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ABSTRACT A novel wideband multiplexer is introduced as a communications equipment solution in order
to provide simultaneous operation of satellite and terrestrial services in the dedicated K /Ka frequency bands
(passbands ranging from 19.5 GHz to 30.5 GHz). Advanced RF filtering techniques are applied in order to
accommodate a compact multiplexer design while maintaining low insertion loss and high rejection demands
up to 33 GHz. Due to the overall wide bandwidth and the demanding requirements for the assigned three
operational bands, different filter types have been employed. Thus, the multiplexer considers the combination
of filters with rectangular, evanescent combline, and conductor-loaded resonator types. The multiplexer
relies on the direct branching approach, i.e., all filters are connected to a central (star-junction) waveguide
branching region. This region exhibits a reduced waveguide size to suppress interference by higher order
modes. For a verification of the approach, WR34 waveguide interfaces have been considered at all ports for
prototype design, however, the design can be well adapted for integrated equipment solutions with associated
direct interfaces. Accurate coincidence of analyzed and measured performance of the prototype demonstrates
the validity of the special approach. Moreover, additional simulations are provided as an outline for terminals
with specific industry demands.

INDEX TERMS Filter design, high-precision milling, high-throughput satellites (HTS), multi-band, multi-
use terminals, multiplexers, Satcom, satellite communication, star junction, wideband filters.

I. INTRODUCTION
Advanced communication equipment is required to support
future multi-use applications such as simultaneous satellite
and terrestrial services [1]. Integrated systems such as these
require complex solutions that are capable of combining mod-
ern high-throughput satellite (HTS) services – which rely on
Frequency Division Duplex (FDD) and operate at frequen-
cies such as 20 GHz for downlink (DL) and 30 GHz for
uplink (UL) – with state-of-the-art communication networks
(i.e, 5G Enhanced Mobile Broadband (eMBB)), which are
based on Time Division Duplex (TDD) and assigned broad
frequency bands located around 25 GHz.

In this regard, highly stringent performance requirements
necessitate the pioneering of new and unconventional solu-
tions to unlock the potential of future HTS architectures and

≥5G/6G networks, and moreover, can help to unlock other
desirable benefits or applications, such as highly miniatur-
ized designs, effective smart-jamming counter measures, and
integrated multiplexing/demultiplexing antennas [1], [2], [3],
[4], [5]. One prerequisite of an equipment design provid-
ing the combined FDD and TDD services is a wideband
multiplexer for the combination and separation of these fre-
quency bands while feeding a common antenna. In general,
many requirements for such wideband multiplexers must be
considered, that being; low insertion loss, high inter-band
isolation and high suppression of spurious signals. These
considerations must all be met while conforming to require-
ments such as compact size, convenient interfacing, and
integration within the equipment to accommodate overall low
cost.
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TABLE 1 K/Ka-Band Multiplexer - Performance Demands

Although manifold-style multiplexers have been well de-
fined in the literature ([6], [7], [8], [9], [10], [11], [12]) for
both star- and manifold-coupled designs, the vast majority of
designs are contrived for tightly-spaced narrowband channel
selection and utilize a manifold coupling scheme to allow
for the additional degree of freedom provided between each
contiguous filter branch. Work in this field has spanned all
the way to the terahertz region and across many technology
platforms (e.g., [13], [14], [15]. However, on the consideration
of wideband channels, it is common to see configurations that
utilize lowpass filter techniques to allow for a wide lowpass
response while the upper-ranged filter response is provided
by a single bandpass or highpass filter [16], [17], [18]; in
this scheme, the device often becomes limited to operate as a
diplexer due to the frequency region of interest being covered
by the combination of lowpass/highpass responses. Albeit,
this operational limitation can be overcome by the clever
routing of multiple diplexers and power dividers and can be
used to achieve wideband operation - for example in [19] - but
comes at the cost of size and optimal electrical performance.

Integrating multiple channels that are capable of wideband
configurations and spanning multiple frequency bands – all
within a compact housing – becomes highly challenging to de-
sign and can be very difficult to manage optimal multiplexing
characteristics. Surveying the current literature, there seems
to be no simple approach put forth for obtaining the high-
performance requirements of multiband, wideband-channel
multiplexers.

