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Modeling of Lumped-Element
Coplanar-Stripline Low-Pass Filter
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Abstract— A novel coplanar-stripline low-pass filter using In this study, a simple CAD equivalent-circuit model is es-
lumped-element spiral inductors and interdigital capacitors is tablished to characterize the proposed CPS low-pass filter. This
proposed. To characterize this filter, a simple CAD equivalent- - ,q4e| consists of transmission lines, resistances, inductances,
circuit model is established. The elements of this model, which . . o
consist of transmission lines, resistances, inductances, andand capacitances to take care of thg do_mmant arid paia_S|t|c
capacitances, can all be handled by the closed-form formulas; €ffects of tapered CPS, rectangular spiral inductors, interdigital
hence this model is suitable for CAD application. In this capacitors, and bond wires. The usefulness of the proposed
study, results based on CAD model, full-wave simulation, and model is confirmed by Comparison with the full-wave simula-
measurement are presented, and good agreement among thesgjqn and measurement. Since the full-wave simulation is time
results validates the usefulness of the proposed CAD model. . . - . L
Being compact and uniplanar in structure, this coplanar-stripline Consumlng_and measureme.nt is costly, this eguwalent-cwc_:wt
low-pass filter is useful in the implementation of monolithic Model, which has the merits of less numerical processing
microwave integrated circuits (MMIC's). time and easy implementation into CAD software, is useful

Index Terms—CAD model, coplanar-stripline filter. in characterizing the proposed filter configuration.

Il. FILTER CONFIGURATION AND
EQUIVALENT-CIRCUIT MODEL

T HE coplanar-stripline (CPS) structure has the merits of This study tries to propose a five-section Chebyshev CPS
small dispersion, less sensitivity to substrate thicknquw_pass filter with 1-dB ripple and cutoff frequency at 5

simple realization of short-circuited ends, easy integration %sz. This proposed CPS low-pass filter may be implemented
series and shunt active and passive components, and elimiggt- ,sing the 'lumped-element rectangular spiral inductors,
ing the need of via holes. Itis also efficient in the use of wafghio igital capacitors, and bond wires to realize the series in-
area and offers flexibility in the design of uniplanar CICUtY ctors and shunt capacitors in the prototype circuit. The filter

[1] such as mixers, antennas, a_nd optoeiegtro_nic devices @énfiguration is shown in Fig. 1(a), which will be modeled by
[3]. But research work concerning CPS circuit componenis, equivalent circuit discussed later

