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A Broad-Band Printed Circuit Hybrid
Ring Power Divider

GERALD F. MIKUCKI anp ASHOK K. AGRAWAL, SENIOR MEMBER, IEEE

Abstract — A power divider in the form of a hybrid ring that provides
substantially improved amplitude and phase characteristics over a broad
frequency range compared to that of a conventional hybrid ring coupler is
described. The improvement in bandwidth is obtained by the addition of a
fifth port to the conventional four-port design [1]. The new design is
applicable to both equal and unequal power divisions and uses the same
design equations as the conventional hybrid ring design to obtain the
desired degree of coupling. The new design provides substantially improved
coupling and phase characteristics over a very broad frequency range; the
usable bandwidth is limited primarily by the degradation in the other
parameters such as input V'SWR and isolation between coupled ports. The
bandwidth is approximately twice that of a conventional hybrid ring
coupler. A theoretical comparison of the performance characteristics of the
improved and the conventional design was accomplished using a CAD
program. Experimental verification of the improved design was carried out
in a stripline configuration for both equal and unequal power divisions at
Ku-band and a bandwidth of approximately 45 percent was achieved.

I. INTRODUCTION

HE CONVENTIONAL hybrid ring directional cou-
pler is one of the fundamental choices for the basic
power divider in printed circuit microwave antenna arrays.
Several important characteristics that make it particularly
appealing include: 1) the output arms are well isolated, a
characteristic that is essential to minimize mutual coupling
effects, and 2) an in-phase relationship can be obtained at
the output ports, thereby eliminating the need for any
phase-compensating element. The configuration of a con-
ventional hybrid ring coupler, as shown in Fig. 1, allows
for an equal or unequal power split, depending on the
impedance chosen for the ring sections. The relative output
voltages in output arms 1 and 2 are given by
bi/b,=1Y,/Y, (1)

where the choice of + or — depends on whether the signal
is fed in the sum (in phase) or difference (180° out of
phase) port. In either case, the condition that the input

arm be perfectly matched requires that ¥; and Y, satisfy
the condition

Y +Y=Y7

2)
Variable parameters Y, and Y, represent the characteristic
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Fig. 1. Conventional hybrid ring coupler configuration. (a) Equal split

hybrid ring. (b) Unequal split hybrid ring.

admittances of two lines of the ring normalized to the
characteristic admittances of the four output arms. Since
the hybrid ring is a resonant type structure, ideal perfor-
mance is obtained only at the design frequency. An ampli-
tude and phase deviation from the desired values between
output ports occurs when a frequency other than the
design value is chosen. This degradation with frequency
from the desired amplitude and phase split values is often
the most bandwidth limiting factor. The bandwidth of a
conventional hybrid ring is only 20-25 percent, depending
on the degree of performance required.

In the past, several design techniques have been used to
increase the bandwidth of the hybrid ring coupler. One
technique is to substitute a quarter-wave coupled line
section for the three-quarter-wave section of the conven-
tional 1.5 wavelength ring {2]. Although the bandwidth of
this device is increased to approximately an octave, it has
not found wide acceptance because of its extreme diffi-
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culty of construction. This circuit requires short circuits at
the ends of the coupled line sections, limiting its use to
lower frequencies, where short circuits may be conve-
niently constructed.

Another approach for increasing the bandwidth of a
hybrid ring is the design proposed by Kim and Naito [3].
The equal split power divider, described in [3], has approx-
imately 1.8 times the bandwidth of a conventional hybrid
ring. This design approach incorporates four different ring
impedances and requires quarter-wave matching circuits at
all four ports. For a 50 @ characteristic impedance of the
output arms, the equal power divider described in [3]
requires impedances lower than 7 Q. This would require
very wide lines, limiting its use to lower frequencies. In
addition, the large number of different impedances will
increase the number of iterations required to achieve opti-
mum performance. Furthermore, the increase in band-
width is partially achieved by setting the maximum devia-
tion in coupling at the design frequency and optimizing the
coupling at two frequencies located an equal amount from
the design frequency, which may not be desirable for
certain applications. Although it is claimed in [3] that the
design is applicable for a hybrid ring coupler with any
degree of coupling, this is not demonstrated; nor is it clear
on applying the technique for unequal power division,
since the design requires optimizing six impedances using
CAD.