This work introduces a novel method for ascertaining
very-wide operational multiplexer bandwidths (MUX FBW =
42%) and capable of covering multiple frequency bands with
high isolation characteristics, all within a highly compact
and easily manufacturable H-plane format, by utilizing the
unique Q-factor and rejection characteristics provided by
different cavity-filter types, in order to meet the stringent
filtering requirements imposed by future HTS architectures

FIGURE 1. Topology of the multiplexer with a star junction. Resonating
nodes are black, source/load nodes are white, and the grey node is a
nonresonating star junction. Solid lines indicate the direct-coupling path.

FIGURE 2. Perspective view of the proposed multiplexer concept utilizing
various filter techniques to achieve wideband communications throughout
the K and Ka band regions.

that desire operation with integrated FDD and TDD com-
munication methods. The proposed multiplexer design relies
on three distinct waveguide filter types for the separate
branch specifications, namely, direct-coupled rectangular cav-
ities, evanescent combline resonators, and conductor-loaded
resonators. Each of these filter branches is connected to a
common junction, which provide connection to the common
feed port of the multiplexer. For equipment integration, there
is no need to consider standard waveguide interfaces at the
ports, i.e., they can conveniently be adapted for optimal in-
terconnections within the equipment [1], [20]. However, for
the validation of the design approach, WR34 waveguide inter-
faces are considered for a prototype design at all ports. Due to
this measurement scenario, a ridge waveguide transformer is
considered as an interconnection means to the common-port.
Accordingly, a prototype is fabricated and accurate coinci-
dence of analyzed and measured responses of the multiplexer
is demonstrated. To conclude this work, additional simula-
tions are provided in a Future Applications section in order
to demonstrate successful fulfilment of industry specifications
for upcoming multiple-use Satcom/terrestrial terminals.

II. WIDEBAND MULTIPLEXER REQUIREMENTS AND
FILTERING BRANCHES
Filter and multiplexer designs generally start with the evalua-
tion of the appropriate filter functions and suitable filter types
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FIGURE 3. Sample vacuum-shell forms of each resonator type for
demonstration of S-parameter characteristics in Fig. 4. From left to right:
Rectangular cavity (RC), evanescent combline structure (CL), and
conductor-loaded cavity (CDL).

TABLE 2 Typical Resonator Quality Factor of Resonators in the Proposed
K/Ka-Band Multiplexer

to achieve given specifications. In the case of wideband mul-
tiplexer designs the initial assessment of the filter functions
and suitable implementations of the individual filters is deci-
sively important when considering the overall requirements,
i.e., RF performance (incl. far band requirements), environ-
mental conditions, mass, size and interfacing. Moreover, the
filter types should provide suitable adaptation to the multi-
plexer design. Table 1 summarizes the specifications for the
multi-use K /Ka-band wideband multiplexer where the distinct
bands are designated for Satcom downlink, uplink, and 5/6G
communication.

For meeting the stringent requirements such as low in-
sertion loss and steep rejection characteristics, several ap-
proaches can be employed. For instance, the utilization of
transmission zeros can improve the rejection and isolation
characteristics while reducing the number of cavities that
would generally be required in an all-pole design. A range
of creative examples can be reviewed in work such as [21],
[22], [23], [24], [25], [26], [27], [28]. However, these de-
signs generally require cross-coupling techniques or extensive
knowledge on techniques such as nonresonating modes or
frequency-dependent couplings, and in the case of very wide-
band widths, still require a significant amount of resonators
to achieve the desired passband characteristics. A traditional
method would suggest to cascade a number of direct-coupled
rectangular resonators with capacitive or inductive irises un-
til the specifications for a suitable bandwidth and isolation
is met. This all-pole method is well-known and explored in
many articles throughout the literature in different technolo-
gies and configurations, [7], [10], [29], [30], [31], [32] are to
mention but a few. In order to achieve multiple filter passbands
over a very wide range however, we propose the use of several
different filter types that follow a similar all-pole approach.
In this manner, we specify the required frequency bands with

FIGURE 4. Simulated S-parameter characteristics of first-order resonator
types specified in the system as shown in Fig. 3. Effective conductivity is
taken as 15.6 MS/m.

filters that are capable of obtaining the required bandwidth and
both the near and far out-of-band rejection characteristics that
will allow for each branch to operate well isolated from one
another and mitigate any interband interference [33], [34].

