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APPENDIX D
THE Z5 PARAMETER

This parameter affects the design of certain even degree lowpass and highpass filters and is of
sig- nificance only if passive LC or microwave realization is used.

Consider an (even) 4th degree, lowpass function of the elliptic type, with an equal minima stop-
band and an equal ripple passband. The direct elliptic design would yield the curve labeled “a)
Z=-1"1in Fig. D.1 which is not realizable in ladder form without the use of tightly coupled
inductors. This is because the loss at infinite frequency is finite. This is the case with the ZS
parameter set to -1 and yields the mathematically most efficient design. In active or digital
realizations we may retain this case since it presents no difficulties of realization.

A ladder-realizable function can be derived from the above function if we shift the highest trans-
mission zero to infinity. This is the “b) ZS = 0” case and is shown as curve b) in the figure. The
penalty we pay is a slight increase in the transition bandwidth: however if we had excess
stopband loss, this may be acceptable.

This new transfer function still has the undesirable property, that its loss at zero frequency is not
zero. The consequence of this is that the two terminations may not be equal and their ratio will
depend on this non zero loss. One can eliminate this problem by shifting the lowest frequency
where the loss is zero, down to zero frequency. The resulting characteristics will behave like
curve ¢) in the figure and this corresponds to the case ZS = 1. The price we pay is a further wid-
ening of the transition between pass and stop bands. These transformations are executed to pre-
serve the passband edge frequency and the program also preserves the stopband edge frequency
in favor of the stopband loss if an elliptic design is specified. If the stopband loss is reduced
below the requirement, the program will increase the filter degree.

These distinctions, of course, also occur in other than elliptic function filters. Any time the pass-
band is of equal ripple, the distinction between ZS = 0 and ZS = 1 exists for even degree low-
passes and highpasses; otherwise it is irrelevant and ignored. Similarly, if an equal minima stop-
band is selected in even degree low- and high-passes with arbitrary passband behavior, ZS = -1
and ZS = 0 will yield different results; but if there is at least a single transmission zero at infinity
for lowpasses, or at zero for highpasses, the distinction disappears.

If a bandpass is obtained from a lowpass by the familiar lowpass-to-bandpass transformation, ZS
= -1 is still unacceptable for ladder realization but ZS = 1 is now unnecessary, because Norton
(impedance) transformations can always be applied to adjust the terminations.

Note that the program will request this parameter only if the user's intentions do not make it clear
otherwise. For example, two non zero terminations indicate to the program that a passive reali-
zation is contemplated, hence ZS = 0 is assumed, unless the terminations are also equal, in which
case ZS = 1 becomes the default. If two unequal terminations are specified, the program will
request the parameter. In the case of bilinear digital filters with prewarping, or active RC filters
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where we routinely specify 1 ohm input and 0 ohm output terminations, the program will also
prompt us for the value of this parameter.

For microwave filters with unit elements, ZS = -1 is immaterial because the explicit elliptic
design is not known and the PLACER segment must be used. If we then specify at least one
transmission zero at the quarter-wave frequency, the problem is eliminated. Finally the ZS = 1
case is not avail- able, because the indicated transformation cannot be performed.
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Fig. D.1 The effects of the ZS parameter

However, there are cases of even degree low- and highpass filters, where we wish to obtain the
ZS = 0 case with a termination ratio as close to unity as the ripple will allow. This happens in
certain diplexer and multiplexer applications. Because we do not know what termination ratio to
specify (but see Section G.2.D below), beyond that it should not be exactly unity, the solution is
to specify two, very slightly different terminations. For example, specifying 50.00 ohms for R,
and 50.01 ohms for R, is enough to induce the program to request the value of ZS. Then we can
select ZS = 0 and take whatever termination ratio it yields.
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