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Abstract — A new Ka-band dual multiplexer is presented, 

in which a channel filter is connected with two manifolds. 
The synthesis uses a network model combined with space 
mapping optimization technique with EM tools. The design 
procedures are included in this paper. The optimized 
dimensions and the simulated results are presented. The dual 
multiplexer is fabricated and tested. The tested results are in 
very good agreement with the simulated results. 

I. INTRODUCTION 

  Output multiplexers (OMUX) are often used in the high 
power section of a satellite payload for high power 
combining functions. For OMUX designs, the lowest 
possible insertion loss is a priority, with a certain amount 
of selectivity to suppress out-of-band spectral re-growth 
caused by nonlinearities in the HPAs [1][2]. Among 
various practical realizations, the manifold-coupled 
approach is viewed as the optimum choice as far as 
miniaturization and absolute insertion loss are concerned 
[1] [2]. In recent years, as satellite broadband continues its 
global expansion, the technologies and applications 
operating at Ka-band have drawn a great deal of interest. 
In particular, satellites employing multiple spot-beams 
usually require more flexible payload designs. In some 
Ka-band satellite payloads, an OMUX is used to split a 
composite signal output from an HPA into multiple 
separated beams. This kind of OMUX is often referred to 
as DeMUX. When both splitting (DeMUX) and combing 
(OMUX) functions are required in one payload system, a 
dual multiplexer with a connected channel to both 
manifolds often provides the best system-level solution in 
terms of foot-print, mass and insertion loss. A typical 
function block diagram is shown in Fig.1. Note that the 
conventional approach to achieve the same function is to 
design two separated multiplexers, in which the common 
channels are designed twice and they are connected using 
a transmission line and sometimes an isolator.   
 
 In Fig.1, a composite signal is input to the common port 
(or manifold port) of the DeMUX, then split into three 
beams through CH1, CH2 and CH3 channel filters. The 
beam through the CH1 channel filter is re-combined with 
the beam from the CH4 channel filter, and the composite 
signal of these two beams is output from the common port 
of the OMUX. It is obvious that the CH1 channel filter is 
the connected channel between the two manifolds. It is 

also worthy to note here that in theory, a similar approach 
can be applied to more than one connected channel with 
different frequencies. In reality, sharing only one channel 
does not encounter any mechanical issues, because 
different channel filters naturally have different cavity and 
sleeve lengths. Connecting more than one channel is not 
preferred. To the best of authors’ knowledge, the design 
and fabrication of this kind of dual multiplexer has not 
been published. 

 
 

Fig.1 A typical function block diagram of a dual multiplexer 
 
 The design techniques of manifold multiplexers have 
been under a rapid development since the 1980s. Newly 
developed synthesis and optimization techniques have 
been described in [2] [3]. 
 In this work, a new dual multiplexer is synthesized 
using network theory and optimized using the space 
mapping technique with EM tools. The design procedure 
and optimized overall-performances are included in this 
paper. A Ka-band dual multiplexer has been fabricated 
and tested. The tested results are in good agreement with 
simulated results. 

II. DUAL MULTIPLEXER DESIGN PROCEDURE 

A. Network Model Synthesis and Optimization 

Fig.2 shows a dual multiplexer network model. It 
comprises of two manifolds and four band-pass filters 
(channels), in which the CH1 filter is the connected 
channel. The symbol “T-J” denotes a waveguide T-
junction, and “C” denotes a circuit theory based network 
model of a waveguide transmission line. In this design, T-
junctions are analyzed through a mode-matching 

978-1-4673-2141-9/13/$31.00 ©2013 IEEE



 
 

technique. Each channel filter is represented by a coupling 
matrix [4].    

 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.2 Network model of a four-channel dual multiplexer 
 
The coupling matrix of each channel filter is 

synthesized using the singly-terminated network model. 
The filter function is determined to satisfy the required 
specifications.  The manifold spacings between the T-
junctions, the manifold short/first junction spacings, and 
the manifold-filter junction stub lengths are set initially by 
following the design procedures described in detail in [2]. 
The optimizations using a program developed in-house are 
then carried out to obtain the desired performance. A 
design example will be provided in Section III.   

