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EXACT DESIGN OF BAND-STOP MICROWAVE FILTERS

B. M. Schiffman and G. L. Matthae1i
Stanford Research Institute, Menlo Park, California

Approximate techniques accurate only for filters with narrow stop-bands
have previously been used for the design of band-stop filters.l’2 In this paper,
exact synthesis techniques due to Qzaki and Ishil3 are adapted for the straight-
forward design of band-stop filters having stop-bands of any desired width.*4
The first step 1n applying these techniques is the selection of a lumped~element,
low-pass prototype filter. One then inserts the prototype element values into
the basic design equations, thereby obtaining element values for the basic micro-~
wave filter structure. The basic structure consists of quarter-wavelength (at
mid-stop-band), open-circuited shunt stubs, separated by quarter-wavelength
sections of line. Formulas are given for converting the basic structure to
either of two exactly equivalent alternative structures, both of which utilize
parallel-coupled lines instead of stubs. In one such type of structure, the

quarter-wavelength resonators are parallel to the main line, and are short-
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circuited on one end and open-circulted on the opposite end. Thils type of struc-
ture allows the use of resonators having reasonable impedance values in very
narrow-band filters where the basic structure would require extremely high values
of stub impedance.

The other type of structure that utilizes parallel-coupled lines was found
suitable for wide bandwidths. This type (herein called a spur-line filter) uses
resonators which are open-circuited on one end and directly connected to the main
line on the other.

Examples of each of the three types of filter were constructed. The first
filter, an open-circuited shunt-stub filter, shown in Fig. 1, 15 based on a three-
element prototype. The stop~band width 1s 60 percent of the stop-band center fre-
quency, which is 1.6 Ge. The main conductor is rectangular, and the resonator
stubs are cylindrical. Here the center stub 1s realized by two stubs in parallel,
each of twice the design impedance. The measured and computed attenuation loss
and VSWR are shown 1in Fig. 2.

A parallel-coupled resonator filter with a stop-band width of 5 percent of
the center frequency i1s shown in Fig. 3. The coupled lines were designed with
the ai1d of graphs of even- and odd-mode capacltance.s The filter response
measurements shown in Fig. 4 are seen to compare well with the computed response.

A third filter, a spur-line type (Fig. 5), was constructed for 60-percent
bandwidth centered at 1.6 Gc. As seen in Fig. 6, the measured response agrees
with the computed response. Some distortion seen on the lower parts of the stop-
band skirts might be due to the step discontinuity between the low-impedance

center section and the coupled sections.
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Fig. 2 Theoretical and Measured Performance of Filter of Fig. 1
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Fig. 3 A Parallel-Coupled-Resonator Type of Band-Stop Filter
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Fig. 6
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Theoretical and Measured Performance of Filter of Fig. 3

Fig. 4

Fig. 5 A Spur-Line Type of Band-Stop Filter
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NOTES
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