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Accurate Circuit Model of Interdigital Capacitor and
Its Application to Design of New Quasi-Lumped
Miniaturized Filters with Suppression of
Harmonic Resonance
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_Abstract—A general-purpose circuit model of microstrip inter-  Nevertheless, this model is valid only for a frequency range
digital capacitor (IDC) is presented in this paper for use in the in which the total IDC size is a small fraction of the operating

design of new quasi-lumped miniaturized filters. This computer- wavelength. Since the strip width around the finger section
aided-design-oriented model is developed as a versatile admittance.

-network with the short-open calibration technique that we have is electrically na_lrrow In th!s case, a large amount _Of _d_'ﬁ"
recently proposed for accurate parameter extraction of a circuit Cult-to-characterize parasitic effects may become significant
from its physical layout. This technique is self-contained in our [2] such as conductance loss. These effects may cause low
method of moments, which accounts for frequency dispersion and (-factor and probably hinder the IDC itself from its application

fringing effects. A J-inverter topology is further conceived to ex- ; Fh T _
plicitly formulate the coupling behavior of three types of IDC'’s. to the design of high-performance circuits such as low-loss

This model provides a unique way for the IDC-related circuit syn- bandpf';lss f_||t_ers. In_ addition, such effects may lead tq some
thesis and optimization based on the accurate equivalent-circuit Potential difficulty in the accurate determination of circuit

network extracted from the field theory algorithm. It is validated  parameters representing the IDC physical layout. To remove or
theoretically and experimentally through an example of a line res- gt |east reduce these unwanted parasitic effects, we direct our

onator connected with two IDC's. The proposed scheme is used in 4y1antion to the characterization of IDC’s with size comparable
the design and optimization of new low-loss miniaturized quasi-

lumped integrated circuits, namely, two types of three-pole direct- to the operating Wavele_ngt_h. Therefore, this_ type of circuit
coupled bandpass filters. Our measured and predicted results show should be handled as a distributed model considering frequency
interesting features of the proposed filter structure such as size dispersion and other field effects.
reduction and suppression of harmonic resonance if the line res-  Qur deterministic MoM algorithm has recently been de-
onator is attached by series-connected equivalent inductance. veloped for the characterization of unbounded multiport
Index Terms—interdigital capacitor, CAD, microstrip line,  microstrip circuits [9] that makes use of impressed voltage
method of moments, bandpass filter, numerical calibration excitation, as described in [5]-[8]. This technique allows the
technique, synthesis and optimization scheme, equivalent circuit. simulation of a complete IDC-related circuit, which may call
for a field-theory-based optimization procedure [10] through
|. INTRODUCTION very heavy and lengthy back-and-forth iterations. Nevertheless,

: . . , the preferred approach is still to use accurate circuit repre-
M IC.ROSTRIP |nterd|g|tal_capaC|tors (IDC’s) have_ bee'gentation of physical layout for a rapid and efficient design
widely used as a quasi-lumped elements in high-fr

X . o With the well-developed synthesis and optimization schemes
quency and high-speed integrated circuits (IC's) [1}-{4]. IBased on circuit network [11], [12]. In this study, our newly

earlier da?(sav?rio(;ls .tv_vo-d.imensional (2'%) St%tic _algoriCtRD eveloped short-open calibration (SOC) technique [13]-[16], is
were applied for deriving its computer-aided design ( plied to explore a unified CAD model for a generalized IDC

model. l._Jnfortunater, S.UCh a model may not pe rgliable sing ucture. This SOC concept was inspired from the well-known
it has to ignore the fringing field effects of multiple finger end?hru-reﬂection line (TRL) calibration procedure [17] and it is

