C.1
APPENDIX C
PARAMETRIC BANDPASS FILTERS
Conventional bandpass filters (the kind that were the only ones known until the early 1960's) end

like Fig. C.1 case a) or b) or a combination, at both ends (assuming finite terminating
resistances):
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Fig. C.1 Bandpass filter ends

It is clear that while internal inductors could be used efficiently to create finite frequency trans-
mission zeros, two inductors were always needed that could not be so employed.

Parametric filters, or rather ways of using them in insertion loss design theory, were discovered
to circumvent this problem and yield filters more efficient in their utilization of inductors. These
could have end structures of the form c¢) in Fig. C.1 above at either or both ends and in fact, any
combination of two out of the three ending is now possible. If both ends are like figure ¢) above,
we have a symmetric parametric case, while if ¢) at one end is combined with either a) or b) at
the other, we have an asymmetric parametric case. The dual to figure c¢) is also possible, but is
not used in practice because it uses more rather than fewer inductors. Only the efficiency with
respect to the number of inductors is improved; efficiency with respect to the overall degree is
reduced somewhat. Therefore these designs should not be used in active and digital filters and
only rarely in microwave filters.

In the asymmetric parametric case both E(s) and F(s) will be of odd degree, i.e. both will have at
least one real root. The value of the real root of F(s) is a free parameter (hence the name paramet-
ric) that will have a small effect on the overall loss behavior of the filter. There is a default value
available which can be replaced by any non zero real value by the user. In the symmetric
paramet- ric case, F(s) must have a pair of real roots, one positive the other negative, usually
equal in magnitude, i.e. representing a factor
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in this polynomial. Again the value of this parameter is available to the user, but a default value
is often satisfactory. The presence of this factor in F(s) will guarantee that E(s) will also have a
pair of real roots, but not vice versa. Therefore symmetric parametric cases may be specified by
func- tional input if F(s) is entered, but not necessarily if E(s) is the function specified. If we do
specify the E(s) polynomial with two real roots as a parametric filter and it turns out to be
nonparametric, the program will print a comment to that effect.

The program usually calculates the characteristic function such that the passband is exactly maxi-
mally flat, but only approximately equal ripple. However, the deviation from the exactly equal
ripple behavior is always negligible, is more or less independent of the bandwidth and improves
with increasing overall degree.

Finally, the symmetric parametric cases need finite terminations at both ends of the filter.
Extreme termination at one end is possible only in the asymmetric (odd degree) parametric
cases.

During the synthesis of a passive or microwave parametric filter, either the forward or the reverse
synthesis (for asymmetric cases) or both (for symmetric cases) will be missing an element at the
far end of the structure. These missing elements can only be recovered when the two syntheses
are compared and the program does this both for the computer-generated configuration and for
the user selected one. In the case of the user specified structure however, it can only do so if the
two syntheses represent the same structure and we used IN for the first synthesis and OUT for the
second (see Appendix B above). Also, this comparison may not work for one of the last few ele-
ments, but the program prints a warning message to that effect. If such a warning is printed, the
value of the indicated element must be checked.
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