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Abstract

The dual-mode microwave structure is receiving in-
creasing attention and research. In the application of dual-
mode structures, it is necessary to solve the problem feed-
ing microwave power at different frequencies. One method
is to use complex waveguide components, such as first and
second harmonic photocathode bimodal gun, which con-
sists of the assembly of the directional coupler and the
mode launcher. The structure combines the S-band and C-
band power into a waveguide and feeds them into the dual-
mode electronic gun. Another method is to use ridge wave-
guide to achieve selectable transmission or blocking of
specific frequency. Currently, the ridge waveguide has
been applied to dual-mode deflecting structure. This paper
presents a X-band bandpass filter has been engineered to
achieve a power reflection level of less than -30 dB at
12 GHz and a power transmission level of less than -40 dB
at 24 GHz.

INTRODUCTION

In modern accelerator and radio frequency (RE) struc-
tures, dual-mode and dual-frequency operafionwhas at-
tracted considerable attention due to itsability to integrate
multiple functions and improve beam performance Exam-
ples include photoinjector operating with fundamental and
second harmonics [1], variable-polarization déflection re?
alized by a dual-mode transverse deflecting structure
(TDS) [2], and bunch lengthimanipulation based on a dod-
ble-RF systems[3]. All these schemes supcrimposerdiffer-
ent frequencies or modes)within,a single cavity to achieve
longitudinal bunch shaping, transverse deflection control,
and suppression of emittance and energy spread. Such de-
signs typically require/simultaneous handling of multiple
resonantimodes, placing high demands.on frequency isola-
tion, powericouplifig, and higher-order mode (HOM) sup-
pression.

To achieve frequency selection and directional power
transmission, various, waveguide structures have been in-
troduced. A directional,coupler, through its multi-branch
design, shown in Fig:'l, enables dual-frequency combining
and high-directivity transmission, ensuring that microwave
power is delivered along a prescribed direction while
providing bandpass/band-stop functionality. However, its
structure including multiple branches and matching sec-
tions is relatively complex, making fabrication and tuning
more difficult. In contrast, a ridge waveguide, shown in
Fig. 1, owing to its simple structure and controllable

* Work supported by the National Natural Science Foundation of China
(No. 12505171).
T huangxx@sari.ac.cn

bandwidth, can effectively realize transmission or band-
stop or bandpass filtering at specific fiéquencies. It has
been used, for example, as a bandpass filter.in a dual-mode
TDS to effectively isolate reverse“leakagenof high-fre-
quency signals. Furthermore, in.adual-mode (TMoi0/TMo20)
harmonic cavity, a ridge waveguide is, employed, as an
HOM extraction structure, and its band=stop,property isuti-
lized to precisely suppress the third-harmonic power. By
adjustingithe length of'the short-circuited stub and the po-
sition of the tuning vane'in the band-stop waveguide, an
isolation bandwidth of approximately 15 MHz with —20 dB
rejection can beachieved aroundyl.5 GHz, effectively
blockingsdharmonic pewer leakage while introducing only
minor loss to the operating modes.

In"summary, ridge waveguides are increasingly used in
dual-mode and dual-frequency RF structures, meeting di-
verse requitements such as‘eompact filtering, suppression
of reverse power transmission, and high-power harmonic
rejection. It'willyprovide important support for the inte-
grated design of advanced accelerator and light source sys-
tems.
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Figure 1: Engineering drawing of the first and second har-
monic photocathode bimodal gun (left) and two-mode
transverse deflecting structure (right).

SCHEME DESIGN FOR THE
RIDGE WAVEGUIDE

The Compact Linear Collider (CLIC) is a proposed high-
energy electron-positron collider based on normal-con-
ducting accelerating structures operating at high frequen-
cies, typically in the X-band (12 GHz) and above [4]. In
such high-frequency accelerators, the feeding waveguide
for the accelerating structure is conventionally a standard
rectangular waveguide. However, a significant drawback
of a conventional rectangular waveguide is that it supports
not only the fundamental TE;o mode but also a large num-
ber of higher-order modes (HOMs) at the operating



frequency and its harmonics. These spurious modes can
propagate through the waveguide, interfere with the beam,
cause parasitic power losses, and potentially damage the
RF source.

In the CLIC project, to ensure clean power delivery and
avoid HOM contamination, the waveguide feeding system
must selectively transmit only the desired fundamental
mode while effectively blocking higher-order modes. The
most straightforward solution is to introduce a ridge wave-
guide section. By properly designing the ridge dimensions,
the cutoff frequencies of the waveguide can be shifted such
that only the fundamental mode (TEo-like) propagates at
the design frequency (e.g., 12 GHz), while all higher-order
modes are cutoff or strongly attenuated. Moreover, the
ridge waveguide can be engineered to provide band-stop
characteristics at the second harmonic (24 GHz), prevent-
ing unwanted harmonic power from reaching the acceler-
ating structure.

In the paper, an X-band bandpass filter based on a ridge
waveguide structure has been designed and simulated. The
filter aims to provide excellent frequency selectivity for
dual-mode operation: it must allow the fundamental fre-
quency (12 GHz) to pass with minimal reflection, while
strongly rejecting the second harmonic (24 GHz) to pre-
vent power leakage and mode interference. At the funda-
mental frequency of 12 GHz, the power reflection coe
cient (Si1) is less than —30 dB, indicating very good im
ance matching and efficient transmission of the desired sig-
nal. The —30 dB reflection bandwidth exceeds z,
ensuring stable operation over a wide frequency t
12 GHz, the adjustable range of the gap,
is greater than 0.3 mm while maintaini 11
providing sufficient tolerance for ma turing e CAt

the second harmonic frequency of| 24 GHz, ower
transmission coefficient (Sz1) is less —4 , demon:
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Figure 2: Free-angle (top) and cross-sectional (bottom)
views of the ridge waveguide structure.

