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Abstract—An ultra-fast terahertz Schottky diode detector with
a response time less than 20 ps is presented in the paper. The
detector allowed us to measure not only the duration of the light
pulses in the Novosibirsk terahertz free electron laser (NovoFEL)
but also the time structure of these pulses in unstable regimes.
This is important for determining the NovoFEL impulse power
and for studying and suppressing its different instabilities.

I. INTRODUCTION

T HE time resolution of light pulses in free electron lasers
is very important. This is needed, first of all, for
determining the real impulse FEL power. Frequently used
calculation of the power by the radiation spectral width is not
strongly correct, because this parameter determines only the
coherence time in a linear spectral device. In the case of
unstable FEL generation this time can be a small part of a full
light pulse. Second, in many cases the light pulse structure
reflects the type of instability as a result of which this structure
appeared. For example, modulation instability causes the
sub-structure of the light pulse with the period equal to the
so-called slippage length.

Though submicron Schottky diodes operate up to
far-infrared frequencies, their signal response time is much
larger and depends on the outer parasitic circuit parameters. For
this reason in paper [1] we were going to perform the
experiments by an interferometric method with a sufficiently
slow nonlinear Schottky diode detector [2].

II. RESULTS

Our recent experiments have shown that a specially
manufactured Schottky diode detector can have a very shot
response time. The detector must be constructed according to
the rules of the 50 ohm technique. In particular, the antenna
system of the ultra-fast detector is very simple and primitive
(Fig.1). A decrease in the detector sensitivity was not so
important in our case because the NovoFEL has a very high
pulse power. A measured value of volt/watt sensitivity was
30-50 mV/W in the linear regime at a wavelength of 150 um. A
bias of 0.1-1 mA was needed for the detector.

We performed our experiments using a Tektronix 50 GHz
sampling oscilloscope. In this case a good pulse to pulse
stability is needed. The integral pulse stability was controlled
by another slow Schottky diode detector. In many cases this
was sufficient because the shape of the light pulse registered by
the ultra-fast Schottky detector did not change (Fig.2). In the
case of modulation instability only a slightly resolved
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Fig.2.

1. The ultra-fast Schottky diode detector connected to a sampling
Tektronix oscilloscope.
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NovoFEL light pulses in stabilized (upper oscillogram) and routine
regime without special stabilization (lower oscillogram).



sub-structure of light pulses was observed due to jitter of
sub-pulses from pulse to pulse [3]. Some applications of the
ultra-fast detector are presented in [4].

In the near future we are going to observe the light pulse
structure more clearly with the help of a direct 30 GHz
oscilloscope. In this experiment we plan to measure also the
real response time of the ultra-fast Schottky diode detector.
Now this parameter is defined as a value less than 20 ps.

REFERENCES

[11 E.IL Kolobanov, V. V. Kotenkov, V. V. Kubarev, G. N. Kulipanov, E.V.
Makashov, A. N. Matveenko, L. E. Medvedev, A. D. Oreshkov, V. K.
Ovchar, K. S. Palagin , V. M. Popik, T. V. Salikova, S .S. Serednyakov,
0. A. Shevchenko, M. A. Scheglov, N. A. Vinokurov “ Highly sensitive
fast Schottky-diode detectors in experiments on Novosibirsk free electron
laser”, Proc. Joint 30" International Conference on Infrared and
Millimeter Waves & 13" International Conference on Terahertz
Electronics, 19-23 September 2005, Williamsburg, USA, p. 154-155.

[2] V.V.Kubarev, G.M. Kazakevich, Y.U. Jeong, B.J. Lee “Quasi-optical
highly sensitive Schottky-barrier detector for a wide-band FIR FEL”,
Nuclear Inst. and Meth.A 507 (2003) 523-526.

[3] V.V.Kubarev, E.I. Kolobanov, G.N. Kulipanov, A.N. Matveenko, L.E.
Medvedev, T.V. Salikova, M.A. Scheglov, S.S. Serednyakov, N.A.
Vinokurov “Modulation instability at the Novosibirsk terahertz free
electron laser: study and suppression”, in the Digest.

[4] R.R. Akberdin, E. N. Chesnokov, M.A. Dem’yanenko, D.G. Esaev, T.N.
Goryachevskaya, A.E. Klimov, B.A. Knyazev, E. I. Kolobanov, A.S.
Kozlov, V.V Kubarev, G. N. Kulipanov, S.A. Kuznetsov, A. N.
Matveenko, L. E. Medvedev, E.V. Naumova, A.V. Okotrub, V. K.
Ovchar, , K.S. Palagin, N.S. Paschin, S.G. Peltek, A. K. Petrov, V.Ya.
Prinz, V.M. Popik, T.V. Salikova, S.S. Serednyakov, A.N. Skrinsky, O.A.
Shevchenko, M.A. Scheglov, N.A. Vinokurov, M.G. Vlasenko, V.V.
Yakovlev, N.S. Zaigraeva “High Power THz Applications on the
NovoFEL”, in the Digest.




<<
  /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
  /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 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

  /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


