
Abstract—We considered the nonstationar charge transport 
through the nanoscaled heterostructrure, consisting of the 
muniband semiconductor superlattices (SL), divided by the 
layers of heavy doped semiconductor. We demonstrate that 
compared with the regular SL, such design provides 
simultaneously the significant increase of both the output power 
and the frequency of the produced current oscillation. 

I. INTRODUCTION  
he semiconductor superlattices, consisting of the 

alternating layers of the different types of semiconductor, 
were shown to exhibit the nonstationar charge transport, 
accompanied by the moving charge domains, producing the 
high frequency current oscillations [1]. 

 

 
 

Fig. 1. The schematic illustration of the semiconductor sandwich 
heterostructure. SLi - the areas of the miniband semiconductor, E and C 
correspond to emitter and collector, respectively, Hi - heavy doped layers. n 
defines the order of the structure. 

 
The dynamics of the charge domains could be controlled by 

means of the external magnetic fields and the resonant 
systems, and represented itself as the promising background 
for sub-THz generation [2]. 

From one hand, the frequency of the current oscillations, 
taken place in the autonomous SL is limited by the maximal 
drift velocity of miniband electrons and, therefore, the 
maximal frequency can be obtained in the relatively short 
sample. From the other hand, the short SL produces the very 
low-power generation [3] and in this case the stack of SLs is 
required. At the same time, use of stack is also problematic 
due to the occurrence of the low-frequency parasitic resonant 
circuits, which are caused by the wires and limited the 
generation frequency. 

In order to escape the limitations, described above, we 

propose the specific design of the semiconductor device, based 
on the miniband semiconductor superlattice, namely, the 
semiconductor sandwich heterostructure. The principal design 
of the device is shown schematically in Fig. 1. It consists of 
the identical superlattices (SLi), devided by the layers (~50 
nm) of the heavy-doped (~1023 m-1) semiconductor (Hi). Here 
n corresponds to the order of the structure and defines the 
number of isolated miniband regions. 

 
II. RESULTS 

The collective charge transport through the proposed 
heterostructure was analyzed numerically with the help of the 
hydrodynamic model [4], based on the semiclassical approach 
and Drude theory. 

In the framework of this model the spatio-temporal 
dynamics of the volume electron density n(x,t) and the electric 
potential φ(x,t) is described by self-consistent set of the current 
continuity equation and Poisson equation. 
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where e is the electron charge, ε0 and εr are absolute and 
relative permittivities, respectively. The set of the equations 
(1) is valid for both the miniband regions (SLi), contact 
regions (E, C) and the regions of the heavy doped 
semiconductor (Hi). For these region the values of the n-type 
doping density n0 are taken as n0=nD =3x1022 m-3 (for region of 
the miniband transport) n0 =1023 m-3 (for heavy doped layers 
and contacts). 
Within the drift approximation [5], the current density in the 
area of the miniband semiconductor is given by 
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where Δ=19.1 meV is the miniband width, τSL = 250 fs is the 
scattering time, d=8.3 nm - period of the superlattice, δ=0.12 - 
coefficient, reflecting the contribution of elastic and inelastic 
scattering.  
In the region of the Ohmic emitter (E), collector (C) and the 
heavy doped layers (Hi) the current density JC,E,H is defined, 
according to the Drude model, as [6] 
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where τC,E,H = 90 fs. In both cases  F = - t∂∂ /φ  is the value 

of electric field, distributed over the miniband and heavy-
doped regions of the structure. The Eqs. (1)-(3) are 
supplemented by the boundary condition 
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which defines the voltage, applied to the heterostructure. Here 
the intergration  is performed over all the system length L = 
n*LSL + LC + LE + (n-1)*LH. Here LSL and LH are the length of 
the miniband transport region and the heavy doped layer, 
respectively. LE and LC correspond to the length of the emitter 
and collector contacts. 

 

 
 

Fig. 2. The frequency-power characteristics of the regular SL (solid squares) 
and the sandwich structure, contained the heavy-doped layer in the middle 
(N=2) (solid triangles), obtained for the same range of the applied voltage.  

 
The results are shown in Fig 2. The solid squares 

correspond to the frequency-power characteristics of the 
regular SL, while the solid triangles illustrates the same 
feature of the sandwich structure, which contains two identical 
superlattices (n=2), divided by the heavy-doped layer. One can 
see that, compared with the regular SL, the considered 
sandwich structure of the same whole length provides 
simultaneously the significant (up to three times) increase of 
both the output power and the frequency of the produced 
current oscillations due to the synchronization of the domains, 
travelling in the superlattices. 

In order to explain the observed effect, in Fig 3. the current 
oscillations are shown with the spatio-temporal evolution of 
the charge (the trajectory of the travelling domain is shown by 
the dots). One can see that the domain in regular superlattice 
(Fig 2. d) spends more time to reach the collector area, 
compared to the domain, travelling through the miniband area 
of the sandwich heterostructure. This results in the decrease of 
the frequency of the induced current oscillations, which take 
place, when the domain comes to the collector.  

At the same time, the amplitude of the individual domain in 
the sandwich structure (Fig 2. b) becomes much lower, which, 
in the ordinary case, have to cause the decrease of the 
oscillation power. However, the domains, travelling in the 
different parts of the heterostucture, exhibit the synchronous 
dynamics due to the applied boundary condition (4). It makes 
the domains to reach the boundaries of the miniband regions 
simultaneously and contribute to the amplitude of the current 
impulse.  

 
 

 
Fig. 3. The current, flowing through the heterostructure and the spatio-
temporal dynamics of the volume electron density, corresponded to the 
sandwich heterostructure (n=2) (a, b) and the regular superlattice of the same 
length (c, d). 
 

This work is supported by RFBR (Grants 16-32-00272 and 
15-32-20299). 

REFERENCES 
[1]. M. Büttiker and H. Thomas, “Current Instability and Domain Propagation 
Due to Bragg Scattering” Phys. Rev. Lett, vol. 38, p. 78, January 1977 
[2] A.E. Hramov, V.V. Makarov, A.A. Koronovskii, S.A. Kurkin, M.B. 
Gaifullin, N.V. Alexeeva, K.N. Alekseev, M.T. Greenaway, T.M. Fromhold, 
A. Patanè, F.V. Kusmartsev, V.A. Maksimenko, O.I. Moskalenko, A.G. 
Balanov, “Subterahertz Chaos Generation by Coupling a Superlattice to a 
Linear Resonator” Phys. Rev. Lett, vol. 112, p. 116603, March 2014 
[3] P.G. Savvidis, B. Kolasa, G. Lee, and S.J. Allen, “Resonant Crossover of 
Terahertz Loss to the Gain of a Bloch Oscillating InAs/AlSb Superlattice” 
Phys. Rev. Lett., vol. 92, p. 196802, May 2004 
[4] J. C. Cao and X. L. Lei “Hydrodynamic balance-equation analysis of 
spatiotemporal domains and negative differential conductance in a voltage-
biased GaAs superlattice” Phys. Rev. B, vol. 59, p. 2199, January 1999 
[5] A.G. Balanov, M.T. Greenaway, A.A. Koronovskii , O.I. Moskalenko, 
A.O. Sel’skii, T.M. Fromhold, A.E. Khramov, “The effect of temperature on 
the nonlinear dynamics of charge in a semiconductor superlattice in the 
presence of a magnetic field” JETP, vol. 114, p. 836, June 2012. 
[6] P. Drude, “Zur Elektronentheorie der Metalle” Ann. Phys., vol. 306, p. 
566, 1900. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


