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ABSTRACT This work presents a 10-way Ku-band power divider using a mode transducer and a radial
junction connected by an overmoded circular waveguide operating in the TM01 mode. The circular symmetry
of this mode has been exploited to obtain a power divider with the rectangular output ports radially distributed
along the broad wall of the waveguides inH -plane configuration. This topology provides the same amplitude
and phase for all the output ports. At the same time, a compact profile has been obtained, introducing a
simple manufacturing for the two components of the divider. The first component is a mode transducer
converting the TE10 mode in the rectangular waveguide to the TM01 mode in the circular waveguide.
It is based on a novel topology providing a very high purity in the mode conversion with an attenuation
for the other propagating mode, the TE11c, higher than 60 dB. The second component is a 10-way radial
junction that must work under the excitation of the TM01, whose special features, since this mode is not the
fundamental one of the circular waveguide, will be highlighted. The final design has been validated with
an experimental prototype, proposing a manufacturing based on four simple parts. This has been the key to
obtain an experimental prototype with specifications in the state-of-the-art. The measured efficiency is better
than 96.5% in a 16.7% relative frequency bandwidth from 11 GHz to 13 GHz, with return losses better than
25 dB in the common port. The measured difference between the signals at the output ports of the prototype
is±0.3 dB for the amplitudes and±0.45◦ for the phases. A comparison of the obtained results with another
divider based on the TE01 mode shows the potential of the presented design for becoming an alternative to
the more extended TE01-based power dividers.

INDEX TERMS Microwave power combiner/divider, waveguide TM01 mode transducer, mode-conversion
purity, overmoded circular waveguide, radial junction.

I. INTRODUCTION
Actual microwave systems at Ku-band are found in industrial
equipment, research laboratories, or defense facilities. The
applications are very diverse, involving radars for weather
surveillance or traffic control, the front-end of communi-
cation transceivers or equipment for plasma science. In all
these areas, the need of high-power modules is very common,
with very stringent specifications of linearity and efficiency,
in frequency bands that are progressively higher and wider
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in relative bandwidth. Devices based on vacuum technology
have been commonly used in these applications [1], although
solid-state technology has been under constant evolution dur-
ing last decades and provides many advantages [2].

In many systems, a single unit of a solid-state power ampli-
fier (SSPA) cannot provide the required performance with a
prescribed stringent input-output linearity and high enough
output power level. In this case, the combination of several
sources coming from individual amplifiers is used to over-
come this limitation [3], [4]. This scenario has increased the
research on power dividers/combiners with a large number
of ports N and very stringent specifications [5], [6]. One of
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the main goals in their design is to obtain a high combi-
nation efficiency, which requires that the amplitudes of the
signals divided/combined in the amplification process must
be controlled and kept equal in both amplitude and phase.
This specification is a very important aspect of the design
proposed in this work.

There are different configurations of power dividers/
combiners [3], [4] such as the chain or corporate architec-
tures, or those based on a radial arrangement of the output
ports with respect to the input common port [7], [8]. The
radial configuration has an intrinsic advantage based on its
symmetric topology, especially for systems dealing with a
large number of portsN , as it is the case of this work (N = 10)
shown in Fig. 1. In this configuration all the ports are treated
in the same way, since the control of the signals in both
amplitude and phase is guaranteed by the field pattern of the
exciting mode and the divider topology. The radial config-
uration can be implemented in diverse transmission media
such as planar or waveguide technologies. However, when
low insertion losses and high power-handling capability are
needed, waveguide technology is the most suitable solution
for high-power modules [9], [10].

Different type of waveguide radial combiners (or dividers,
since both modes of operation are dual, and, hereafter, both
terms will be used indistinctly) based on the TE01 mode of
the circular waveguide can be found in the technical litera-
ture [9]–[13]. A comparison of different designs using this
TE01mode can be found in [9]. However, for designs based on
the TM01 circular mode, the scenario is completely different,
since the number of previous contributions is scarce. In fact,
the only work found by the authors dealing with a N -way
divider based on the TM01 mode is [14], showing a narrow
band 4-way waveguide combiner centered at 14 GHz with
insertion loss of 0.25 dB.

Therefore, the main goal of this work is to fill the gap in
this area, designing a highly efficient power combiner based
on the TM01 circular mode, exploiting its advantages for
achieving an extraordinary balance of the output signals in
amplitude and phase, with low insertion and return losses, and
high-power handling capability. These figures ofmerit will be
compared with a combiner based on the TE01 mode working
at the same frequency band, showing that the presented design
is a suitable alternative.

