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Abstract

Two-port Z-parameter characterization
techniques have been applied in a novel way to
a 6-port turnstile” type waveguide junction,
resulting in a matched 4-way power divider/
combiner. The circuit is new with many inter-
esting characteristics and has application in
high power or millimeter wave power combining

where waveguide is best used.
Introduction

It was desired to construct a 4-way power
divider/combiner in waveguide in which all of
the five (5) ports (one common port and four
N-ports) were matched- In order to do this
the junction would have to include a loss
element, or expand to a 6-port junction. We
chose to develop a matched 6-port, keeping
the junction lossless, and terminating the
6th port. The configuration chosen, shown in
Figure 1, resembles an earlier turnstile
junction design in the literature which util-
ized circular waveguide2

on the upper common

port and had no lower port. In this new
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Figure 1. 6-port waveguide junction configured
as a 4-way power divider/combiner.
The lower common port is matched to
act as a ballast.
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design the rotation of the common ports (upper
and lower) by 45° with respect to the side

ports (and 90o to each other) establishes the
4-way symmetry desired as well as mutual iso-

lation between the common ports.

This paper discusses the matching tech-
nique utilized and presents measured results
of the design.

Discussion

An S-parameter analysis was completed to
establish 1) the theoretical possibility of
the design and 2) the values of the scatter-
ing matrix elements. Figure 2a defines the
port designations and shows the generalized
S-matrix accounting for the symmetry of this
junction. Application of lossless and uni-
tary property conditions results in the

values given in Figure 2b. It is interesting

that while three dimensional symmetry does
not exist in the jucntion mechanically, it
does electrically. As a divider, power
incident at any of the six ports is split
equally to the four spatially orthogonal
ports and the opposite port is isolated. As
a four-way combiner, power can be summed at
either of the remaining two ports depending

on the established phases.

The next step was to match the junction.
Waveguide short circuits were simultaneously
used as variable known loads on the four
turnstile arms to provide measurement data
for interpretation as Z-parameter element
values. As indicated in Figure 3, proper use
of the symmetry conditions allows the 6 x 6
Z-matrix to be consolidated into a 2 x 2,
dramatically simplifying the junction charac-
terization. (Note: this is not the same as
sequentially reducing the matrix to two
particular ports for any one set of measure-
ments.) These measurements were made from
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Figure 2. Scattering Matrix for the 6-port.
a) Port designations and generalized
matrix. i
b) Results of S-parameter analysis.

9 to 11 GHz for a variety of internal junc-
tion heights. The established mathematical
models for the various junction configura-
tions were then reversed so that the neces-
sary matching conditions on the four turn-
stile side ports could be calculated. Simple
matching circuits, each consisting of a
properly positioned obstacle, were determined
for each configuration.
(at 10 GHz) was now considered at 9 and 11

GHz and the best selected for bandwidth.

Each matched design
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Figure 3. Impedance Matrix with indicated

simplification.

This initial match is shown as the solid
line Sll on Figure 4a. The remaining step of

matching the side port S was accomplished

33
by placing a wire of suitable length on the
This matched the side

ports with minimal effect on S

axis of the turnstile.

11° These

11 and 833

Figure 4b shows the transmis-

results for the final S are also
shown in 4a.

sion coefficient S representing the 4-way

13’
dividing effect. It is close to the ideal
value of 0.5 over the whole band. A scale in
decibels is shown on the right side of the

51
ideal 6 dB.

3 plot, indicating the variation from the

Figure 5 shows the prototype circuit.

The "half" turnstile shown in the inset gives
a better picture of the internal region,
showing the step to the reduced height junc-
tion. The capacitive obstacles used in the
final design are not indicated here but are
about half-way between the junction step and
the flange face. The capacitive iris opening

igs about 0.160 inches.
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Figure 4. Measured Performance of the 6-port

junction.

a) VSWR of common and side port

b) Transmission coefficient from
common to the side port

"HALF TURNSTILE"”

S A

Figure 5. Prototype turnstile in X-band
. waveguide.
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The procedure used in developing this

matched 6-port was very methodical, with no

empirical "tweaking" prior to selecting of

wire length to match S33. Excellent

symmetry was measured throughout.
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