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Highly Selective Broadband mm-Wave Diplexer Design
Chad Bartlett, Oleksandr Glubokov, Fynn Kamrath, and Michael Höft

Abstract—This letter presents a novel broadband diplexer
design that is capable of achieving highly stringent rejection
characteristics though the use of singlets whose interconnecting
irises are formulated as resonant slot-irises. The combination
of these two resonant-cavity types allows for a unique filtering
solution with increased filter order, wide available bandwidth, low
geometric complexity and simple milling requirements which can
be suitably applied to millimetre-wave and submillimetre-wave
applications. A prototype is fabricated for operation in the W-
band (75 GHz - 110 GHz) in order to cover a 10% fractional
bandwidth in each passband. Measurement of the prototype
denotes highly accurate results and exemplifies the use of all
resonator and coupling elements in order to support ten poles
and four transmission zeros in an elegant diplexer solution.

Index Terms—Diplexer, filter design, resonant iris, singlet.

I. INTRODUCTION

AS ELECTROMAGNETIC spectrum allocations become
more crowded within the microwave frequency regions,

the millimetre and sub-millimetre wave regions become more
attractive for future large-scale applications such as the
internet-of-things (IoT) and radar/satellite remote sensing. One
difficulty in the commercialization of instruments and systems
beyond the microwave region has been the ability to reliably
and easily produce components at scale. In the case of filter
networks, work such as [1]–[4] have demonstrated concepts
that enable stringent or complex filter characteristics with
the use of advanced techniques that enable simple milling
procedures for high-precision micromachining. However, for
satellite applications to reach highly stringent rejection char-
acteristics through the use of transmission zeros, bypass/cross-
couplings and dual-mode filters/diplexers are commonly used
– [5]–[8] – ultimately avoiding the folding of resonator struc-
tures which are typically required to achieve physical cross-
coupling dependencies. This is especially important when
considering the layout of high-end manifold diplexers and
multiplexers. The use of these type of dual-mode filters
has been well demonstrated throughout the K-band regions,
however, drawbacks in the production of this type of filter
usually stems from challenges while attempting to implement
tuning screws or small perturbations, as well as incurring
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Fig. 1. Vacuum shell and topology of the proposed diplexer scheme where
each filtering branch houses two singlets, and three resonant irises. Topology;
resonating nodes are black, source/load nodes are white, and gray nodes are
resonant slot-irises. Solid lines are direct-coupling paths and dashed lines are
bypass-coupling paths. L is common port 1, TX is port 2, and RX is port 3.

losses due to the misalignment of multi-part assemblies. In
order overcome these challenges, we propose a filter layout
that is much more suitable for diplexers and multiplexers that
are advancing toward use in the terahertz regime.

To this end, we demonstrate a novel millimetre-wave
broadband diplexer that does not require any physical cross-
couplings and can be fabricated easily in an E-plane format,
where the novelty can be observed in the formation of a
quasi-elliptic bandpass response using TM-mode cavities as
interconnected singlets while each of the associated coupling
irises are formulated as resonating slot-irises. In this manner,
an increased filter order, wide available bandwidth, and high
selectively is attained in a low complexity solution. The pro-
posed diplexer makes use of two offset back-to-back singlets
in each of the filtering branches in order to enable transmission
zeros above and below each passband, ultimately allowing
for the diplexer’s passbands to be placed close together while
providing strong rejection at 75 GHz – the bottom end of the
W-band – and above 105 GHz. A prototype diplexer is man-
ufactured in brass and demonstrates good measured results,
allowing for the novel broadband diplexer to be characterized
for the first time within the millimetre-wave regime.

II. DIPLEXER DESIGN

The design of the diplexer is based on resonant iris and
singlet theory presented in [9]–[15]. In [14], a highpass
filter scheme was demonstrated through the use of alternating
resonant irises and TM110-mode cavities in an inline fashion,
while quasi-triplet responses were demonstrated in [15] using
triangular cavities with resonant irises. In each of these works
[14], [15], transmission zeros are only utilized in the lower
end of the passband. In this work however, a modification is
proposed in order to convert the highpass response described
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L 1 2 3 4 5 6 7 8 9 10 TX RX