The broad-band power divider described in this paper
extends the usable bandwidth of the conventional hybrid
ring coupler to approximately S0 percent. The increased
bandwidth of the new design is achieved by adding a fifth
port to the conventional four-port design. The design is
relatively simple in that it uses the same impedances of the
ring as the conventional hybrid ring design.

The broad-band design method proposed in this paper
was analyzed and optimized using MIDAS, a microwave
circuit analysis program [4]. The theoretical performance
of the new power divider is compared with the conven-
tional hybrid ring design for both equal and unequal
power divisions. In the equal power split configuration, the
new design provides theoretically flat coupling and phase
characteristics over a broad frequency range. An expeti-
mental verification of both equal and unequal power divi-
sion was obtained in a stripline configuration at Ku-band.

II. BrOAD-BAND DESIGN APPROACH

The theoretical amplitude and phase of the output volt-
age at the two output ports of a conventional equal-split
hybrid ring coupler, when the input signal is fed into port
3 (sum mode), is shown in Fig. 2. It is observed that the
amplitude and phase of the voltage at port 2, located on
the opposite side of the difference port, are much more
frequency sensitive than at port 1, located on the same side
as the difference port. Alternatively, the difference port
could be moved one half wavelength clockwise from its
present location. In this case, the response at ports 1 and 2
will be interchanged. By intuition, one would expect that if
a hybrid ring were constructed with two difference ports,
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Fig. 2. Theoretical response of a conventional equal split hybrid ring
coupler. (a) Amplitude. (b) Phase.

Fig. 3. A five-port hybrid ring equal power divider.

as shown in Fig. 3, the amplitude and phase response at
ports 1 and 2 would be identical. A CAD analysis of such
a coupler with an additional port confirmed this. The
theoretical amplitude and phase responses of each output
port of the new equal-split design with the added port are
shown in Fig. 4. As is observed, the addition of the fifth
port has made the theoretical amplitude and phase re-
sponse at port 2 identical to that at port 1 at all frequen-
cies. A very important feature of identical amplitude and
phase response at ports 1 and 2 is that the difference in
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Fig. 4. Theoretical response of a broad-band equal power divider.
(a) Amplitude. (b) Phase.

amplitude and phase between ports 1 and 2 is zero over all
frequencies, theoretically, over an infinite frequency range,
although the coupling to ports 1 and 2 varies with fre-
quency. The operational bandwidth of this coupler is then
limited by the other two parameters, namely, input match
at the ports and isolation between ports. An identical
response at the output ports 1 and 2 makes this coupler a
perfect choice for applications where such a characteristic
is required, e.g., beam-forming networks for phased array
antennas.

The broad-band design approach for the equal power
divider can be extended to unequal power division. Al-
though perfect coupling and phase split are not obtained
for unequal power dividers over an infinite bandwidth,
substantial improvement over the conventional design is
achieved over a broad bandwidth. The results for an
unequal power divider are presented in Section III.

The configuration of the new design incorporating the
fifth port is shown in Fig. 5. The added port is located an
equal distance (one half wavelength) from the sum and
difference ports. It is well isolated from the sum port but
not the difference port. Therefore, the new design is useful
in the sum mode of operation only, and both the differ-
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Fig. 5. Broad-band power divider configuration. (a) Equal power di-
vider. (b) Unequal power divider.

ence port and the added port must be terminated in a
proper impedance.

The theoretical frequency response of the new power
divider was analyzed using MIDAS. It was found that
compensating circuits are necessary at both the difference
port and the added port in order to achieve a proper match
at the input and output ports and a sufficient isolation
between the output ports. The desired performance charac-
teristics are dependent on achieving the proper junction
impedance with the ring impedance at both the difference
port and the fifth port. The proper junction impedances
were optimized for output port FSWR and isolation with
the aid of MIDAS. A 100 © impedance provided the
optimum performance. A quarter-wave transformer can be
used to achieve the proper match at the difference port to
a standard 50 § termination. No further modifications are
necessary to achieve the broad-band performance.

