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Abstract

An optimiseddesign method for eight-port branch-waveguide
directionalcouplerswitharbitraryoutputpowerdistributionis tXes-
ented.Thiscomponetissuitablefor beamformingnetworks(BFN’s)
applications.In fact the proposeddevice yields a more compact

design of BFN’s.

An eight-port coupler prototype in WR75 waveguide has been
manufactured. Comparing scattering parameter measurements
with the computed frequency performance shows that the design

procedure is verified very satisfactorily.

Moreover these couplers can be used as multiport power dividers
with four input and four output ports. An example of 4-way power

divider suitable formultipo~ amplifier applications is presented.

Introduction

The growth of satellite communications requires antennae with
multiple or contoured beams and then BFN’s more and more com-

plicated. Power splitters constitute the key components of BFN’s.

Multiple-slot narrow or broad-wall couPlers [11, [21 and four-
port branch–waveguide couplers [3], [4] have been used inthepast
as power splitters. Recently, in order to simplify BFN’s, six-port

branch-waveguide couplers have been considered [5], [6], [7].

in this paper an eight-port branch-waveguide directional coupler

with arbitrary output power distribution is presented. This compo-
nentoffers thepotential toreduce further complexity, mass and size

of BFN’s.

Besides BFN’s applications these eight-port couplers can be

used asmultinput power splitters. Anexample of4–waypowerdivid-

er is presented. This component is very suitable for multiport ampli-
fier applications.

Deeign procedure

Thefirst buildingblockof the designmethodis the device analy-

sis algorithm. TheeirJht-port power divider isshown in Fig. la. The
four rectangular waveguides are connected to each other by three
arrays of branch-guides. The device is symmetrical with respect to
theplane A–A. The choice of the number of branches is related to

the coupler frequency bandwidth.

Theanalysis technique is based onthemodel shown ln Fig. Ibby
S-matrix representation. The calculations are carried out by dividing
the coupler in sections as shown m Fig. lb. The field-theoretical
treatment of each section is accomplished by investigating sepa-
rately the E-plane T-junctions [8] and the double asymmetrical E-

853

CH2870-4/91/0000-0853 $01.oo@ 19911EEE

plane T–junctions [9] inside of the section and subsequently con-
necting them as shown in Fig. lb. Finally, connecting all sections of
the coupler model the S matrix of the eight–port power divider is

obtained.

A remarkable thing is that a full-wave analysis of the overall

structure is done, In fact, instead of [6], interaction effects of higher

order modes are taken into account in all the above mentioned con-
nections.

This analysis method allows to reduce calculation time because

the coupler symmetry decreases the number of sections that must
be calculated (in the example of Fig. 1b only four of the seven sec-
tions must be calculated).

The synthesis of the eight–port coupler shown in Fig. 1a, with in-

put power at the port 3 of the device, is here presented. But the

design method can be applied feeding any of the four input ports.

The first step of the synthesis technique is the design of three

four-port couplers [3] with the nominal couplings related to the de-
sired output power distribution of the eight-port component.

The geometrical dimensions of these three couplers are the first

approximation dimensions of the eight-port device of Fig. 1a. Then

the electrical performance of the device, calculated by the Previous
analysis algorithm, are optimised in order to obtain the desired val-
ues.

The core of the optimisation algorithm makes use of a multivari-

able pattern search [1O] in which the geometrical dimensions of the

eight–port coupler are the variables. However it must be kept in
mind that the device symmetry reduces the number of varibles by

two .

The objective function, that is to be minimized, takes into ac-

count: input reflection, isolations and coupling coefficients: all of
them evaluated in several points of the frequency band.

Experimental resulte end applications

The design technique described above has been successfully

employed to design and manufacture a eight-port seven–branch
coupler in WR75 waveguide with 10.95-12.75 GHz bandwidth. The
nominal coupling values were (dB): C35=1 5.4, C36=6, C37=2.8,

C38=7. The coupler prototype is shown in Fig. 2.