In fact, the presented configuration also provides addi-
tional degrees of freedom for arranging the ports and for sim-
ple manufacturing. In the introduced TM01-based combiner,
the output ports are placed in the so-called H -plane config-
uration, with the output rectangular waveguides distributed
along their width (the ‘‘a’’ dimension) as shown in Fig. 1.
This configuration guarantees that the output signals are all
polarized in the same direction. However, in TE01-based
combiners, the output ports are distributed in E-plane along
the height (the ‘‘b’’ dimension) of the output waveguides, and,
two output ports placed 180◦ apart in the radial configuration
are polarized in opposite directions. In addition, the H -plane
configuration for the TM01-based combiner plays a key role

FIGURE 1. a) 3D view of the power divider composed of a mode
transducer (between the TE10 rectangular mode and the TM01 circular
mode), and the 10-way radial junction excited by the TM01 (not the
fundamental mode of the circular waveguide). b) Prototype manufactured
in aluminum with the scheme proposed in the paper: Four simple and
low-cost parts of body an cover as in H-plane technology.

for low cost manufacturing, since a body/cover implementa-
tion for its two main parts will be proposed, demonstrating an
excellent performance.

Fig. 1(a) shows a 3D view of the power divider proposed in
this work composed of two main parts: the mode transducer
between the TE10 rectangular mode and the TM01 circular
mode, and the 10-way radial junction. It is important to
emphasize here that the 10-way radial junction in Fig. 1(a),
although it has a radial distribution shown in other microwave
structures, it is working under the excitation of the TM01
circular waveguide mode. This leads to singular features in
comparisonwith other junctions found in the literature, which
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FIGURE 2. Converting section in Fig. 1(a) (cut at the middle of the
structure showing the electric field configuration), based on a
septum-type junction excited by the fundamental TE10 mode with the
same phase in both rectangular ports.

are discussed in the paper. The high purity of the TM01
mode in the overmoded circular waveguide is preserved in
the whole operation band from 11 to 13 GHz (16.7% relative
bandwidth) (keeping the level of other propagating modes
below −60 dB. A photo of the manufactured prototype in
aluminum is shown in Fig. 1(b).

The design, manufacturing, and test of this divider is
addressed in the five sections of the paper. Section II
describes the design of the mode transducer composed by
the converting section and the feeding network, showing the
theoretical results of both elements and its complete response.
Section III presents the design of the 10-way radial junc-
tion with the theoretical simulations. Experimental results
of the manufactured prototype, validating the novel design,
are shown in section IV. Finally, section V summarizes the
contributions of this work.

II. DESIGN OF THE MODE TRANSDUCER BETWEEN THE
RECTANGULAR TE10 MODE AND THE CIRCULAR TM01
MODE
The transducer proposed in this work is based on a junction
with three ports: two rectangular waveguides and a circular
waveguide. The rectangular ports are standard WR75 waveg-
uides. The junction is excited by means of sidewall coupling
using a reduced-height waveguide. The inner part of the cir-
cular waveguide can be seen in Fig. 2, with a stepped septum
to control the matching level in the converting section. When
the junction is excited by two in-phase TE10 rectangular
modes, the TM01 mode is generated at the output circular
waveguide. The same figure shows the electric field in the
longitudinal section of the junction, where its strength is
maximum. In addition, the figure shows the actual aspect ratio
of the converting section, where dimensions that could be too
small for an accurate manufacturing have been intentionally
avoided, improving also the power handling.

The mode transducer has been designed following the
detailed procedure introduced in [15], which takes into
account the excitation and the symmetries of the different
parts of the transducer. Other options for this waveguide
component are available in the technical literature. There are
classic works and more recent contributions [16]–[19], with
very diverse characteristics in the topology, bandwidth and

FIGURE 3. Return loss of the converting-section. The simulation is carried
out with perfect magnetic wall (MW) boundary conditions applied at the
symmetry planes of one quarter of the junction.

mode purity. In this work, we required an excitation simple
and transversal to the circular waveguide axis, reducing the
distance between the input common port and the 10 out-
put ports (see Fig. 1) for achieving maximum compactness.
In addition, the transversal size of the circular waveguide had
to be low enough for a high mode purity. These requirements
lead to the topology in [15]. For the sake of the clarity,
the main points related to the mode transducer in Fig. 1 will
be commented now.

