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Characteristics of Periodically
Loaded CPW Structures

Adnan Grur, Ceyhun Karpuz, and Mustafa Alkan

Abstract—A capacitively loaded coplanar waveguide (CPW)
resonator has been studied. It has been shown that the proposed
resonator can be used to achieve a slow-wave effect without
occupying extra surface area and it has a good performance as
compared with the conventional half-wavelength CPW resonator.
Furthermore, dispersive effects have been increased with the
number of slots in periodically loaded structures.

Index Terms—CPW resonators, slow-wave structures.

'+ INTRODUCTION DRI I

O DATE, many studies into reducing the size
of microwave components have been made b_

using slow-wave structures made of ferromagnetic ) ©

substrate, ferromagnetic semiconductor substrate, and

metal—insulator—-semiconductor (MIS) [1]-[3]. Also, there“

have been some reports of miniaturization based on curvin

conventional transmission lines into microstrip and coplana.w- -H.H.H.H.H.H-

meander lines [4]. In addition to these structures, a capacitivel
loaded microstrip loop resonator has been investigated b
(e)

Hong and Lancaster [5]. They have shown that the capacitively @
loaded resonator has not only a smaller size, but also a higher _ )
Q factor as compared with the conventional microstrfy by, CrY [escraters: (s) enventona hefauelenalh CRW rescnaton,
half-wavelength resonator. resonator, (d) unilateral interdigitated capacitor-loaded CPW resonator, and
As is well known, coplanar structures have several afp bilateral interdigitated capacitor-loaded CPW resonator.
vantages over conventional microstrips for use in mono-
lithic or hybriq integrated circuit applications .at microvyavestrip as shown in Fig. 1(d), and the second is the bilateral
frequencies, including easy parallel and series insertion 8fqing as shown in Fig. 1(e). It then can be expected that, for
both active and passive components and high circuit densifyy, the siot loading and the interdigitated capacitor loading,
Therefore, the purpose of this study is to characterize g, frequency difference between resonance frequencies of
interdigitated capacitor and slot-loaded coplanar Wavegu'gﬁateral loaded CPW and conventional CPW will be almost
(CPW) resonator. twice the difference between those of unilateral-loaded CPW
and conventional CPW. Again, it can be expected that the
Il. THEORY resonance frequency of the bilateral slot-loaded CPW will be
A conventional half-wavelength CPW resonator is shown iawer than that of CPW loaded with unilateral interdigitated
Fig. 1(a). Keeping the same occupied surface area, a conve@pacitor, because the number of fingers in bilateral slot-loaded
tional CPW can be loaded by cutting slots at periodic intervafsPW in Fig. 1(c) is more than that of CPW loaded with
into the signal strip, as shown in Fig. 1(b) and (c). As can hnilateral interdigitated fingers in Fig. 1(d). These results have
seen from the figure, this loading can be made by unilatekaen observed in our experiments.
or bilateral cutting slots into the signal strip. Apart from these The fundamental resonance frequency of the CPW resonator
types of periodic loading, conventional CPW'’s can be loadedight be estimated by assuming that its length equals a guided
with interdigitated capacitors in two forms. The first is théalf-wavelength. The resonance frequency of a CPW resonator
unilateral loading with interdigitated capacitors within signdbaded with slots significantly changes from that of the as-
Manuscript received March 19, 1998. This work was supported by tl’?eoClated half-wayelength CI_DW_ resonqtor' If t_he conventional
Research Fund of the University of Nigde, Turkey, Project FEB.96.001. CPW resonator is loaded with interdigitated fingers as shown
The authors are with the Facul_ty of Enginegring _and Arqhitegture, Dén Fig. 1(d) and (e), the inductance per unit Iength increases,
partment of Electrical and Electronics Engineering, Nigde University, 511Q0 . . Lo
Nigde, Turkey. ecause the slots cut into the signal strip is decreased the
Publisher Item Identifier S 1051-8207(98)05601-3. width of signal strip. Therefore, it can be expected that the
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Fig. 2. Fundamental resonance frequency responses of resonators: (a) bi- '401 5 20 25 3.0 — 35
lateral interdigitated capacitor-loaded CPW resonator with 41 fingers; (b) ' ' ' ' '
bilateral 40 slot-loaded CPW resonator; (c) bilateral 30 slot-loaded CPW res- Frequency,GHz

onator; (d) bilateral 20 slot-loaded CPW resonator; (e) unilateral interdigitated
capacitor-loaded CPW resonator with 41 fingers; (f) unilateral 40 slot-load&éy. 3. The comparison of th&) factors for the interdigitated capaci-

CPW resonator; (g) unilateral 30 slot-loaded CPW resonator; (h) unilateral @9-loaded CPW resonator and the conventional half-wavelength CPW res-
slot-loaded CPW resonator; and (i) conventional CPW resonator. onator.

resonance frequency will be shifted down by more than that 360
of the associated slot-loaded CPW. So, the velocity slowing
on this type of resonator and probably its performance, mainly
the @ factor, can be controlled by the number of slots or
interdigitated capacitive fingers.

