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Abstract

An X-band RF dry load made of magnetic stainless
steel, SS430, was designed to work at a low surface
electric field. The optimization process of the lossy
section was performed using an S-matrix formalism and
the maximum surface electric field is below 55MV/m at
an input power of 100MW. A new elliptical polarizer was
proposed making a smooth transition from the linearly
polarized point at the input of the load to the circularly
polarized point at the entrance to the lossy region. This
design suppresses the local enhancement of the
electromagnetic field, resulting in a very broad bandwidth
of 1 GHz below —20dB.

Based on this design, a test load was fabricated. It was
clarified that the surface resistance of the magnetic
stainless steel SS430 was decreased by a factor of ~1.2
due to the high temperature brazing process. This load
has been high-power tested at XTF of KEK at SOMW.

1 INTRODUCTION

RF dry loads are preferred because no worry about the
water leakage into vacuum side. At the X-band high
power use, many of the existing dry loads took smooth
taper design. This case a finite length is needed for
matching performance.

A stainless-steel high power X-band RF load was
proposed at SLAC in 1995 [1] which utilized resonant
mode in a self-matched lossy load cells. This design
opened the potential to make loads compact. Many loads
of this design have been in operation for months at SLAC
at the linear collider test facility [2,3]. KEK imported
some loads and also fabricated one. These loads were
used in high power at up to several tens of MW and with
a pulse width ranging from 100ns to 1.6 microsec. In this
usage, we sometimes encountered breakdowns in the load
[4]. The similar breakdown behaviour was observed at
SLAC at the upstream part of the lossy region [5].

Since the electric field of the original SLAC design at
the upstream is larger than those of downstream, we
suspect that the high electric field there is the cause of the
breakdowns. The edge of the groove is fairly sharp and
this is also one of the causes. In the present paper, we
improved the design by reducing the surface electric field
not only the lossy material region stated above but also
the transformer part upstream of the lossy region.
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2 DESIGN

2.1 Schematic shape of the present load

A schematic shape of the present load is shown in Fig.
1. It is composed of the upstream mode converter
followed by a series of lossy load cells. The mode
converter changes firstly the TE;; mode in the rectangular
wave guide to the TE;; mode in the circular wave guide.
Then it converts the linearly polarized TE;; mode to the
circularly polarized TE;; mode when passing through an
elliptical cross section with the axis 45 degrees rotated
with respect to the original linear polarization axis. The
lossy section is made of magnetic stainless steel, SS430,
which has a large surface resistance at 11.4GHz, 19 times
higher than copper [6]. Each cells are self-matched block
with a pair of chokes, in which RF loss is enhanced in a
resonant-like excitation of TM-like mode.

Fig. 1

Schematic of the load.

2.2 Lossy cell shape

The basic structure of each lossy load cell is shown in
Fig. 2. The circular pipe diameter is fixed at 1 inch the
same as the original SLAC
design. The cell is composed of
a pair of chokes. The junction
from the pipe into the groove is '
rounded by r2mm to reduce the B = i

surface electric field. The length ‘ |
-

of the cell is fixed at 40mm,
Fig. 2 Load cell shape.

though further optimisation of
surface field is estimated when
considering the reflected wave
phase tuning as described later.

Number of cells was fixed at eleven, taking the same
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number as the original SLAC design. Fig. 3 shows the
transmission properties of the cells. In order to make the
load wideband, the frequency tunings of the cells are
distributed.

S (48]
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Fig.3 Transmission performances of each cell.

2.3 Optimization of cell parameters

In the present design, we tried to reduce the surface
electric field rather than making the heat dissipation
uniform along the lossy section. To this end, an
optimisation process was performed as described below.
Firstly, we define a geometry factor of each cell,

ki = P i /P, N>
where i is the cell number, P;— power dissipated in the i-
th cell and N the number of cells in the load. Then, we
can simply write a set of equations
where 4; is the transmission through cell 7 and £, is the

N
1 I_I‘4i kj

i=j
+ J —__ 8

b

N
A=A T4] 7+ —| =
i=1 H Ai v sum
i=j
sum of all k. Secondly the linear functional form is
assumed for k; and calculate 4;. Then, calculate the actual
field of each cell by using a 3D electromagnetic field
solver HFSS and follow a multi-parametric optimization
algorithm [7] to obtain a parameter set which gives the
required A4; while keeping the matched condition. Then,
we modify the k; trying to make the electric field uniform.
The iteration is repeated until the resultant electric field
becomes uniform to proceed.
The optimized result is shown in Figs. 4 and 5.
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Fig. 4 The characteristics of the optimized load. The top
curve is one pass insertion loss of lossy cells, the lower

smooth line the reflection from the polarizer and the last
line the reflection from the whole load assembly.
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Fig. 5 Electric field along the lossy section of the present
load in green bars. For comparison, the values of the
SLAC load are also plotted in red bars.