The converting section (element labeled with ‘‘C’’
in Fig. 1 of [15]) has been replaced in this work with respect
to the previous reference by a new junction with two goal in
minds. On the one hand, it has been aimed to increase the
return loss level up to 30 dB in the same relative bandwidth
(16.7%). On the other hand, it has been also aimed to improve
the purity of the excited TM01 mode reducing the level of
the undesired propagation mode (just the TE11c mode in this
particular case and frequency band). Finally, the dimensional
constrains imposed by the manufacturing have been precisely
considered during the electromagnetic design.

The full-wave simulation of the converting section is car-
ried out in a quarter of the structure with perfect magnetic
wall (MW) boundary condition at its two symmetry planes.
With these boundary conditions, the TM01 is the only propa-
gating mode in the operation band in the circular waveguide
for this particular structure. The return loss, obtained very
efficiently with the CST Microwave Studio [20], is shown
in Fig. 3.

The feeding network is the other element of the mode
transducer in Fig. 1(a). It connects the input with the two
arms of the converting section. The elements labeled ‘‘A’’
and ‘‘B’’ in Fig. 1 of [15] have been resigned, changing also
the connection lengths. The transducer obtained after this
process, with its actual aspect ratio, is shown in the upper part
of Fig. 1(a).
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FIGURE 4. Simulated S-parameters of the final mode transducer
(converting section with feeding network, showing the electric field
configuration): Return loss for the TE10r rectangular mode and
attenuation of the TE11c circular mode when it is excited by the TE10r .

The next step in this design process is to cascade the con-
verting section with the feeding network, for a final full-wave
optimization of the return loss, and the level of the first
undesired mode. The simulated results of the complete mode
transducer are shown in Fig. 4, along with the electric field
configuration in the inset of the figure. The return loss for the
TE10r mode (the r in the sub-index identifies that is a mode
of the rectangular port) is better than 30 dB. The attenuation
of the TE11c circular mode when the junction is excited by the
TE10r rectangular mode is higher than 60 dB, guaranteeing a
high purity in the mode conversion.

III. DESIGN OF THE 10-WAY RADIAL JUNCTION EXCITED
BY THE TM01 MODE
The TM01 mode, generated at the common circular waveg-
uide when the transducer is excited by the rectangular port,
is the input signal for the radial junction shown in Fig. 5. This
TM01 mode is equally divided into the N = 10 output ports.
The division preserves the same magnitude and phase of the
outputs at the 10 ports. The reason is the symmetry of both,
the junction, and the field pattern of the TM01 mode. Thus,
the transmission parameters from the TM01 mode to the TE10
modes in each one of the 10 rectangular output ports will be
the same, as long as the manufacturing is accurate enough.

The outputs of the junction are 10 WR75 standard rectan-
gular waveguides, attached to the bottom of the structure in
H -plane configuration. In this topology, there are no irises
and the radius of the base is not enlarged, minimizing the
losses and increasing the power handling, since no coupling
windows are used. Moreover, the junction has to be matched
when it is excited by the TM01 circular waveguidemode. This
has been achieved by placing a metallic element at the center
of the junction. Thus, the proposed junction fulfills all the
electric requisites for the power divider, but also the mechan-
ical ones. In fact, this approach simplifies the manufacturing

FIGURE 5. 3D CAD view of the proposed 10-way radial junction for the
divider showing the electric field configuration. The output waveguides
(WR75) are directly attached to the junction base without irises or
coupling elements. The circular waveguide is excited by the TM01 mode,
not by the fundamental mode.

and reduces the cost, since the junction is split in the same
body and cover configuration used in the mode transducer of
Fig. 2.

This proposed junction, although it has a radial symmetry,
is different to those used in dividers working in the TE01
circular waveguide mode [9]–[13]. In these dividers, since
they are using the TE01 mode, waveguides are naturally dis-
tributed along the height-side using anE-plane configuration.
Moreover, the H -plane distribution in Fig. 5 can be seen in
turnstile junctions [21], [22]. However, it is emphasized here
that in turnstile junctions, the number of rectangular ports
is only N = 4 (not a generic N as here, that is actually
N = 10, making the physical arrangement much more
complicate). More important, turnstile junctions are excited
by the fundamental TE11 orthogonal modes of the circular
waveguide.

