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Perturbations of the Critical

Parameters of Quarter-

Wave Directional Couplers

The theory of coupled transmission lines
was discussed by Jones and Bolljahnl on the
assumption that the phase velocities for even
and odd modes v, and v. were equal to each
other. However, when the coupled lines are
constructed in the microstrip geometry or on
a hard substrate suspended between two
ground planes, the phase velocities are in gen-
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eral unequal. As a result, the even- and odd-
mode characteristic impedances Za. and ZO.,
as well as the phase velocities, must be ad-
justed to prescribed values. However, little is
known how critical these adjustments are in
order to get desired coupler performance.

This correspondence reports some results
obtained for the scattering coefficients Stj of
3-, 10-, and 20-dB quarter-wave couplers.

For an ideal coupler, S11= S31= Oindepen-
dent of frequency, and S21 and Sil have their
maximum and minimum values at the center
frequency CM, respectively, where the sub-
scripts refer to port numbers as shown in
Fig. 1.

To set up the equations for the scattering
coefficients we shall make use of the double
symmetry of the two parallel lines. Energy
from a generator with a voltage 4E and a
source impedance ZO will be fed into port 1 in
four steps and then superimposed. This is
shown in Fig. 1. The first two steps represent
even-mode excitation, the last two steps odd-
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(a) and (b) Two states of even-mode
excitation of the coupler.

mode excitation. The electrical lengths of the
coupling section with physical length 1 are
2t?.=d/v, and 28. = d/vo, respectively.

Because of the polarity of the generator
voltages, the current is zero at the center of
the lines for the configuration in Figs. l(a)
and l(c), and the voltage is zero for Figs. l(b)
and l(d). Therefore, at the center, the lines
may be open or short-circuited, respectively,
without changing the current at each port.
The currents into port 1 for the four cases are
therefore given by
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(c) and (d) Two states of odd-mode
excitation of the coupler.

Fig. 1.

TABLE I

I 10 ~ Change in I 10 ~ Change in
V* or v. ZO, or ZOO

Return loss (VSWR) 28 dB (1 .08) 32 dB (1.05)
3-dB Coupler

Directivity 25 dB 29 dB

Return loss (VSWR) 33 dB (1 .04) 27 dB (1 .09)
10-dB Coupler

Direetivity 13 dB 26 dB

Return loss (VSWR) 42 dB (1 .02) 26 dB (1.1)
20-dB Coupler

Direetivity 2 dB 26 dB

TABLE II

I Type of coupler I PerrnissibleoeorvO I Change inZO, or,ZOO

I 3 dB I 6.5% I 10.0%

For 1.05 10 dB 11.0% 5.5%
input VSWR

+45%
20 dB \ * 5.5~

3 dB 6.0~ 9.0%
For 30-dB
direetivity 10 dB 1.5% 6.5%

20 dB 0.4% 6.5%

* These values were calculated from the exact equation for S11,
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Bysuperposition and proper permutation of
the signs of these four currents the actual
coupler currents at the four ports are ob-
tained and the scattering coefficients can be
calculated as follows:

&1=h~(~1+i2+&+~4),

&l=-: (~l+~z-i8-i4)

Zo
s31=–~(~1–~2–~3+~4),

~41=–~(&-~2+&-i4). (2)

From these scattering coefficients all necessary
information can be derived. For example, for
small variations of v., vO,ZiI,, and Zo. from
their ideal values, the first-order approxima-
tion of the scattering coefficients at coocan be
obtained as follows:
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These equations are useful for parameter vari-
ations between O and 10 percent.

The perturbation of the coupling S,, and
S41caused by changes in v, or % resi.dts main]y
in a change of the phases of S,l and S41rather
than of their amplitude, but in such a way
that the 90° phase difference between the
phases of the waves leaving the two ports is
maintained. The perturbation of S21 and SU
caused by a variation of v. may be cancelled
by the opposite variation of v..

An increase in 2.. increases the amplitude
of SU and hence decreases SJI, according to
(4). Table I shows the return loss (and corre-
sponding VSWR) and the directivity (i.e., the
difference of the output levels between port 3
and port 2) for 10-percent variations in im-

pedance or velocity for a 3-, 10-, and 20-dB
coupler.

Table II contains the permissible percent-
age of variation of any of the v or Z param-
eters for practical values of an input VSWR
of 1.05 and a directivity of 30 dB.

In general, the following applies: The
smaller the coupling factor k, the smaller is
the absolute value of the perturbation of SI1
and S21and the larger it is for S31and SJI for
a given variation of v. or vO. Thus, for the
20-dB coupler, velocity perturbations have a
strong effect on directivity and very little
effect on input VSWR. The situation is dif-
ferent for the perturbation of the character-
istic impedances: The effects on SU and Sjl
are now larger for couplers with smaller k.
Consequently, the input VSWR gets larger
for decreasing k for a given impedance varia-
tion. On the other hand, the perturbations of
S,, and S,, become smaller for decreasing k

but Ss, does not decrease fast enough to im-
prove the directivity. Therefore, the direc-
tivity also becomes worse with decreasing k.

The input VSWR and the directivity have al-
most the same values for the 10-dB coupler
and the 20-dB coupler for a given impedance
perturbation.
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