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ABSTRACT

Exact, general, open-wire-line equivalent circuits for tapped-line combline and interdigital arrays are derived using a combination of graph-

transformations and induction. A significant feature of the equivalent circuits is that they do not require commensurate length sections.

The equivalent circuit for tapped-line interdigital arrays is utilized to develop new design equations for tapped-line interdigital filters. Computed

responses for five and twenty percent bandwidth designs show considerably improved VSWR’S compared to designs baaed on previous

procedures.

SUMMARY

In the physicaf realization of narrow and moderate bandwidth

combline and interdigital filters, the conventional input and output

transformer couplings me often replaced with direct, tapped con-

nections, as shown in Figures l(a) and 1 b). This method was
\first described in the literature by Dishal (1 for small percentage

bandwidth interdigital fifters and recently by Cohn (2) for combline

filters. Dishal’s procedure is straight-forward, and can be applied to

both interdigital and combline filters. However, analysis of the

resulting designs is approximate since the open-wire-line equivalent

circuits for tapped-line coupled-transmission-lines have not been

previously published. Consequently, strict computer aided optimiza-

tion is not possible and finaf design refinements must be done

experimentally.

In this paper exact, general, open-wire-line equivalent circuits

for combline and interdigitrd arrays are developed using a combin-

ation of graph-transformations(3) and induction. The graph trans-

formation method of analysis consists of representing a coupled-line

array of commensurate-length lines by an equivalent open-wire-line

circuit having no coupled lines. The open-wire-line circuit, called

the network graph, is in one-to-one correspondence with the

coupled-line array. Next, transformations are performed on the

graph to reduce the open-wire-line equivalent circuit to a simpler

or more useful form. The graph-transformation process is suggested

in Figure 2 for the two coupled-line combline case with the tap

located 1/3 distance from the ground connection. In Figure 2,

inductor symbols and straight bold lines represent short-circuited

transmission lines and transmission lines, respectively, all of length

Iq. Figure 2(a) depicts the geometry; Figure 2(b), the network

graph; Figure 2(c) the network graph after several graph transfor-

mations, and Figure 2(d) the network graph in final form. When the

tap is positioned 2LT from the short circuit, the equivalent circuit

is identical to Figure 2(d), but with ~ and 2bI- interchanged. If

LT were made L/N, analogous results would be obtained. Hence,

by induction, the exact, general, open-wire-line equivalent circuit

for the combline case for arbitrary lengths LT is given in Figure 3.

Notice that the equivalent circuit contains transmission lines of

lengths, L, L-LT and LT, where the lengths Iq- and L need not be

commensurate. Generalization to the multi-line sxray is straight-

forward.

Severed cases can easily be examined to test the consistency

of the equivalent circuit of Figure 3 in limiting cases: [1] for

h = L, Figme 3 yields the conventional combline circuit; [2] for

Y12 = 0, Fi@e 3 yields the correct equivalent circuit of a single
tapped line; [3] for Port 3 open, Figure 3 yields the conventional

combfine circuit. By the same procedures, the equivalent circuit

for the tapped-line interdigitaf coupled pair was derived and is

given in Figure 4. Again, generafization to the multi-line array is

easily accomplished.

The exact equivalent circuits can be used to derive improved

design equations for tapped-line combline and interdigitaf filters.

For illustrative puxposes the interdigital filter case is briefly des-

cribed, and computed results of two design examples are presented.

The basic design approach in this paper was first to design a con-

ventional filter [4] ; next, replace the conventional input and

output couplings by the tapped-line circuits; and last determine

parameters that would make the tapped-fine circuit and conven-

tional coupling circuit equivalent. Of course, the latter is not

possible over a band of frequencies, since the conventional coup-

ling circuit consists of commensurate lines, whereas the tapped-line

circuit does not. However, reasonably good results are achieved for

narrow to moderate bandwidth filters.

Five resonator, O.1-dB ripple, interdigital filters of five and

twenty percent bandwidths were designed by Dishal’s method and

by the new procedures of this paper.

Parameter v~ues from the conventional coupling sections [4]

axe used with three universal design charts to determine all param-

eters of the tapped-line coupling circuit, and the lumped capacitor

necessay to bring the coupling section to resonance. Figures 5 and

6 compare computed VSWR data for the five and twenty percent

bandwidth filters, respectively. In the caze of the five percent

bandwidth filter designed with the new procedures, the VSWR is

virtually within the specifications. In the twenty percent bandwidth

case, there is substantial improvement in the VSWR although it

does not yet meet specifications.

These data are for designs prior to any optimization. In view

of the fact that the VSWR’S nearly meet specifications, one might

expect computer optimization to quickly yield an acceptable design.

CONCLUSIONS

General equivalent circuits for tapped-line combline and inter-

digital arrays were presented. The tapped-line interdigital equivalent

circuit was utilized to derive improved design equations for

tapped-line interdigitaf filters of narrow to moderate bandwidth.
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ELECTRICAL DEGREES

Computed VSWR’S for Example Twenty Percent Band-
width Tapped-Line Interdigital Filters.
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