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WAVEGUIDE
DIPLEXER

Links Point-to-Point Systems

This straightforward approach helps to reduce the design complexity of
computing filter dimensions, as well as that of creating low-loss waveguide

diplexers and multiplexers.

oint-to-point radios at 18 GHz link many differ-

ent communications systems, including terrestrial

and satellite-base systems. A key component for

these systems is the diplexer, which helps to man-

d sort multiple signals. Fortunately, a simple and efficient

technique has been developed for designing a waveguide diplex-

er for 18-GHz point-to-point communications applications,

and the design approach can also be extended to the design of
general junction-type waveguide multiplexers.

Microwave diplexers and multiplexers filter and separate the
multiple frequency channels or bands in a common transmis-
sion line to direct each channel to its proper output port. In
reverse, these components can combine signals of different
frequencies at separate input channels into a single output port.
Diplexers and multiplexers are essential when transmitting
multiple, different-frequency signals through a single transmis-
sion medium, such as an antenna or transmission line.! Figure
1 shows a typical multiplexer. Signals for
transmission (T, T, through T;,) are in
the m channels, while the received signals

Channel filter 2

Common port

|

T e— Lo
T, e— LR,
Transmitting Multiplexing
port junction port
T e— —eR

1. This schematic diagram shows the essential parts of a
microwave multiplexer.

are used in each channel to screen desired frequency compo-
nents and reject unwanted out-out-band signals. Bandpass
filters are combined at the multiplexing junction into the

Septum
Channel filter 3

(Ry, Ry, through R),) are in the n channels.

In general, the channels in a mul-
tiplexer can be contiguous but not

overlap. Typical microwave multiplex-
ers are implemented in rectangular or
circular waveguide,? on printed-circuit
boards (PCBs),? and as ceramic struc-
tures.»> Bandpass filters with a narrow
bandwidth and a sharp rolloff property
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2. This diagram shows the structure of the diplexer created with the new design approach.
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Waveguide Diplexer

design parameters for the diplexer junc-

tion. A combination of a septum of suit-
able dimensions and distance L from the

junction center line to the first element
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3. These are the design |
parameters for the :
waveguide diplexer. L
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common port or vice versa.
The multiplexing junction is a

of filter 3 enables impedance matching at
band 2. Similarly, for impedance match-
ing at band 3, the distance L, is optimized
with proper septum dimensions. A com-
mon design approach is to represent the
diplexer junction and channel filters with
network parameters and to optimize the
T-junction structure and distances from
the T-junction to channel filters—and
in some cases, the first few elements in
the channel filters.®!° The design of the
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crucial part of a microwave multi- [
plexer. Major types of multiplexing I
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diplexer junction can be greatly simplified
I with the aid of modern electromagnetic

junctions used in waveguide multi-  Port 2 lport 3 (EM) simulation software tools.

plexers include the circulator/filter : The first step in the diplexer design
chain, the directional coupler/filter — — technique is to replace filters 2 and 3 with
scheme, the manifold structure, and | /2 | their respective reflection coefficients, I'
the branching filter scheme.! Mul- I l—> | and I3, and to use the initial dimensions
tiplexers employing the latter two : : | of the septum (as shown in Fig. 4, where
structures are often called junction- r, —— I, the initial dimensions of the septum are

type multiplexers. In junction-type
multiplexers, impedance-matching
elements are usually employed in Port 1
the junction region to achieve low
reflection at all bands. This article of a junction-type diplexer.
will focus on junction-type diplexers.

Diplexers are multiplexers with two channels. They are used
for separating or combining transmitted and received signals
in single-antenna communications or radar systems. Using
a simple approach, it is possible to design high-performance
T-junction waveguide diplexers, and the basic idea behind
the technique can be extended to the design of general junction-
type multiplexers.

Figure 2 shows the structure of a diplexer designed with this
simple approach. It consists of bandpass filters 2 and 3, operat-
ing at bands 2 and 3 respectively. The diplexer is implemented
in rectangular waveguide with a broad wall width of a and a
narrow wall height of b. In most standard rectangular wave-
guide structures, b is one-
half the value of a. For this

4. This is the scheme for the simplified design

set to zero). Values for reflection coeffi-
cients I'; and T'; are obtained beforehand
by numerical simulation, using commer-
cial simulation software such as Micro-
wave Studio from Computer Simulation
Technology (www.cst.com), the High
Frequency Structure Simulator (HFSS) electromagnetic (EM)
software from Ansys (www.ansys.com), or even in-house EM
computational programs. With this approach, one can avoid
the mathematical manipulation of the admittance or scattering
matrix of the T-junction.

