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An Analysis of a Broad~Band Coaxial Hybrid lRing*
V. J. ALIIANESE~ .4ND W. P. PEYSER$

Summary-This paper describes abroad-band coaxial hybrid ring

which has excellent isolation and balance characteristics. The ring

differs from the conventional hybrid in that the fourth arm has a

series-type balun feed and is positioned so that a plane of symmetry

exists through two of the arms. Isolation between these arms and

balance between the output arms are theoretically independent of

frequency. The admittance and VSWR of the input arms are com-

puted by bisecting the ring about the plane of symmetry and employ-

ing standard Smith Chart techniques. Corresponding experimental

data are included. A comparison is made with the conventional

coaxial hybrid ring.

CCLIXIAL HYBRID SYMMETRIC ABOUT ARMS 1 .4ND -1

T

HE symmetric coaxial hybrid ring (Fig. 1) was

first presented schematically by Tyrell as one of

the six fundamental forms. 1 It differs from the

conventional hybrid (Fig. 2) in the positioning and

type of feed at arm 4. In the conventional coaxial

hybrid all arms are shunt fed. If arm 4 is moved a

quarter wavelength at the design frequency and

changed from a shunt to a series feed, the hybrid action

will be maintained, although arm 4 no longer will be

matched to the same YO. The series feed is achieved

by ar. unbalanced -to-balanced-line transformer (i.e., a

balun).

.% practical broad-band hybrid, shown in Fig. 3, has

been designed for S band. It performs satisfactorily

in a r-umber of applications over a A 25 per cent band-

width centered about 3000 mc. It should be noted that

this design is symmetrical about axis .4–A’ (Fig. 4),

so that power from arms 1 or 4 will divide evenly be-

tween arms 2 and 3. It also can be seen that any power

from arm 1 will arrive at the balanced-line inputs to arm

4 in phase; hence, there is isolation between arms 1

and 4. The half-wavelength sections between arms 2

or 3 and arm 4 are each divided into two quarter-wave

~ectic,ns having admittances Y. and Yl, so that arm

4 ma!: remain matched to YO. In moving arm 4 a quarter

wavelength, it would become matched to YO/ Y12 if the

characteristic admittance of this section of the ring

were not altered.

These effects now are shown mathematically. The

equil alent circuit of the hybrid is shown in Fig. 5.

The admittances of the ~ equivalents for the transmis-

sion line sections are shown in generalized form and

include the admittance of the balun to ground. This
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admittance is zero at the center frequency. Arm 4 is

treated by introducing two nodes, 4 and 5, since it is

a series feed. Power fed into arm 1 is represented by a

current IN fed to node 1. Power fed to arm 4, however, is

represented schematically by a current IN into node 4

and out of node 5, to account for the balanced push-pull

feed. Assuming power is fed only to arm 1, a fifth-order

system of equations is obtained:
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N-ow the following quantities can be defined:

YA = 1’11 ~~ = ~36 = Y24 = 1’53 = Fl?,

YB = Y22 = Y?:; YF = Y45 = Y54

Yc = Y44 = Y55 o = 1’15 = Y14 = Y25 = Y34 = Y23

YD = ~’y> = Y13 = Y“z1 = ~31 = Y~I = Y41 = Y5z = YM = 1“32

(independent of frequency)

Rewriting our system of equations,

IN

m
Y., YD 1’0 0 0 “ VI

f) FL) ~’1, o YE O
][]

] V2

10 =

‘1’
b?. o Y,o Y. x~v3 . (1)[II1: lHVEW :

Expanding and solving in general form:

– IN
v4=v5=— YDrE[YE2 + Y,(l’”. – Yc)l. (2)

D

Since V1 and V6 are identical voltages, it can he seen

that no potential difference is developed across nodes

4 and 5; hence, no power can be dissipated in arm 4

The isolation between arms 1 and 4 therefore is infinite

and, since the solution is in generalized terms, inde-

pendent of frequency. Solving for 172and ‘P-s,

V, = V:, = lND= [y. + UC] [YE’ – YB(Yc – ~F)]. (3)

Vz and V, then are equal. Arms 2 and 3, therefore, re-

ceive equal power at all frequencies. If 111,V2, and V3 are

specifically solved for at the center frequency, the solu-

tions take on indeterminate forms because of the half

wavelength sections of line. When evaluated, the re-
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Fig l—Schematic representation of symmetric
coaxial hybrid ring.

