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1. Introduction 

In recent years, strongly coupled Si double quantum dot 

(DQD) structures are attracting much attention as a building 

unit for quantum information processing. A coherent two 

level system formed in DQDs has been studied for realizing 

qubits for the quantum computer [1]. It is vital to control the 

coupling between DQDs for tuning the two level systems. In 

this paper we examine controlling the electrostatic coupling in 

Si DQD structures by using multiple in-plane gates.

2. Fabrication of Si DQD Structures 

Si DQD structures connected to the electrodes were 

fabricated on the heavily-doped silicon on insulator (SOI) of 

about 40 nm and the buried oxide of 200 nm in thickness. 

First a 40-nm-thick SOI film, whose thickness was reduced 

via thermal oxidation at 1100  for 75 min, was doped 

heavily by ion implantation (n-type, phosphorous, doping 

concentration ~1 1020cm-3). DQD structures were then 

patterned using high-resolution electron beam lithography 

with the ZEP520A positive resist. Electron cyclotron 

resonance reactive ion etching was used to transfer the resist 

pattern onto the SOI layer, and CF4 was used as etching gas. 

Thermal oxidation was then done for 30 min or 40 min at 

1000  to passivate the surface states and to reduce the dot 

size. Finally, Ohmic contacts were formed by evaporating 

about 300-nm-thick Al. Figures 1(a) and (b) show SEM 

images of the device structures, Type A and Type B with 

different gate structures. 

3. Control of Electrostatic Coupling in Si DQD Structures

All measurements were performed at 4.2 K. At first we 

characterized the Type A device which was oxidized for 30 

min at 1000  after lithography. The source-drain current 

(Ids) as a function of voltage applied to Gate 3, where 

source-drain voltage (Vds) is 2.5 mV, is shown in Figure 2. 

We observed Coulomb oscillations, which have two different 

oscillation periods. The long period is about 1.5 V which 

corresponds to gate capacitance of about 0.1 aF. Figure 3 

shows the stability diagram, as a function of voltage for Gate 

1 and Gate 3, where Vds is -5 mV. The long period oscillation 

has random peaks, and the charge triple point is not seen 

clearly. The origin of the long period oscillation may be 

multiple islands formed naturally by the potential of random 

impurities or defects. On the other hand, the short oscillation 

period is about 100 mV, which corresponds to gate 

capacitance of about 1.6 aF. As shown in Figure 4, we 

observed the charge stability diagram. The short period 

reflects strong coupling between the gate and the charging 

island, and the size of the associated charging island should 

be relatively large, which should be defined by the entire 

DQD geometry. However the current peak lines are almost in 

parallel each other. This fact indicates that a single quantum 

dot is responsible for the current oscillation because the 

coupling between DQDs is so strong. 

Next we characterized the Type B devices. We oxidized the 

device for 40 min after lithography to decrease coupling 

between DQDs. Figure 5(a) shows the DQD stability diagram 

as a function of voltage for Gate 2 and Gate 3 where Vds is 0.2 

mV. We observed the DQD characteristics successfully by 

optimizing the DQD dimensions and oxidation conditions. 

We then tuned the voltage for Gate 1 for controlling the 

electrostatic coupling. We applied the voltage for Gate 1 of 

(b) -100 mV and (c) -200 mV. As shown circle on the Figure 

5, the boundary of the hexagonal regions (indicated by an 

open circle) gradually disappears, and the triple points 

become relatively clear with increasing negative voltage for 

Gate 1. This is attributable to the electrostatic potential barrier 

induced by Gate 1, and the electrostatic coupling between 

DQDs became weaker. 

4. Summary 

We fabricated two types of Si DQD structures and 

characterized them. DQD property was observed by using 

optimized structure and oxidation condition. Electrostatic 

coupling between DQDs was found controllable with the side 

gate. 
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Figure 1: SEM images of two types of Si double quantum dots 

structure.

Figure 2: Source-drain current Ids with Gate 3 voltage Vg3 of device 

type A at 4.2 K. Source-drain bias Vds is 2.5 mV. 

Figure 3: Stability diagram with Gate 1 and Gate 3 of device type A 

at 4.2 K. Source-drain bias Vds is -5 mV. 

Figure 4: Stability diagram with Gate 1 and Gate 3 of device type A 

at 4.2 K. Source drain bias Vds is 1 mV. Figure 5: Stability diagram with Gate 2 and Gate 3 of device type B 

at 4.2 K. Source drain bias Vds is 0.2mV. Gate 1 voltages are (a):0 

mV, (b):-100 mV, (c):-200 mV. 

Source 

Source 

Drain 

Drain 

Gate1

Gate1Gate3
Gate2

Gate2
Gate3

(a)type A (b)type B 

Ids (nA)

Ids (pA)

(a) Gate 1: 0 mV 

(b) Gate 1: -100 mV 

(c) Gate 1: -200 mV 

Ids (pA)

Ids (pA)

Ids(pA)

-599-



<<
  /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
  /SyntheticBoldness 1.00
  /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 (None)
  /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.)
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