[1], [2] or it roughly accounts for a partial amount of thes%e f-contained in our MoM algorithm [9]. Circuit parameters

effects such as the end capacitance [3]. Very recently, a lquﬁ he model are extracted from MoM calculations using two
LC-network model [4] has been proposed for the CAD PUTPOT& jibration elements, namely, “short” and “open” lines. In the

gnd 'ttr\]N as g'enved. frorln 2 gartlal-ﬂe;ner;t descnp;uonN(IP,I\EA[&)osence of any hypothetical condition, this model accounts for
in a three-dimensional (3-D) method of moments (Mo )all the parasitic effects at any frequency as far as the MoM
accuracy is guaranteed.
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Fig. 1. Cross-sectional view and physical layout description of three types of IDC’s with predesignated geometrical dimensions and parametiens. §akt

Cross section of multiple finger. (b) IDC (Type A). (c) IDC (Type B). (d) IDC (Type C).
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Fig. 2. Physical topology and equivalent-circuit representation prepared for MoM characterization of a generalized IDC attached with twéirdifefah
Physical layout. (b) Susceptance network.Jépverter network.

a unified equivalent-circuit network approach [12]. Two directis derived to explicitly evaluate the coupling characteristics of

coupled bandpass filters are designed and attractive featurethefIDC.

a new class of filters using series-connected inductance line are

observed theoretically and experimentally as to size reductifin Full-Wave MoM Algorithm

and suppression of harmonic resonances. Fig. 2(a) shows a physical layout prepared for the full-wave

MoM characterization of a generalized IDC attached with two

input/output lines. To have a general-purpose design require-

ment, the two lines may be different in width. As described in
Fig. 1(a) describes the cross-sectional view of a typical ID@evious MoM algorithms, e.g., asin [5]—[8], a pair of impressed

with multiple fingers while Fig. 1(b)—(d) depict a geometricaloltage sources backed by electrical walls is introduced at the

sketch of three types of IDC’s [1]-[4] to be studied that are ateference planes (ports) of choice on the lines. The port locations

tached with two lines as the input/output. In the following, a gemre electrically far away from the circuit discontinuity to avoid

eral-purpose circuit model is described for efficient design amuhy potential electromagnetic interaction between fields of the

optimization of IDC-related low-loss miniaturized filters basegorts and discontinuity. It was done in our developed MoM

on the versatile lumped-element network approach. To do so, saheme [9] for formulating unbounded multiport planar circuit

begin with a deterministic MoM algorithm to simulate IDC’sproblems, thus avoiding potential parasitic resonance caused by

[9]. The SOC technique is then applied to extract a CAD-ora shielding enclosure.

ented circuit model from field calculations and itis embedded in The entire IDC is segmented into two distinct pattsiform

the MoM algorithm [13]-[16]. In the end, &-inverter network lines(R; —V;) and(R,—V>), in which a dominant mode propa-

Il. CIRcUIT MODEL OF IDC STRUCTURE



ZHU AND WU: ACCURATE CIRCUIT MODEL OF IDC 349

gates, andircuit discontinuity R; — R»), to which all disconti-
nuity effects are attributed. The use of the image principle lea
to the removal of the local electrical walls by an approprial
choice of the Green's functions for the lines and discontinui
so that an unbounded environment is effectively created. W
the help of the Galerkin's technique, a source-type matrix eqt Ist
tion can be derived, which allows calculation of current densi
distributed over the transverse meshes at each port locatior X1]
well as the discontinuity. With the concept of port voltage an
current derived from the impressed electric fields and a sup
position of the calculated electric density at the port locatio..,
an equivalent network can be deduced that interrelates the port @
voltages and currents, namely,andl; (¢ = 1,2) for the IDC.

short-end

[X2]

