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Design of Combline and Interdigital Filters with

Tapped-he Input

SHIMON CASPI AND J. ADELMAN, MEMRER,lEEE

Abstract —Explicit design- equatious for combline and interdigitaf filters

with tapped-line inputs are presented. The equations are based upon a new

equivalent circuit for a tapped-fine input filter, derived from the open-

wire-line equivalent circuit given by Cristal [1]. Using the new equivalent

circuit, explicit expressions are given for all parameters of the circuit. The

derivation of the design equations from the equivrdent circuit is similar to

that described by Matthaei et al. [2]. The design equations are checked by

an analysis program. The results are compared to the data given by Dishaf

[3] and Cristal [1].

I. INTRODUCTION

Realizations of combline and interdigital filters with tapped-line

inputs have advantages over filters with the conventional trans-

former input [3]. Dishal [3] describes a method for tapped inter-

digital filter design over a narrow bandwidth. Cristal [1] provides

an exact open-wire-line equivalent circuit for the tapped-line

input stage. This circuit can be utilized to perform an exact

analysis of the filter. For synthesis, Cristal [1] establishes an

equivalence between the transformer input and tapped-line input

coupling circuits and utilizes this equivalence to apply standard

interdigital filter design techniques.

This method, however, has two shortcomings:

1) An exact equivalence between transformer and tapped-line

filters is not possible over a broad band of frequencies ‘[l].

2) Graphs, rather than explicit analytical expressions, are pro-

vided. The method is therefore somewhat cumbersome from

a design point of view.

In this paper, the open-wire-fine equivalent circuit suggested in

[1] is used as a basis for another eqnivrdent circuit. This new

circuit pertnits the derivation of explicit expressions for the

tapped-line input parameters. The subsequent design procedure

is very similar to that used by Matthaei et al. [2] in solving the

conventional problem. The validity of the design equations is

checked by using the exact equivalent circuit given in [1] in an

analysis program. Combline filters up to 15 percent bandwidth

and interdigital filters up to au octave baudwidth are synthesized

and analyzed with good agreement. These bindwidth limits tie

the limits of the conventional filters” design techniques. For

narrow bandwidths, the expression derived for the tapping loca-
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Fig. 1. Eqivalent circuit for tapped-hne input combline filter. (a) Geometry

and parameters. (b) Equivalent circuit.

tion (~ in Fig. 1) for the interdigital filter reduces to Dishal’s

expression.

II. METHOD

A. Combline Filter

The equivalent circuit suggested by Cristal [1] for the tapped-

line input combline filter is shown in Fig. l(b). The admittance

inverter used to derive the equations for the combline filter [2]

consists of a pi configuration, i.e., a series-shorted stub of char-

acteristic admittance ylz and two shunt-shorted stubs of char-

acteristic admittance – y12. Therefore yl is split into two parts,

with y~ = ( y~z /y22 ) added on the left to the input stage &d

yR = – YIZ forming the sh~t stub of the admittance inverter
(Jll). The input stage of the filter now consists of four elements,
as shown in Fig: 2.

1) New Equivalent Circuit for Znpi~t Stage: The ABCD matrix

of the first two elements is

[

1 0

1[

COS(Q) 1[1jz~sin(Q) a /3

– &.cot(@) 1 jy~sin(fl) CoS(Q) ‘r8

(1)

where

e electrical length of resormtors,

@ electrical length from grcund ~o input line,

a =4–Q, ‘

Z~ ( J+ ) irnped~ce (admittance) Of the first ~d SeCOnd ele-
ments.
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Fig. 2. Cmcult of tapped-line input stage of combhne falter.

The equations for a, /3, r, 8 are then

a=cos(a) (2)

/?=jz~sin(f2) (3)

I’=jy~{sin(Q) -c0t(@)c0s(i2)} = -jyrcos(0)/sin(@)

(4)

8 =cot(@) sin(Ll)+cos(L?) =sin(0)/sin(@). (5)

Multiplying the above matrix by the ABCD matrix of the other

elements of the input stage (C;, yJ, the ABCD matrix of the

input stage becomes

(6)

where

Y=@ci-jyLcot(e). (7)

Looking at the following equivalence:

it is obvious that the first matrix represents a transformer, with a

1/8 turn ratio. The second matrix represents a series impedance

with an inductive reactance of /38/j, and the third matrix repre-

sents a shunt resonator, with the following resonance condition:

ria+y=o. (9)

The series inductance must be compensated for by introducing

an additional shunt capacitance C,? at the first resonator. This is

the capacitor that Cnstal [1] found necessary to introduce when

comparing the tapped-input filter to the tr,msformer input filter.