Based on the specifications outlined in Table 1, suitable
filter functions and filter types are explored for the dif-
ferent branches. Commonly, multiplexer filter designs have
to account for implementation (e.g., manufacturing toler-
ances) and technology/operational aspects (e.g., frequency
offset over temperature). Consequently, basic filter assess-
ments consider enlarged bandwidths to satisfy the final re-
quired performance for all operational conditions and the
chosen technology/production method. For the filter designs
of the required broadband multiplexer, the chosen bandwidths
(equiripple return loss 20 dB) are 500 MHz larger than the
operational bands (cf. Table 1). The additional consideration
and study of these margins for the nearband rejection of
each passband yields 6th-order filter characteristics for the
Satcom downlink and uplink, and a 9th-order filter for the
5/6G branch, where the generalized Chebyshev coupling ma-
trix entries correspond to MS1 = M6L = 1.002, M12 = M56 =
0.843, M23 = M45 = 0.611, M34 = 0.583 and MS1 = M9L =
0.988, M12 = M89 = 0.817, M23 = M78 = 0.587, M34 =
M67 = 0.548, M45 = M56 = 0.537 for the initial 6th-order
and 9th-order filters, respectively. These filters are then to be
connected to a common (star) junction to realize the wideband
multiplexer. A star-junction has been chosen in order to main-
tain an inherently small connection point and corporate-feed
to the multiplexer’s common port in an H-plane topology,
where other feeding styles such as manifolds or power di-
viders can require large corporate-feed sections, additional
spacing for splitters, or alter the feed orientations, which also
can in turn limit the achievable out-of-band isolation, while
E-plane topologies can create difficulties in milling/assembly
of different waveguide types. Fig. 1 depicts the circuit topol-
ogy of the proposed design. The continuing task is related to
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FIGURE 5. (a) Simulated investigation of the unloaded Q and next induced
spurious mode of a conductor-loaded cavity with the center frequency
held at 22 GHz. (a) variation of the principle cavity dimensions A and h,
and (b) the simulated vacuum-shell of the cavity with WR34 waveguide
dimensions. The irises are set for a length and width of 0.8 mm and
4.8 mm, respectively. Effective conductivity is taken as 15.6 MS/m.

the investigation of appropriate filter types, i.e., the basic res-
onator/cavity designs with associated coupling configurations.
The evaluations aim at compromising overall RF performance
and implementation aspects, related to unloaded Q, spurious
mode performance, size and implementation capabilities. For
instance, the requirements for the different branches exhibit
significant differences in required bandwidths and spurious
mode performance. Hence, the far out-of-band rejection spec-
ifications that are required above the respective passbands are
critical for the two lower filters. Obviously, there would be no
problem with far out-of-band requirements below the overall
band due to the waveguide cut-off. Thus, the filter trade-offs
for the different branch types must be considered for each of
the consecutive branches.

The aim of low insertion loss filters is commonly accom-
modated by considering waveguide cavity types providing
high unloaded Qs. In addition, it is well known, that the
insertion loss is inversely proportional to the bandwidth. Thus,
the unloaded Q becomes more important for the narrow-
band filters in multiplexer designs, when focusing on similar
passband insertion losses. At the same time, the vital issue

for multiplexer filter designs is the consideration of spurious
mode control. Especially in case of broadband applications,
higher-order modes of the lower channel filters may fall into
or close to the multiplexer’s higher frequency passbands. This
could yield many difficulties or even make a design impossi-
ble. Moreover, there may also be strict far out-of-band rejec-
tion requirements above the highest channel that need to be
satisfied.