B. Optimization Using Space Mapping Technique 

The space mapping optimization technique [3] is 
applied to every channel to evaluate the optimal channel 
dimensions. The coupling matrix obtained in the previous 
step corresponds to the optimal coarse model solution in 
space mapping terminology. The filters are analyzed using 
mode-matching technique as the fine model. There exists a 
mapping between ideal coupling matrix elements and 
channel geometrical parameters. This naturally leads to 
the use of space mapping optimization to evaluate the 
channel dimensions that correspond to the ideal coupling 
matrix. The simulated S-parameters of each optimized 
channel filter are then inserted into the dual multiplexer 
network model by replacing the ideal coupling matrices. 
At this step, the manifold parameters usually need to be 
optimized to achieve the desired performance and meet 
the required specifications. The resulting multiplexer 
model takes into account the effect of channel dispersion 
and spurious modes. The coupling matrix of the connected 
channel would often require further optimizations due to 
the changes of the manifolds connected on both sides of 
the filter. The design is then looped back to optimize the 
filter dimensions of the connected channel using the newly 
generated coupling matrix.  

III. EXMAPLE OF A KA-BAND DUAL 
MULTIPLEXER 

To validate the design procedure, a 4-channel Ka-band 
dual multiplexer integrating a 3-channel DeMUX and a 2-
channel OMUX was designed. The function block 
diagram is shown in Fig.1. The dual multiplexer covers a 
17706MHz to 19144MHz frequency band and the channel 
filters have bandwidths ranging from 75MHz to 585MHz. 
The channel filters are realized using dual mode 
cylindrical cavity resonators. The manifolds are built on 
WR51 E-plane waveguide sections. The channel filter 
configurations are shown in Table I. As mentioned earlier, 
this dual multiplexer operates in high power conditions, so 
thermal design is carried out to ensure that the multiplexer 
would handle the RF dissipations. The 3-D model view of 
the dual multiplexer with the coupling matrix of the 
connected channel is shown in Fig.3.  
 

Table I: Channel-Filter Configurations 

CH# Filter Function Resonant Mode 
CH1 4-2 TE113 
CH2 5-2 TE112 

CH3 5-2 TE112 
CH4 6-0 TE111 

 

 
Fig.3 3-D model view of a four channel dual multiplexer 

 
The manifold dimensions are listed in Table II.  The 
simulated performance is shown in Fig.4.  
 
Table II: Manifold dimensions for the Ka-band four-channel dual 

multiplexer 
L1 (in) 0.659 
L2 (in) 1.812 
L3 (in) 1.891 
L4 (in) 0.781 
L5 (in) 1.727 
L6 (in) 1.430 
L7 (in) 1.220 
L8 (in) 1.142 
L9 (in) 1.167 
L10 (in) 1.050 
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Fig.4 Simulated performance of Ka-band dual multiplexer  
(a) Return loss (b) Insertion loss 

 
 

The designed Ka-band dual multiplexer was fabricated 
and tested. The picture of the dual multiplexer is shown in 
Fig. 5. The tested results were super-imposed onto the 
simulated results to show very good correlations, as seen 
in Fig. 6. The slight shift of the central frequencies is 
because the dual multiplexer is tuned to compensate for 
the frequency shift (about 5MHz) from air to vacuum. 

 
 

 
  

Fig.5 Picture of fabricated Ka-band dual multiplexer 
 

 
(a) 

 
(b) 

Fig.6 Super-imposed performance of tested and simulated results 
(a) Return loss (b) Insertion loss 

 
 IV. CONCLUSION 

A new dual multiplexer with a connected channel has 
been presented. The detailed procedures for synthesis and 
optimization of the overall network model are discussed. 
Space-mapping optimization was used to obtain the 
physical dimensions. For further validation of the design, 
a Ka-band dual multiplexer was fabricated and tested. The 
tested results showed good correlations with the simulated 
results.  
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