L 0 0.660 0 0 0 0 0.632 0 0 0 0 0 0
1 0.660 0.719 0.308 0.148 0 0 0 0 0 0 0 0 0
2 0 0.308 0.366 0.237 0 0 0 0 0 0 0 0 0
3 0 0.148 0.237 0.576 0.218 −0.187 0 0 0 0 0 0 0
4 0 0 0 0.218 0.842 0.311 0 0 0 0 0 0 0
5 0 0 0 −0.187 0.311 0.579 0 0 0 0 0 0.664 0
6 0.632 0 0 0 0 0 −0.765 0.263 −0.157 0 0 0 0
7 0 0 0 0 0 0 0.263 −0.405 0.200 0 0 0 0
8 0 0 0 0 0 0 −0.157 0.200 −0.631 0.210 0.138 0 0
9 0 0 0 0 0 0 0 0 0.210 −0.824 0.293 0 0
10 0 0 0 0 0 0 0 0 0.138 0.293 −0.627 0 0.628
TX 0 0 0 0 0 0.664 0 0 0 0 0 0 0
RX 0 0 0 0 0 0 0 0 0 0 0.628 0 0

(CM.1)
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Fig. 2. Close-up view of a vacuum shell for the bandpass filters in each of
the diplexer’s filtering branches. Dimensions are given in Table 1.

TABLE I. Diplexer Branch Dimensions (in mm).

Dimension† Filtering Branch RX Filtering Branch TX
IX1 1.620 1.996
IX2 1.556 1.844
IX3 1.618 1.908
IY1 0.526 0.770
IY2 0.300 0.322
IY3 0.558 0.556
SX1 2.184 2.568
SX2 2.339 2.738
SY1 2.184 2.568
SY2 2.339 2.738
PY1 1.062 1.115
PY2 0.714 0.867
PY3 0.763 0.865
PY4 0.635 0.748

†Dimensions are rounded to three decimal places. Radii and element lengths are
0.2 mm and 0.9 mm, respectively.

in [14] to a quasi-elliptic bandpass response by offsetting
one or more of the singlet’s feeding ports. This effectively
modifies the topology to support a quasi-elliptic bandpass
characteristic by forcing a transmission zero response into
the upper frequency range of a selected highpass response
while simultaneously benefiting from the additional poles and
coupling strength provided by the resonant irises. The resulting
bandpass filter’s attributes are highly desirable when consid-
ering the reduced complexity, size compaction and stringent
transmission zero response that can be realized without the
need of physical cross-couplings or complex assembly. In
this format, the structure can be optimized to obtain the
required passband specifications through proper positioning of
the singlet’s feeding ports [12], [13]. Design equations can
be followed from [16], [17], while an approximation for the
resonant-irises follows from [11], [18] as

fres iris =
c

2 · Ix
. (1)

As an example case, we propose a novel diplexer design
where each filtering branch is capable of producing five
poles and two transmission zeros by setting two TM110
singlets back-to-back and configuring the standard coupling
irises as resonant-slot type irises. To demonstrate stringent

70 75 80 85 90 95 100 105 110

Frequency (GHz)

-80

-70

-60

-50

-40

-30

-20

-10

0

S
-P

ar
am

et
er

s 
(d

B
)

S22 CM S21 CM S33 CM S31 CM

S22 Sim S21 Sim S33 Sim S31 Sim

(a)

60 70 80 90 100 110 120 130 140

Frequency (GHz)

-100

-80

-60

-40

-20

0

S
-P

ar
am

et
er

s 
(d

B
)

S11 Sim S21 Sim S31 Sim

(b)

Fig. 3. (a) Coupling matrix (CM) profile and simulated S-parameters of the
proposed diplexer. Qu is taken as 550 and the equivalent conductivity is taken
as 15.9 MS/m, and (b) The simulated spurious performance over a wide range.

characteristics, the lower passband transmission zero is set
to reach a rejection level of 20 dB at the lowest end of the
W-band (75 GHz), while simultaneously obtaining a 20 dB
passband starting at 76.5 GHz. Each of the passbands are set
for a broadband response that covers more than 10% fractional
bandwidth (FBW). The upper passband is set very close to the
lower one; the 3 dB spacing is approximately 2.7 GHz and the
start of the upper passband is approximately 91.2 GHz.

An outline of the proposed diplexer unit is depicted in
Fig. 1 in its vacuum-shell form along with its corresponding
topology where the transmit port (TX; port 2) will serve as
the lower frequency passband, and the receive port (RX; port
3) will serve as the upper frequency passband. The diplexer is
realized by routing two filter branches with a T-junction in an
E-plane format. Notably, the design complexity of each branch
is kept low and suitable for fabrication beyond the millimetre-
wave region. Fig. 2 depicts a close-up view of a filter-branch
scheme in its vacuum-shell form; the dimensions are detailed
in Table 1 for each of the diplexer’s branches. The coupling
matrix profile (CM.1) and the simulated S-parameters of the
diplexer that is outlined in Fig. 1 and Table 1 are given in
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TABLE II. Sample Comparison of State-of-the-Art Diplexers in Relative Frequency Bands.†

fc FBW Tech. Design Elements Response IL (dB) RL (dB) Ref. (year)
73.5 / 83.5 8.80% / 7.80% DRIE Direct coupled Chebyshev <0.7* / <0.7* >13 / >14 [19] (2016)
131 / 143.1 3.28% / 5.66% DRIE (RFS) Direct coupled Chebyshev 1.2* / 0.8* >20 / >18 [20] (2020)
129 / 150 3.00% / 2.60 % MLS Coupled/mixed inverter Chebyshev 4.2* / 4.5* >8 / >10 [21] (2021)