The newly obtained equivalent circuit is shown in Fig. 3. Ya, is

the admittance of the shunt resonator.

2) Tapped-Line Circuit Parameters:

a) Slope parameter: The susceptance of the tapped reso-

nator is

j~= (r/a+ ~) = –j(yT+yL)cOt(0)+ jtiC~ (lo)

and the tapped resonator line admittance becomes

y., = YT + YL = Y1l. (11)

The susceptance slope parameter b of the tapped resonator is

~ ~ _ = (l&/2) [00/sin2(6’0)+cot( OO)] (12)b=–. —
ti-m~

which is the same expression as that given in [2] for a regular

combline resonator.

Fig. 3. New equivalent cumrit.

b) Tapped input electrical length (Q): G~, the impedance

looking back into the source impedance via the transformer, is

given by

G,= YJ(8’). (13)

From [2],

GT = wb/( gogl) (14)

where go, gl are the low-pass prototype values, and w is the

fractional bandwidth. From (13) and (14),

q/82 = wb/(gogl). (15)

Using (5), (12), and (15), the desired equation for @ is obtained:

sin2 (@O) =Y.,. w[cos(OO)sin(OO)+ 00]/2gOgl Y~. (16)

c) Lumped capacitance values: The lumped capacitance C~~

is composed of two elements: C: is the same as that for the

conventional combline filter and is given by

c;= ~,-cot(eo)/6Jo. (17)

The additional compensating capacitance, C:, is chosen to reso-

nate the series inductive reactance /38/j. To first order, CC?is

given by

c:= ~’~/[(Cv) .juo] .

Better broad-band compensation is achieved by including the

interaction (at resonance) of the input and output taps:

C:= yj2~/[(83 – tl~’~’) ju,] (18)

C:T= c; i- c’~. (19)

d) Distributed line capacitances: Y.,, the resonator line ad-

mittance, is chosen by the designer to fix the admittance level

within the filter. From (11),

Yll = %,. (20)

From the inverter circuit,

J12 = y12/tan( O.)

From the prototype [2],

J12 = wb/( g1g2 )1’2

Combining the above equations for J12, ylz becomes

y12=wb”tm(Oo)/(g1g2)”2. (21)
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The normalized capacitance per unit length of the first line to
ground is

Cl/{ = 376.7/J<,. (yll – ylz) . (22)

The normalized mutual capacitance per upit length between lines
land2is

Clz /c = 376.7/~c,. ylz . (23)

A complete set of design equations for the tapped-line input
combline filter is given in the Appendix.

B. Interdigital Filter

The inverter admittance used to derive the equations for the

interdigital filter consists of a transmission line of characteristic

admittance ylz and two shunt-shorted stubs of characteristic

admittance – ylz. Thus the same reasoning used in t~e cornbline

for splitting yl is valid in the interdigiti.f case. Repeating the

above procedure for an interdigital filter, the only change is that

C; now eqpal; zero,

a) Tapped input electrical length (~): Equating all inter@

impedance levels of the prototype filter to h and using the

transformer to match the source as derived in [4], the transformer

must have a turn ratio of

N2 = gOglY~/h. (24)

After frequency transformation [4] ~d using the scale factor of

81, the iotemal impedance of the scaled prototype becomes

h. tan (61), where 01 is the electrical length of ‘the resonator at the

low edge of the frequency passband.

Equating the scaled prototype to the equ@lent circuit (Fig. 3),

the following is obtained:

~,=h. tan(ol) =lZ. tan(n/2.(1– w/2)) =h/t~(?r/4-w)

(25)

N=l/8. (26)

Therefore (24) becomes

(1/8)2 = gog,YJ(~,.tan(7r/’4. w)). (27)

The formula for @ becomes

sin’ (0) = sin2 (0) tan(n/4. w) Yul/gOglY~. (28)

The synthesis procedure for the interdigital filter, described in

[4], equates the prototype to the model at the low-frequency edge

of the passband. This is therefore the most accurate point of the

synthesis. Solving the equation at this point, the following is

obtained:

ml= sin-l ([sin2(dJtan(~/4w) Yal/(g,g~~)]’/2) (29)

where @l is the electrical length at the low edge of the frequency

passband. For a narrow bandwidth, the following approxima-

tions are valid:

tan(7/4. w) =7r/4. w

sin(dl) =sin(OO) =1. (30)

Using these approximations, (29) reduces to

00 = sin-l ([~/4 w%1,gog,q]1/2). (31)

This is the relation given by Dishaf [3] for the narrow-band

interdigital filter.

b) Lumped capacitance value C;: The lumped capacitance

value C; is given by (18).