are relatively limited and orily several CPS discontinuities, For theoretical modeling, the filter structure [Fig. 1(a)]
such as open, short, and slit structures, were examined [d].qecomposed into five parts, i.e., the symmetric coplanar
[5]. Recently, the CPS bandpas; filier using series Spur'sé‘i?itipline (SCPS), the tapered coplanar stripline (TCPS), the
elements was proposed. [6]. Th|§ distriputed filter ?‘tru,CtuFSctangular spiral inductor (RSI), the bond wire (BW), and
does not require bond wires, but it occupies large chip sizeh jyierdigital capacitor (IDC). To derive the equivalent
lower microwave frequency due to the use of half-wavelenggi}cuit, the RSI is modeled by a lumped inductance together
StUbS.‘ i with a series parasitic resistance. By dividing the RSI into
This research proposes a novel CPS onv—pgss filter thal o4 straight line segments, the lumped inductance may be
composes of lumped-element rectangular spiral inductors 804 jated from the sum of the segmental self inductances and
interdigital capacitors. This filter exhibits small physical SiZ& utual inductances [7, eq. (14)], while the parasitic resistance
as compared to its distributed counterpart. Hence, it is suitabley o sum of the segmental resistances [7, eq. (1)]
foi inonolithic miciowave integrated circgits (MMIC’s) with The IDC is modeled by a lumped capacitance in series with
minimal S|ze.re(|qluw.em?nt. Furthe_rmore,hits_ Iumlped elemengs, parasitic resistance and inductance. Based on the partial
?re syrr]nmetrilca y 1mp em(T_nted In bo:] sigha f"mdl groundnacitance method, the lumped capacitance may be computed
ines, thus balances in amplitude and phase are simultaneoysly, the capacitances of all two-finger sections, that of a three-
achieved and the circuit layout may be denser. This bajsqer section, and those due to all finger ends [8, eq. (44)]. The
anced ai:jranbgemgnt_is Q'ﬁ'cun in the microstrip- and COpIanﬁElrasitic resistance and inductance are the parallel combination
waveguide-based circuits. of the corresponding ones for all fingers [7, egs. (1) and (4)].
Manuscript received November 4, 1997. This work was supported by tITJ'e BW for connecting th? inner inductor node to the circuit '§
National Science Council of Taiwan, R.O.C., under Grant NSC 87-2213-Fepresented by a lumped inductance [10, eq. (Al)] and a series
002-056. , _ o __resistance [9, eq. (17)] together with a parallel capacitance [10,
The authors are with the Department of Electrical Engineering, National A21 to include the effect betw bond wi d induct
Taiwan University, Taipei, Taiwan 10617, R.O.C. eq. (A2)] to include the effect between bond wire and inductor
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Fig. 1. Coplanar-stripline low-pass filter. (a) Physical configuration. (b) Equivalent-circuit model.
The proposed filter is constructed in the CPS environment TABLE |
with the input and output ports connected to 5. BCPS's. DIMENSIONS (ALL IN MICROMETERY OF CPS Low-Pass FILTER IN FiG. 1(a)
The impedance levels would be largely different if the lumped- gap strip strip
element RS is directly connected to the SCPS. Hence, the width width length
TCPS with inclined angled and length Lycps should be  gq 762 762 X, =253 v, =381
included to provide good impedance matching. As suggested
by [11], the TCPS is modeled by the cascaded sections of RSI2 76.2 76.2 X3=1330.2 Ya=1381
lumped-element series inductances and resistances as well as
shunt capacitances and conductances. IDC 50.8 50.8 1016

Fig. 1(b) shows part of the equivalent circuit for the filter
elements between the plan@sand! [Fig. 1(a)] which consist
of TCPS, RS], BW,, and IDC. The cascade of the ON€S r1cps |length=508, strip width =762, slot width = 30.48 -- 1402
similar to Fig. 1(b) yields the complete equivalent circuit
of the low-pass filter in Fig. 1(a). Due to less dispersive BW; length=7112 . diameter=17.7
characteristics of CPS, it is advantageous to apply the quasi
TEM approximation to discuss the CPS propagation char- BW,
acteristics, at least up to millimeter-wave frequency range
[6]. Hence, the characteristic impedance, effective dielectric o _ _ ) )
constant, and attenuation constant of SCPS may be obtaifeedel in Fig. 1(b). In comparison with the filter structure with
by the formulas based on the conformal mapping techniqd€’ taper and the one without TCPS, the filter witr*3aper
[12, egs. (7.75), (7.72), and (7.112)]. Notably, the elements @S input resistance and reactance which are much close to
equivalent circuit in Fig. 1(b) are all calculated by the close@? and 0%}, respectively, in the passband (0 to 5 GHz) and

implemented into CAD packages. For better performance, the $3aper is chosen in the filter

configuration.
Let us implement the CPS low-pass filter [Fig. 1(a)] with
IIl. SIMULATED AND EXPERIMENTAL RESULTS dimensions summaried in Table I. Al the circuits in this
Filter performance is degraded by the discontinuity migaper are fabricated on a 63®a-thick alumina substrate
match in filter components. To reduce this mismatch effe¢t, = 9.8 andtan § = 0.0001) and have strips of metallization
the inclined anglé? and lengthLcpg of TCPS structure are thicknesst = 3 pm and conductivitys = 4.1 x 107 S/m.
varied to optimize the filter response. Fig. 2 shows the simber measurements, the HP 8510B network analyzer is used
lated input impedances of the filters with®s8nd 30 tapers as together with a set of CPS TRL on-wafer standards [4]. Fig. 3
well as the one without TCPS, based on the equivalent-circaltows the return and insertion losses of this filter from the

CPS length = 508, strip width =762, slot width = 30.48

length =889 ., diameter=17.7
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. ) . . ) Fig. 3. Simulated and measured return and insertion losses of CPS low-pass
Fig. 2. Input impedances of CPS low-pass filters with and without taper(ﬁﬁ%r

coplanar stripline.
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