The matching element controlling the return loss at the
circular waveguide is basically a metallic post or cylinder that
preserves the radial symmetry, placed at the bottom of the
junction. In this design, two stacked cylinders are necessary
to cope with the specified bandwidth (see the inset in Fig. 6).
Since the excitation in the circular waveguide is the TM01
mode, MW boundary conditions are applied at the symmetry
planes of one quarter of the divider in order to increase
the efficiency of the computer simulations. The simulated
responses are shown in Fig. 6. The return loss is better than
30 dB in the design band. The insertion loss in ports P1, P2 and
P3 is close to the theoretical value of 4.8 dB that corresponds
to a 3-way divider, which here represents one quarter of the
actual structure.
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FIGURE 6. S-parameters of the radial junction, simulated with one
quarter of the junction shown in the inset along with the port numbering.
It is shown the response of the reflection coefficient of the TM01 mode,
and the transmission to the rectangular ports.

The power divider can be used in diverse areas related to
high-energy, such as plasma heating, particle accelerators,
etc.. Bearing in mind these applications, the estimation of
the power handling has been carried out at the lowest oper-
ation frequency of 11 GHz in the most critical case. A limit
of 137 kW is obtained when a breakdown field of 30 kV/cm
is assumed for the air-filled device. This value has been
calculated taking into account the most critical dimension
of the power divider, which is found in the 10-way radial
junction. As it can be observed in the inset of Fig. 6, this
dimension is the distance between the last matching cylinder
and the outer circular waveguide. The limit of 137 kW could
be substantially increased if the power divider is filled with
an insulator gas such as SF6.

IV. FINAL DESIGN OF THE POWER DIVIDER.
EXPERIMENTAL RESULTS
The mode transducer and the 10-way radial junction are con-
nected to obtain the final design of the power divider. In order
to guarantee that the cascading of these two parts preserves a
return loss better than 25 dB, a final full-wave optimization
must be carried out. This optimization will be very fast, since
the performance of each part is completely controlled in the
specified bandwidth. On one hand, the return loss level for
both parts in each separate design was 30 dB, i.e., with a
margin of 5 dB with respect to the final requirement. On the
other hand, the levels of the non-desired modes in the circular
waveguide connecting the two parts have been kept very low,
reducing their eventual interaction. Therefore, only a few
parameters are refined in the final optimization: the height
of the septum in the transducer and the radius and height of
the two matching cylinders in the divider (5 parameters).

The final design of the 10-way power divider has been
manufactured in aluminum, using Computer Numerical
Control (CNC) machining. Two parts correspond to the

FIGURE 7. Four different parts forming the power divider: a) and b) body
and cover of the radial junction, respectively; c) and d) body and cover of
the mode transducer, respectively.

transducer and those other two for the radial junction. In both
cases, the approach forH -plane circuits has been followed: it
is machined a body with the main elements covered by a lid.
The four parts can be seen in Fig. 7 before the assembly of
the device. A photograph of the prototype already assembled
in the test bench is shown in Fig. 8. It shows the experimental
characterization of the scattering parameters with a Vectorial
Network Analyzer (VNA) and high-precision WR75 match-
ing loads (i.e., with return loss in the calibration better than
40 dB).

The experimental results for the return loss are compared
with the expected values in Fig. 9. The power divider is
excited by the input rectangular waveguide (port number 11
in the 3D view of Fig. 9), and the measured return loss
is better than 25 dB in the design band. It is very close to
the expected response. In fact, the small differences with the
theory can be explained with a sensitivity analysis taking
into account the tolerances of ±0.02 mm associated to the
manufacturing.

The experimental results for the transmission parameters
in magnitude and phase are shown in Figs. 10 and 11, respec-
tively. They are obtained connecting one port of the VNA to
the input rectangular waveguide (see the port numbers in the
inset of Fig. 9). The other port of the VNA is connected to
one of the output ports (1 to 10), while the other remaining
9 ports are connected to the high-precision matching loads.
The measured results for the magnitude are shown in Fig. 10.
The figure also includes the reference value for an ideal case
of metallic walls with perfect conductor (σ = ∞,−10.0 dB).
It also includes the average reference value for aluminum
conductivity (σAl = 37.8 MS/m, −10.06 dB). Since the
average value of the measurements is close to −10.12 dB,
these results show that the effective conductivity achieved in
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FIGURE 8. Photograph of the manufactured prototype in the test bench,
showing the Vectorial Network Analyzer (VNA) and the high-precision
matching loads for the accurate S-parameters characterization.

the prototype with the CNC manufacturing is very close to
the nominal value for the aluminum.