v

Ill. EXPERIMENTAL RESULTS

Z

To measure the fundamental resonance frequency and per-
formance of the present structures, they were constructed on
R0O3003M with dielectric thickness 0.750 mm and relative
dielectric constant,. = 3. The lengths of resonators were F
about 24.3 mm and the effective lengths of fingers and 270
slots were, respectively, 1.4 and 1.6 mm for periodically r
loaded resonators. All coplanar resonators were fed with 1 S S S S

. 0 2 4 6 8 10
0.5-mm gaps. The measured frequency responses of nine
coplanar resonators are as follows: one conventional half- Frequency,GHz
Wavelength CPW resonator; three unilateral slot-loaded CPI'\—'%. 4. Phase responses of resonators: (a) bilateral interdigitated capac-
resonators with 20, 30, and 40 slots; three bilateral slot-loadiegtioaded CPW resonator with 41 fingers, (b) bilateral 40 slot-loaded
CPW resonators with 20, 30, and 40 slots; one unilater@PW resonator, (c) bilateral 30 sl_ot—loadgd CPW resonator, (d) bilateral 20
. .. . . . slot-loaded CPW resonator, (e) unilateral interdigitated capacitor-loaded CPW
interdigitated capacitor-loaded CPW resonator with 41 f";'ésonator with 41 fingers, (f) unilateral 40 slot-loaded CPW resonator, (g)
gers; and one bilateral interdigitated capacitor-loaded CPWilateral 30 slot-loaded CPW resonator, (h) unilateral 20 slot-loaded CPW
resonator with 41 fingers. The frequency response of all nifggenator, and (i) conventional CPW resonator.
resonators is shown in Fig. 2. Although all resonators occupy
the same surface area, the resonance frequency is shifted deaen the? factor for the interdigitated structure, is increased
from ~4.2 GHz of the conventional half-wavelength resonatday a factor of two than that of the conventional resonator.
to ~2.4 GHz of CPW resonator loaded with interdigitated The phase responses of all coplanar resonators have also
capacitor. In this case, the interdigitated capacitor loadbden measured, as shown in Fig. 4. It is seen that the rate
resonator has a lower resonance frequency with the saafechange in phase with respect to frequency for the slot-
occupied surface area as that of the half-wavelength resondbaded resonators is increased as the number of slots increases,
indicates a reduction in size and a highly efficient manner whereas all resonators have similar magnitude responses.
utilizing surface area. Moreover, in the case of bilateral-loaded CPW the interdig-

The @ factors for the interdigitated capacitor-loaded CPWated structure has the highest rate of change in phase, as can
resonator and the conventional half-wavelength CPW rdse see in the figure. Therefore, it is obtained a reduction in
onator with longer length at about the same resonance fpdase velocity without occupying extra surface area because
guency are also compared as shown in Fig. 3 and, as canobslot or interdigitated loading. The normalized velocities of
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the unilateral-loaded CPW'’s with respect to the conventional IV. CONCLUSIONS
CPW are fou,nd to be 0.84, 0.82, 0;80’ and 0.76 for 20 SIf’t'lt has been shown that the periodically loaded CPW res-
loaded CPW's, 30 slot-loaded CPW's, 40 slot-loaded CPW'§nat0r has not only a smaller size which utilizes the circuit

and interdigitated-loaded CPW's, respectively. Similarly, thg,itace in a highly efficient manner, but also a higher per-

normalized velocities of the bilateral loaded CPW's are foundmance as compared with the conventional half-wavelength
to be 0.66, 0.64, 0.62, and 0.57 for 20 slot-loaded CPW'S, gy yesonator. Furthermore the present structures and their
slot-loaded CPW's, 40 slot-loaded CPW's, and interdigitategraquency response are compatible with those of the conven-
Ioade_d CPW's, respgctlvely- ] tional half-wavelength CPW resonator. In the cases of both
It is seen from Fig. 2 that, in the cases of both slol oy |naded structure and interdigitated structures, the differ-
loaded structure and interdigitated structure, the differenggce petween resonance frequencies of bilateral-loaded CPW
between resonance frequencies of bilateral-loaded CPW's apg) <onventional CPW has been almost twice the difference
conventional CPW's is almost twice the difference betwegfhryeen those of unilateral loaded CPW and conventional
those of unilateral-loaded CPW's and conventional CPW’s. [Bp\w/  However. the separation between peaks in frequency
addition, the bilateral slot-loaded CPW has a lower resonanenonse has decreased as the frequency increases, because
frequency than that of unilateral interdigitated-loaded CPWY; gispersive effects. These effects have also been increased
because the number of fingers in bilateral slot-loaded CPW,i&p, the number of slots in periodically loaded structures.

more than that of unilateral interdigitated CPW. Moreoveggpecially, interdigitated-loaded CPW has a higher dispersion
although the number of fingers in interdigitated capacitofpan the other structures.

loaded CPW equals to that of the slot-loaded CPW with 41
fingers (or 40 slots), the resonance frequency of interdigitated
capacitor-loaded CPW is smaller than that of slot-loaded CPW.
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