B. SOC Procedure

Described below is a deembedding (calibration) procedu ground Ri Rz groun=d
applied to the IDC structure to accurately extract paramete open-end
of its equivalent-circuit network designated between the re To1 ‘Ri R:. To
erence plane#?; and R,. The essence of the proposed SOt — o—
procedure is to electrically formulate the IDC physical layot
with the lumped elements in a very precise manner. This SC @ (Xl 1 13
technique should be able to remove all susceptible numeri 1
noise and MoM model error such as the approximate impress
voltage source. In this way, any circuit parameters can be ex- ()
tracted even though some of them may be far below the intrinsic
numerical noise. Fig. 2(b) shows an equivalent lumped model'ﬂ% 3. Physical arrangement and network representation of our proposed SOC
. . = ’ . . scheme with two standard calibration elements. (a) Short element with error box
Fig. 2(a), in which the IDC is modeled as an admlttanmt- equivalence. (b) Open element with error box equivalence.
work. The two term$X; ] and[X ] stand for parasitic effects of
Lhe so-called g(_)rt dlsgontllnlélté[16]dang|ncor(;S|lstenr<]:y pro?'?%d and even excitations, and the current flowing at the short
etween two-dimensional (2-D) and 3-D models when solvi namely,l,;, I,;, and I’,. Furthermore, this matrix can

the same line problem. These errors terms, even if very Sm%Ucplicitly be expressed by the currents normalized with respect
are usually frequency- or dimension-dependent and may be VEI¥he port voltage’;, andV;, as a closed-form equation
harmful in the parameter extraction [18]. They should be re-

moved from the circuit model. . L /I, —1/1,

In a TRL calibration procedure used for circuit measure- [Xil = ~I' L, /(Lis — L) Il /(L — L) @
ments [17], three standard elements are applied to remove the - B
error boxes and calibrate the measured parameters for a i@évhichl;,, I;, andZ;, represent the three normalized currents.
vice-under-test (DUT). In our case, two elements are proposlébthis way, the error terms related to each line can be extracted
to work out in a similar way, namely, “short” and “open” linesfrom (1) with the two SOC elements in the MoM scheme. The
that are defined in the MoM algorithm. Fig. 3(a) and (b) sho@dmittancernetwork can be set up. This model can further be
the physical layout and equivalent-circuit network of such tw@mplified into a susceptanaenetwork if the lossless case is
elements. Since each error term can be separately calibrsgegsidered.
with respect to the attached line by using a pair of calibration
elements, this SOC technique is well suitable to deembeddﬁg
the IDC connected with two different lines. As discussed in The derived admittance parameters of an IDC usually exhibit
[13]-[16], the two SOC elements can be exactly built up b strong frequency dependency that is not suitable for charac-
exciting a pair of odd and even impressed voltage at the twerizing its coupling behavior because of the distributed cou-
ports of a uniform line having a length twice the distancpling effect. On the other hand, our interests are to use the IDC
between the port and reference planes of the line. Since fibs filter design. Therefore, the-network is transformed into
center location simulates ideally the perfect electric (shoiits corresponding/-inverter topology, consisting of a suscep-
and magnetic (open) wall by applying odd and even sourcéance and two equivalent lines, as shown in Fig. 2(c). This al-
respectively, such a uniform line is divided into two identicalernative notation is useful for design and optimization using
parts, one of which is used to evaluate the error term. Otlne network-based synthesis technique [12]. THaverter sus-
MoM algorithm briefly described above is applied to calculateeptance/ is directly proportional to the coupling (or strength)
the current density over this line. As such, ABCD matrix of the IDC, while the equivalence of two attached electrical
representing the error terfX] can analytically be obtainedlines ¢; and ¢» presents distributed fringing field effects and
through the solution of three groups of equation on the basisger end discontinuities. The equivalence between the two net-
of network theory in connection with the port currents for thevorks allows for deriving a set of new equations that relate the

J-Inverter Network
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Fig. 4. Extracted parameters of the equivalent network of an IDC (Type ig. 5. Frequency dependence of the extracted parameters of equivalent

; ) 5 twork of an IDC (Type B) versus the number of finger with= 5, 7, 9
as a function of _frequency versus the number_of finger \‘Mh: 2'. 46,8, (odd). (a)/-inverter susceptancg. (b) Equivalent electrical line lengths, /2
10 (even). (a)J-inverter susceptancé€. (b) Equivalent electrical line length andés /2
¢1/2 = ¢2/2. .

