
Abstract—Broadband windows are critical components in 
gyro-TWAs and pose a great challenge to manufacture. They are 
required to have very low reflection whilst coupling in microwave 
power. Presented in this paper is the design, simulation and 
measurement of a wide-band (90 to 100 GHz) multilayer 
microwave window using the HE11 mode as the input microwave 
mode. The simulated performance shows a better than -30 dB 
reflection over a 10% bandwidth of 90-100 GHz. The measured 
window is in very good agreement with simulations. 

I. INTRODUCTION 
he gyro-devices [1-3] are high power coherent microwave 
sources that excel at high frequencies (up to terahertz 

range). Gyro-amplifiers based on the helically corrugated 
waveguide are able to achieve high power amplification over a 
large broadband range. They operate in a vacuum, usually 
ultra-high vacuum (UHV), to facilitate the transport of the 
electron beam. The microwave window acts to separate the high 
vacuum inside the device from the atmospheric pressure 
outside, whilst coupling in, or out, the microwave power.  
There are many different types of microwave window such as 
the single-disc [4], multi-disc [5,6], pillbox and Brewster [7]. 
The single-disc window shows excellent microwave 
transmission at a singular frequency point but the bandwidth is 
very limited. The other three window choices can have 
broadband performance. The Brewster window operates with a 
plane-wave input but this application has a circularly polarized 
microwave. This paper considers the design, simulation and 
measurement of a multi-disc window. 
Broadband microwave windows, in the form of a multilayer 
design are studied for application in a W-band gyro-TWA. This 
type of window uses different layers of dielectric material in 
order to provide a wider pass band than that of a single layer 
window. This type of window has previously been shown to 
have excellent broadband performance [5]. 
The microwave window studied in this paper is for application 
in a W-band gyro-TWA based on a helically corrugated 
waveguide [8,9] and cusp electron gun [10,11]. This device is 
driven by a 40 kV, 1.5 A annular axis-encircling electron beam. 
A gyro-TWA is currently being investigated at the University of 
Strathclyde. It is designed to operate between 90 and 100 GHz 
with an output power of 5 kW. A corrugated horn will convert 
the output of the interaction region, the TE11 mode, to the hybrid 
HE11 mode [12]. 
 

II. SIMULATION 
The multilayer window is simulated using the mode-matching 

method. This is able to perform quick and accurate calculations 
of the microwave properties of a signal traveling through the 
window. The geometry of such a window is a central dielectric 

disc with a matching dielectric disc at each side separated by a 
vacuum gap. The schematic of the window setup is shown in 
Fig. 1.  

 
Fig. 1. Schematic of the multilayer window. 
 
 
In this study the central disc is 99.7% pure Alumina (Al2O3) 

which has a relative dielectric constant of 9.75. There are many 
options for the matching dielectric disc material. In 
gyro-devices a thermionic cathode is the common choice for the 
electron beam source. Therefore, in this case, a material 
compatible with thermionic cathodes and which also gives the 
highest bandwidth performance was chosen. The matching discs 
used that meet these requirements are Quartz discs which have a 
relative dielectric constant 3.75. The purpose of the discs is to 
create additional resonant passbands on the higher and lower 
frequency side of the passband generated by the central disc. 
The comparison between the single-disc and multi-disc 
reflection properties can be seen in Fig. 2. 

 

 
Fig. 2, Simulated reflection of a single-disc and multi-disc microwave 

window. 
 
 

III. CONSTRUCTION AND MEASUREMENT 
Optimization’s of the dielectric discs thickness’s and also 
vacuum gap spacing’s show that a reflection of better than -30 
dB is achievable over the 10% bandwidth. 
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The microwave window will have to be fitted onto the 
gyro-TWA assembly and also seal the vacuum of the beamtube. 
Therefore, the window was made compatible with a conflat 
flange so that it can be connected to the matching conflat flange 
of the gyro-TWA. The 3D drawing of the window can be seen in 
Fig. 3. The measurement of the wave reflection from the 
window is performed using a Vector Network Analyser (VNA) 
and is recorded. 

