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Hybrid Circuit-Full-Wave Computer-Aided Design of
a Manifold Multiplexers Without Tuning Elements

Luciano Accating Member, IEEEand Mauro MongiardoSenior Member, IEEE

Abstract—A hybrid procedure is introduced for computer-aided
design (CAD) of manifold multiplexers without tuning elements.
The procedure is based on: 1) a standard initial design with a
simple network prototype; 2) a hybrid optimization with the
multiplexer manifold rigorously described by a full-wave model
and filters still described in terms of their network prototype; and
3) a final full-wave optimization of the entire structure. The pro-
posed approach drastically reduce computer time while making it
feasible to perform a very accurate full-wave optimization which
in turn allows the avoidance of using tuning elements. An example
illustrates and validates the CAD procedure.

Index Terms—Filters, modal analysis, multiplexers, optimiza-
tion.

. INTRODUCTION

ANIFOLD multiplexers are currently used for com-

bining a number of channels or signals into a single

: : At : : [ig. 1. Seven-channelKu-band multiplexer for high-power signal
output Wavegwde' They find appllcatlon both in satellite COrd:]easurement realized without tuning screws. This photograph shows the

munication systems [1] and for combining several high-poweémponent half-structure manufactured with clam-shell technology.

signals for measurement purposes. When high-power signals

are handled, the presence of tuning screws may becoaitalysis, which is accurate, but very computer intensive and

undesirable, as they increase losses and are a possible sourgéaste to local minima problems.

passive intermodulation. To circumvent these difficulties, in the next section, we intro-
Several multiplexers’ design techniques, which work witHuce a hybrid optimization procedure, which solves the problem

equivalent network representation of the relevant discontinBy using network and full-wave models at the same time. Such a

ities, have been presented thus far [2]-[7]. Other researchefgcedure, duetoitsefficiency andaccuracy, enablesthe design of

have developed methods based on computer-aided optimiza@dﬁultiplexerwithouttuning screws entirely at a computer level.

approaches [8]-[12], which, starting from a simple network pro- In particular, to illustrate the design procedure, we refer to

totype of the multiplexer consisting of a manifold and filtersthe device shown in Fig. 1, i.e., a seven-channel multiplexer

vary all the parameters in such a way so as to obtain the pyarking in the 11-12-GHz band having four-pole channel

scribed specification. filters of 100-MHz bandwidth spaced 160 MHz between each
In practice, all these techniques still require tuning elemerfgher. A comparison between measured and theoretical results

due to their limited accuracy. In order to avoid the presence igfPresented in Section lll.

tuning elements it is, therefore, necessary to perform an accu-

rate full-wave optimization of the entire multiplexer. The direct Il. MULTIPLEXER DESIGN PROCEDURE

full-wave optimization of the latter, when considering the neces- typical manifold multiplexer is composed of a number of

sarily high number of expansion modes is, on one hand, high{%row-band channel filters branched along a waveguide man-
exposed to local minima and, on the other, even by using $f51q The filters may be placed on either side of the guide or,
phisticated techniques as the adjoint network method [13], [1}hen required by size constraints, be all on the same side. The

hardly within actual computer capabilities. computer-aided design (CAD) procedure for manifold multi-
These difficulties are related to the use of just two types Biexers is based on the following three steps.

representations: one in terms of a simple and fast equivalent ne

work (but not very accurate) and the other in terms ofafull—wavetSteF) 1) A standard initial design with a network prototype.

Step 2) A hybrid optimization with the multiplexer manifold
rigorously described by full-wave analysis and fil-
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A. Initial Design With a Network Prototype 0 1 [ \

As usual, the procedure starts by using standard approach I \ \
for the filters and manifold design; this provides aninitial starting__ 10
point. Unfortunately, such a starting point is not yet suitable3
for the accurate full-wave optimization necessary for avoidin¢e 20
post-manufacturing tuning. By starting the accurate fuII-wave%
optimization at this time, it is likely to fall into the trap of local
minima and, in any case, the optimization time will be too long.