The next step involves adjusting the distance L3 such that |Sy]|
is at its smallest value at band 2. Since, by design, the filter 2 is
well matched at band 2, distance L, will have a negligible effect
on |Sy;|- The distance L, is determined in the same way for mini-
mum value of |Sy;| at band 3. Lengths L, and L; should be large
enough so that higher-order modes generated at the T-junction
discontinuity and the septum are sufficiently attenuated after
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multiplexing junction, an
H-plane T-junction with a

).
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septum matching element
is employed. Other types
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of waveguide junctions

and matching elements - i
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can be used as well.

Figure 3 shows the
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5. This is the structure of a metal-insert filter in the rectangular waveguide.
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6. This plot presents the reflection coefficient of the diplexer
without a septum.

propagating over the distances L, and L;. With the values for L,
and L; determined, typical values for |S;;| would be around -10
dB at each filter’s passband.

At this point in the design process, a septum with suitable
height H and width W is added to reduce the value of |Sy;|. It has
been found that |Sy;| is not sensitive to septum width W ranging
from 0.05a to 0.30a. A septum width W equal to 0.30a is a good
choice since it results in a mechanically stronger structure than
when using a thin septum. With septum width W fixed at 0.30a,
the septum height H can be adjusted until |Sy;] is at its smallest
value for both bands. With a properly designed septum, |S| is
now decreased to less than -20 dB at both bands. If necessary,
simultaneously adjustments can be made in L,, L3, and H for
further improvements in |S;|.

This design technique can be extended to creating general
junction-type multiplexers. In the first stage, each bandpass filter
is replaced with its precomputed reflection coefficient, and the

THESE ARE THE DIMENSIONS OF THE DIPLEXER
DESIGNED WITH THE NEW APPROACH

Dimensions (mm)

Filter 2

Parameters Filter 3
Ry (7;:";) (18.7 10 19.1 GHz)

o 12.95 12.95
Wy = Wg 116 1.61
W= w; 5.18 6.26
Ws = Wg 6.41 7.62
Wy = Ws 6.67 7.90
=5 7.82 6.83
S3=5 788 6.82
S3= S5 7.88 6.82
S 7.88 6.82
i 0.20 0.20
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7. This waveguide diplexer was fabricated using the spit-block
method, with performance evaluated by test equipment.

dimensions of the impedance-matching elements in the multi-
plexing junction are set to their initial values, which may all be
zero. For impedance matching the multiplexer’s kth channel, the
distances from all other filters to the junction reference plane are
adjusted for the lowest reflection at the kth band. This process
is then repeated for all channels. This completes one design
cycle of the filter distance optimization. The filter distances will
be changed in each step of a design cycle. Many cycles of the
filter distance optimization is carried out until a convergence is
obtained.

Next, the matching elements of the multiplexer junction are
adjusted for good impedance matching at all bands. If desired
performance is not obtained in the second stage, the first and
second stages can be repeated or combined and simultaneously
adjustments made to the filter distances and impedance-match-
ing elements of the junction.

To demonstrate the effectiveness of this design approach, a
waveguide diplexer was designed and fabricated. It is a diplexer
fabricated with WR-51 waveguide, with a = 12.95 mm and b =
6.48 mm and with passbands of 17.7 to 18.1 GHz (band 2) and
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8. Shown is the reflection coefficient of the fabricated diplexer.
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9. These plots show the transmission coefficients of the fabricated
diplexer, (a) in band 2, (b) in band 3, and (c) in bands 2 and 3 with an
expanded vertical scale.

18.7 to 19.1 GHz (band 3). Microwave Studio was employed in
the numerical simulation. Waveguide filters of order 8 with thin
metal strips along the waveguide center line were designed using
the Rhodes method.!'? Figure 5 shows the structure of this
experimental filter, with its dimensions shown in the table. The
filter’s order determines the rolloff rate.

When two channel filters are combined in the H-plane
T-junction without a septum and with filter distances L, and L,
optimized, the resultant reflection coefficient shown in Figure 6
is only at a level of -10 dB. Using the septum in the T-junction,
the reflection coefficient was reduced to a —20-dB level. The
diplexer junction’s final dimensions were L, = 8.15 mm, L; = 6.80
mm, W =4.00 mm, and H = 2.10 mm.

The experimental diplexer (Fig. 7) was fabricated using the
split-block method.!? Its performance was evaluated by means
of high-frequency measurements, with the measured results
agreeing fairly closely with the simulations (Figs. 8 and 9). The
diplexer exhibits a low passband insertion loss of 0.3 dB in band
2 and only 0.5 dB in band 3, compared to simulated insertion-
loss values of 0.08 dB for both bands. The low insertion loss
of the simulations is due in part because ideal conductors are
assumed, with considerably lower insertion loss than actual con-
ductors. As these results show, this approach helps to simplify
the otherwise complicated design of a waveguide diplexer. When
more channels are needed, it can also be applied to general
junction-type waveguide multiplexers. Il
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