97.5 / 105.4 5.62% / 4.99% HP-Milled Coupled/mixed inverter Freq. Dependent 0.34-0.76 / 0.55-0.88 >21 / >21 [4] (2021)
73.5 / 83.5 9.52% / 8.38 % HP-Milled Highpass & Quarter-wave Freq. Dependent <1.0* / <1.0* >21 / >21 [22] (2022)
81.0 / 95.6 11.65% / 10.82% HP-Milled Singlet/Resonant Iris Quasi-elliptic 0.41-0.93 / 0.46-1.28 >18.2 / >14.4 T.W. (2022)

†Table values are estimated as best as possible for the presented measured data where not directly reported. *Measured data is reported as achieved typical values or at center
frequency (rather than a range). DRIE = Deep reactive ion etching, RFS = Releasable filling structure, High-precision, MLS = Microlaser sintering, HP = High-precision.

2000 mµ

Fig. 4. Laser-microscope image (left) and camera image (right) of the
fabricated diplexer along the E-plane. The measured surface roughness Sa

is approximately 1 µm. No passivation layer has been applied. The inset of
the left image depicts the assembled unit connected to the test-bed.

Fig. 3(a). The singlet’s transmission zeros are specified around
each passband and allow for close positioning of the passbands
to one another while simultaneously providing strong region
below 75 GHz and above 105 GHz. The rejection of the
lower passband reaches better than 20 dB at 75 GHz and
greater than 30 dB at 74.8 GHz. The upper passband rejection
reaches better than 30 dB at 104.1 GHz and remains below
this threshold throughout the rest of the W-band. Fig. 3(b) is
provided as a wideband view of the spurious-mode response
from 60 GHz to 140 GHz.

III. REALIZATION, MEASUREMENT, AND DISCUSSION

For the fabrication of the diplexer, brass has been selected as
the cutting material due to its machinability and final surface
finish. The prototype is split into two separate blocks along the
E-plane for high-precision CNC milling where the radii of both
diplexer branches is set to 0.2 mm. The dimensions have been
kept to stringent figures to enable precise and accurate milling.
For instance, each of the rectangular cavities and resonant-iris
lengths have been set to 0.9 mm as detailed in Section II.
Fig. 4 depicts the internally milled structures of the diplexer
and the fully assembled unit connected to the test-bed.

A comparison of the simulated and measured results are
presented in Fig. 5 over 70 GHz to 110 GHz, where 75 GHz
is the lower cut-off range of the W-band measurement. This
comparison demonstrates good measured results in both pass-
bands as well as in the measured rejection regions. The
measured return loss is better than 18.2 dB throughout the
lower passband and 14.4 dB throughout the upper passband.
The measured insertion losses are on the range of 0.41 dB
to 0.93 dB and 0.46 dB to 1.28 dB for the lower and upper
passbands, respectively, and can be viewed in more detail in
the inset image of Fig. 5(a). The measured isolation between
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Fig. 5. (a) Simulated versus measured S-parameters of the proposed diplexer.
The inset shows a close-up view of the insertion loss in the lower and upper
passbands, and (b) Simulated versus measured isolation between the TX (port
2) and RX (port 3). The equivalent conductivity is taken as 15.9 MS/m.

the transmit and receive ports is provided in Fig. 5(b) and
demonstrates an isolation that is better than 34.6 dB near the
inner passband edges and drops off to better than 70 dB outside
the passband outer edges. Table II is provided as a sample
comparison of state-of-the-art diplexers in relative frequency
bands, highlighting this work as a compelling design solution
with highly competitive results.

IV. CONCLUSION

A novel broadband diplexer design that is capable of
achieving highly stringent rejection characteristics has been
presented. The diplexer’s filtering branches are formulated
by interconnecting two singlets with resonant slot-irises in
order to meet a miniaturized design profile with the addi-
tional benefits of having increased filter order, wide available
bandwidth, low geometrical complexity and simple milling
requirements, all without the use of physical cross-couplings.
A prototype has been fabricated for operation in the W-band
and exemplifies the elegance of the design for potential use in
future millimetre-wave and submillimetre-wave applications.
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