are rigorously determined. This is examined in the following

J-inverter parameters and its original network counterparts 'Q)’(ampl es
volving two different generalized lines '
J sin(py/2) 4+ Biy cos(¢1 /2) (28) 1. IDC COUPLING CHAI\EF::T:(I;E_EI—ZISTICS AND DISPERSION
\/Y1Yé B12 Sln((/)2/2)

The three types of structure of Fig. 1(b)—(d) are studied
- o for coupling characteristics and dispersion effects. Fig. 4 is
1 2(B11 + B»|B|) the extracted/-inverter susceptance and two equivalent elec-
¢1 = —tan { —5 — — } (2b) . . . .
1+ B3, — B} — |BJ? trical lines as a function of frequency for a symmetrical IDC
versus the number of finger@V =2, 4, 6, 8, 10). In this
example, the strip width is exactly equal to the overall di-
mension of the multiple finger section, as in Fig. 1(b), so that
the parasitic effects happened around the finger section are
contributed only by the finger ends. It is found in Fig. 4(a)
inwhich B1; = By1/Y1, Bas = Baa/Ya, Bio = B12//Y1Y2 that the susceptancé increases rapidly with the number of
and|B|? = Bi1Bs — Bl,. Y1 andY; are the characteristic fingers at extremely low frequency (in this exampfex< 1.5
admittances of two uniform lines in the IDC structure, respeGHz). It actually indicates the lumped-element characteris-
tively, as in Fig. 2(a). tics of an IDC in the limiting case for which the total size
These equations are useful for the design and optimizatisnmuch smaller than the operating wavelength, as justified
of IDC-related filters since the coupling and dispersion effecis [3] and [4]. As the frequency goes beyond this limiting

(2¢)

b= { 2B Pl

1+ B}, — B3, — |B|?
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point, the susceptance is strongly enhanced/o& 8 and it Fig. 7. Extracted equivalent-circuit network and dispersion effects of an IDC
tends to be gradually saturated faF = 10. It suggests that (Type C) versus the number of finger wifi = 5, 7, 9 (odd). (a)/-inverter
the low-frequency lumped effects disappear as the total sfszuésceptamé' (b) Equivalent electrical line lengtias, /2 ando. /2.
(number) of fingers is enlarged to a certain value comparable
with the operating wavelength. The structure symmetry ation even though a small discrepancy of about 5.0% is observed
even number of finger yields two identical electrical length@round 4.5 GHz, which may be caused by fabrication or mea-
Fig. 4(b) shows almost linear phase behavior for differdht surement problems.
versus frequency, except for minor nonlinear disturbance forNow let us look at the IDC structure having two different
a large N due to its distributed effect. connection lines that is applied to the design of low-loss minia-
Fig. 5 shows frequency-dependégninverter network param- turized filters in the subsequent section. Since the narrow strip
eters for the IDC attached with two identical 50lines versus width of line is primarily responsible for the conductance loss
three differentv (5, 7, 9). With reference to Fig. 5(a), similarincurred in high-frequency IC’s, a relatively wide line is selected
distributed behaviors can also be observed, and the saturatmmake up the resonator circuit, while the other is designed to
effect takes place around 2.5 GHz in, for example, the caselaf a 50€2 line connected to the external circuit. Fig. 7 shows
N = 9. Nonlinear susceptance curves oyet 4.0 GHz forthe J-inverter network parameters extracted for an IDC attached to
three cases indicate that the conventional approximate lumpe lines of 50 and 342 for N = 5, 7, 9. Interestingly, the sus-
model is no longer valid. As plotted in Fig. 5(b), the two elecceptance is enlarged to some extent as opposed to Fig. 5. This
trical lengths have similar variation with frequency as compareday well be interpreted by the interface-related discontinuity
with Fig. 4(b), but there is a visible difference due to the choiaffects on the right-hand side of the IDC that are reduced as the
of odd number of fingers. In particular, the two electrical phaséisewidth 17/, is widened toward the total width of finger sec-
are not identical with the structure asymmetry. To validate otion. Similarly, the electrical length, /2 is found to be reduced
proposed circuit model, a simple IDC circuit is fabricated withyy about 6—4° in the frequency range of interest. The other elec-
N =9, whose physical layout is displayed in Fig. 6(a). Mearical length¢, /2, however, appears to be about the same as in
sured results are in very good agreement with the model prediag. 5(b).
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Fig. 9. Circuit description and CAD model of the two types of three-pole
direct-coupled bandpass filters. (a) Simple uniform line resonator filter without
inductive line compensation. (b) Inductive series-connected shorted stub loaded
resonator filter for size reduction and suppression of harmonic resonance.

