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Observation of the screening signature in the lateral photovoltage of electrons
in the quantum Hall regime
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The lateral photovoltage generated in the plane of a two-dimensional electron $28&9 by a focused
light spot, exhibits a fine-structure in the quantum oscillations in a magnetic field near the quantum Hall
conductivity minima. A double peak structure occurs near the minima of the longitudinal conductivity oscil-
lations. This is the characteristic signature of the interplay between screening and Landau quantization.
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One of the most intriguing aspects of a two-dimensionalcompetition with density of states effects. Therefore the
electron systent2DES in high magnetic fields is the distri- present observation is attributed to the manifestation of
bution of electrons over compressible and incompressiblecreening effects in the lateral photovoltage, in conjunction
states. The distinguishing property is the ability to screerwith the transport of the excess charge.
external electric fields or charges. Screening requires a redis- Data are reported from two different
tribution of charge and is therefore only possible in com-GaAs—A} ;{Ga, g/As wafers: wafer 1 had an intermediate
pressible states. Of particular interest is the spatial distribu2DES mobility u~50 nf/Vs and a 2DES densitp~5
tion of these states over the sample area and their variatior 10> m~2; wafer 2 had a very high 2DES mobility
with magnetic field. These phenomena are also at the basis e300 nf/Vs and a 2DES densitp~1x 10> m~2. Two
the quantum Hall effectéQHE),* where the interior of the independent setups were used in which a small laser spot was
sample is incompressible and the boundary consists of agcanned across the samptee Fig. 13)]. One employed a
alternating structure of compressible and incompressible reeryogenic scanning device with a spotsize of aboutf.*
gions in a self-consistent manrfelhese edge states have An optical cryostat with a room temperature scanning system
played a crucial role in theories of the QHE. and a spotsize of about 2am is used in the other orfé.

Over the years, many experiments have been performetihe pumped liquid helium temperatures in both setups are
to investigate properties related to the compressibility, botit~1.1 K andT~1.4 K, respectively. The photon energy
by using sample-averaging probes as well as by using spgx =630 nm) is above the band gap of GaAs, so that
tially resolved scanning techniques. One of the oldest methelectron-hole pairs are generated in the bulk of the GaAs. A
ods is the capacitance technidlethich measures directly very thin (17 nm for wafer 1 and therefore nearly transpar-
the compressibility through the screening. Related is a techant GaAs cap layer is not expected to influence the experi-
nique that measures in an inductive manner the current inments. The internal band bending near the GaAs—AlGaAs
duced by the penetrating electric field from a backgder-  interface leads to separation of the electrons and Héligs
ticularly interesting is the use of a scanning single electroni(b)]. The electrons accumulate at the heterojunction in the
transistorSET) in the transparency moddn addition, scan-  2DES whereas the holes escape into the bulk of the GaAs.
ning probe methods exist that detect the electric potential§he lateral voltage between Ohmic contacts to the 2DES is
resulting from charging of the compressible regions throughmeasured. The power incident at the sample is in the order of
an external source, including electro-opticapacitancé,
atomic force microscopyand SET techniquest® s Fohoto™S

The most direct and elementary investigation of screening;
would be to see how the system responds to a local charg€ movable
injection. Such an experiment is closely realized in the 8 lightspot
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present work, where charge is injected by means of the in- o 0 2 WEETS ©

ternal photoelectric effect by a focused light spot, while the w N\ e Jaitr ~ Jaitr S~
resulting lateral photovoltage in the plane of the 2DES is g" g é §

measured. Previously, this experiment was used to probe th fhoto F— (a) (b) i @@

edge channel structure under quantum H&QH) . GaAd % 5> 6

conditions**~**In the present work, the unexpected finding
is reported that the photovoltage has a strongly oscillatory FiG. 1. (a) Lay-out of sample with contacts and light spbtis
variation with magnetic field in a narrow field range centeredaiways 4 mm,W is either 2 or 0.5 mm(b) Schematic of hetero-
around a QH conductivity minimum. The oscillatory behav-junction and sketch of internal generation, diffusion, and recombi-
ior is analogous to that known from a variety of other ex-nation currents. Note that none of the dimensions is on scale. The
periments and is the characteristic signature of screening icap layer is omitted.
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1041 a) V=g low conductivity, there is field in the 2DES, but the current is
— small. A second example is found in the attenuation of sur-
face acoustic waves by the 2DEGThe double-peak struc-
ture is also present in the acoustoelectric eftéethich is a
SAW-induced DC voltage resulting from nonlinear interac-
tion effects.

