have ignored interaction between discs.

Using the electron density for the starting material
ny=5.5%10"/cm? gives wo/2m =690 GHz whereas the res-
onance occurs at 575 GHz. The scattering rate in the start-
ing material is 1/2mr~ 16 GHz compared with a rate de-
duced from the linewidth in Fig. 3 at H =0 of 50 GHz.

To account for the discrepancy in measured wp we must
reduce the electron density of the disc by approximately
30%. We substantiate this interpretation by measuring the
effective density in the surface from the integrated strength
of the H =0 line.

- 2 2
J; ne{a)dm-[:—“zll-'zl”;;-] : (8)

The factor wa?/b? is the filling factor, f, shown in (6).
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