
Abstract—A W-band corrugated horn incorporating a 
broadband vacuum window for use in a gyro-device as a quasi-
optical launcher has been designed, manufactured and 
experimentally measured. This horn, including a 3 disk vacuum 
window, converts a cylindrical TE11 mode into the free space 
TEM00 mode over the frequency band of 90–100 GHz with a 
reflection better than -30 dB and a coupling efficiency of ~99.4% 

I. CORRUGATED LAUNCHER AND WINDOW 
W-band gyrotron traveling wave amplifier (gyro-TWA) 
and gyrotron backward wave oscillator (gyro-BWO) [1] 
based on a cusp electron beam source [2-4] and a 

helically corrugated interaction region (HCIR) [5] have been 
developed to provide a continuously tunable source with a 
continuous wave (CW) power output of ~5 kW and ~10 kW 
respectively. The gyro-TWA was simulated to have a 3 dB 
frequency bandwidth of 90–100 GHz while the gyro-BWO 
demonstrated a tuning range of 88-102.5 GHz and has 
achieved an output power of 12 kW [6]. The fundamental 
operating mode in the gyro-TWA and BWO is an elliptically 
polarized TE11 mode. To provide a radiation source that is 
suitable for applications an output system must be 
implemented to convert the TE11 to a quasi-optical mode, 
which is preferable for coupling with external applications. 
One method of achieving this is by means of a corrugated 
mode converting horn [7]. This transforms the  fundamental 
TE11 mode within the gyro-TWA to a hybrid mode that is 
generally accepted to consist of 85% TE11 and 15% TM11 (by 
power) and is closely coupled to the fundamental free space 
Gaussian mode (TEM00) [8]. This Gaussian radiation beam is 
then free to pass through the vacuum window [9] unperturbed 
by the outer structure of the window with a very low 
reflection. Using this type of corrugated mode converting horn 
in favor of more conventional beam-wave decoupling methods 
can be advantageous due to the increase in performance that it 
makes possible. This method gives both a greater bandwidth 
and the capability to provide a source that is continuously 
tunable over this bandwidth. In designing the launcher system, 
including the window, the primary consideration was the 
reduction of the reflection. This is a critical parameter for the 
stable operation of the gyro-TWA, due to the possibility of 
stimulating unwanted oscillations by backward travelling 
waves. It was found that the optimal reflection was best 
achieved using a sin2 profile [10] for the horn and by 
constructing a multi-layer vacuum window, which can 
effectively transmit the radiation over a large bandwidth. This 
initial profile, as well as the window structure, were optimized 
using a mode matching method and numerically validated by 
comparing the aperture fields with the fundamental Gaussian 
mode.  

II. EXPERIMENTAL RESULTS 
This horn was constructed by the electroforming of copper 

onto an aluminum substrate and the completed millimeter 
wave component was tested on a W-band Anritsu 3738A 
VNA. The reflection from the horn was determined by one 
port measurement where microwaves were radiated into free 
space. Far-field measurements of the horn showed that the -30 
dB edge was within a half angle of 14.5 degrees and the 
pattern showed more than 99% of the output power was within 
29 degrees. The simulated results demonstrated that the horn 
is coupled to the fundamental Gaussian with an efficiency of 
~99.4% and measured results show a reflection of better than -
30 dB. 

III. SUMMARY 
A high performance mode converting horn and window 

combination has been developed to produce a Gaussian output 
with a reflection over the 90-100 GHz bandwidth of better 
than -30 dB. This second generation horn includes an output 
window, which allows for better integration with the gyro-
system and has a coupling between the HE11 mode and the 
free space Gaussian mode of 99.4 % with the window. 

Support for this work by the Science and Technology 
Facilities Council, UK is gratefully acknowledged. The 
authors thank the EPSRC, UK for providing the PhD 
studentship for P. McElhinney. 

  
REFERENCES 

[1]  W. He, C. R. Donaldson, F. Li, L. Zhang, A. W. Cross, A. D. R. Phelps, 
K. Ronald, C. W. Robertson, C. G. Whyte, and A. R. Young, “W-band gyro-
devices using helically corrugated waveguide and cusp gun: Design, 
simulation and experiment,” TST, 4, pp. 9–19, 2011. 
[2] W. He, C.G. Whyte, E.G. Rafferty, A.W. Cross, A.D.R. Phelps, K. 
Ronald, A.R. Young, C.W. Robertson, D.C. Speirs, and D.H. Rowlands, 
"Axis-encircling electron beam generation using a smooth magnetic cusp for 
gyrodevices," Appl. Phys. Lett. 93, 121501, 2008  
[3]  C.R. Donaldson, W. He, A.W. Cross, A.D.R. Phelps, F. Li, K. Ronald, 
C.W. Robertson, C.G Whyte, A.R. Young, Liang Zhang, “Design and 
numerical optimization of a cusp-based electron beam for millimetre-wave 
gyro-devices,” IEEE Trans. Plasma Sci., 37, pp. 2153-2157, 2009. 
[4] C. R. Donaldson, W. He, A.W. Cross, F. Li, A. D. R. Phelps, L. Zhang, K. 
Ronald, C. W. Robertson, C. G. Whyte, A. R. Young, “A cusp electron gun 
for millimeter wave gyro-devices”, Appl. Phys. Lett., 96, 141501, 2010. 
[5]  L. Zhang, W. He, K. Ronald, A. D. R. Phelps, C. G. Whyte, C. W. 
Robertson, A. R. Young, C. R. Donaldson, and A. W. Cross, “Multi-mode 
coupling wave theory for helically corrugated waveguide,” IEEE Trans. 
Microw. Theory Tech., 60, pp. 1–7, 2012 
[6] W. He, C. R. Donaldson, L. Zhang, K. Ronald, P. McElhinney, A. W. 
Cross, "High power wideband gyrotron backward wave oscillator operating 
towards the terahertz region," Phys. Rev. Lett. 110, 165101, 2013. 
[7] J.E. McKay, D.A. Robertson, P.A.S. Cruickshank, R.I.. Hunter, D.R. 
Bolton, R.J.  Wylde, G.M. Smith, IEEE Trans. on Antennas and Propagation., 
61, pp. 1714-1721, 2013. 
[8] P. McElhinney, C.R. Donaldson, L. Zhang, and W. He, "A high directivity 
broadband corrugated horn for W-band gyro-devices," IEEE Trans. Antennas 
Propag. 61, pp. 1453-1456, 2013.  
[9] C.R. Donaldson, W. He, L. Zhang, and A.W. Cross, "A W-band multi-
layer microwave window for pulsed operation of gyro-devices," IEEE 
Microw. Wireless Compon. Lett., 23, pp. 237-239, 2013. 
[10] P. J. B. Clarricoats and A. D. Olver, Corrugated Horns for Microwave 
Antennas. Peregrinus, London, UK, 1984 

Paul McElhinney, Craig R. Donaldson, Liang Zhang, Adrian W. Cross, Huabi Yin and Wenlong He 
Department of Physics, SUPA, University of Strathclyde, Glasgow, Scotland, UK, G4 0NG 

A W-Band Corrugated Output Horn and Window for Gyro-devices  

A



<<
  /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


