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Abstract—In this paper, a coplanar stripline bandpass filter —Electric
is developed. The propagation characteristics of the coplanar // field lines
stripline used for the construction of the filter are presented in Metal s/ W
the form of phase constant and attenuation constant. The filter is strip - !

characterized experimentally as well as theoretically by use of the Dielectric \
substrate -, \

finite-difference time-domain (FDTD) technique. The agreement
between the measured and modeled filter characteristics is very
good.

I. INTRODUCTION

OPLANAR stripline (CPS) [1] as a transmission medium
Cwith the capability to provide uniplanar designs wak
introduced in the mid 1970’s. It is well known that CPS lines
make efficient use of the wafer area, have the capability p@th experimentally as well as numerically by FDTD simu-
sustain back metallization without exciting parasitic modestion for performance verification.
within the range of the operating frequency and to simplify
heat sinking and packaging in high-power applications (CPS
power amplifiers). Extensive work on CPS lines in the recenf;  TgoreTICAL AND EXPERIMENTAL CHARACTERIZATION
past [2]-[4] has shown that CPS has the capability to provide o ) i
excellent propagation characteristics and small discontinuity ' N€ coplanar stripline is supported by a dielectric substrate
parasitics when appropriately designed. Recent studies og]relatlve permittivitye, and thicknes®), as shown in Fig. 1.
several CPS discontinuities have shown that CPS lines d@n@ CPS [1], the electric lines extend from the edges of
find applicability to wireless communications through lowtn€ strip qonductors of widthy” across the slot of widttt
cost uniplanar microwave circuits such as filters, mixers, aﬁlﬁ'_d remain _strongly bound to the_ aperture_ '_Oe“"’ee” the_z t_WO
antennas [2], [4]. Based on these results, CPS bandstop fm%géacent strips. As a result, the lines exhibit characteristics

have been designed and characterized and these filters HQIEh are rather insensitive to the substrate thickness and
demonstrated many advantages. presence of metallization on the other side of the substrate.

CPS filters have several unique features and advantag@@loW: theoretical and experimental results for wave propa-

Their uniplanar construction allows ease of fabrication. Alsg,atlon characterl_stlcs in CPS Iln_es and a CPS BP filter are
these filters use series resonating elements which are fabric&Egpented and discussed extensively.

within the 502 strip conductors and, hence, are extremely

compact when compared to microstrip filters. In addition, they, Measurement/De-Embedding Technique

do not require bond wires and air bridges to suppress h|gherA" the measurements have been performed with the 8510

\?vrﬁeerr] (r:r:)%jeeslrea;t tdol Sgg:\t'g#:éizl ::eosulgl:gr l/?/a\s/gnﬁlizre cé(e;%nﬁtwork analyzer using a set of CPS TRL on-wafer standards.
P P 9 e calibration standards consist of a CPS Thru, a CPS short

filters_. : . ._.circuit, and a CPS delay line and is performed using National
This work presents a study of the dispersion characterist Csstitu,te of Standards and Technology (NIST), a de-embedding
of the CPS line along with its attenuation as a function OP '

o : ._software program [5]. This program solves a 12-term error
frequency. In add|t|on,' a CPS bandpass filter has been des'gﬂ%gvél from the thru-line two-port measurements, the delay line
and fabricated, and its performance has been characteri

fiw -port measurements, and the two one-port reflection mea-

. . . surements. The program then establishes electrical reference
Manuscript received February 17, 1997. This work was supported by th?

ig. 1. Cross section of CPS.

office of Naval Research. planes to which all de-embeddettparameters are referred.
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Fig. 2. CPS measured attenuation. =
3.0 —
Frequency, GHz
25 — Dominant Fig. 4. CPS bandpass filter—geometry and measured/modeled characteris-
mode tics.
g 20 /
s I1l. RESULTS AND DISCUSSION
Higher In the following sections, measured results are shown for
15 — order the attenuation constant of a CPS line as a function of
mode frequency along with theoretically predicted dispersion and
| | | | | higher order mode characteristics. Also, the measured/FDTD-
1.0 0 5 10 15 20 25 modeled characterization of a CPS bandpass filter is presented
Frequency, GHz and compared.

Fig. 3. CPS computed dispersion and higher order mode. .
A. Measured (De-Embedded) Attenuation

B. Theoretical Modeling The attenuation: is de-embedded for CPS lines fabricated
) ] ~on RT/Duroid 6010 substrate of thickness = 0.03 in and

As mentioned above, the modeling was performed using the _ 1.2 with 1/2-0z. copper. Measurements are performed
FDTD method, which is based on expressing Maxwell's cUgly cpS lines with a fixed strip width” (= 0.065 in) and slot
equations in discretized space and time domains. In orderifyih S varying from 0.0025 to 0.005 in in steps of 0.0005
characterize a planar discontinuity, propagation of a specifit This includes a 5@ CPS line withW = 0.065 in and
time-dependent function is simulated using FDTD technique. _—  go4 in. Fig. 2 shows the measured attenuation as a
In characterizing the filter mentioned above, a Gaussian pugiction of frequency for the above mentioned set of CPS
is used. The space stepSz, Ay, and Az are carefully jines. From the figure, we see thatvaries from 0.735 dBY,
chosen such that integral numbers of them can approximaies GHz to about 0.164 dB/, at 12 GHz. The repeatability

the dimensions of the structure. In order to minimize thgf the measurements are within 0.015 AB/at 4 GHz and
truncation and grid dispersion errors, the maximum step sigg)g3 dBA, at 12 GHz.