The previous two examples involve a time scale for
0.24 I_EI (\1/0/ charge relaxation, whereas the present experiments are es-
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b) sentially DC. A double peak for time-independent transport
0.1 was obtained in the theoretical result for the drag transresis-
tance of two closely spaced 2DES%The transresistance is
the ratio of the voltage induced in one layer to the current
generated in the other. Most remarkable in this theoretical
result is that at the temperature for the present experiments
(1.5 K), a double peak structure is obtained which is almost
entirely confined to the field range where the density of
states is in a minimum. This corresponds closely to the ex-
periments of Fig. 2. A report of the observation of the pre-
dicted double peak in drag exigtsput more recent work
showed it to have an entirely different, spin-related orfgin.
The spin splitting is clearly visible in the conductivity trace
of Fig. 2@ (dips near 3.5 and 5)T From the LISHO, par-
ticularly at position 2 and 3, it is clear that the spin splitting
at 3.5 and 5 T is very different from the screening-induced
0 1 2 3 4 5 6 splitting. The structure in the photovoltage neax6 is
B (T) therefore certainly not related to spin splitting. In addition,
the structure for wafer 2 in Fig.() occurs at thev=1 spin
FIG. 2. (a) Wafer 1,W=2 mm, o,(B). (b) The photovoltage  minimum. In contrast to the early drag experimefit&’ the
as a function of magnetic field for three laserspot posititsese problems of distinguishing spin splitting from screening-
inset with sample Note the sign change that occurs between trackinduced splitting do not exist for the interpretation of the
1land 2. Thgse data were taken in a session with insufficient magnf)rhotovoltage data.
current avaTnlgblehto re;eu:h/=4 atf 635 T. f(c) Wafer fz‘,lziNf For higher occupation factoftow B), the dip at the,
I; gé?s;;?ﬁearethpe :tggg :)af%ﬁeaza?nglgcuon of magnetic field for ar.ninir'num is not resolved. TheT asyrnmgtric, reverse—savvtooth-
: like line shape of the oscillations in Fig(l® is to be noted.
It shows that the signal is not related in a straightforward
1 wW. The light is modulated at a frequency near 70 Hz toway t0 1bryy, ™" 0yx,'? pxx OF pyy. The magnetic field
enable the use of lock-in detection techniques. All experidependence at lo resembles the variation of the carrier
ments were done in the open circuit configuratitvoltage  density in the upper-most occupied Landau level. It is known
mode”), but lateral currents will still flow in the region theoretically® that the screening properties of a 2DES are
where recombination processes octlfys andJecomin Fig.  determined by this upper-most Landau level in a complicated
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1(b)].1° and nonlinear way. The LISHO-line shape at |@vcould
The lateral photovoltage exhibits quantum oscillationstherefore reflect properties of the screening.
with magnetic field, that were first investigated by HBo Figure 3 shows how the photovoltage varies with the po-

etal. and termed LISHO (light-induced—Shubnikov—de sition of the spot on the sample for different magnetic fields.
Haas—oscillations'® The striking new feature reported here The signal becomes large close to the edge, but, as follows
is a double peak structure of the LISHO that occurs neafrom Figs. Zb) and Zc), near the edge the oscillating part is
sufficiently small, integer occupation factarsin Fig. 2b) it fairly small compared to the total signal. In the interior of the
is shown forv=6 for several positions of the laserspot on asample, away from the edges, the signal magnitude is small,
sample from wafer 1, along with the longitudinal conductiv- but it varies strongly with magnetic field between zero and
ity track o,(B) in Fig. 2(a). Figure Zc) displays the same finite values. This behavior was most severe for wafgFig.
feature atv=1 for a sample from the very different wafer 2. 2(c)], where it was actually not possible to obtain a signal in
A double peak near a QH-minimum results from a non-the bulk. The main phenomenon of the present work, the
monotonic dependence of a quantity @p,. It is a general double peak, is observed for spot positions far from the
result from a competition between screening and localizatioedges. The signaradually increases when approaching the
effects and is known from many greatly varying experi- sample edges from the sample side, and jumps quite abruptly
ments. The clearest example probably is the capacitance cote near zero when the sample edge is crossed. This can be
figuration, where the double peak occurs in the dissipatiorseen even for the extreme case with the narrowest line as
factor® For large conductivity, the dissipation is low be- shown in Fig. 8a). Both observations prove that the oscilla-
cause the field from the coupling capacitor is screened. Atory phenomena presently reported are not an exclusive edge
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FIG. 3. Data from wafer 1(a) Photovoltage linescans across B (T)
sample(see inset for occupation factorsy=4.2 (6.05 T) and v
=4.0 (6.35 ), respectively.(b) Compilation of linewidths(full- FIG. 4. Photovoltage oscillations, same sample as Figsahd
width-at-half-maximum, FWHN from data as in@) as a function () for four different laser powers varying approximately between
of magnetic field together withr,(B). 1 uWand 1 mw.