2.4  Change of magnetic property at high temperature

Because of the possible change of the crystal
characteristic structure of the magnetic stainless steel
SS430 at a high temperature, the surface resistance may
decrease during the high-temperature brazing processes
during assembly. Fig. 6 shows the one-pass attenuation
studied with a test sample equivalent to the cell #1. Four
curves are those measured as of machined, after first
copper brazing at 1100C, after gold brazing at 1040C and
after second processing at 1100C. As shown in the figure,
it was found that the first heat treatment mainly
determines the decrease of resistance. The change is not
very big but we designed the load based on this final
characteristics.
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Fig. 6 Material change due to a series of high-
temperature processes.

2.4 Polarizer

As shown in Fig. 1, a smooth geometrical transition is
formed from the rectangular cross section to the circular
one by connecting both periphery shapes with straight
lines. The linearly polarized TE;; mode to the circularly
polarized TE;; mode is performed with inserting an
elliptical shape in between with 45 degrees rotated. Due
to its smoothness, the matching frequency dependence is
wider as shown in Fig. 7.
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Fig. 7 Comparison of two types of TE;; mode circular
polarizer, pin-type (SLAC) and smooth elliptical type
(present one).

3 FABRICATION

An RF load of the present design has been fabricated at
KEK. The process of load fabrication consists of three
steps as listed below. The lossy load cells are processed
in a high-temperature treatment at least three times.

Polarizer part
1. Polariser parts are made of oxygen-free copper. The

inside shaping is made by wire electric discharge
machine. These parts are cleaned by chemical
polishing.
2. These parts are brazed with gold-copper alloy at a
temperature at 1040C.
Lossy stainless steel part
3. The lossy magnetic stainless-steel parts are made by
turning lathe. The surfaces were cleaned by chemical
polishing.
4. These parts are brazed to form a stack of lossy cells.
This brazing is done with copper metal at 1100C.
5. Water cooling jackets are brazed on lossy cells.
Final assembly
6. All sub-assembled parts are brazed at around 1040C.
7. Vacuum pumping port flange is TiG-welded.

Fig. 8 Parts for the present load. Left: elliptical polarizer
and right: lossy load cell.

The final matching performance of the load is shown
in Fig. 9. A smooth line is for polarizer itself, while the
other two lines are those for the whole load, one by
calculation and one by experimental values. The
matching at 11.4GHz is better than 40dB and and the

bandwidth below —20dB is 1GHz.
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Fig. 9 Final matching performance of the present load.

4 DISCUSSION

The degradation of the lossy property of magnetic
stainless steel was clearly observed and it is not too large
so that we can use the material. A design of —40dB
matching with 1GHz bandwidth below —-20dB was
established. The load has been fabricated and recently
tested in high power. It was processed easily beyond
S0MW with a pulse width of 400ns [4], proving that it is
a good candidate for X-band RF high-power load.

REFERENCES

[11 S. G. Tantawi and A. E. Vlieks, “Compact X-band
High Power Load Using Magnetic Stainless Steel”,
Proc. 1995 Particle Accelerator Conf., p. 2132.

[2] W.R. Fowkes, E.N. Jongewaard, R.J. Loewen, S.G.
Tantawi and A.E. Vlieks, “An All-Metal High Power
Circularly Polarized X-Band RF Load”, Proc. 1997
Particle Accelerator Conf., Vancouver, Canada, 1997.

[3] D. Schultz, C. Adolphsen, D. Burke at al., “Status of a
Linac RF Unit Demonstration for the NLC/GLC X-
band Linear Collider”, Proc. 9-th European Particle
Accelerator Conference, EPAC’04, Lucerne, 5-9
July, 2004.

[4] K. Watanabe et al., “X-band High Power Component
Study for High Gradient RF Linac”, 20P080, in this
conference.

[5] M. Ross, Private communication.

[6] H. Sakai et al., “Measurement of the surface
resistance of iron, stainless steel and Kanthal at
3~16GHz range”, JLC-NOTE No.40, 1993, in
Japanese.

[71 RHOOKE, T.A.JEEVS, “Direct search solution of
numerical and statistical problems”, Journ. Ass.
Comput. Mech., 8, 1961.

-319-




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