is chosen to be less than 1/20 of the smallest wavelength

in the computational domain. The Courant stability criterion . _ _

is used to select the time step to ensure numerical stabiligy. FDTD-Modeled Dispersion and Higher Order Modes

The values forAz, Ay, Az, and the time step\t used for Fig. 3 shows a plot of the normalized propagation con-
modeling the bandpass filter here are 127.0, 101.6, and 208tant 3//3, as a function of frequency obtained using two-
pm and 0.23 ps, respectively. The front and back planes of tlienensional (2-D) FDTD technique for a CPS line with
FDTD mesh are terminated using super-absorbing first-ord@r= 0.03 in, W = 0.065 in, S = 0.004 in, ande,. = 10.2. It

Mur boundary condition [6]. All the other walls are terminateds noticed that the dispersion is almost linear up to 9.0 GHz
using the first-order Mur boundary condition [7]. The circuitvith no higher modes. Onset of higher order modes begins
dimensions indicated in the following sections are the actual around 9.0-GHz frequency. This has been confirmed by
dimensions after fabrication. However, while performing thmeasuring thes parameters. Measurements on a through line
FDTD analysis, the exact fabricated dimensions could not béth W = 0.025in, S = 0.004 in, D = 0.01 in, ande,. = 10.5
incorporated due to limitations in the uniform discretizatiohave shown that there is no onset of higher order modes up to
adopted in the modeling. 40 GHz. Smaller line dimensions and thinner substrates can
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push the cutoff frequency to higher frequencies thus extendingations industry and in the design of low-cost uniplanar

the operating range. microwave circuits such as filters, mixers, and antennas. In
view of these advantages, a CPS Bandpass filter has been
C. CPS Bandpass Filter modeled and its performance has been characterized both

. , . experimentally and theoretically. In addition, CPS character-
_The schematlc of a CPS bgndpass (BP) f|lter is shown idlics such as attenuation, dispersion, and higher order modes
Fig. 4. The filter consists of five sets of series stubs spa

. . . “fi&ve been studied. It has been found that CPS has excellent
0.25\, apart wherel, is the guide wavelength in the CPS aE‘)ropagation characteristics with linear dispersion. Onset of

the centgr frequency, of the bgndpass filter. The BP_f|Iterhi her order modes is at the higher end of the frequency range
was fabricated on an RT/Duroid 6010 substrate of thlckneg interest, thereby making CPS an ideal choice for the type

0.03 in ande, = 10.2. The d_esign guidelines for the circuitmc applications described herein,
elements of the bandpass filter are summarized as follows:
L =0.5), W =0.070 in, § = 0.0035 in, G = 0.008 in.

The measured and FDTD-modeled insertion Idssg X and
return loss 11) of the BP filter are shown in Fig. 4. The filter [1] J. B. Knorr and K. D. Kuchler, “Analysis of coupled slots and coplanar

o - : - strips on dielectric substrate EEE Trans. Microwave Theory Techgl.
exhibits excellent characteristics. Discrepancies between the >0 5 bp. 541-548, July 1975,

measured and FDTD-modeled results for the filter is attributegh] k. Goverdhanam, R. N. Simons, N. I. Dib, and L. P. B. Katehi,
to the zero-loss assumption incorporated in the FDTD models, ‘Coplanar stripline components for high frequency applications,” in

. . NS EEE MTT Symp. Dig.1996, vol. II, pp. 1193-1196.
in addition to coarse FDTD gridding. It has been observe(Eg] K. Goverdhanam, R. N. Simons, and L. P. B. Katehi, “Coplanar stripline

that the bandpass characteristics repeat at center frequenciescomponents for high frequency applicationtfEE Trans. Microwave
where the stub length becomes even multiples of quarter guiiﬁ Theory Tech.fo be published.

. R. N. Simons, N. I. Dib, and L. P. B. Katehi, “Modeling of coplanar
wavelength 0.23; as expected. Also, at frequencies where the ™ ipline discontinuities, IEEE Trans. Microwave Theory Teclvol. 44,

stub length becomes odd multiples of quarter guide wavelength no. 5, pp. 711-716, May 1996. N

0.25)\5“ low-pass characteristics are observed. [5] TSIJEZ De-embedding Software, Program DEEMBED, Revision 4.04,
[6] K. Meiand J. Fang, “Superabsorbtion—A method to improve absorbing

boundary conditions,JEEE Trans. Antennas Propagatpl. 40, pp.

IV. CONCLUSION 1001-1010, Sept. 1992.

h | ioli " di h Idg] G. Mur, “Absorbing boundary conditions for the finite-difference ap-

The coplanar stripline as a transmission medium ho proximation of the time domain electromagnetic-field equatioHsEE

a great deal of potential in the emerging wireless commu- Trans. Electromagn. Compatpl. EMC-23, pp. 377-382, Nov. 1981.
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