III. THEORETICAL RESULTS AND ANALYSIS

The theoretical frequency response of the new hybrid
ring circuit in both equal and unequal power division was
calculated using MIDAS. A 3 dB power division between
output ports was chosen for the unequal power divider
model. The input VSWR, output port isolation, coupling,
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Fig. 6. Theoretical comparison of a broad-band equal power divider and a conventional hybrid ring coupler. (a) Power split
ratio P; /P,. (b) Phase difference between output ports. (¢) Input VSWR. (d) Isolation between output ports.

and phase split of both the improved coupler design and
the conventional hybrid ring coupler are plotted versus
normalized frequency for both equal and 3 dB power
divisions in Figs. 6 and 7, respectively. As is observed,
excellent performance is achieved with the new hybrid ring
compared to that of the conventional design for both
power dividers. For the equal power divider design, a
theoretically perfect amplitude and phase split between
output ports is obtained. Although a substantial improve-
ment in coupling and phase split is achieved in the new
design, particularly in the equal power version, slightly less
isolation is achieved across the bandwidth. However, suffi-
cient isolation exists for most applications. A negligible
difference in input VSWR is observed.

Since substantial improvement in coupling and phase
characteristics versus frequency is obtained with the new
coupler, and new design can be used to extend the opera-
tional bandwidth of the hybrid ring coupler in applications
where an in-phase relationship between output ports is
desired. Although, the new design extends the usable
bandwidth of a conventional hybrid ring, this new design
would provide improved amplitude and phase characteris-
tics over a relatively narrow bandwidth for low-sidelobe
antenna beam-forming networks, where small amplitude
and phase errors between output ports are required. In

addition, the theoretical isolation from the couplers is
greater than 20 dB over a reasonable bandwidth, which is
essential to minimize mutual coupling effects.

1V. EXPERIMENTAL RESULTS

To confirm the performance of the broad-band power
divider design, both an equal power divider and a 3 dB
(between output ports) power divider were designed and
tested in a stripline configuration. The design frequency
for both couplers was 18 GHz and the circuits were etched
on a 50 mil PTFE substrate with a relative dielectric
constant of 2.2. The ring impedance values used (calcu-
lated from (1) and (2)) were 70.70 £ for the equal power
divider and 86.54 and 61.26 Q for the 3 dB power divider.
The measured coupling, phase difference between output
ports, input ¥SWR, and output port isolation are plotted
in Figs. 8 and 9 for the equal and 3.0 dB power dividers,
respectively. As is observed, a reasonably close agreement
to the theoretical results is obtained over a 45 percent
bandwidth. The input VSWR is somewhat higher than
expected and is due to the ring impedances being different
from the design values, caused by the manufacturing toler-
ances. This is also shown in the unequal power design in
which the measured coupling is approximately 3.2 dB
instead of the design value of 3 dB. Additional iterations
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Fig. 7. Theoretical comparison of a broad-band 3 dB power divider and a conventional hybrid ring coupler. (a) Power split
ratio P, /P;. (b) Phase difference between output ports. (c) Input VSWR. (d) Isolation between output ports.
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Fig. 8. Measured performance of a broad-band equal power divider.
(a) Power split ratio P, /P,. (b) Phase difference between output ports.
(c) Input VSWR. (d) Isolation between output ports.
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on the design would improve the match and improve the
measured performance even further. It should be noted
that the experimental verification was carried out at Ku-

band. The coupler performance will be closer to theoretical .

results at the lower frequencies (e.g., S- or C-bands) since
the tolerance errors in construction of these circuits are
smaller at lower frequencies.

V. CONCLUSIONS

The design of a broad-band ring power divider that
provides substantial improvement in coupling and phase
characteristics over a wide frequency range compared to
that of a conventional hybrid ring has been presented.

The new power divider design can be easily constructed
using realizable impedances and is applicable to both
equal and unequal power divisions. Experimental verifica-
tion of the broad-band power divider was achieved in a
stripline configuration at Ku-band for an equal power
divider and a 3 dB power divider. Close agreement was
observed between theoretical and experimental results for
both of the power dividers. The usable bandwidth of the
broadband power divider is approximately 45 percent.

This broad-band power divider is particularly suited for
a narrow-band low-sidelobe antenna array beam-forming
network, for it provides substantially improved amplitude
and phase characteristics, a requirement for low-sidelobe
array antennas, and good isolation between output ports.
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