Fig. 2—Schematic representation of conventional
6/4x hybrid ring.

suits are identical with those for the conventional hy-

brid,

IN
vl=— h=h =-j;.

2d3 ‘
(4)

Consider now the hybrid behavior if power is fed to

arm 4 instead of to arm 1. The current matrix becomes

o

Ho

9.

HIN

– IN

Although infinite isolation has been proved, it can be

shown that, for this case, VI = (). Vj and Vj may be

solved for

A—

Fig. 4—Cross section of symmetric coaxial hybrid ring.

“4
Fig. 5—Equivalent circuit of symmetric coaxial hybrid ring.

For the case of power being fed to arm 4, arms 2 and 3

~lrill receive signals which are equal but out of phase,

and again independent of frequency.

It is of interest to determine the isolation between

arms 2 and 3. If a current IN was fed to node 2, for

example, Vz and Vs could be solved for, and their
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Fig. {>—Equi\,aleut circuit of symmetric coaxial hybrid ring,
bisected at arm 1.
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Fig. 7-–VSWR vs frequency at arm I of symmetric hybrid ring.

ratio evaluated as isolation. At the center frequency,

Va = O, so that the isolation is infinite, Since there is a

lack of symmetry about arms 2 and 3, the isolation is

not independent of frequency. At the ends of a +25 per

cent band, it has been evaluated at approximately

13.5 db.
The VSWR at arms 1 and 4 can be calculated by

evaluating VI and V1– V5, respectively, with power fed

into these arms. The calculations, however, may be

greatly simplified by employing the symmetry condi-

tions. To find input admittance and VSWR at arm 1,

bisect the hybrid through axis A–.4’ (Fig. 4) and unfold

it into the form seen in Fig. 6. Admittances looking left

and right are identical; it is necessary to compute only

the admittance looking in one direction, and then

double it to obtain total admittance. The use of a Smith

Chart greatly facilitates the calculations. Yi. (normal-

ized to Yo) equals unity at the design frequency, fo,

assuming all other arms are terminated in Y~). There-

fore, VSWR is also unity. VSWR values, computed

by this technique, are plotted as a function of fractional

bandwidth in Fig. 7.

To find input admittance or VS~l”R at arm 4, the

ring may be bisected again through axis A–.4’ and un-

folded into the form shown in Fig. 8. Using the Smith

Chart, the input VSWR values at arm 4 have been

computed and are shown in Fig. 9.

The characteristics of the symmetric hybrid have

been measured at .S band and, for comparison, have

r-tv-z’l- 4PT-I-I

Fig. 8—Equivalent circuit of symmetric coaxial hybrid ring,
bisected at arm 4.
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Fig. 9—VSWR vs frequency at arm 4 of symmetric hybrid ring.

been plotted in terms of fractional bandwidth. The re-

sults represent average data measured on 15 production

units. Input VSWR’S at arms 1 and 4 have been plotted

on Figs. 7 and 9, respectively. The measured isolations

between arms 1 and 4 and between arms 2 and 3 are

shown in Figs. 10 and 11, respectively. Minimum measu-

red isolation between arms 1 and 4 was in excess of 38

db. The jagged nature of the curve is caused by the im-

perfections in the matched loads terminating the out-

put arms during measurement, and also ‘by the residual

unbalances in the reflections created in the tee j unc-

tions and connectors of these arms. When dealing with

isolations of the magnitude measured here, even a verl-

small reflection at one of the output arm~s has a marked

effect on the isolation reading.

The power unbalance at the various arms also has

been measured and is shown in Figs. 12 and 13. In no

case does the unbalance in output power at arms 2 and

3 exceed 0.1 db, with signal input at either arm 1 or

arm 4.