In practical cases, most of the computer effort is requirec
for the accurate analysis of the narrow-band filters, often real”
ized by using double step discontinuities. On the other hanc
the full-wave analysis of the manifold is significantly less com-
puter intensive. In fact, by using modal techniques, itreducest 59,3 12 16 12 124 128
a simple two-dimensional problem. frequency (GHz)
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. L . Fig. 2. Multiplexer response as a result of the hybrid optimization (with the
B. Hybrid Optimization of Multiplexer channelfilters simulated at network level and the manifold by rigorous full-wave

The basic idea is, therefore, to perform a hybrid-netwofR°9a! approaches).
full-wave optimization; we make use of the full-wave model for 0

representing the manifold behavior, while the filters response nh A 0 / (
are still described in terms of their equivalent circuits. I /
In this way, we recover the correct multiplexer response -10 I
by adjusting the positions of filters along the manifold, theQ® A
branched lengths of each channel, and the internal parametec (\\ HI
of filters (couplings, detunings, externgls). % / W \]
At this time, our parameter space is composed bygdmmet- %
rical dimensions of the manifold and by tleéectricalparame- % -30
ters of the filters. =

Note that there is a one-to-one correspondence betweent™
network parameters (coupling coefficients, detunings) of filter:
and the geometry of their cavity structure (irises and cavity
length, respectively). Hence, it is possible to map a change « 4,3 12 16 12 124 128
a coupling coefficient to a change in the relative iris dimen- frequency (GHz)
sion; similarly, a detuning only reflects in a change of the cavip/i ) ! ) . . )

. . . . g. 3. Rigorous full-wave analysis of the multiplexer with geometry as in

length. This procedure results in a starting-point geometry cafg. 2.
figuration that is suitable for the final full-wave optimization.

The hybrid optimization procedure has several advantag?éflection coefficient at the common port with respect to the

not only does it allow a consistent reduction of computer t'mel‘fé'ngth of the second cavity of thiéh filter requires calculation

but it also avoids local minima related to second-order effec{s response of all othe¥ — 1 filters that are unchanged

present with the full-wave representation of the entire SHrUCtURE. J dar to avoid such a waste of time. a modification of the
Thle .hy?:r.'d Zpt.'m'zstt'(.)n (rjezult, shlovv_n f(;[] thehpreselanltegdjoim network method has been implemented. In particular, a

amplé in F1g. 2, IS obtained by analyzing the channel itelg,, o qyjeyve option has been used, which allows a remarkable

with their equivalent network and the manifold by a fuII-wav<?eduction of the number of operations. In this way, by using

(m_?r?al) technique. trical struct h vzed entirel bef'ficient modal techniques and the above save-retrieve option,
€ Same geometrical structure, when analyzed entrely bya, global computer-aided optimization of the entire structure

full-wave t'echnlq.ue, prowdg the result shown In F!g. 3, whic ith an accuracy adequate to avoid further postmanufacturing
is the starting point for the final full-wave optimization. tuning becomes a feasible task.
In a first optimization cycle, each channel is individually op-
timized. This process is rather fast, as most of the structure is
In order to produce a set of geometrical dimensions for tlmt changed and, hence, needs not be recalculated. The number
multiplexer manufacturing, a final full-wave optimization of theof variable involved is up to ten. During the final optimization
entire structure is performed. cycle, all channels are simultaneously considered and computa-
The most direct way to evaluate the objective function and ition become intensive with up to 70 variables involved; however,
derivatives consists in changing each parameter and performaigce the first cycle has already brought all channels to a return
a new analysis of the entire multiplexer. It is readily observddss better than 18 dB, the total computing time remains within
that this process is largely redundant since, most of the timmeasonable limits.
it is wasted in computing blocks that have not been changedThe error function requires the return loss of each channel
at all. As an example, the calculation of the sensitivity of th® be better than a prescribed value over a specified bandwidth;