Themaximum difference between the transmission param-
eters is also a very important figure of merit, since it has to
be as small as possible. Fig. 10 shows that the amplitude
balance is inside a small margin of ±0.3 dB. This result
can be explained by the surface roughness associated to the
manufacturing, and, the asymmetries generated by themilling
accuracy (±0.02 mm), which lead to small variations in the
transmission to the different ports. Fig. 11 shows the phase
of the transmission to the 10 output ports. Since these curves
almost overlap, a detail of the phase difference is shown in the
inset of the same figure. The difference between the phases
of the transmission parameters, i.e., the phase balance, is also
within a small margin of ±0.45◦. Thus, the balance in both
magnitude and phase for the transmission parameters is very
good.

The experimental results for the isolation between the
rectangular output ports is shown in Fig. 12. The figure shows
the measured and simulated results for the case of excitation
by port number 4 (according to the port numbers in the
inset of Fig. 9). This test represents one generic case of
isolation, since the structure presents radial symmetry and
the results exciting by other rectangular output ports are
similar. When the power divider is excited by port number 4,
the transmission to the adjacent ports is measured, provid-

FIGURE 9. Comparison of the return loss between the simulation with the
aluminum conductivity σAl = 37.8 MS/m and the measurement. The
power divider is excited by the common input rectangular port (port
number 11 according to the 3D CAD view in the inset).

FIGURE 10. Experimental results: measured insertion loss of the 10-way
power divider. It is included the expected simulated value for a perfect
conductor σ = ∞ (−10 dB), and the expected simulated average value for
aluminum conductivity σAl = 37.8 MS/m (−10.06 dB), showing a balance
inside a margin of ±0.3 dB.

ing the S-parameters s5,4, s6,4, . . . , s9,4 in the figure. The
comparison with the simulated response is excellent. As it
could be expected, the lowest isolation corresponds to the s94
parameter, since it is the transmission between two opposite
ports.

The s44 parameter (the results for other output ports would
be similar) is shown in Fig. 13, very close to the simulation
as well. These results confirm the accurate machining, and
they support the proposed design approach, where the man-
ufacturing constrains are incorporated into the design of the
parts from the very beginning. It is highlighted that the s44
parameter is obtained when all the other ports are terminated
in matched loads. However, for actual power combination,
all the ports 1 to 10 are excited in-phase. For power division,
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FIGURE 11. Experimental results: measured phase (in degrees) of the
transmission parameters for the 10-way power divider (a detail is shown
in the inset of the figure), showing a balance inside a margin of ±0.45◦.

FIGURE 12. Experimental results: measured isolation (continuous line)
when the power divider is excited by port number 4 (see the inset
in Fig. 9), measuring the transmission to the adjacent ports for obtaining
the s54, . . . , s94 parameters. The measured values are compared with the
simulated values (dashed line) using the aluminum conductivity for the
metallic walls σAl = 37.8 MS/m.

the junction is excited by port 11. In both cases of combina-
tion/division, the return loss for these two modes of operation
is represented in Fig. 9. Moreover, the peaks in Figs. 12
and 13 at approximately 11.2, 12.0 and 12.6 GHz are found
when the junction is excited asymmetrically (only by port
4 in this example) out of these two modes of operation. The
manufacturing asymmetries also lead to differences in the
transmission parameters, although within a small margin of
±0.3 dB yielding a great overall performance summarized in
the efficiency parameter.

The combining efficiency parameter [23] has been char-
acterized to have an overall figure of merit for the power
divider. This parameter takes into account the combination
of the transmission from the input to all the output ports in

FIGURE 13. Experimental results: measured s44 parameter (continuous
line) when the power divider is excited by port number 4 (see the inset
in Fig. 9) and all the other ports are terminated in their matched load.
Measurement is compared with the simulated value (dashed line) using
the aluminum conductivity for the metallic walls σAl = 37.8 MS/m.

both magnitude and phase. It is computed as

ξ =
1
10

∣∣∣∣∣
10∑
k=1

sk,11

∣∣∣∣∣
2

, (1)

where the port numbering is shown in the inset of Fig. 9.
The expected theoretical efficiency has been obtained by

a full-wave analysis of the power divider taking into account
the aluminum conductivity σAl = 37.8MS/m in all the metal-
lic walls. The experimental efficiency has been obtained with
the measured transmission parameters, and it is better than
96.5% in the design bandwidth. Fig. 14 shows the comparison
between both results. It must be emphasized that the surface
roughness and the milling accuracy have only reduced the
theoretical efficiency a 2%, which can be associated to an
excellent manufacturing.

