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Experimental data on the diagonal resistivity p,, of GaAs/AlGaAs heterostructures in a magnetic field at the

filling factor v = 1/2 have been compared with the existing theoretical predictions [B. I. Halperin et al., Phys.
Rev. B 47, 7312 (1993) and F. Evers et al., Phys. Rev. B 60, 8951 (1999)]. The experimental results have been

found to follow the relation p,,(1/2) < n~2d"1"%4, which disagrees with the predictions.
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The expression for the diagonal resistivity p,, of
two-dimensional systems in a magnetic field at the fill-
ing factor v = nh/eB = 1/2 was obtained in [1] based on
the composite fermion theory. The composite fermions
are scattered by a random magnetic field induced by
ionized impurities. The impurity concentration #; in the
ideal selectively-doped two-dimensional sample is
equal to the electron density n and, at v =1/2,

1 h

P (1/2) ~kp_de_2. (1)

Here, kx = ~/41n is the wavenumber of the composite
fermions at the Fermi level and d is the spacer thick-
ness. A more general and detailed analysis of p,(1/2)
carried out in [2] yields the same but more accurate
result for the n; = n case:

1 h

L(172) = 1.0——. 2

pu112) = 107 @)

In this work, Eq. (2) is compared with the published

experimental data [3-16] on p,(1/2) of single
GaAs/AlGaAs heterojunctions with one doped layer.

We used the p,(1/2) data for the gateless samples
with the mobility 1 > 40 m?V s, the electron density
6x 10" < n <5 x 10" m=, and the spacer thickness
20 £ d <240 nm. Some samples [3-8] were irradiated
by light, the others [9-16] were not. The data for only
two samples were not used. The fractional quantum
Hall effect in these samples was substantially weaker
than that in the other samples with the close parameters.
For the sample used in [16] whose resistance depended
on its prehistory, we used the data for the minimum-dis-
order case.
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The experimental data are compared with Eq. (2) in
Fig. 1 where we plotted the experimental and theoreti-
cal dependences of p,,(1/2)kg on d (let us remind that

kg = A/4mn). The experimental points exhibit a large
spread not very far from the theoretical line. We tried to
plot the experimental data in the form p,(1/2)n’(d)
with different integer and half-integer p values and to fit
them by linear functions in the log—log scale. The best
fit was obtained for p = 2 and the exponent of d equal to
—1.64 (see Fig. 2). This corresponds to the expression

pu(1/2) = and "™, 3)
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Fig. 1. p,(1/2)kg versus the spacer thickness d. The circles

are the experimental data, and the straight line corresponds
to Eq. (2).
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Fig. 2. pm(1/2)n2 versus the spacer thickness d. The trian-
gles are the experimental data, and the solid line is the linear
fit of the data in the log—log scale. The (dashed line) d-13
and (dotted line) d32 dependences are also shown for com-

parison.
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Fig. 3. Electron density » in non-irradiated samples versus
the spaces thickness d.

where o0 = 1.6 X 107 m=3%, The straight lines corre-
sponding to d~'> and d2 are also shown in Fig. 2. They
display somewhat poorer agreement with the experi-
mental data. The coefficient o is independent of the
magnetic field. At a given filling factor v =nh/eB = 1/2,
the magnetic field is unambiguously related to the elec-

tron density n. The length corresponding to o is [ =
o236 =52 % 1078 m.

Figure 2 indicates that the large spread in the data
points in Fig. 1 does not result from the presence of ran-
dom impurities or defects in the samples. The regular
arrangement of the points in Fig. 2 calls for a new
explanation of the electron transport in the magnetic
field with v = 1/2.

Note that on average for non-irradiated samples,
n decreases with an increase in d (see Fig. 3), but the
relative spread of the data points in Fig. 3 is much larger
than that in Fig. 2.

This work was supported by the Russian Foundation
for Basic Research and INTAS.

REFERENCES

. B. 1. Halperin, P. A. Lee, and N. Read, Phys. Rev. B 47,
7312 (1993).

2. F. Evers, A. D. Mirlin, D. G. Polyakov, and P. Wolfle,
Phys. Rev. B 60, 8951 (1999).

3. J. R. Mallett, R. G. Clark, R. J. Nicholas, et al., Phys.
Rev. B 38, 2200 (1988), Fig. 1.

4. D.R. Leadley, R.J. Nicholas, C. T. Foxon, and J. J. Har-
ris, Phys. Rev. Lett. 72, 1906 (1994), Fig. 1.

5. S. Holmes, D. K. Maude, M. L. Williams, et al., Semi-
cond. Sci. Technol. 9, 1549 (1994), Fig.1.

6. L. P. Rokhinson, B. Su, and V. J. Goldman, Phys. Rev. B
52, 11588 (1995), Fig. 3, sample A, at the maximum of
the curve.

7. P.T. Coleridge, Z. W. Wasilewski, P. P. Zawadzki, et al.,
Phys. Rev. B 51, 11603 (1995), Fig. 1.

8. D. R. Leadley, M. van der Burgt, R. J. Nicholas, et al.,
Phys. Rev. B 53, 2057 (1996), Figs. 1a, 1b, 2.

9. D. C. Tsui, H. L. Stormer, J. C. M. Hwang, et al., Phys.
Rev. B 28, 2274 (1983), Fig. 1.

10. E. E. Mendez, M. Heiblum, L. L. Chang, and L. Esaki,
Phys. Rev. B 28, 4886 (1983), Fig. la.

11. R. J. Haug, K. von Klitzing, and R. J. Nicholas, Phys.
Rev. B 36, 4528 (1987), Fig. 4.

12. R. G. Clark, J. R. Mallett, A. Usher, et al., Surf. Sci. 196,
219 (1988), Fig. 1c.

13. R. G. Clark, J. R. Mallett, S. R. Haynes, et al., Phys. Rev.
Lett. 60, 1747 (1988). Fig. 1a.

14. A.J. Turberfield, S. R. Haynes, P. A. Wright, et al., Phys.
Rev. Lett. 65, 637 (1990), Fig. 3b.

15. S. Koch, R. J. Haug, K. von Klitzing, and K. Ploog,
Physica B 184, 72 (1993), Fig. 1.

16. I. V. Kukushkin, R. J. Haug, K. von Klitzing, and

K. Eberl, Phys. Rev. B 52, 18045 (1995), Fig. 2.

—_—

Translated by A. Safonov

JETP LETTERS  Vol. 88 No. 11~ 2008




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