C. Final Full-Wave Optimization
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TABLE | o [ \
SPECIFICATIONSDETAILS OF THE SEVEN-CHANNEL MULTIPLEXER Iﬂ ﬂ\ ﬂ [

channel Tre- || Operating | Design Measured Re- -10
quency (GHz) Specifica- Specifica- sults )

tions tions =2
1 11.00 11.00 11.00 c .20
2 11.16 11.16 11.16 2
3 11.32 11.32 11.32 3 f\
4 11.48 11.48 11.48 S \
5 11.64 11.64 11.64 = -30 HL |'
6 11.80 11.80 11.80 2 '
7 12.60 12.60 12.60 k=
Useful Band- + 40MHz + 50MHz >+ 40MHz -40
width
Return loss |} 18 22 > 20
over usefull .50
bandwidth 10.8 11.2 1.6 12 12.4 12.8
JdB) frequency (GHz)
Channel to || 25 32 > 30
channel Isola- Fig. 4. Computed input reflection after the final full-wave optimization.
tion (at c.f.)
(dB) 0 80

it also requires that the isolation at the center frequency of ti
adjacent channel satisfies a given value. -20

The basic algorithm used in the optimization is the patte@
search method of Hooke and Jeeves (see [16]), which is a dirig
search technique with no calculation of derivatives.

l/ ||| s0
-40 \ \ 40
-60 ’\ : % g I}l 20

By using the hybrid optimization procedure, a seven-chann |

delay (nsec)

amplitud

Ill. RESULTS

multiplexer operating in the 11-12-GHz frequency band he 1 A
been designed, built, and measured. Detailed specificatiol g, /%/' ' o
design requirements, and measured results are summarize:. 198 124 128
Table I. The input—output ports are standard WR75 wavey frequency (GHz)

uides. The component has been fabricated in aluminum Fig.5. Computed channel transmission after the final full-wave optimization.
two symmetrical parts by using the clamshell technology (see

Fig. 1). The manufacturing has been carried out by means ofThe above dimensions illustrate that the single-filter structure
numerically controlled milling and spark-eroding techniqueis essentially a cascade of rectangular waveguides with different
with a specified goal accuracy a@t0.01 mm in the manifold cross sections in both directions (i.e., double step discontinu-
region and+0.005 mm for cavity and iris dimensions. Thigties). Hence, in order to analyze such a structure, itis convenient
high degree of accuracy has been estimated as adequate in daladopt efficient modal techniques; naturally, the problem di-
to get from the experimental multiplexer most of the computadensionality requires the use of both TE and TM modes. More-
performances. It is further noted that this accuracy has oniyer, as is possible to observe from the relative dimensions of the

required a moderate increase of manufacturing costs. cavity with respect to the irises, an adequate number of modes
(of the order of several hundreds) should be considered in order
A. Channel Filters Design to avoid convergence ambiguities.

Channel filter requirements results in the selection ofg Manifold Desian
four-pole Chebyshev filter response with 24-dB return loss 10 9
be implemented in a rectangular waveguide by a cascade of he manifold structure is a branched rectangular waveguide
single-mode cavities. In order to reduce the losses e, with E-planeT’-junctions. This type of discontinuity is advanta-
resonant mode has been considered, allowing a signific@@ous both for mechanical realization and modeling purposes. In
increase of the quality factor. Accordingly, the cavities hawvearticular, formodeling, ascattering superposition technique has
a cross section of 28 23 mm and an approximate length ofoeen used [15]; the problem dimensionality has allowed consid-
30 mm; the external irises have a fixed height, a thickness @fation of only thd.SET,, modal family. As a consequence, the
2 mm, an approximate width of 10 mm, and finally, the inneccurate full-wave analysis of the manifold is extremely fast.
irises have a fixed height of 3 mm, a thickness of 1 mm, and
an approximate width of 6 mm. C. Measured Results

An accurate design of channelfilters is of particular relevance Theoretical results are shown in Fig. 4 for the input reflection
for realization of multiplexers without tuning screws. The reand in Fig. 5 for the transmission of all channels. The response
quired accuracy refers both to numerical computation and ab the experimental multiplexer, measured with the HP 8510
manufacturing tolerances. Nework Analyzer in conjunction with a precise homemade thru-
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