TABLE I

mm
TRANSF TAPPED

[B-LOSS] [H-LOSS]

‘;EEBER1
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Fig. 4. Computed return Ioss for 5 percent bandwidth combline filter.

C) Distributed line capacitances: Ya,, the resonator line ad-

mittance, is chosen by the designer to fix the admittance level

within the filter. From (11),

Yll = q. (32)

From the inverter circuit,

.lIz = y12/sin( (~1).

From the low-pass prototype [4],

J12 = h/(g1g#2.

Combining the above eqqations for J12, y12 becomes

y12 = h “sin(61)/(g1g2)1’2 = ~, cos(Ol)/(g1g2)1’2. (33)

The normalized capacitance per unit length of the first line to

ground is

Cl/c = 376.7/~c,-(yll – y12) . (34)

The norma&zed mutual capacitance per unit length between lines

land2is

C12/c = 376.7/~ c,. ylz .

A complete set of design equations for the

interdigital filter is given in the Apper~dix.

III. RESUL’f’S

The design equations are verified by using

(35)

tapped-line input

the design proce-

dure above-and ‘then analyzing the filters obtained by using the
equivalent circuit given in [1]. All the examples are of filters wi~
0.1 dB ripple (16.4 dB return loss), five resonators, and an
internal impedance level of 76 Q. All the parameters of the fjters
are computed using the equations given in the Appendix. The
parameters of the filters’ input stage are summarized in Table I.
Since the derivation of the design equations is based upon the
methods given in [2] and [4], the ‘same bandwid~ limitations are
expected. In order to compare the procedures for tapped input
and transformer input filters, responses for the two filters (with
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Fig 7. Computed return loss for 20 percent bandwidtb interdigital filter.

the same specifications) are displayed on the same graph. Comb-

l@e filters of 5 percent and 15 percent have been designed using

the above procedure. The analyzed responses are plotted in Figs.

4 and 5.

Similar plots are derived for interqgital filters with 5 percent

and 20 percent bandwidth, as shown in Figs. 6 and 7. The

specifications of the filters are the same as those used by Cristal

[1].

In Fig. 8 a design of an octave-band (66 percent) interdigital

filter is shown. In this example the value of the lumped capacitor

C: is achieved by slight optimization (0.86 instead of 0.79). From

TAPPED
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Fig. 8. Computed return loss for 66 percent bandwidth mterdlgital falter.

a practical point of view, it has little importance because this

capacitance is achieved by means of a tuning screw.

IV. DISCUSSION

Explicit equations are derived for tapped-line input filters. The

same approximations as in the transformer input filters are used,

and therefore similar responses are expected. As shown from the

results, the tapped-line filter responses are very similar to the

transformer filter. In the case of the octave bandwidth filter,

there is a slight deviation from the desired response. This is due

to the bandwidth limitation of compensation for the series im-

pedance of ~8. In the case of the interdigital filter, good results

are achieved in comparison to previously published data. For a

20 percent bandwidth filter, the return loss of which was de-

signed to be 16.4 dB, a 14.5 dB return loss is obtained as

compared to a 12.5 dB return loss reported by Cristal [1]. For

wider bandwidths there are no published data. Using this method,

good results are achieved for up to an octave bandwidth.

APPEIWXX

DESIGN PROCEDURE

Choose:

N

‘%
w

YA

Y.,

80

order of low-pass prototype filter,

low-pass prototype filter element values i = O to N +1,

fractional baudwidth of filter,

source and load admittance,

resonator line admittance (same for all resonators),

electrical length of resonator at center frequency, n/2 for

interdigital

Compute:

Combline

b=(Y., /2)-[ 00/sin2(80) +cot(OO)]

3iJ+lJ=,.N_l = w~/(gJgJ+l)’/2

3. J+l~=l, N_l =+, J+l. tan(oo)

@o== sin-’ {[Yal. w(cos 00 sin OO+ t90)/2gOg1~]112 }

Interdigitaf

61= 7r/2 . (1 – w/2)

h = Ya, /tan(Ol)

J,J+l,=l,N–I = h/(g,gJ+l)l’2

h+l~=l,N_r =~,,+1 -sin(6’1)

00= sin-’ {[h .sin201/gOgl~]l/2 }/(1 – w/2).
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Capacitance matrix for combline and interdigital:

~, J,. L/e~=l, ~_l=376.7/4c,. &,J+l

Cl/c = 376.7/~c,. ( ~, – y,, )

~/c~=2, ~_l=376.7/J~r” (Yal–~-l, J–X, ~+l )

C~/c = 376.7/J~c,. (~, – y~_l,~).