Figs. 4 and 5 show the calculated and experimental frequency
response of the coupler. A good agreement is observed The mea-
sured results are obtained without the necessity of any experimental
triming and that demonstrated the validity of the proposed design
method.
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Besides BFN’s applications these components can be used as

multiport power dividers with four input and four output ports. Fig. 3

shows a device maked with two eight-port couplers connect by wa-
veguide step phase-shifters [1 1]. It gives uniform output power dis-

tribution (see Fig. 6) feeding any of the four input ports. Input reflec-
tions and isolations of the device are better of 35 dB.

This device has the same performance of a 4–way hybrid power

divider (4x4 Butler matrix) but is more compact and no waveguide
crossing are needed. The size of the device is only 160x60 mm and

then it is very suitable for multiporf power amplifier applications.

Conclusions

In this paper a design procedure for eight-port branch-waveguide

couplers has been presented. This component offers the potential to
reduce size, mass and complexity of BFN’sfor multiple or contoured
satellite antennas. Theory has been verified by measurements.

The performance of this device is very suitable not only in BFN’s

applications but even for multiport power dividers.

References

[1]

[2]

[3]

H. Schmiedel, F. Arndt “Fieldt heorydesigno frectangularwa-

veguide multiple-slot narrow-wall couplers” IEEE Trans. Mi-
crowave Theory Tech., vol. MTT-34, July 1986, pp. 791-798

F. Arndt, B. Koch, H. J. Orlokand N. Schroder “Fietdtheory

design of rectangular waveguide broad–wall metal insert slot
couplers formillimeter-wave applications” lEEE Trans. Micro-
wave Theory Tech., vol. MTT-33, Feb. 1985, pp. 95–104

P. Carle “Optimum synthesis of symmetrical branch–wave-

guide directional couplers” 19871 EEEMTT-S Digest, Las Ve-
gas (Nevada), pp. 357-360

!A I A-A

liAl
~

Fig. 1 -

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

F. Alessandri, G. Bartolucci and R. Sorrentino “Admittance

matrix formulation of waveguide discontinuity problems: com-

puter aided design of branch-guide directional couplers “IEEE
Trans. Microwave Theory Tech., vol, MTT-36, Feb. 1988, pp.

394-403

E. Kuhn, H. Schmiedel, R. Waugh “Six-port branch-wave-
guide directional couplers” 16th European Microwave Confer-
ence Proceedings 1986, Dublin (Ireland), pp. 453-458

P. Carle “Multiport branch–waveguide couplers with arbitrary

power splitting” 19891EEEMTT-S Digest, Long Beach (Califor-
nia), pp. 317-320

J. M. Rebollar, J. Esteban, C. Blanco “Computera ideddesign
of non–symmetric six-port branch-waveguide directional cou-
plers “20th European Microwave Conference Proceedings
1990, Budapest (Hungary), pp. 1041-1046

E. Kuhn “Amode-matchingm ethodfors olvingf ieldproblems

in waveguide and resonator circuits” AEU27 1973, pp.

511-518

P. Carle “Scattering matrix of double asymmetrical E-plane

T-junctions in rectangular waveguide” CSELT Technical Re-

ports, vol. XVII, no. 3, June 1989

R. Hooke, T. A. Jeeves “Direct search solution of numerical
andstatistical problems’’ Jour. ACM, vol. 8,l96l, PP. 212-229

P. Carle “Optimum design of step phase-shifters for BFN
applications” ESA Workshop on antenna technologies, Noord-
w“ijk, 1–3 November 1989

I Sez.I 1
s,

E

Tl[

t

s,’

DT, 1

k
~.

s,

DT21

t“

s,..

T-l

I

a) b)

(a) Eight-port branch-waveguide coupler.
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(b) Model of the coupler for S matrix computation: T = E-plane T-junction; DT = double E-plane T-junction;

~ multimode line of a rectangular waveguide with length L.
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Fig. 2- Eight-port branch-waveguide prototype.
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Fig. 3- 4–way power divider.

Frequency (GHz)

Frequency (GHz)

Fig. 4- Refletion and isolation parameters of the eight-port coupler.
Theory: — ; experimental: –-–––
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Transmission parameters of the eight-port coupler.

Theory: — ; experimental: --–––
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Fig. 6- Transmission parameters of the 4-way power divider.
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