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ABSTRACT

A generalized method for evaluating the
S-parameters of a multiport center-fed circular
microstrip disc power divider/combiner circuit is
presented. The method is based on the planar
circuit approach in which the two-dimensional
Green's function of a circular segment is used.
Various symmetrical power divider/combiner
circuits are designed and tested. The effect of
introducing shorted posts between the
circumferential ports on the reduction of
radiation losses is discussed. Experimental
results verifying the design methodology and the
optimization procedure are given.

INTRODUCTION

Symmetric n-way power-dividers and
power-combiners have recently received
considerable attention [1—2]. These circuits have
the advantage of not giving either amplitude nor
phase power-division imbalance at all frequencies,
thus making them very useful in many RF
applications. Indeed power dividers have found
extensive use in the design of multi-element
antenna feed systems. Also multiple-port power
combiners have been widely used in combining
multiple oscillators or amplifiers in a single
module, thus yielding higher power capabilities.

Recently the use of a circular microstrip
center-fed disc structure as an n-way power
divider/combiner has been reported [2]. However,
no design formulas nor any theoretical treatment
were given. In this paper, a generalized
theoretical formulation and several experimental
results for this new structure will be presented.
The geometry of this power divider/combiner
circuit is illustrated in Fig. 1. At the center
of the disc is the coaxially fed port which is the
input port for the power-divider design and the
output port for the power-combiner design. The
other n-ports are microstrip line ports
symmetrically located around the circumference of
the circular disc.

The theoretical analysis developed in this
paper is based on the planar circuit approach
which uses the disc's two-dimensional impedance
Green's function to derive the impedance-matrix.
In order to efficiently optimize the design, and

0149-645X/87/0000-0211501.00 © 1987 IEEE

211

interpret the results as well, the impedance-
matrix is transformed into the more familiar
scattering-matrix representation. The validity of
this approach and the feasibility of the design
have been verified experimentally. The influence
of introducing shorted posts (between the
circumferential ports) on the reduction of the
excessive radiation losses is investigated.

METHOD OF ANLAYSIS

The analysis to be reported in this paper is
based on the planar circuit two-dimensional
approach. In this approach the fringing field at
the disc circumference is accounted for by
replacing the physical disc by a larger disc
surrounded by a perfect magnetic wall. The
effective radius of this larger disc is obtained
from [3]. The detailed analysis is very similar
to that of the four-port and five-port microstrip
disc circuits discussed previously in [4—5]. The
two-dimensional impedance Green's function for a
circular segment with magnetic walls is available
from [6]. This function has been used to derive
the impedance matrix for the center fed n-port
circular microstrip structure shown in Fig. 1.

(a) Parameters of the circumferential
ports.

Circular microstrip disc structure
with a single coaxially-fed port at
the center and (N-1) microstrip ports
along the circumference.

Fig. 1.

(b)

Port 1 is located at the centre of the disc and
its width W, is a cylindrical surface of extent

1987 IEEE MTT-S Digest



2mp,, where p, is the radius of the coaxial feed
center conductor. The Z-matrix element Z,, of
this port is:
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The two expressions given in equations (2) and (5)
are identical tQ those corresponding expressions
derived in [M,S]. The impedance matrix obtained
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from equations (1) through (5) is then converted
into the more familiar S-matrix representation.

Finally, it should be mentioned that for all
the results reported in this paper we have assumed
that the circumferential ports are symmetrically
located around the disc. The widths Wy(i#1) of
these ports have been taken to be equal to the
effective widths (noh/Z+ ¢epg) of the microstrip
lines connected 'to these ports. Additionally, the
frequency variation of Z, and Wg (the effective
width of the microstrip lines) has been taken into
account.

NUMERICAL RESULTS

The method of analysis described in the
previous section has been used to analyse various
multiport power-divider geometries. A
representative example is the center-fed four-way
power-divider shown in Fig. 2 insert. The
S-parameters of this configuration has been
calculated over the frequency range 1 GHz to 20
GHz and are plotted in Fig. 2. These results are
based on a circular disc with a 7.50 mm radius.
The substrate in this case is assumed to be 31 mil
thick and has a dielectric constant €p=2.2. The
characteristic impedance of the output ports are
assumed to be 50Q.
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Fig. 2. Theoretical results for a center-fed U-way
power divider (disc radius = 7.50 mm).

Inspection of the computed results reveals
that the return loss S,, of the feed port is
minimum at 16.5 GHz. This frequency is near 15.43
GHz which is the resonance frequency of the (0,1)
mode of the circular disc cavity structure. The
transmission coefficient from the center port to
any of the circumferential ports (at 15.43 GHz) is
-7.06 dB. For an ideal power-divider this value
should be ~6.0 dB. The dependence of the
transmission coefficient on the characteristic
impedance of the output ports has been studied.
The results clearly indicate that both the
reflection and the transmission coefficients
improve monotonically when Z, for the output ports



is varied from 60Q to 30Q. Obviously, when a
characteristic impedance as low as 30Q is used,
the implementation of an impedance transformer
becomes essential. This of course would require a
modification of the analysis to accomodate the use
of the transformer. This aspect will be discussed
later in the concluding section.

