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Abstract—This work presents the design of inline dual-mode
dual-band bandpass filters with flexible center-frequency allo-
cation for application at millimetre-wave frequencies. In this
design, resonators are configured for the TE101 and TM120
modes without perturbations or tuning means and allow for
the control of two separate fourth-order passbands within the
filter while remaining fully inline and symmetric. A presentation
on the basic filter design and several examples with different
center-frequency locations are presented within the W-band. A
prototype with center frequencies at approximately 86.3 GHz and
100 GHz is fabricated and tested. The measurements demonstrate
exceptional unloaded Q-factor results for the W-band, ultimately,
validating the design approach.

Index Terms—Dual-band bandpass filter (DBBPF), dual-mode,
millimetre-wave, TE101, TM120, waveguide filter, W-band

I. INTRODUCTION

As trends for future satellite and wireless communications
continue well into the millimetre and sub-millimetre wave
regions, many emerging technologies such as silicon micro-
machining and additive manufacturing have gained attention
in the literature as potential candidates for future large-
scale manufacturing. Although these technologies have much
potential, high-precision computer numerical control (CNC)
milling has also greatly progressed in the recent decade to
meet the demands of highly sensitive and micro-fine detailed
components. As a few examples in regards to CNC-milled
filter design, [1]–[5] have been able to achieve a high level of
detail and have demonstrated good measured results through-
out the W-band region. Since waveguide technology is still
the dominant choice in industry due to its performance capa-
bilities, designs for future millimetre-wave applications will
require constant adaptation to meet the stringent constraints
imposed by industry such as weight and size. One method of
overcoming these constraints is through the use of multi-band
systems. These systems can overcome many challenges by
utilizing components for both transmission and reception while
maintaining a high level of stability and reliability. In regards
to millimetre-wave design, only a few cavity-based filters have
been demonstrated for dual-band use in the literature; where
[6]–[8] have used silicon-wafer and SU-8 micro-machining
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in the WR-3 band for dual-band Chebyshev responses, and
[4], [5] and [9] have used CNC milling to demonstrate dual-
band Chebyshev and dual-band quasi-elliptical responses in
the WR-10 band. In all but two of these designs ([8], [9]),
separated propagation paths are utilized to create the dual-band
filter effect, where [8] demonstrates the use of back-to-back
SU-8 quadruplets and [9] demonstrates the use of dual-mode
cylindrical cavities for fixed center-frequency positions.

Although many high-frequency cavity-based filter designs
can be scaled easily to lower frequency bands, the inverse,
however, poses inherent fabrication challenges such as infeasi-
ble dimensional tolerances, or the use of perturbations and tun-
ing means which become difficult or impractical to implement.
In order to overcome these fabrication challenges, we present
a novel dual-band filter design with fourth-order Chebyshev
responses in each of the passbands by utilizing the TE101
and TM120 modes of rectangular waveguide cavities. The key
attributes from this design come in the following form and are
therefore demonstrated for W-band operation: flexible center-
frequency allocation, single-path propagation, no required per-
turbations or tuning means for modal excitation, high unloaded
Q-factor and remaining fully inline and symmetric. To this
end, an experimental prototype of the filter is demonstrated
for center-frequency operation at approximately 86.3 GHz and
100 GHz with bandwidths of approximately 2.73 GHz and
2.5 GHz, respectively. Additionally, several instances of the
filter profile are simulated for demonstration of the center-
frequency allocation.

II. FILTER DESIGN

For the design of the filter structure, four rectangular cavities
are selected in a manner that support the TE101 and TM120
resonating modes and are positioned in sequential order with
inline capacitive irises as the electrical interconnect. In this
manner, each of the modes share a common resonator and
follow a single propagation path through the filter. A per-
spective view of the filter’s vacuum shell and the electrical
topology are depicted in Fig. 1(a) and (b), respectively. Each
mode provides a fourth-order Chebyshev response in their
respective passband. The 3-dimensional view of the filter that
has been presented in Fig. 1(a) is further defined in Fig. 1(c)
and Table 1 for three instances of the filter with varying center
frequencies; Filter 1 has been selected for fabrication. The
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Fig. 1. Filter overview. (a) Perspective view of the dual-mode dual-band
filter’s vacuum shell, (b) the topology path of the dual-mode dual-band filter;
resonating nodes are black and the source/load nodes are white. Solid lines
indicate the direct coupling paths and dashed lines indicate the dual-mode
resonator sections, and (c) the dual-mode dual-band filter dimensions (mm).
See Table 1 for further details.

generalized coupling matrix for Filter 1 can be described from
the multi-band synthesis method presented in [10], [11] as (1)
at the top of the next page.