ADDITIONAL CONSIDERATIONS

The sections of transmission line between arm 4 and

arms 2 and 3 are not absolutely necessary for the elec-

trical operation of the hybrid. If another method, such
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Fig. 10—Measured isolation between arms 1 and 4
of symmetric hybrid ring.
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Fig. 1 I—Measured isolation between arms 2 and .?
of symmetric hybrid ring.
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Fig. 12—Measured relative magnitude (unbalance) of output at
arms 2 and 3 of symmetric hybrid ring, with signal input at arm 1
and at arm 4.
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Fig. 13—Measured relative magnitude (unbalance) of output at
arms 1 and 4 of symmetric hybrid ring, with signal input at arm 2
and at arm 3.
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Fig. 14—Equivalent circuit of conventional 6/4~ hybrid ring;
admittances normalized to Y1.

as a quarter-wave transformer within the arm itself,

is employed for matching arm 4, and the mechanical

arrangement of coaxial inputs is altered, these two sec-

tions of line may be eliminated. The broad-band per-

formance will be somewhat improved. Such a design is

particularly adaptable to the lower frequency bands,

but fabrication is extremely difficult at frequencies

above S band.

CONVENTIONAL COAXIAL HYBRID RING

A conventional coaxial hybrid ring (Fig. 2) suffers

from several shortcomings in broad-band applications.

For example, if the hybrid is to be used with a balanced

mixer, the isolation between the signal and local oscil-

lator arms (1 and 4, respectively) will fall off sharply as

the frequency is varied from design center. The balance

between the signals reaching the two output arms (2

and 3) also will deteriorate with frequency change.

The conventional hybrid is shown in Fig. 14 as an

equivalent lumped-parameter network. Assuming a

constant current IA, applied to node 1, the matrix

equation may be written

The nodal voltages are evaluated at jO as

IX I.v
vl=— v2=v3=–j T; V,=o.

243 ;
(6)

If we assume ‘a constant current applied to node 4, the

current matrix becomes

ro 1

0
0 “

LI~l
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The Iloclal voltages at j~ are evaluated again.

IN
v,= –“j$; V3 = +.i:; v4=— v, = o. (7)

2dj ;

The voltages have the same form as in (6) with the ex-

ception that V2 and V~ are 180 degrees out of phase.

Then, it may be concluded that, at ~0, there is infinite

isolation between arms 1 and 4, and power is divided

equally between arms 2 and 3.

This technique can be used to calculate the behavior

of the hybrid over a frequency band. The results have

been computed over a large bandwidth and are com-

pared with available measured data in Figs. 15–17. 2

It is seen that isolation and balance cleteriorate rapidly

when the frequency departs from fO.

CONCLUSION

In the case of the symmetric hybrid, correlation be-

tween the calculated and experimental data is close.

Deviations in 17SWR can be attributed to the inherent

mismatch of the Type N connectors and the tee j unc-

tions.

It has been memtioned that even slight residual reflec-

ticjns from the output arms might cause radical changes

in the apparent isolation between arms 1 and 4. This is

largely dependent on the relative phase of the reflec-

tions and, for lower values of isolation (less than 30

clb), the effect is much less noticeable. This explains the

jagged nature of the curve in Fig. 10, whereas Fig. 11

shows ~~ smooth curve.

Maximum measured isolation between arms 2 and 3

of the symmetric hybrid is lower than that of the COn-

ventiollal design. This might be attributed to the dis-

turbin~ effects of the baluns and the physical structure

of arm 4. I n many applications, however, the isolation

between arms 2 and 3 is relatively unimportant,
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Fig. 15—Isolation between arms 1 and 4 or between ar~m:,
2 and 3 of conventional hybrid ring.
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Fig. 16—Relative phase and magnitude (unbalance) of output
arms 2 and 3 of conventional hybrid ring, with signal input
arm 4.
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Fig. 17—Calculated relative phase and magnitude (unbalan.-e) of
output at arms 2 and 3 of conventional hybrid ring, with signal
input at arm 1.