As a summary, Table 1 compares the performance of two
waveguide radial power combiners with the same center
frequency and bandwidth at Ku-band. Both designs include
a mode transducer from the TE10 mode in the rectangular
waveguide to a high-order mode of the circular waveguide:
the TE01 for the first case and the TM01 for the second
case. The physical parameters under comparison are the
number of ways N , the material and the manufacturing pro-
cess. The electrical parameters included in the table are the
ohmic (in excess) insertion loss per way, the power handling,
the amplitude and phase balance, and the power combination
efficiency.

It is well known the low-loss behavior of the TE01 circular
waveguide mode. Nevertheless, the similar combination effi-
ciencies and insertion losses of the two designs in the Table,
suggest that there is not a clear prevalence of the solution
based on the TE01 (a priori the preferred approach) with
respect to the TM01. Although this comparison has to take
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TABLE 1. Performance comparison between two Ku-band power dividers based on the TE01 and TM01 circular waveguide modes, respectively.

FIGURE 14. Comparison of the combining efficiency parameter between
the extracted value from the experimental results and the simulation with
the aluminum conductivity σAl = 37.8 MS/m.

into account that the materials of both designs are different
(lower conductivity for the TE01 case), there are several
aspects to consider where each solution has its own pros and
cons. For instance, the TE01 approach is the best option in
this case for the power handling capability according to the
Table. In any case, both estimated values, 240 and 137 kW,
respectively, are enough for a great variety of applications,
where typically the thermal aspects become the real limiting
factors.

Another key aspect in the comparison is the manufactur-
ing. The H-plane configuration with the TM01 mode has a
lower cost since the body/lid structure shown in Fig.7 can be
manufactured by CNC milling. However, in the case of the
TE01 mode, themore expensive Electrical DischargeMachin-
ing (EDM) technology was also necessary. In size, for a large
number of ports, the E-plane configuration allows a more
compact distribution of the ports than the H-plane (output
rectangular waveguides arranged along the height rather than
the width), although in the H-plane approach all the ports are
polarized in the same direction.

The high purity required for the mode exciting the N -way
radial junction can be only achieved with a careful control of
the attenuation levels of the non-desired modes in the circular
waveguide. In this case, the combiner based on the TM01
mode has an intrinsic advantage: there is only one mode to
control, the TE11c. However, for the TE01 approach, there
are four propagating modes whose attenuation level must be
controlled: the TE11c, TE21c, TM11s and TE31c.

The designer has to take into account all the previous
considerations to make the final selection between both cir-
cular waveguide modes. However, taking into account all
the considered figures of merit, we have shown the potential
of the combiner based on the TM01 mode. It is a feasible
option, not as extended as the TE01 approach in the technical
literature, but with a similar performance whose advantages
can be exploited in many applications.

V. CONCLUSION
A novel 10-way Ku-band radial power divider based on the
TM01 circular mode has been presented. The components of
the power divider have been discussed, especially the main
steps in the design and the manufacturing. The proposed
structure exploits the symmetries of the field pattern of the
TM01 mode, generated with a mode transducer, with a very
simple radial junction that allows to allocate a large number
(10) of output rectangular ports in H -plane configuration.
This also simplifies the manufacturing (key point to obtain a
great performance), since both, the transducer and the divider,
can be segmented in a simple configuration of a main body
and a cover. Since milling can be used to fabricate the four
parts, the cost is dramatically reduced.

Finally, the experimental results show a great performance
in different figures of merit over the whole 16.7% fractional
bandwidth (11-13 GHz) of the design: return loss better than
25 dB, difference between the transmission parameters in
magnitude within ±0.3 dB and phase within ±0.45◦, and
efficiency higher than 96.5%. Therefore, the presented power
divider based on the TM01 mode can be a feasible alternative
to the more extended approach based on the TE01 mode.
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