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The design of wideband coupled transmis-
sion line hybrids is complicated by the necessity
of having the coupled lines in a close physical
proximity to achieve the desired -3.01 dB coup-
ling. The required coupling coefficient is par-
ticularly difficult to achieve for coupler designs
covering greater than an octave. Several tech-
nigues have been used to overcome this limita-
tion. The principal methods are the re-entrant
couplerl and the tandem coupler? techniques.
The re-entrant coupler employs a modification of
the transmission line geometry of a single quarter-
wave section to obtain the desired increase in
coupling. The technique described in this paper
is similar to the tandem coupler technique since a
judicious connection of coupled quarter-wave line
sections is employed to obtain the desired coup-
ling enhancement rather than a modification of the
line cross-section.

The tandem coupler technique as described
by Shelton? is illustrated in Figure la. The meth-
od can be used for either symmetric or asymmetric
couplers and where the couplers are either identi-
cal or dissimilar. Since there is no interaction
between the couplers, the output of the resulting
coupler may be calculated in a straightforward
manner. An alternate method of obtaining a sim-
ilar coupler performance is illustrated in Figure 1b.
This coupler employs a cascade of single and tan-
dem coupled sections to obtain wideband quadra-
ture hybrid performance. This three-section coup-
ler has been analyzed and found to have similar
performance to the coupler illustrated in la. Thus,
a reduction in path length is achieved by using the
cascade-tandem connection. The asymmetric de-
sign illustrated in Figure lc has a significant ad-
vantage over the two-section asymmetric design.
It can be shown that by a proper selection of the
coupling coefficients that a wideband magic-T de-
sign can be achieved. This is in contrast to the
two-section asymmetric design where magic-T
performance can be achieved over a significant
bandwidth only by the addition of an external
phase compensator3.

The cascade-tandem coupler can be anal-
yzed by use of the transmission matrices. Using
the notation shown in Figure 2 and converting from
scattering parameters, the transmission matrices
may be shown to be:
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0 6§~y2 v 0
L
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for the single coupled lines where yis the coupled
signal level and 6 is the direct signal level, and

0 A1 0
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for the tandem coupler, where T and A are the
coupled and direct path signals. Thus, for any
cascade combination of single and tandem coupled
lines, the response can be calculated by matrix
multiplication.

For the two-section coupler illustrated in
Figure lc, the resulting scattering parameters are:
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By selecting the even mode impedances,
Z., for the single coupled section and Z_ for the
tandem coupler, the performance of the c%evice as a
magic-T can be optimized. Optimum performance
over an octave band is achieved with the imped-
ances Z, = 1.,465and Z_ = 1.74. These impedan-
ces give a device having a worst case amplitude
imbalance of 0.255 dB and a worst case phase im-
balance of 2.04 degrees. This band is arithmetic-
ally centered at the frequency where the coupled
lines are a quarter-wavelength long. It has been
noted that if only the amplitude of the coupling is
of interest, a much greater bandwidth can be a-
chieved for equivalent coupling performance.



An experimental coupler was constructed in
a three-layer strip transmission line package. The
dielectric material used was Duroid, a micrifiber
reinforced Teflon material. The center layer was
chosen to be 0.040-inch thick and the two outer
layers were 0.062-inch thick. These thicknesses
were chosen to give the desired Z, = 1.74 coupling
for complete overlap in the tandem coupler section.
The measured performance of this magic-T is illus-
trated in Figure 3. Good agreement was Obtained
between the measured and theoretical data with a
worst case measured phase imbalance of 5 degrees
and an amplitude imbalance of 0.5 dB.

The tandem-cascade connection of couplers
permits the designer an additional degree of free-
dom in the layout of coupled transmission line de-
vices. It appears to have merit in the design of
wideband quadrature couplers, magic-T's, and
directional filters.
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la, Tandem connection of two cascaded
symmetrical couplers
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1b, Cascade-tandem connection of
directional couplers
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lc. Realization of Magic-T using cascade-
tandem connection of directional
couplers

Tandem and Cascade~Tandem Connec-
tion of Directional Couplers

Figure 1,
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