The coupling matrix profile and simulations for Filter 1 from
(1) and Table 1 are presented in Fig. 2, where the passbands
are designated at approximately 86.3 GHz and 100 GHz. Due
to the coupling remaining in-phase throughout the filter, the

TABLE I.
Filter Dimensions (in mm)

Dimension Filter 1
Simulation

Filter 2
Simulation

Filter 3
Simulation

R1a 3.098 2.820 3.784
R1b 2.247 2.372 2.105
R1c 3.560 3.820 3.292
R2a 2.402 2.284 2.266
R2b 2.596 2.764 2.800
R2c 3.944 4.284 3.964
I1 0.796 0.902 0.768
I2 0.378 0.500 0.404
I3 0.360 0.500 0.454
Ix 0.500 0.500 0.500
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Fig. 2. S-parameters of the coupling matrix profile from (1) and the simulated
lossless S-parameters of Filter 1 (see Fig. 1(c) and Table 1 for dimensions).
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Fig. 3. External quality factor and coupling values while varying the capacitive
iris height for Filter 1’s defined resonator structures. The dashed-dotted lines
indicate the TE101 mode and the dashed lines indicate the TM120 mode,
where the red color corresponds to Qe1 and Qe2’s dependence on I1, and
the blue and black colors correspond to the coupling factor k’s dependence
on I2 and I3, respectively.
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Fig. 4. Demonstration of the passband allocation for three simulated instances
of the filter design. The lossless simulated return loss and insertion loss are
shown for the filter dimensions given in Table 1 for Filters 1 through 3.

prominence of a transmission zero between the passbands is
diminished [10], [11]. Fig. 3 demonstrates the effect on the
external quality factor and coupling values when varying the
capacitive iris dimensions of Fig. 1(c) for the synchronous
and asynchronous resonators that are defined in Table 1 for
Filter 1. In Fig. 4, the three instances of this filter with similar
bandwidths is presented in order to demonstrate the ability
to control the center-frequency locations. Each of the filter’s
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Fig. 5. Fabrication and Measurements. (a) Image of internal resonators
(left), close-up view of internal resonators (center) and the assembled dual-
mode dual-band filter (right), and (b) comparison of the lossy simulated
(conductivity of brass taken as 1.59e+07 S/m) and measured results.

dimensions are defined in Table 1 with respect to Fig. 1(c). In
this demonstration, the lower frequency passbands are held at
relatively the same position while the upper center-frequency
passbands are swept around the 100 GHz region. The center
frequencies of the upper passband for simulations of Filter 2
and Filter 3 are approximately 97.81 GHz and 102.13 GHz,
respectively.

III. FABRICATION AND RESULTS

For the fabrication of Filter 1 as defined in Table 1 and
(1), brass has been selected as the cutting material due to its
machinability and final surface finish. The filter is split into
two separate blocks along the H-plane for high-precision CNC
milling with internal radii of 0.4 mm. Fig. 5(a) depicts the
milled internal structures for one half of the filter as well as
an image of the assembled filter.

Once fabricated and assembled, the filter was tested using
a Rohde & Schwarz ZVA67 with W-band up-converters.
Fig. 5(b) presents a comparison of the simulated and measured
results over 80 GHz to 105 GHz. This direct comparison
demonstrates good measured results; the measured return loss

is better then 21 dB and 17 dB throughout the lower and
upper passbands, respectively, and the measured insertion
loss is better than 0.33 dB and 0.42 dB at 86.3 GHz and
100 GHz, respectively. Analyzing the individual passbands, the
unloaded quality factors are approximately Qu lower ≈ 1860
and Qu upper ≈ 1780 for the lower and upper passbands,
respectively.

IV. CONCLUSION

A new dual-mode dual-band bandpass filter that utilizes the
TE101 and TM120 modes of rectangular resonators has been
presented for operation in the W-band. A demonstration of
the simulated results for three different filters with similar
dimensions exhibits the design flexibility when choosing the
operating center frequencies; the basic dimensions are tabu-
lated for each filter. A prototype filter has been fabricated and
the measurements demonstrate exceptional response in both of
the passbands, therefore, allowing the design to be verified.
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