As a prelude to the following discussion on individual filter
branches, the general vacuum-shell layout of the goal (pro-
posed design) is provided in Fig. 2 for reference.

The integrated approach starts with the initial filter designs
for the three branches that will be interconnected between the
four port junction and their respective output ports. WR34
has been selected specifically in order to utilize the full
Ka-band from 22 GHz to 33 GHz, as well as below the
recommended specification of 22 GHz, down to 18 GHz. This
is of course possible due to the WR34 cutoff frequency being
located at approximately 17.4 GHz, and the next higher-order
mode cutoff appearing at approximately 34.7 GHz. Fig. 3
demonstrates the three types of resonators considered: direct-
coupled rectangular cavity, evanescent combline resonator,
and conductor-loaded resonator. Fig. 4 and Table 2 are pro-
vided as a general overview of the single cavity response and
subsequent rejection characteristics.

Contrary to the modes in rectangular waveguide cavities,
the field components in ridge waveguides cannot be obtained
by a simple separation of the variables in the wave equa-
tion [10]. A more systematic approach can be followed from
the study of resonators as demonstrated in the example of
Fig. 5, where the resonant frequency of a cavity is held
at 22 GHz, and a trade off of dimensions with respect to
Q-factor and the next generated spurious modes is demon-
strated. This approach can be followed for the initial design
of useful cavities before optimization of filter dimensions
and subsequent iris loading effects. The analysis of an empty
cavity (cf. Fig. 5) yields the next higher spurious resonance
mode at approximately 31.26 GHz, consequently, such a
cavity design would be not suitable since this spurious res-
onance falls into the high rejection band. Moreover, it would
(at least) significantly impair the multiplexer design, due to
the close distance to the highest channel passband. Hence,
special design considerations for the lower filter channel’s res-
onators/cavities must be introduced to ascertain the final mul-
tiplexer design. This dedicated cavity design method focuses
on compromising high unloaded Q of the resonance modes
and sufficient frequency distance to the next higher spurious
modes. It can also be noted that the conductor-loaded cavity
types are an intermediate solution between waveguide and
combline resonators; compromising special design demands
as in the present case (e.g., unloaded Q, spurious performance,
size).

Following the topology presented in Fig. 1, the filters
branches are designed with the dedicated resonator types
and formulated as shown in the indicative layout provided in
Fig. 2.
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FIGURE 6. Simulated S-parameter characteristics of the single ridge
waveguide transition at the input of the multiplexer’s star junction.

The following outlines each of the three filter branches’
operational specifications and the technology requirements:
� Filter for Branch 1 - The first filter branch is specified

from Port 1 to Port 2 and built up of six direct-coupled
rectangular cavities starting from the left-hand side of the
star junction. This filter serves the uppermost passband
in the system and has been specified with an equiripple
bandwidth from 29.5 GHz to 30.5 GHz, for an opera-
tional FBW of 1.67% between 29.75 GHz to 30.25 GHz.
Rectangular resonator cavities were selected in order
obtain the narrow/moderate bandwidth in the upper Ka-
band while satisfying a filter implementation with a
reasonable unloaded Q. In addition, this implementation
allows for a cutoff frequency (near the lower range)
that can facilitate the use of the two lower frequency
passbands in the system without any risk of interference.
The upper rejection characteristics will be required to
meet the upper spurious-mode conditions that are subject
to the next two (lower frequency) filter branches and
Table 1.

� Filter Branch 2 - The second filter branch is specified
from Port 1 to Port 3 and built up of nine evanescent-
mode combline resonators starting from the inline face
of the star junction. This filter serves the center pass-
band in the system and has been specified with an
equiripple bandwidth from 23.5 GHz to 27.5 GHz, for
an operational FBW of 13.73% between 23.75 GHz to
27.25 GHz. Evanescent-mode posts were selected in or-
der obtain the wide passband in the lower region of the
Ka-band and allows for a high selectivity and moder-
ate rejection region that would not interfere with the
uppermost passband. Due to the large filter passband,
the inherent lower unloaded Q of this resonator type is
acceptable to accommodate the low insertion loss de-
mands.

