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1. Introduction 

Transport of electrons through a narrow constriction is 
an elementary process underlying various phenomena in 
mesoscopic systems, most outstanding of which is the 
quantization of conductance in a quantum point contact 
(QPC) [1, 2] or a one-dimensional (1D) quantum wire. 
With present semiconductor technology, it is possible to 
fabricate such structures with high structural integrity, pro-
viding opportunities to explore novel physics [3, 4] pro-
foundly distinct from what are found in macroscopic sys-
tems or systems of higher dimensions. In addition, QPCs 
are building blocks for more sophisticated mesoscopic de-
vices [5], and as such their importance in connection with 
applications for quantum-information devices is becoming 
increasingly evident. In-situ and precise tuning of the prop-
erties of QPCs, therefore, is vital for both fundamental 
physics and device application. 

Quantum point contacts are usually defined by fabri-
cating a pair of split gates on top of a modulation-doped 
heterostructure and applying a negative voltage to them in 
order to squeeze the conduction channel underneath [1, 2]. 
Important structural parameters are the width (W) and 
length (L) of the split-gate gap and the depth of the 
two-dimensional electron gas (2DEG) from the surface and 
its initial density, which corroborate to determine the 
transport characteristics of the QPC [6]. The split-gate 
voltage, which is the only parameter tunable in-situ, modi-
fies the confinement (and hence the energy separation be-
tween 1D subbands) and the electron density simultane-
ously, where the number of occupied subbands (and hence 
the conductance) is determined as a result of the interplay 
between the two. 

Thus far, various approaches have been taken to add 
further control over the characteristics of QPCs by using a 
back gate [7, 8, 9] or an additional front gate separated 
from the split gate by etched trenches [10] or an insulator 
[11, 12, 13], and their usefulness in tuning the electron den-
sity has been demonstrated. In this paper, we examine a 
QPC device that incorporates both back gate and a center 
gate between the split gates to more independently control 
the confinement potential and the electron density. As a 
positive bias is applied to the center gate while applying a 
negative bias to the back gate to keep the same split-gate 
voltage at pinch-off, conductance plateaus are observed to 
widen, demonstrating increased confinement. 
 

2. Experiment 
The QPC device was fabricated from an AlGaAs/GaAs 

heterostructure grown by molecular beam epitaxy on an 
n-type GaAs (100) substrate that functions as a back gate. 
The heterostructure comprises a 30-nm wide GaAs quan-
tum well modulation doped with Si at a 90-nm setback in 
the upper AlGaAs barrier. The quantum well is located at 
260 nm from the surface, and is separated from a heavily 
Si-doped (1018 cm-3) GaAs buffer layer by a 1.2-µm thick 
AlAs/GaAs short-period (2 nm/2 nm) superlattice barrier 
that prevents leakage to the back gate [14, 15]. As grown, 
the structure has a sheet electron density of 1.5 x 1011 cm-2 
and a mobility of 3 x 106 cm2/Vs at T = 1.5 K. 

The wafer was processed into a square-shaped mesa 
(120 µm x 120 µm) with four arms on the corners, to which 
ohmic contacts are formed by sintering AuGeNi (80:10:10 
wt.) at 390°C for 1 min in H2 [15]. Standard techniques of 
electron beam lithography and lift-off of an evaporated 
12-nm thick Ti/Au define the fine gates. All measurements 
were carried out at T = 1.5 K in a pumped 4He cryostat us-
ing a lock-in technique with an excitation voltage of 20 µV 
and a frequency of 77 Hz. To avoid effects of series resis-
tance, which varies with the gate voltages, a four-terminal 
configuration was employed to measure the voltage across 
the QPC as well as the current. 

Typical results for a device with W = 0.6 µm and L = 
0.4 µm are presented in Fig. 1, where we plot the measured 
conductance (G) as a function of split-gate voltage (Vsg) for 
different center-gate voltages (Vcg) ranging from –0.5 to 0.9 
V. The back-gate voltage (Vbg) was kept at zero. The thick 
line corresponds to Vcg = 0 V. It is seen that for Vcg = 0 V 
only a small number of conductance plateaus are visible, 
which are not well developed at this temperature. As Vcg is 
made progressively positive, the plateaus widen, and an 
increasing number of plateaus become visible. For the 
highest Vcg of 0.9 V, as many as 14 conductance steps are 
clearly observed. On the other hand, when Vcg is made 
negative, the features become obscured until no structure 
(except the ‘0.7 anomaly’ [3, 8, 9, 11]) is discernible by Vcg 
= –0.5 V. These results are consistent with previous reports 
[7-13], and can be understood in terms of larger subband 
energy separation due to more negative Vsg required for 
more positive Vcg. 
    Now we demonstrate in Fig. 2 the combined operation 
of the center gate and the back gate for the same device. 
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Fig. 1 Conductance (G) measured at T = 1.5 K as a function of 
split gate voltage (Vsg) for different center gate voltages (Vcg) from 
–0.5 to 0.9 V. The sample has W = 0.6 µm and L = 0.4 µm. The 
thick solid line corresponds to Vcg = 0 V. The inset shows a sche-
matic drawing of the device structure and a scanning electron 
microscopic image of the fine gate structure. 
 
