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ABSTRACT

The scattering parameters of branch lire hybrids with
coupled lines are derived in terms of the even- and
odd-mode admittances and the lengths of the lines.
These are used to formulate closed form design formu-
las. The result gives very compact structures at lower
frequencies. At higher frequencies the coupling be-
tween the lines due to the limited spacing can be com-
pensated.

INTRODUCTION

Branch line hybrids [1] are used extensively at micro-
wave frequencies for a host of applications. The major
problems arising in the design of such hybrids are the
junction effects, coupling between the lines, and for
microstrip realizations dispersion effects. In addi~
tion, single section hybrids are essentially narrow
band structures. Most of these problems have been
studied by a number of workers [2]-[8]. However, ana-
lytical methods to incorporate the effect of coupling
between the lines are not available. In this article
the analysis of a folded branch line hybrid with coup-
ted lines shown in Fig 1, are presented.
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Fig 1 Schematic of a folded branch line coupler

COUPLER ANALYSIS AND DESIGN

The admittance parameters of the four-port can be
found from the following equations [1]:
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where the even- and odd-mode admittances are given in
Table 1.
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The scattering parameters of the four-port in terms of
the even- and odd-mode excitations are given by:
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Under the assumption that the symmetrical four-port is
terminated in the conductance G at all ports, the even-
and odd-mode reflection and transmission coefficients
are
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The design, of the hybrid shown in Fig 1, is based on
the criterion that all the four ports are matched and
that the division of power between the coupled and
direct port is in accordance with the specification at
the frequency of interest. Thus we have
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The derivation of the compensation equations is made in
two steps

1. Consider the folded branch lines as uncoupled.
Thus, the matching conditions are given by:
2

2 .2

Yea-than ®2+2YbYeatan@2cotO1-1 (5a)
2 .2 2

Yoa—chot 92-2YbYoacot62cotO1—1 (5b)

1983 IEEE MTT-S DIGEST



Then, for a 3 dB hybrid, the power division eq (4b)
gives

2. cotZO +Y _cot@, (Y __tan®
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The set of equations (5) is undetermined since there
are five variables and only three equations. Hence
there is an unlimited number of solutions to the
equation set (5). However, only some of them are
physically realizable.

If 7 is chosen to be /b, as in the case of an
ordinary branch line coupler, the solution of the
matching eqs (5a-b) is given by:

Yoa Yea
91 = arccot __EV;__ (6)

Eq (6) is independent of the power division, eq (5¢c).

2. Consider the low impedance lines as uncoupled and
the folded branch lines as coupled, e.g. Yea =Y

oa
and Yeb # Yob'

The matching conditions for this case are given by:
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As in the previous case the egs (7a-b) are undeter-
mined. However, when choosing ©, to be /2 the solu-
tion of egs (7a-b) is given by:

Yob
0, = arctan, /v— (8)
Y
eb
The derived compensation equations for the folded
branch line hybrid in Fig 1 are then given by eqs (6)
and (8). The admittances of the uncoupled hybrid,

Ya = YoaYea and Yb = 'YobYeb’

desired power division by eq (4b).

are related to the

The eqs (6) and (8) show that the compensation of the
length of the low impedance line is only due to the
coupling between the low impedance lines, e.g. it is
possible to compensate for coupling in an ordinary
branch line coupler where only the main lines are
coupled.

The theoretical frequency response of a 3 dB branch
line coupler with different coupling coefficients be-
tween the lines is shown in Figs 2 (a-d). Figs 3 (a-d)
show the measured results of a 2.4 dB coupler. The
coupling between the lines was 20 dB. Figs 4 (a~d) show
the theoretical frequency response of the measured
hybrid. As can be observed the measurements show a
very good agreement with the theory.
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Fig 2 Computer generated frequency response of a 3 dB folded branch line coupler with different coupling coeffi-

cients between the lines.

a) Return loss, b) lIsolation, c) Coupling, d) Phase difference between the direct and the coupled port

170



CASE 2:24,PORT 1 CASE 2:24, PORTS 1-2 CASE 2:24, PORTS 1-3 105.0 CASE 2:24, 541/531

0.0 0.0 0.0
-6.0 -6.0 -1.0 100.0
-12.0 -12.0 -20 « 950
2 8 8 &
- o - o
5 5 5 5
-18.0 -18.0 -3.0 90.0
-240 -24.0 -40 85.0
-30.0 4 -30.0 +—+——+ :\: ft—t—+— 50—ttt 80.0 F——————t——t—+—
2400 120 MHZ/DIV 3600 2400 120 MHZ /DIV 3600 2400 120 MHZ /DIV 3600 2400 120 MHZ/DIV 3600
Fig 3 Measured performance of a 2.4 dB folded branch 1line coupler
a) Return loss, b) lIsoclation, c) Coupling, d) Phase difference between the direct and the coupled port
) RL-dB 0 I-d8 0 C-dB 100 PHASE DIF
-1
95
-10 -10
-2
90
-3
-20 -20 /
—_— 85
-4
-30 -30 5 80 —
08 09 1.0 11 1.2 08 09 1.0 1 1.2 08 09 1.0 1.4 1.2 08 09 1.0 11 1.2
RELATIVE FREQUENCY RELATIVE FREQUENCY RELATIVE FREQUENCY RELATIVE FREQUENCY

Fig 4 Computer generated frequency response of a 2.4 dB folded branch line coupler
a) Return loss, b) Isolation, c¢) Coupling, d) Phase difference between the direct and the coupled port
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