� Filter Branch 3 - The final filter branch is specified from
Port 1 to Port 4 and built up of six conductor-loaded cavi-
ties starting from the right-hand side of the star junction.
This filter serves the lower passband in the system and

FIGURE 7. A close-up view of the star junction in its (a) outline form and,
(b) vacuum-shell form.

FIGURE 8. Outline of the wideband multiplexer design with use of various
filter types.

has been specified with an equiripple bandwidth from
19.5 GHz to 21.25 GHz, for an operational FBW of
6.14% between 19.75 GHz to 21.0 GHz. This moderate
FBW is selected for the Satcom downlink and allows
for additional information bandwidth from payload ap-
plications. For this particular design, emphasis has been
focused on compromising reasonable unloaded cavity Q
and the required control of spurious cavity modes to
satisfy the far out-of-band rejection up to the specified
end of the Ka-band (>60 dB rejection at 33 GHz).
Additionally, specifying the lowest filter branch in this
manner, a wide spurious free region could be provided
as a way of mitigating any interference with the two up-
permost passbands. A general view of this behavior can
be observed while studying the single resonator types
provided in Fig. 3 and Fig. 4, and extrapolated to meet
the final rejection requirements specified in Table 1.
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FIGURE 9. (a) Simulated S-parameter results of the multiplexer as
proposed in Fig. 2 and further outlined in Fig. 8, and (b) details of the
lower frequency cutoff and higher frequency spurious modes of the
simulated S-parameter results.

III. WIDEBAND INPUT TRANSITION AND FOUR-PORT
JUNCTION
At the core of the multiplexer, a four-port star junction
has been developed that enables each of the different wave-
guide types to interface for the splitting and combining of
the signals. A narrow channel width is selected in order to
deter spurious and higher order modes from forming in this
region while still providing a suitable cutoff frequency for
the inclusion of the lowest passband frequencies. In order to
feed the narrow four-port junction, the input (common) port
is fed by a single-ridge waveguide to standard rectangular
waveguide transition. This transition is created to interface
with the WR34 input port and selected for its ability to
provide good return loss over a wide range of frequencies.
Fig. 6 provides the simulated S-parameters of the transition
throughout the 18 GHz to 33 GHz region before it is added as
the interface to the rest of the star-junction body. The three

FIGURE 10. Simulated isolation between the filter-branch ports.

output ports (2 through 4) of the star junction are formu-
lated with the following corresponding waveguide filter types,
that being: An inductive coupling iris feeding the standard
rectangular cavity branch, an evanescent-mode post to feed
the evanescent-mode branch, and a single-ridge post to feed
the single-ridge (conductor loaded) cavity branch. A close-up
view of the star junction in its outline form and vacuum-shell
form are provided in Fig. 7.

IV. MODELLING AND SIMULATIONS
A vacuum-shell model of the proposed multiplexer has been
provided in Fig. 2 along with its corresponding topology in
Fig. 1 while details of the single-ridge input transition and
interconnecting star junction are provided in Fig. 6 and Fig. 7,
respectively. For a planar view, a detailed outline of the mul-
tiplexer model is provided in Fig. 8 and corresponds to each
of the filtering branch bullet points outlined in Section II, as
well as the single-ridge input transition and four-port junction
outlined in Section III.

The simulated S-parameters of this design are shown in
Fig. 9(a) for operation between 18 GHz to 33 GHz with each
of the specified FBWs mentioned previously. Each of the
passbands is designed with better than 20 dB return loss, while
the guardband regions reach below 40 dB at the transmission
crossovers between each of the passbands. Additionally, it
can be noted that the upper rejection of the lowest passband
remains spurious free up to the end of the frequency band (i.e.,
>60 dB up to 33 GHz). Fig. 9(b) is provided as a wideband
view of the lowest cutoff frequency and the upper spurious-
mode response and plotted over the range of 17 GHz to
37 GHz. The isolation between each of the filter ports is given
in Fig. 10 where the lowest isolation is approximately 68.0 dB
at 23.45 GHz, and rises to more than 80 dB throughout the
rest of the specified frequency range. A close-up view of the
simulated insertion loss values while considering an effective
conductivity of 15.6 MS/m are provided later in Fig. 14 of
Section VI, where the simulated and measured results are
compared in detail. Details of the electric-field distribution
throughout the structure are provided in Fig. 11 and allow for
the reader to understand the interactions of each branch with
the interconnecting star junction.
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FIGURE 11. (a) Simulated electric-field distribution through each of the filter branches. (a) Branch 1; the direct coupled cavity section, (b) Branch 2; the
evanescent combline section, and (c) Branch 3; the conductor-loaded cavity section.