EXPERIMENTAL RESULTS

Typical experimental results for the 4-way
power divider are shown in Fig. 3. When compared
with the theoretical results the main discrepency
is in the value of the transmission coefficient
(Experiemntal -9.03 dB, theoretical -7.06 dB).
This is attributable to a possible radiation loss
from the open portions of the disc circumference.
Furthermore this point is reinforced when we
compare the measured performance of the 3, 4, 5, 8
and 10-way power dividers with their corresponding
ideal theoretical values as indicated in Table 1.
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Fig. 3. Typical measured results for a H4-way

center-fed microstrip disc power divider
(disc radius = 7.5 mm).

We note that the extra loss observed
experimentally decreases when the number of
external ports is increased. When the number of
output ports is increased, the open region at the
circumference decreases and the radiation loss is
expected to decline.

N-way Extra Operating
pivider| S,, (Expt) S,, (ldeal) Loss*® Frequency
N =3 -10 dB ~4,77 dB 5.23 dB {14.4 GHz
N =4 -9 dB -6.0 dB 3.0 a8 14,4 GHz
N=-5 -9.0 dB -7.0 48 2.0 dB 14.4 GHz
N -8 -10 dB -9 dB +1,0 dB }15.025 GHz
N - 10 -11 dB -10 dB +1.0 dB |15.98 GHz

* Extra Loss = S,,(Ideal) - S,,(Expt.)

Table 1. Transmission coefficient values for 3, 4,
5, 8 and 10 way power dividers with 0.865
cm disc radius.
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POWER-DIVIDERS CIRCUITS WITH
SHORT-CIRCUITED PORTS

One of the techniques that has been
successfully used for reducing the extra
transmission loss (attributed partly to radiation)
is to add extra shorted ports around the
circumference. An example of this modified
configuration is shown in Fig. U4 insert (for a
3-way power-divider). Ports numbered 5, 6 and 7
shown in this figure represent short circuits from
the disc to the ground plane at those locations.
In practice, these are realized by 20 mil diameter
'fuzz' buttons drilled into the substrate and
soldered on top of the metallizations.

Preliminary experimental results for a 3-way
divider with three extra shorted ports are
in Fig. 4. The transmission coefficient
is now only -6.24 dB which implies that the
loss is reduced from 5.23 dB (as shown in

Table 2) to only 1.47 dB. This confirms that the

extra insertion loss is mainly caused by the

radiation at the open edges of this disc.
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Fig. 4. Experimental results for a 3-way power
divider with extra shorted ports.

POWER-COMBINER CIRCUITS WITH OUTPUT
PORT AT THE CENTER

The basic requirements on the power-combiner
circuit are different from those on the
power-divider circuits. In terms of the
configuration shown in Fig. 1., a power-combiner
operation is possible provided that ports 2
through N (i.e., S,,, Si3, Syy) are matched
and isolated from one another as well.
Furthermore, the use of electrically symmetric
designs, such as the one at hand, is an effective
way for eliminating the frequency-dependent
imbalances in the combiner and hence increase its
combining efficiency.

Initial investigations have shown that these
conditions may be achieved by slight modifications
in the design. Experiments on a three way



combiner with three shorted ports located between
each of the circumferential ports have shown that
it is possible to obtain input reflection as low
as ~30 dB and at the same time achieve an
isolation of better than 27 dB between the input
ports. More detailed theoretical and experimental
results for this case will be reported at the
Symposium.

CONCLUDING REMARKS

Preliminary theoretical results and
experimental results on the use of circular
microstrip disc structures for designing multiport
power divider and combiner circuits have been very
encouraging. The planar circuit approach
(starting from the Green's function of a circular
segment with a magnetic wall) has been used
successfully for analysing such circuits. The
validity of this theoretical approach has been
verified experimentally.

These investigations are currently being
extended in the two directions. Firstly, modified
power-divider circuits are being designed with
lower impedance at the output ports which requires
the incorporation of quarter wave impedance
matching sections. The junction effect, at the
interface between the circular disc and the output
impedance matching sections, needs to be taken
into account using a two-dimensional circuit
analysis approach. The A/4 impedance transformers
are treated as separate additional rectangular
segments. These segments are connected to the
disc via multiple ports and to the output lines
via a single port as shown in Fig. 5. Secondly,
its performance of the power divider/combiner

i

Fig. 5. Two dimensional planar circuit analysis of
the modified power divider circuits.

circuits are currently being optimized through the
introduction of additional shorted ports around
the disc circumference.
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Detailed theoretical and experimental results
on multi-way power-divider and power-combiner
circuits will be presented at the Symposium.
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