 

 
(a) 

 
(b) 

Fig. 3. Technical drawing of the multilayer window and Conflat flange 
showing (a) the assembled window and (b) the exploded view of the window 
assembly. 
 
 
 

IV. SUMMARY 
This paper presents the design, simulation and measurement of 
a multilayer window for application in a wide-band gyro-TWA. 
The window was designed and simulated using the 
mode-matching method. The simulation of the window shows a 
better than -30 dB reflection over 90-100 GHz. The window 
was measured using a vector network analyzer and the 
measurement is in good agreement with the simulated result. 

 

V. ACKNOWLEDGEMENTS 
The authors would like to thank EPSRC UK for supporting this 
work (research grant EP/K029746/1). 

 

 

 

 

REFERENCES 
 
[1] 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. 
[2] V.L. Bratman, A.W. Cross, G.G. Denisov, W. He, A.D.R. Phelps, K. 
Ronald, S.V. Samsonov, C.G. Whyte, and A.R. Young, “High-gain wide-band 
gyrotron traveling wave amplifier with a helically corrugated waveguide,” 
Phys, Rev. Lett., 84, pp. 2746-2749, 2000. 
[3] G.G. Denisov, V.L. Bratman, A.W. Cross, W. He, A.D.R. Phelps, K. 
Ronald. S.V. Samsonov, and C.G. Whyte, “Gyrotron traveling wave amplifier 
with a helical interaction waveguide,” Phys. Rev. Lett., 81, pp. 5680-5683, 
1998. 
[4] M.K. Alaria, Y. Choyal, A.K. Sinha, “Design of single disc RF window for 
high power gyrotron,” IEEE Trans. Plasma Sci., 40, pp. 3052-3055, 2012. 
[5] C.R. Donaldson, W. He, L. Zhang, and A.W. Cross, “A W-band multilayer 
microwave window for pulsed operation of gyro-devices,” IEEE Microw. 
Wireless Compon. Lett., 23, pp. 237-239, 2013. 
[6] C.G. Whyte, K. Ronald, A.R. Young, W. He, C.W. Robertson, D.H. 
Rowland, and A.W. Cross, “Wideband gyro-amplifiers,” IEEE Trans. Plasma 
Sci., 40, pp. 1303-1320, 2012. 
[7] X. Yang, G. Dammertz, R. Heidinger, K. Koppenburg, F. Leuterer, A. 
Meier, B. Piosczyk, D. Wagner, M. Thumm, “Design of an ultra-broadband 
single-disk output window for a frequency step-tunable 1 MW gyrotron,” 
Fusion Eng. Design, 74, pp. 489-493, 2005. 
[8] 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. Micro. Theory Techn, 
60, pp. 1-7, 2012. 
[9] L. Zhang, S.V. Mishakin, W. He, S.V. Samsonoc, M. McStravick, G.G. 
Denisov, A.W. Cross, V.L. Bratman, C.G. Whyte, C.W. Robertson, A.R. 
Young, K. Ronald, and A.D.R. Phelps, “Experimental study of microwave 
pulse compression using a five-fold helically corrugated waveguide,” IEEE 
Trans. Micro. Theory Techn., 63, pp. 1090-1095, 2015 
[10] 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, L. Zhang, “Design and numerical 
optimization of a cusp-based electron beam for millimeter-wave gyro-devices,” 
IEEE Trans. Plasma Sci., 37, pp. 2153-2157, 2009. 
[11] 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. 
[12] P. McElhinney, C.R. Donaldson, L. Zhang, and W. He, “A high directivity 
broadband corrugated horn for W-band gyro-devices,” IEEE Antennas Propag. 
61, pp. 1453-1456, 2013. 
 
 
 



<<
  /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