S11, S21 (dB)

onator can easily be derived from its complete equivalent-circuit
model, as shown in Fig. 8(a). In this model, the total electrical

a0} Predicted ] length (6) of the line resonator consists of two parts, namely,

______ d . . X . . .
Measure the uniform section of the liné) and the two identical equiv-

50 P alent line lengthsp, /2 contributed from the two IDC models.
1.0 15 2.0 25 3.0 f(zilz‘)“o 45 5.0 55 60 Thereforef) = ¢,/2 + 62 + ¢2/2, thereby suggesting that the
equivalent electrical length of the two IDC structures affect the
®) resonant frequency of the line resonator. It is usually dispersive

Fig. 8. Equivalence of a global circuit network of an IDC line resonatoflU€ to the distributed characteristics of the IDC.

designed for CAD-oriented model and its predicted and measured frequencySimilarly, the equivalent network of the externally connected

responses. (a) Physical layout and network equivalence. (b) Measured gy, t/output lines should account for effects of the electrical

predicted frequency responses. . . .

length ¢1/2 on the other side of thd-inverter, as shown in

Fig. 8(a). Since the developettinverter is explicitly related

to the coupling strength between the connecting line and line

resonator, the insertion loss and bandwidth of the circuit can
In this section, a class of IDC-related filters is designed withe accurately predicted with the proposed model. Calculated

the proposed circuit model and our interests are to realize sined measured frequency responses are presented in Fig. 8(b),

reduction and suppression of filtering harmonic resonance wighowing an excellent agreement over an extremely wide fre-

new topologies. With the developed circuit model for the threguency range (1.0-6.0 GHz). Judging from the behavidhef

types of IDC presented above, we choose one of the asymmag bandpass becomes broader for the higher order of resonant

rical IDC's for use as a tight coupling element for low-los$requency. This is essentially due to the coupling enhancement

filter and resonator design. In our study, one IDC line resonatar higher frequency, as shown in Fig. 7(a), through the charac-

and two bandpass filters are studied theoretically and expegristics of.J-inverter susceptance fo¥ = 5.

mentally. Considering some practical aspect of our experiments,

a dielectric substrate of Duroid is fixed with the thickness d$- Miniaturized IDC Bandpass Filters with Suppression of

1.27 mm and:,. = 10.2 through the following calculations. ~ Harmonic Resonance

The above example points to the effectiveness and generality
of our proposed model for the IDC circuit design using a net-

Fig. 8(a) displays the proposed layout and complete CAD-oxirork approach. In this section, a very efficient network-based
ented circuit model of a line resonator interconnected by tvgynthesis and optimization procedure, as detailed in [13]-[15],
asymmetrical IDC structures. The two external lines(§@re is applied to the design of high-quality IDC circuits with mini-
chosen to be different from the line resonator (3¢in strip mized computational efforts as opposed to direct, but time-con-
width, and the number of finge¥ is five for the IDC. The fre- suming, field-theory-based techniques [10]. In this way, the en-
guency response and other characteristics of the IDC line réee filter is represented in design by an equivalent cascaded cir-