SIMULATION RESULT

The design of the ridge waveguide uses a standard
WRI0 waveguide as power feed port. Figure 3 shows the
results calculated with HFSS [5], corresponding to the
raised-ridge and recessed-ridge waveguide designs shown

in Fig. 2, respectively. In the upper part of Fig. 3, the Si;
curve contains a set of eight peaks and valleys, while in the
lower part of Fig. 3, the Si; curve contains a set of nine
peaks and valleys. It can be seen from the figure that each
peak and valley is very sharp, and the bandwidth below —
30 dB is very narrow.
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Figure 4: XZ plane view (top) and YZ plane view (bottom)
of optimized ridge waveguide structure.

To meet the requirements for bandwidth and manufac-
turing tolerance margin, the number of ridges in the ridge
waveguide is adjusted. When the number of ridges in the
ridge waveguide is reduced to three, the bandwidth is 120
MHz, and the margin for the gap is only 0.07 mm. However,
simply reducing the number of ridges cannot meet the de-
sign specifications. The design of the ridge waveguide
mainly involves optimizing the length (e.g., L1, L2) and
depth (e.g., b, gap) of the ridges, as shown in Fig. 4. Adding
a step between the ridge and the standard waveguide to
provide a transmission line transition for impedance
matching can effectively broaden the bandwidth. Adjusting
the dimension of L3 can increase the bandwidth to over
500 MHz and reduce the dependence on the precision of



the gap size. Additionally, rounded fillets on the ridge
waveguide also contribute to bandwidth broadening.
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Figure 5: Simulated S of the optimi
frequency (top) and gap (bottom).
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are determined as follows:
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Fig. 5. At the funda-
.67 dB, while at the

alue at 12 GHz indicates that Si; <
ned for gap lengths between 10.3 mm and
g ently, the —30dB reflection band-
width at the operat quency reaches 686 MHz, and the
gap tuning range is mm, both of which satisfy the
prescribed design requirements.

In addition to the fundamental mode, higher-order
modes can also propagate in waveguides. Figure 6 presents
the analysis of higher-order mode transmission in the opti-
mized ridge waveguide. At the operating frequency of
12 GHz, the fundamental mode has an Si; of —55.5 dB, rep-
resenting nearly lossless propagation. At 24 GHz, the Sy
values of the first, second, and third higher-order modes are
—75.4dB, —42.3 dB, and —65.7 dB, respectively, indicating
negligible transmission and thus total reflection. These

—30 dB is ma
10.677 mm.

simulation results demonstrate that the proposed ridge
waveguide transmits only the fundamental mode while ef-
fectively suppressing higher-order modes.
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CONCLUSION

These results confirm that the optimized ridge wave-
guide structure effectively serves as a frequency-selective
component in dual-mode RF systems. It exhibits low inser-
tion loss (Si1 = -55.5 dB) at the fundamental frequency of
12 GHz and provides strong rejection of higher-order
modes at the second harmonic (24 GHz), with the first
three modes showing S,; values below -42 dB. The -30 dB
reflection bandwidth reaches 686 MHz, and the gap tuning
range is 0.377 mm, exceeding the design requirements.
Consequently, the proposed ridge waveguide transmits
only the fundamental mode while effectively blocking
higher-order modes, making it a compact and reliable so-
lution for dual-frequency isolation in advanced accelerator
applications.

REFERENCES

[1] L. Wang et al., “Simulation study of first and second har-
monic photocathode bimodal gun”, Phys. Rev. Accel. Beams,
vol. 24, no. 2, pp. 020401, 2021.
doi:10.1103/PhysRevAccelBeams.24.020401


https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.24.020401

[2] H. Gong et al., “Design of a dual-mode transverse deflecting
structure using neural network and multiobjective algo-
rithms”, Phys. Rev. Accel. Beams, vol. 27, no. 4, pp. 042001,
2024. doi:10.1103/physrevaccelbeams.27.042001

[3] D. Su et al., “Novel rf design of bimodal normal-conducting
active rf cavity for synchrotron radiation light sources”, Phys.
Rev. Accel. Beams, vol. 29, no. 4, pp. 042001, 2026.
doi:10.1103/m77b-mkm4

[4] P.N. Burrows et al., “Updated Baseline for a staged Compact
Linear Collider”, CERN Yellow Reports, vol. 4, 2016.
doi:10.5170/CERN-2016-004

[5] Ansys HFSS, http://www.ansys.com



https://journals.aps.org/prab/abstract/10.1103/PhysRevAccelBeams.27.042001
https://journals.aps.org/prab/abstract/10.1103/m77b-mkm4
https://e-publishing.cern.ch/index.php/CYR/issue/view/24
http://www.ansys.com/

	INTRODUCTION
	SCHEME DESIGN FOR THE  ridge waveguide
	SIMULATION RESULT
	CONCLUSION
	REFERENCES


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /All

  /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 /All

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType true

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo false

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo false

  /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 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /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 1.30

    /HSamples [2 1 1 2] /VSamples [2 1 1 2]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 40

  >>

  /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 true

  /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 <<

    /ENG ()

    /ENU (Setup for JACoW - paper size, embed all fonts, compression, Acrobat 7 compatibility.)

  >>

  /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 /ConvertToRGB

      /DestinationProfileName (sRGB IEC61966-2.1)

      /DestinationProfileSelector /UseName

      /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 false

      /UntaggedCMYKHandling /UseDocumentProfile

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [600 600]

  /PageSize [595.000 792.000]

>> setpagedevice