Here, Vcg and Vbg are chosen to keep the same pinch-off 
voltage at Vsg = –1.76 V. The bottom trace was obtained for 
the condition of Vcg = Vbg = 0 V, resulting in similar struc-
ture as in Fig. 1. (The small drift in the pinch-off voltage is 
due to different cool downs.) As Vcg is increased from 0 to 
0.6V while decreasing Vbg from 0 to –1.5V, the plateaus 
become wider and clearer, and a larger number of steps 
become visible, even for the same Vsg. This indicates that 
even though the electron density is decreased by negative 
Vbg, the confinement between two split gates are still con-
trolled independently with center gate. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Different combinations of center-gate and back-gate biases 
for the same pinch-off voltage at –1.76 V. The bottom trace was 
obtained for Vcg = Vbg = 0 V. From bottom to top, Vcg increases 
from 0 to 0.6V while Vbg decreases from 0 to –1.5V. 
 

We observed, however, that these conductance plateaus 
were smeared out when the temperature was raised to 4.2 K. 
Further optimization of the device structure, including the 
width of the gap, the depth of the 2DEG, and its density, is 
necessary for operation at high temperatures [6]. 
 
3. Conclusions 
   We have fabricated a QPC device incorporating both 
back gate and a center gate. In-situ and independent control 
of the electron density and the confinement in the QPC has 
been demonstrated using the center gate in conjunction 
with the back gate. 
 
Acknowledgements 
   The authors are grateful to G. Yusa and S. Miyashita for their 
advice and help in sample fabrication, and K. Takashina for 
proof-checking the manuscript. 
 
References 
[1]  B. J. van Wees, H. van Houten, C. W. J. Beenakker, J. G. 

Williamson, L. P. Kouwenhoven, D. van der Marel and C. T. 
Foxon, Phys. Rev. Lett. 60 (1988) 848. 

[2]  D. A. Waram, T. J. Thornton, R. Newbury, M. Pepper, H. 
Ahmed, J. E. F. Frost, D. G. Hasko, D. C. Peacock, D. A. 
Ritchie and G. A. C. Jones, J. Phys. C 21 (1988) L209. 

[3]  K. J. Thomas, J. T. Nicholls, M. Y. Simmons, M. Pepper, D. 
R. Mace and D. A. Ritchie, Phys. Rev. Lett. 77 (1996) 135. 

[4]  S. Tarucha, T. Honda and T. Saku, Solid State Commun. 94 
(1995) 413. 

[5]  J. M. Elzerman, R. Hanson, L. H. W. van Beveren, B. Wit-
kamp, L. M. K. Vandersypen and L. P. Kouwenhoven, Nature 
430 (2004) 431. 

[6] O. E. Raichev and P. Debray, J. Appl. Phys. 93 (2003) 5422. 
[7]  A. R. Hamilton, J. E. F. Frost, C. G.. Smith, M. J. Kelly, E. H. 

Linfield, C. J. B. Ford, D. A. Ritchie, G. A. C. Jones, M. 
Pepper, D. G. Hasko and H. Ahmed, Appl. Phys. Lett. 60 
(1992) 2782. 

[8]  S. Nuttinck, K. Hashimoto, S. Miyashita, T. Saku, Y. Yama-
moto and Y. Hirayama, Jpn. J. Appl. Phys. 39 (2000) L655. 

[9]  K. Hashimoto, S. Miyashita, T. Saku and Y. Hirayama, Jpn. J. 
Appl. Phys. 40 (2001) 3000. 

[10] E. Kane, G. R. Facer, A. S. Dzurak, N. E. Lumpkin, R. G. 
Clark, L. N. Pfeiffer and K. W. West, Appl. Phys. Lett. 72 
(1998) 3506. 

[11] K. S. Pyshkin, C. J. B. Ford, R. H. Harrell, M. Pepper, E. H. 
Linfield and D. A. Ritchie, Phys. Rev. B 62 (2000) 15842. 

[12] O. A. Tkachenko, V. A. Tkachenko, D. G. Baksheyev, K. S. 
Pyshkin, R. H. Harrell, E. H. Linfield, D. A. Ritchie and C. J. 
B. Ford, J. Appl. Phys. 89 (2001) 4993. 

[13] D. Kähler, M. Knop, U. Kunze, D. Reuter and A. D. Wieck, 
Semidond. Sci. Technol. 20 (2005) 140. 

[14] Y. Hirayama, K. Muraki and T. Saku, Appl. Phys. Lett. 72 
(1998) 1745. 

[15] K. Muraki, N. Kumada, T. Saku and Y. Hirayama, Jpn. J. 
Appl. Phys. 39 (2000) 2444. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	typ_page1: -157-