IV. FILTER DESIGN WITH SIZE REDUCTION AND SUPPRESSION
OF HARMONIC RESONANCE

A. IDC Line Resonator
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Fig. 10. Extracted design curves of the equivalent network as a function of frequency versus the length of finger section for an asymmetricatiotréa) S
and network sketches. (b) Self-susceptance. (c) Mutual-susceptance.

cuit topology that consists af-inverter networks and line res-generates inductive effect such that the quasi-lumped resonance
onators attached with a series-connected shorted stub elemengim take place at lower frequency and the new filter size can
the following design examples. Once the filter is specified witkignificantly be reduced as compared to Fig. 9(a). Obviously,
its characteristics such as central frequency, bandwidth, insaccurate parameter extraction of the quasi-lumped elements is
tion loss, and number of resonator, all thénverter parameters critical for successful design of the proposed filter topology,
can be calculated in an explicit form with reference to a seriasich should be done with the developed MoM algorithm and
of standard design tables or closed-form equations in [13]-[15OC technique.
This is usually related to a specific frequency response, suchrig. 10(b) and (c) plots a number of design curves for the ex-
as a maximally flat or Chebyshev type. In our case, each lib@acted self- and mutual-susceptance parameters as a function
resonator is designed to operate at the central frequency anaftrequency for the asymmetrical IDC witN = 5, as shown
equivalent sloping susceptance parameter is derived from théig. 10(a). Within the frequency range of interest (global-po-
differentiation of a complete circuit network, as indicated isitioning-system (GPS) band around 1.575 GHz), the suscep-
[21]. In this study, our interest is to design Chebyshev-type ID@nces exhibit a lumped capacitance that gradually increases
bandpass filters. In particular, a new class of miniaturized ID@ith extended finger length. Of course, the distributed effects
filters is proposed to suppress the unwanted harmonic resonaaiee pronounced over the higher frequency range over where
over the upper frequency range, thus significantly improving thiee wavelength is comparable to the finger length. Fig. 11(b)
filter performance and adjacent channel rejection. presents a series of curves for the equivalent capacitance versus
Fig. 9(a) and (b) presents the physical layouts and CAD-ogap spacing for the gap coupling topology at three different
ented model of two types of three-pole direct-coupled bandpdssquencies, whose layout parameters and circuit representa-
filters that use the uniform-line resonator and inductiveon are described in Fig. 11(a). The self-capacitafiggends
line-loaded resonator, respectively. These filters operate withgo up and its mutual counterpatt, rapidly decreases as
quasi-lumped elements whose circuit parameters can acfrequency goes up. This indicates a reduction of coupling be-
rately be extracted from the above-described SOC technigtweeen the open-ends of the two lines. Fig. 12(a) gives the design
Fig. 9(a) shows two asymmetrical IDC coupling elements fdayout and circuit model of the series-connected shorted stub el-
interconnecting the line resonators so that a tight couplimgnent, which can be well represented by one series inductance
is conceptually achieved. Simple gap-coupling structures ared two shunt capacitances. Fig. 12(b) shows a set of predicted
used to provide a weak coupling between two adjacent-lidéspersion curves against various stub lengththat are very
resonators. This type of filter structure is usually long in sizeéseful in design of the new size-reduced IDC filters. It is con-
because the line resonator takes up an appreciable fractiomed that the mutual admittance really points to the effect of
of wavelength. To achieve a dimensional compactness, theuasi-lumped series inductance, while the shunt susceptance
resonator lines are split into two pieces and a series-connegbeihts to a shunt capacitance.
shorted stub element having electrically narrow width is The extracted circuit parameters of Figs. 10-12 are used to
inserted to bridge them, as shown in Fig. 9(b). The elemeaésign two three-pole bandpass filters with a center frequency
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Fig. 13. Predicted and measured results of frequency response for the
5.0 i 50 simple IDC filter that is made up of uniform line resonators. (a) Zoom-in for
_ narrow-band characteristics. (b) Broad-band frequency response.
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predicted center frequency is slightly down (within 1.5%) com-
S W B S 3 e 35 pared with the measured result, and the measured bandwidth
g 30 24 30 is 2.4%. Fig. 13(b) presents the panoramic frequency response,
g2sp T 25 ¢ and the second harmonic resonance frequency is found around
K 1.6 - . .
“oop___ e e 203 3.15 GHz, approximately equal to twice the fundamental res-
onance. The reduction of 2.4 dB in the insertion loss around
1.56 GHz can be attributed to the conductor loss of the narrow
strip of the IDC multiple finger. As described in [19] and [20],
an alternate way of overcoming this problem is to use a super-