Lumped capacitance:

c;= Ya,. cot ( eo)/oo

Y?’ = y., – Y?2/%1

C:= Y~z~sin(OO – @o)/{ [(sinOO/sin@O)3

+(sinOO/sin@O) .lj2z~ sin2 (00 – O.)] UO}.

Combline Interdigital

C{ ‘ro~,,A.~= C; ~o~AL = C; + C,” C: ~0’TA~ = CL ~O~A~ = C,’.

9~=2, N-l=c;
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On the Realizability of the Impedance Matrix for Lossy

Dielectric Posts in a Rectangular Waveguide

CHUNG-I G. HSU AND HESHAM A. AUDA, MEMBER, lEEE

Abstract —,The equivalent T network for some 10SSYdielectric posts in a

rectangular waveguide is found to have a negative resistance in the parallel

arm although the reafiiability conditions for the impedance matrix are

strictly satisfied. Furthermore, the reactive part of the same impedance is

found to be a monotonically decreasing function of frequency. These

difficulties are overcome in the case of symmetrical post structures by

using lattice networks. A simplified lattice network of lumped elements is

developed to approximately realize the impedance matrix for resonant

10SSYpost structures in the bandwidth.
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I. INTRODUCTION

A method for the analysis of dielectric posts located in a

rectangular waveguide has been given in [1]. In the analysis, the

dielectric posts are assumed to be uniform along the narrow side

of the waveguide but are otherwise of arbitrary cross section.

Furthermore, the medium of the waveguide is assumed to be

linear, homogeneous, isotropic, and dissipation free. The dielec-

tric posts are likewise linear, homogeneous, isotropic, although

not necessarily free from losses. Only a few of the results for

circular posts free from losses and located in a rectangular

waveguide whose medium is the vacuum are reported in [1]. More

results for loss-free as well as lossy posts of different configura-

tions are given in [2].

This paper addresses the question of realizability of Iossy

dielectric posts in a rectangular wave.guide in terms of two-port

networks. Of all such networks, the T network is most commonly

used. This is perhaps due to the fact that it readily realizes both
symmetrical and unsymmetrical impedance matrices in a very
simple and straightforward fashion. However, it is found that
although the realizability conditions for the impedance matrix
representation of the posts are strictly satisfied, the parallel arm
impedance of the corresponding T network can have a negative
real part. Furthermore, for some configurations of lossy posts,
the reactive part of the same impedance is found to be a
monotonically decreasing function of frequency. Such a behavior
is observed for some loss-free posts as well [1], [2]. This situation,
although not unlikely, does rule out any chance for obtaining a
lumped network representation of resonant posts valid in the
bandwidth. These lumped representations are particularly useful
in the design of microwave filters empl eying dielectric posts in a

rectangular waveguide. The purpose of this’ paper is therefore
twofold. First, it is shown that such an irregular behavior can be
avoided in the case of lossy symmetrical post structures by using
lattice networks. Second, it is demonstrated that a lumped lattice
network can be developed to approximately realize the imped-
ance matrix in the bandwidth. Althcugh the latter is accom-
plished by means of a working example, the procedure estab-
lished is believed to be general.

II. l%E REALIZABILITY PROBLEM FOR LossY POSTS

The realizability, and symmetry whenever applicable, condi-

tions of the computed impedance matrix of the various config-

urations of lossy posts considered in [1 I and [2] have always been

checked. In particular, the real part R = [11, J], {i, j} = {1,2}, of

the impedance matrix is found to satisfy the well-known realiz-

ability conditions [3, sec. 5-11]:

R1l, R22 >0

R11R22 – R;2 >0. (1)

The equivalent condition that the matrix (U – SHS), where U k
the identity matrix, S is the scattering matrix of the posts, and

the superscript H denotes matrix Hermitian, must be positive

definite for lossy passive microwave yfstems [4, sec. 3-3] is also

always found to be satisfied. However, in attempting to realize

the impedance matrix in the form of a T network, it is found

that, although the realizability conditions for the impedance

matrix are strictly satisfied, the resistive part of the parallel arm

impedance of the T network is negative for some post configura-

tions. Furthermore, the reactive part of the same impedance can

be a monotonically decreasing function of frequency. This situa-
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