phenomenon, e.g., directly induced by the edge channelpgs. There is no direct need to invoke a role for the pho-
structure A fortiori, they show that we are not dealing with togenerated holes in the substrate. As far as transport prop-
spurious signals, generated by the laser spot when hitting therties are concerned, this should be expected as the con-
side of the mesa. The linewidths of line scans as in Fg. 3 straints to the motion in a strong magnetic field are most
(FWHM, averaged over the peaks at the two edlges plot-  severe for high-mobility carrierso,,—0 both classically
ted as a function oB in Fig. 3(b). The first observation is and quantum mechanicallyThe screening is a property of
that the lines are narrow away from the QH regions andhe 2DES only, irrespective of what is screened.
broad at and near them. Qualitatively, this is similar to the Previously, quantum oscillations were reported in the lat-
Hall potential profiles in current carrying Hall bars as founderal photovoltage for nonresonant far-infraf@dR) absorp-
from Atomic Force MicroscopéAFM) measurement€. The  tion by the 2DES® They were attributed to direct thermo-
profile was explained in terms of a decoupling of edge ancklectric effects due to the radiation-induced lattice heating.
bulk by an incompressible strip, causing the Hall potential toTo identify possible heating effects in the present experi-
drop mainly near the edges outside the QH regions. Thenents, data were taken as a function of power level. As seen
length scales in the present case are several orders of maigem Fig. 4 strong nonlinearities occur and at high power
nitude larger than in the AFM experiments for both samplelevel the oscillations clearly are of entirely different origin
and probe, so structure due(in)compressible strips will not than at low power. At the highest power levels, with photo-
be resolved. The variation with magnetic field of the line-voltages of similar magnitude as in Ref. 25, the double peak
widths in Fig. 3 demonstrates that the photovoltage is adstructure is completely washed out, the asymmetries disap-
versely affected by the macroscopic screening ability of thepear, and the photovoltage oscillations closely follow ghe
2DES. oscillations. The signal could well correspond to the longitu-
A second, very surprising result of Fig(8 is the asym-  dinal thermopower componeig,,, which has a shape re-
metric variation of the linewidth when crossing a QH,  sembling p,,(B).?® In contrast, the low power oscillations
minimum. The linewidth variation wittB [Fig. 3(b)] re- have a shape not corresponding to either one of the ther-
sembles the inverse sawtooth-lisedependence of the pho- mopower components. In particular, b@&, andS,, tend to
tovoltage at highv [Fig. 2(b)]. A similar variation was ob- zero near integer occupation, exactly opposite to the main
served around the=6 structure of Fig. &), though with  trend in the present low-power data.
less resolution. The linewidth is not simply a function of In conclusion, a new magneto-oscillatory phenomenon
oy, but depends also explicitly on the position of the Fermihas been observed in the lateral photoelectric effect, which is
level with respect to the center of the nearest Landau levek novel probe for the quantum magnetotransport properties
Again, this linewidth variation could reflect the particulari- of a 2DES. The most pertinent effect is the double peak
ties of the screening. The AFM dafalso showed asymme- structure near a quantum Hall conductivity minimum, as a
try with respect to the QH mimima, however in a reverseresult of competition effects between screening and conduc-
manner as in Fig. ®). tivity. With this method, it will be possible to study screening
The magnetic field dependence of the data shown in Figproperties in a spatially resolved manner under varying con-
2 and 3 shows that the photovoltage is dominated by thelitions such as externally controlled screening by a parallel
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