FIGURE 12. (a) Perspective view of the proposed multiplexer’s inner
channels and housing in CAD form, and (b) the fabricated multiplexer
prototype in aluminum (no metallization is applied).

V. FABRICATION
For the fabrication of the multiplexer, aluminum has been se-
lected as the cutting material and high-precision CNC milled
into two blocks; one for the internal cavities and structures and
the other as a cover lid. The advantage of using single ridge
waveguide rather than dual ridge can be noted here: milling of
the cavities is bound to only one aluminum block and there is
no concern for misalignment of the dual ridge sections. All of
the corner radii are specified as 0.7 mm. Compression flanges
have been added to the outline of the internal channels for ef-
ficient pressure contact when the lid is mounted. A simulated
CAD model is provided in Fig. 12(a), while the synonymous
part is shown as the realized aluminum prototype in Fig. 12(b).
For ease of measurement, optional 90-degree H-plane bends
were added to the outputs of Port 2 and Port 4, while Port 1
and Port 3 remained inline. The final dimensions of the milled
unit are 79 × 88 × 23 mm3 with a weight of 414 g. The unit
has been retained in its aluminum form for measurement and
no passivation layer has been applied. Furthermore, no post
tuning has been applied.

VI. MEASUREMENT
The multiplexer has been tested using a two-port method
with a Rohde & Schwarz ZVA67 network analyzer. The input
and ith channel are measured, while consequently, the other
channel ports are terminated with matched loads. A compar-
ison of the simulated and measured results are presented in
Fig. 13(a)–(c) over 18 GHz to 33 GHz, where 22 GHz is the
typical lower bound operation of WR34 components. These
measurements can be seen to follow each of the three mea-
sured passbands closely and exhibit highly accurate results.
The measured return loss in all three passbands is better than
19.2 dB. The measured insertion losses taken in the designated
operational passband bandwidths are in the range of 0.29 dB
to 0.38 dB, 0.38 dB to 0.59 dB, and 0.52 dB to 0.68 dB for the
lower, middle and upper passbands, respectively.

Furthermore, it can be shown in Fig. 13(a)–(c), that the
rejection characteristics of each passband meet their specified
requirements from Table 1. These requirements consist of the
30 dB guardbands spanning 0.5 GHz between each of the
adjacent passbands, as well as the more stringent rejection
levels of 60 dB that are placed further from the given pass-
bands to suppress out-of-band interference. These rejection
requirements are indicated by the green boundary lines. Only
a minor offset with regards to the center frequencies of the
passbands can be observed. A close-up view of the simulated
versus measured insertion losses are provided in Fig. 14 over
the full range. The measured isolation between each of the
three channels is provided in Fig. 15 and demonstrates an iso-
lation that is better than 68.0 dB for all three channels. In light
of the accurate measurements, all of the specifications for the
multiplexer have been met. Table 3 is provided as a summary
of the electrical and physical measurements. For comparison
to manufactured designs that are presented in the literature,
Table 4 is provided as an overview of other waveguide-based
triplexer designs ranging from 1 GHz up to 220 GHz. It can
be noted that the operational bandwidth (MUX FBW = 42%)
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FIGURE 13. (a) Simulated versus measured S-parameter results of the multiplexer. (a) the conductor-loaded cavity section, (b) the combline section, and
(c) the direct coupled cavity section. Rejection and guardband requirements are indicated by the green boundary lines. Effective conductivity is taken as
15.6 MS/m.

