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Abstract—The article considers a possibility of constructing
microwave oscillators on a transistor structure with negative
conductivity based on two HEMT. Obtained non-linear equations
can be used to model microwave oscillator parameters and
characteristics with an error not more than 10%.
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I. INTRODUCTION

UHF (ultra high frequency) voltage-controlled oscillators
are widely used in radio engineering and electronics. Their
construction can be considerably simplified using impedance
properties of a transistor structure with negative conductivity.
In such case control voltage changes oscillation frequency in
limits (3,0..9,5)% at small non-linear distortions of harmonic
oscillations. HEMT utilization allows increasing oscillation
frequency in the voltage-controlled oscillator (VCO) and
considerable  decreasing the total harmonic distortion
(THD<0,297%). The wurgent problem of the oscillator
projecting is the transistor structure based on the HEMT I/'V
curve approximation problem.

II. OSCILLATOR ON THE TWO-ELECTRODE HEMT STRUCTURE

The UHF oscillator on the two-electrode HEMT structure
is shown on fig.1. The obtained equation of the two-electrode
HEMT structure I/V curve is expressed by (1). The equation
of the differential conductivity is expressed by (2). Their
diagrams are shown on fig. 2.
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Fig. 1. The electric circuit of the UHF oscillator on the two-electrode HEMT
structure
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where I is the source current at U, =0, U, =U,;
U,»U,, are the voltages on the gate-drain and source-drain

electrodes respectively; U, is the cutoff voltage [1].

The parameter of M is evaluated from the equation

U, /- . -
M =S —>, where S, =——— is the drain characteristics
I S50 sd
conductance of a FET at U, =U,, =0 [1].
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Fig.2. The approximated I/V curve (a) and differential conductivity
dependences (b) of the two-electrode HEMT structure

The generated current equation is
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Second harmonic is on a level of -53 dB, others are less.

The amplitude balance differential equation is
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The oscillator autoexcitation condition is
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The oscillator stationary vibration amplitude is
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Dependence of the oscillation amplitude U on time (at the
generation establishing stage)
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where U(0) is the oscillation initial amplitude,
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III. OSCILLATOR ON THE THREE-ELECTRODE HEMT STRUCTURE

U(t) (7

The electric circuit of the UHF oscillator on the three-
electrode HEMT structure is shown on fig. 3 [2].
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The electric circuit of the UHF oscillator on the HEMT structure

Fig. 3.

The experimental I/V curve of the three-electrode HEMT
structure is shown on fig. 4 [3].

Fig. 4. The I/V curve of the three-electrode HEMT structure of the UHF
oscillator at: 1) U1=0,2 V; 2) U1=0,25 V; 3) U1=0,3 V; 4) U1=0,35 V; 5)
U1=0,4 V; 6) U1=0.45 V

The equation of the three-electrode HEMT structure I/V

curve is expressed by (9). The equation of its negative
conductivity is expressed by (10)
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Fig. 5. Approximated static I/V curves of the three-electrode HEMT
structure at 1) U=0,2 V; 2) U1=0,3 V; 3) U1=0,4 V
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Fig. 6. Diagrams of the differential conductivity of the three-electrode
HEMT structure at 1) U1=0,2 V; 2) U1=0,3 V; 3) U1=0,4 V

The generated current equation is
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The oscillator stationary vibration amplitude is
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Dependence of the oscillation amplitude U on time (at the
generation establishing stage)

Uy, =U, (14)

U(t) = U(0)exp(yt)/ 1+ (U2 1 U2, Nexp 2yt -1), (15)

where U(0) is the oscillation initial amplitude,

PZ—IJ/T. (16)
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Fig. 7. Experimental dependences of the oscillation frequency change at 1)
U1=0,2 V; 2) U1=0,25 V; 3) UI=0,3 V; 4) U1=0,35 V; 5) UI=0,4 V; 6)
Ul=0,45V

IV. OPTIC-CONTROLLED OSCILLATOR ON THE HEMT
STRUCTURE

The diagram of the optic-controlled oscillator on the
HEMP structure is shown on fig. 8.
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Fig. 8. The electric circuit of the UHF optic-controlled oscillator on the
HEMT structure

In the UHF range the HEMT source current is a sum of
two components, they are 2D electron gas and AlGaAs
electrons. Each of them may be expressed as [4]

1, =qZng (U, U (X)v,(x), i=12, (17)
where Z is a gate width; ¢ is a electron charge module; v;

is a electron drift rate; U; is a model parameter. The drift rate
dependence on field strength allowing saturation effect is

_WE® ey p
v.(x)=11+E(x)/ E, (18)
Vigs E(x)z E;

where y; is a mobility in weak field; Ey; is a critical electric
field when the saturation takes place; Vy; is the saturation
electron rate at E,=FEp;.

The HEMT source currents in linear and saturation modes
are expressed (21) add (22) respectively
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Experimental diagrams of the oscillation frequency
sensitivity dependence on the radiating power change are
shown on fig. 9.
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Fig. 9. Diagram of the oscillation frequency change with the supply voltage
(a) and radiating power density (b)

The convertion function of radiating power density into
the oscillation frequency is obtained
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From figs. 9, 10 oscillation frequency relative optical
tuning is claimed to be 9,88% while electrical tuning is
claimed to be 3,7%.
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Fig. 10. Dependence of sensitivity of the UHF optic-controlled oscillator on
the HEMT structure on the radiating power density at different values ot the
supply voltage

REFERENCES

[11 Molotkov V.I., Potapov E.I. Issledovanie VAKh malomoshchnykh
polevykh tranzistorov i lyambda-diodov i raschet amplitud
avtogeneratora na lyambda-diode [Study of current-voltage
characteristics of low-power field-effect transistors and diodes lambda
and the calculation of the amplitudes of the oscillator on the lambda
diode]. Radioelektronika. — 1991. Vol. 34, No 11, pp. 108-110.

[2] Leon O. Chua, Juebang Yu, Youying Yu. Bipolar — JFET — MOSFET
Negative Resistance Devices// IEEE, Vol.Cas-32. Nel, January 1985. —
P. 46-61.

[3] Angelov 1., Rorsman N., Stenarson J. et al. An empirical table-based
FET model// IEEE Transactions on Microwave Theory and Technique. —
1999. Vol.47, Nel2. — P. 2350-2356.

[4] Zinkovskyi Iu.F., Koval A.V. Komp’iuterne skhemotekhnichne
modeliuvannia elementiv radioelektroniky. Ch. 2 [Computer simulation
of electronics circuit elements. Part. 2]. Kyiv. —2013. - 376 p.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 true
  /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 150
  /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 150
  /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 1200
  /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

  /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 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


