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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 (RF) struc-

tures, dual-mode and dual-frequency operation has at-
tracted considerable attention due to its ability to integrate 
multiple functions and improve beam performance. Exam-
ples include photoinjector operating with fundamental and 
second harmonics [1], variable-polarization deflection re-
alized by a dual-mode transverse deflecting structure 
(TDS) [2], and bunch length manipulation based on a dou-
ble-RF system [3]. All these schemes superimpose differ-
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 
resonant modes, placing high demands on frequency isola-
tion, power coupling, 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. 1, 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 

bandwidth, can effectively realize transmission or band-
stop or bandpass filtering at specific frequencies. It has 
been used, for example, as a bandpass filter in a dual-mode 
TDS to effectively isolate reverse leakage of high-fre-
quency signals. Furthermore, in a dual-mode (TM010/TM020) 
harmonic cavity, a ridge waveguide is employed as an 
HOM extraction structure, and its band-stop property is uti-
lized to precisely suppress the third-harmonic power. By 
adjusting the 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 be achieved around 1.5 GHz, effectively 
blocking harmonic power 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 requirements such as compact filtering, suppression 
of reverse power transmission, and high-power harmonic 
rejection. It will provide important support for the inte-
grated design of advanced accelerator and light source sys-
tems.  

 
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 TE10 mode but also a large num-
ber of higher-order modes (HOMs) at the operating 
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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 (TE10-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 coeffi-
cient (S11) is less than –30 dB, indicating very good imped-
ance matching and efficient transmission of the desired sig-
nal. The –30 dB reflection bandwidth exceeds 500 MHz, 
ensuring stable operation over a wide frequency range. At 
12 GHz, the adjustable range of the gap, shown in Fig. 2, 
is greater than 0.3 mm while maintaining S11 < –30 dB, 
providing sufficient tolerance for manufacturing errors. At 
the second harmonic frequency of 24 GHz, the power 
transmission coefficient (S21) is less than –40 dB, demon-
strating excellent suppression of the unwanted harmonic 
component.  

 
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 

WR90 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 S11 
curve contains a set of eight peaks and valleys, while in the 
lower part of Fig. 3, the S11 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.  

 
Figure 3: Simulated S11 results for the two types of ridge 
waveguide designs: raised-ridge (top) and recessed-ridge 
(bottom). 

 
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 
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the gap size. Additionally, rounded fillets on the ridge 
waveguide also contribute to bandwidth broadening. 

 
Figure 5: Simulated S11 of the optimized ridge waveguide: 
frequency (top) and gap (bottom). 

Through parameter optimization, the final dimensions 
are determined as follows: a = 22.86 mm, b = 4 mm, a3 = 
22.86 mm, b3 = 8 mm, L1 = 2 mm, L2 = 3.2 mm, L3 = 10 
mm, gap =10.5 mm, and a fillet radius of 0.5 mm. The cor-
responding S11 response is shown in Fig. 5. At the funda-
mental frequency of 12 GHz, S11 = −57.67 dB, while at the 
second harmonic of 24 GHz, S11 = −0.01 dB. The reflection 
coefficient remains below −30 dB over the frequency range 
from 11.56 GHz to 12.246 GHz. Furthermore, a parametric 
sweep of the gap value at 12 GHz indicates that S11 < 
−30 dB is maintained for gap lengths between 10.3 mm and 
10.677 mm. Consequently, the –30 dB reflection band-
width at the operating frequency reaches 686 MHz, and the 
gap tuning range is 0.377 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 S11 of –55.5 dB, rep-
resenting nearly lossless propagation. At 24 GHz, the S21 
values of the first, second, and third higher-order modes are 
–75.4 dB, –42.3 dB, and –65.7 dB, respectively, indicating 
negligible transmission and thus total reflection. These 

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

 
Figure 6: Simulated S11 results at 12 GHz (top) and simu-
lated S21 results at 24 GHz (bottom). 

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 (S11 = -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 S21 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. 
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