FIGURE 14. Close up view of the simulated versus measured insertion
losses for each of the multiplexer branches. Insertion loss requirements
are indicated by the green boundary lines. Effective conductivity is taken
as 15.6 MS/m.

of this design is far larger than any other reported designs
to date. Furthermore, excellent isolation characteristics are
achieved without the need of transmission zero producing
topologies.

VII. FUTURE APPLICATIONS
Application of the proposed wideband multiplexer con-
cept can be extended to leading industrial applications for
Satcom/terrestrial communications as proposed in [1]
and [41]. Modification of the proposed multiplexer model
allows for the industry specified bands to be achieved within
a similar profile and are exemplified by the transmission sim-
ulations provided in Fig. 16(a)–(c) for operational passbands
between 19.7 GHz to 20.2 GHz, 24.25 GHz to 27.5 GHz, and
29.5 GHz to 30 GHz with specified guardband and rejection
requirements indicated by the green boundary lines. As shown

FIGURE 15. Simulated versus measured isolation between the filter
branch ports. Effective conductivity is taken as 15.6 MS/m.

TABLE 3 Fabricated K/Ka-Band Multiplexer - Electrical and Physical
Measurements

in Fig. 16(a), one of most challenging requirements is to pro-
vide a 60 dB rejection up to 35 GHz, however, this condition
was successfully met by using the conductor-loaded cavity
approach as outlined in Section II. In fact, the simulations
are even shown to allow for more than 100 dB rejection in
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TABLE 4 Sample Comparison of Manufactured Multiplexers‡ (Waveguide-Based Triplexers Between 1 GHz–220 GHz)

FIGURE 16. Simulated theoretical insertion loss results for an industry initiated multiplexer mask as proposed in [1] and [41]. Rejection requirements are
indicated by the green boundary lines.

this region by utilizing this method. In this manner, an im-
plementation of the general design approach, as well as the
realizable hardware, can be applied to the next-generation of
integrated terminals with HTSs utilizing FDD, and 5G/6G
mmWave eMBB utilizing TDD.

VIII. CONCLUSION AND OUTLOOK
In this work, a novel wideband multiplexer concept for multi-
use Satcom/terrestrial applications has been proposed and
demonstrated for multi-band use. Using an array of RF fil-
tering techniques, three wideband channels are demonstrated
for passband operation over a frequency range of 19.5 GHz
to 30.5 GHz. The broad frequency range of these channels
are combined through the use of a four-port star junction
that is fed from a single ridge-waveguide transformer. For the
verification of the approach a stand-alone multiplexer unit has
been designed considering standard WR34 waveguide flange
interfaces at all of the input/output ports. The measured results
are demonstrated to be highly accurate when compared with
the analyzed characteristics of the model and, thus, demon-
strate the validation of the general approach.

The size of the realized multiplexer for verification pur-
poses is mainly driven by the use of standard WR34 flange
interfaces (prototype size: 79 × 88 × 23 mm). This design
is already compact, however, for an application in integrated

equipment solutions, there is no need of standard waveguide-
flange style interfacing with the dedicated units (e.g., transmit
amplifier, LNA,. . .). Such units allow direct interconnections
with associated transitions to facilitate overall compact equip-
ment designs. Consequently, the multiplexer design is well
suited for integrated equipment solutions, e.g., it can be con-
sidered for a combined implementation with the transmit and
receive amplifiers in a common housing with the appropriate
transitions for the direct interconnections of the units. This
will be an essential prerequisite for overall high-performance
and low-cost implementations of multiple-use communica-
tions terminals.

As demonstrated, the concept is suitable for future re-
quirements proposed by industry. The straight-forward de-
sign profile does not require the use of cross-couplings or
frequency-dependent inverters for generating transmission-
zeros to meet any of the rejection or isolation requirements.
This is due to the utilization of the high selectivity provided
by each of the all-pole filter designs combined with the clever
use of each specific resonator type to maintain spurious-free
regions above each sequential passband. This work provides
an innovative multi-resonator type solution for overcoming
the stringent demands of wideband multiplexers and can be
applied for practical multi-use Satcom/terrestrial terminals in
the future.
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