conducting conductor for the design of extremely narrow-band
filters.

The length of above-described filter is a rather large
106.90 mm. Now let us look at the design aspects of the

Fig. 12. Calibrated equivalent

inductance and
series-connected shorted stub element as a function of frequency veifiductively compensated IDC filters with the proposed circuit

the length of the loaded line section. (a) Physical layout and netwopqodel. Fig. 14(a) shows predicted and measured results for

capacitance of

equivalence. (b) Shunt capacitance and series inductance. . .
a (b) P a filter that uses the same IDC and gaps as in the above

filter design for the purpose of comparison. The length of
of 1.575 GHz and a bandwidth of 2.7% (not necessarily a GRBries-connected shorted stub element is choséh as 4.0
requirement). Fig. 13(a) shows predicted and measured ingam, as discussed in Fig. 12(b), so that the total length of the
tion and return losses of our first filter without inductive comnew filter is significantly shortened to 68.58 mm for the same
pensation over a narrow frequency range of 1.48-1.66 GHz. Toyerating frequency bandwidth as the above example. A slight
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parameter extraction of a circuit layout from field calculations.

In our study, this SOC technique is self-contained in a deter-
ministic MoM algorithm. It is shown that the proposed model

is useful for efficient high-frequency design and synthesis of
IDC-related circuits. It is indicated in the analysis that the use
of the static lumped-element concept may be valid for IDC
parameters at low frequency, however, an extra precaution
should be taken for high-frequency design when the IDC is
involved. The proposed model is well validated by extensive
theoretical and experimental studies conducted during this
study. Two IDC bandpass filters are identified, designed, and
measured. It is found that the predicted frequency responses are
in excellent agreement with the measured results. In particular,
interesting features of a new class of filters are discussed,
which include the effective size reduction and suppression of
harmonic resonance. These aspects are achieved through the
introduction of a series-connected shorted stub element that is

predicted S21
Y measured
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a \
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Fig. 14. Predicted and measured results of frequency response for thd?]
compensated IDC filter with inductive series-connected shorted stub loaded
resonators and feature_ presentation for suppression _of_the second harmon't%]
resonance. (a) Zoom-in for narrow-band characteristics. (b) Broad-band
frequency response.

6]
increase in return loss is observed and it can be improved with
suitable adjustment of coupling enhancement of the IDC struc-
ture. Fig. 14(b) depicts the prediction of complete frequency[7]
response over a broad band. It is interesting to find out that
the second harmonic resonance is completely suppressed wigg
the inductive effect, attributed by the series-connected shorte
stub element. This is a very attractive feature for practical ]
applications. This interesting aspect of our design is also
discussed with regard to stepped-impedance resonator (SIR)
filtering circuits [21]. The additional insertion loss observed in
the experiments can be explained by the conductor loss of tt%ol
added narrow series-connected shorted stub elements [20].

[11]

V. CONCLUSION

A general-purpose circuit model is proposed for design an(filz]
characterization of IDC-related structures using an accurate
J-inverter network representation. This CAD-oriented model[13]
is derived from a newly developed numerical SOC technique;

allowing frequency dispersion and other parasitic effects in the

integrated into the line resonators.
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