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entries in the admittance matrix and represent a
ABSTRACT characteristic admittance ,y of an isolated
transmissiorline or an isolateghort circuitedstub.
An exact equivalent circuit for the tapped-line  Caspi et al [2] further simplified Cristal’s circuit and
interdigital filter geometry is deduced from an evaluated analyticatlesign equations. Researchers
exact equivalent circuit of multiple-coupled lines.  like Carl Denig [3], who published designs of
For a third order filter an analytical expression of  tapped-line interdigital filters ininhomogeneous
the insertion loss function was obtained and  media, rely on Cristal's network.
compared to the one computed fronCristal’s [1]
proposed exact equivalent circuit.  Cristal’s T T
circuit behaved considerably different in the
stopband and in particular it does not predict the
transmission zero closest to the passband. Q

INTRODUCTION

-
Multiple coupled transmission line structugg®e one © o) _ﬁ

of the most attractive filter networks, since they offer

a very compact realization of the insertion loss ¥ ( /
function. A tapped-line filter configuration is - = -
sketched inFig. 1. In the synthesisnly adjacent input/output

coupling is assumed byCristal. His proposed

equivalent circuit representation usually is the Figure 1: Sketch of fifth degree multiple-coupled

starting point forthe design of these types of filters tapped-line filter
(Fig. 2). The elementvalues Y, , a,b=1,2,3 are the
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Figure 2: Cristal's claimed exact equivalent circuit for a 3rd order symmetrical tapped-line
interdigital filter
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circuiting all others in Fig. 3 thewnell known
EXACT EQUIVALENT CIRCUIT equivalent circuit of theend-fed interdigital filter
would result.
An exactequivalent circuitfor the tapped-line filter  Exactequivalent circuits of symmetricaldd-degree
may be evaluated from the admittance matrix of ntapped-line interdigital filterare obtainedwhen two
multiple coupled lines [4]. multiple-coupled line blocksire joined together as
illustrated in Fig. 4.
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Figure 3: Exact electrical model of three coupled S
lines when nonadjacent coupling is neglected unforn ansmision | series shortciruited
2
For three coupled linesyhen nonadjacent coupling Figure 4: Electrical network of tapped-line
is neglected, the exaetjuivalent circuit is illustrated interdigital prototype of 3rd degree, nonadjacent
in Fig. 3. By open-circuitinghodesl,2,3and short- coupling neglected
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Figure 5: Exact equivalent electrical network of a 3rd degree tapped-line interdigital filter
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Applying the boundary conditions, thaetwork In order to gainsome insight in thebehavior of
shown inFig. 5 results.Symmetricaleven-degree tapped-line interdigital filters, th8rd order tapped
tapped-line filters require three multiple-couplee coupled linestructure in Fig. 5 was analytically
blocks. examined and an expression of the insertion loss
Cristal suggested graph-transformation®] to function in the complex variablewfj was obtained
simplify a tapped two-coupletine structure,from using the mathematical tool Xmaple:

which he deduced aircuit for tappedn-coupled N: N

lines, but he does not explicitly present the derivation S :f , (1)

of his general circuit.

Using his proposedircuit and the exacbne, the  where

computed insertion loss function is illustrated in Fig. N, = 2a

6 for a symmetrical 3rd degree,20% bandwidth _ 3.

tapped-line interdigital filter. The input/output- gz;ﬁplgg : :Zzngg : Z Qgg I p483

tapping compensating capacitance (Gapp] was Ps Pe i R,

included in both circuits. a=tan), b = tank),
p.-..ps linear combinations of

Good agreementan be observed in theassband, x={/-1,b, B 0w, Cap, Cah yil
whereas the stopband-performance cismpletely

different.

In particular, the transmission zero close to the , . o . .
passband is ngiredicted byCristal’s circuit, nor is the analysis, since th.'s IS an |mport§de§|gn
it due to the effect of nonadjacent coupling since parametc_ar [1. 2]Equation (1) is a mulgvanable
nonadjacent coupling is neglected in thealysis.  Unction in (), tan@®(w)) and tanQ(w)) which was
Instead, Cristal’s circuit exhibits transmissiperos ~ found to exhibit zeros when

when theshort circuitedstubs ofelectrical lengtlo tan(@) = 0 or (2)
and ® becomequarter of awavelength @,zero = N, = 0. 3
3GHz and §,,er0= 10.771GHz (not shown)).

The compensating capacitan(@ap) atthe open
circuit of thefirst and last resonator wacluded in

Comparison of Insertion Loss

(1) Admittance Matrix

Yi2=Y23 = 0.17748496

Y11 =Y33 = 1.01081830

¥, = 1.18830327

(2)Compensating Capacitance:

Cap = 7.7788 pF*Ohm
(3) Overall Resonator Length:

[ =49.97 mm
(4) Tapping Point Distance:
Exact Circuit It =15.31 mm

——————— Cristal’s circuit

¢ zero due to input
(output) tapping

Insertion Loss [dB]

‘ ‘ ‘ ‘ Table 1: Normalized element
Freq [GHZ] values of tapped-line filter in
Figure 6.
Figure 6: Comparison of the Computed Insertion loss of a 3rd order bandpass
filter with feenre= 1.5GHz, 20% BW , 3rd order bandpass filter, using
Cristal’'s network and the exact one
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It is interesting to note that the short circuited stub ofanalytically. Tapping the input/outpuline was
electrical length @) with negative characteristic  observed to produce a transmission zero close to the
admittance (-)5) at the input/outpunode does not passband, the location of which was dependent on all

produce any transmission zeros, woes the other
short circuitedstub (f,.e9 produce theone closest
to the passband:

Co
fq)!ZEI’O: i?t ] k D 21

Co speed of light,
l; the tapping point distance.

parameterslefining thefilter, i.e. overalllength (l),
tapping point distance (|l and the characteristic
admittances y (a,b = 1..3).
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In practical designs { << 1, (I) being the overall
resonator length, hence

fCD!ZEI’O >> fcentre

This leaves (N) only to produce the transmission [q]
zero closest to thpassband, but @)\ being a highly
nonlinear function in ), no analytical solution
could be obtained. However, numericatplving
eqguation (3) fothe filter in Fig. 6 the location of the
transmission-zero closest to thassband wafund

to be at 2.511GHzwhich agreed with simulations [2]
using MIRCOWAVE HARMONICA PC.

SettingCap = 0, aranalytical expression forJ\¢ 0

was evaluated andolved (fero = 2.642 GHz) in
order to verify thatthe capacitance is not the reason
for the transmission zerdndeed, itwas observed, [3]
thatall parameterslefining thefilter structure, i.e. |,

I, Yab (8,0 = 1..3), contribute to its location.

CONCLUSION [4]

It hasbeen showrthat the commonlyused electrical
network representatiorfior tapped-lineinterdigital
filters as proposed bfristal fails to predict the [5]
insertion loss function produced by a third order
degreefilter. This suggests that Cristaljgroposed
equivalent circuifor n-degree tapped-lingters [1]

is wrong. However, it still remains useful to obtain
approximate element values of these type of filters.
Furthermore, it is explicitly showinow toobtain an
exactequivalent circuifor a 3rddegree symmetrical
tapped-line filter.Using the same principleljgher
odd-degrees symmetrical filters could b®deled.
Unsymmetrical tapped-line filters or symmetrical
even degree onagquire three or moréhan three
multiple-coupled line blocks.

Symmetrical three resonator filtekgere analysed

Diplomarbeit project at the University of Leeds.
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