330 IEEE MICROWAVE AND WIRELESS COMPONENTS LETTERS, VOL. 12, NO. 9, SEPTEMBER 2002

A Spiral-Shaped Defected Ground Structure for
Coplanar Waveguide

Jong-Sik Lim Member, IEEEChul-Soo Kim Member, IEEE Young-Taek LegStudent Member, IEEE
Dal Ahn, Member, IEEEand Sangwook NapnMember, IEEE

Abstract—This letter presents a spiral-shaped defected ground
structure for coplanar waveguides (DGSCPW), which can be used

as a kind of periodic structure for planar transmission line. The Sl A

proposed spiral-DGSCPW adopts spiral-shaped defects on both - W1

ground planes of CPW. Due to the spiral-shaped defects, the equiv- .'¢ W2 [B i
alent shuntinductance and slow-wave effects increase more rapidly W o

tional PBG. The modeling and analysis to extract the equivalent
circuit, increased slow-wave factor, and simulated and measured
performances are presented.

Index Terms—CPW, DGS, DGSCPW, spiral.

than the standard CPW or CPW lines combined with the conven- e T 1

Fig. 1. Structure of the proposed uniplanar, 1-D spiral-DGSCPW=£ 1.2
|. INTRODUCTION mm, S = 0.42 mm. The other dimensions are shown in Table | as “Case 1”.

. The substrate is RT/Duroid 6010 with 25 mils of thickness and 10.2 of dielectric
ERIODIC structures such as photonic bandgap (PBG) agghstant.).

defected ground structure (DGS) for planar transmission
lines have drawn great interest due to their great potential aflence, the circuit size can be reduced using these properties
plicability. The transmission lines combined with the periodig7}—[9].
structures have a finite pass and rejection band like low pass fil-a new periodic spiral-shaped defected ground structure for
ters (LPF), while the standard transmission lines show only thgow (spiral-DGSCPW) is suggested in this study. The pro-
simple transmission characteristics over broadband. posed spiral-DGSCPW has true one-dimensional structure. It
The PBG in [1] and the DGS in [2] and [3] are typical pehas more degrees of freedom in terms of dimensions than the
riodic structures proposed previously for microstrip line. Howgrevious PBG for CPW (PBGCPW) in [5]. It is possible to ob-
ever, these are neither Uniplanar nortruly one-dimensional (l-ﬁ)n more flexible frequency responses by adjusting the dimen-
structures since their defected ground planes are on the backsidas and distances between spiral-DGS cells.
of substrate. The required area for spiral-DGSCPW is much smaller than
On the other hand, periodic structures for CPW can be e BGCPW or the CPW line having a simple straight defected
alized on the same plane, because CPW have a real uniplagasund [10], [11] for the same frequency response due to the in-
1-D structure. Yanget al. proposed a conductor-backed CPWreased equivalent inductance and slow-wave effects. Addition-

(CBCPW) using a large number of PBG lattices [4], and Yuglly, the slope of cutoff characteristics is very steep even with
et al. presented a CPW with simple square-defected PBG cedigly one or a few elements cascaded.

[5]. More recently, Macet al. proposed a PBG structure having
narrow signal line and finite-width ground strip for CBCPW [6] Il. STRUCTURE OF THESPIRAL-DGSCPWAND MODELING

One of the most important advantages of PBG is the_l_h iral-DGSCPW | d of dard CPW I
slow-wave effect, which is caused by the equivalent L-C com- € spiral- s composed of a standar Ine

ponents. The transmission lines with PBG have much high%ri]d spiral-shaped defected ground structure on both ground

impedance and increased slow-wave factor than standard ”ngggnes. lt_ IS k_nown that the equwalgnt_L-C compon(_an_ts c_)f
efects give rise to form a band rejection characteristic, in

other words, a cut-off frequency and rejection for a certain
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Fig. 4. Comparison of the predicted characteristics of the equivalent circuit to
Fig. 2. Predicted characteristics of the unit element shown in Fig. 1 using Ble EM simulation results (Case 1).

simulation.
13 -
ERARAE: 1| —=— Standard CPW line
2 RN o T e Case 2 in Table 1
TABLE | o b iR | — PBG for CPW i [5]
DIMENSIONS FORSIX CASES OFVARIOUS SPIRAL-DGSCPW. {V: NUMBER OF o e L ] e | : :
TURNS OFSLOTS, F.. ;/ F.,.: THE LOWERUPPER3 dB QUTOFF FREQUENCY, ) 1]
F,: THE FIRST RESONANT FREQUENCY, and F;,: THE FIRST NOTCH B C b Gade s
FREQUENCY. UNITS ARE mm, GHz, nH,AND () &8 i Tabie L CPBGIATE]
§ 7
% 5
Case | ASB | W1 | W2 | N | F F, Fe, F, L, yA F s
1 3 0.5 0.5 | 1.5 |3.343 | 3.903 | 4.521 | 7.202 | 10.24 | 33.27 *
E ; : ; : : : :
2 4 0.5 05 | 2 |2126 23992759 | 42 | 1059 | 36.31 s | ; e : A heeeE
3 5 0.5 05 |25]|1473| 17 | 1877 | 28 | 775 | 28.97 1 :
0.0 0.5 1.0 1.8 2.0 2.5 3.0 3.5 4.0
4 6 0.5 0.5 3 1.11 13 1.397 2.1 6.66 | 21.36 Freauency [GHz]
5 4 0.3 07 | 2 | 2002 22 |2473 | 4.1 | 1547 | 24.69 ) .
Fig. 5. Comparison of slow-wave factors.
6 4 0.7 03 | 2 | 2234 26 [2991| 43 | 785 | 43.76

type of a one-pole BRF, can be used for the modeling. The input
admittance of Fig. 3(a) and (b) are expressed as follows:

Z,| o L . 1
® @ 0[O Vo= i (Vooott+ ) o)
. W W
o o] Yp = jw,Ck <— - —> (2
1 L ] T Wo w
T Yy where w, = the first resonant frequency(C; =
Wi/ (wegrW),wi = the cutoff frequency in low-pass
Yin prototype,g;, = the prototype element value for a filter with
(a) (b) Butterworth attenuation, and” = (ws — w1)/w,.

Fig. 3. (a) Proposed equivalent circuit; (b) Prototype of the one-pole The_ equivalent Cir_C_Uit elements can be extracted using the
Butterworth band rejection filter. following three conditions; 1Y, = O at F,; 2) Z;, = 0 and
8 = = at the first notch frequendy#;, ); and 3)Y;,, = Y at the

. . . . . . -dB cutoff frequenciesi.; and F.. ,,). The modeling results
with different dimensions. All simulations were performe . iy e .
or six cases are summarized in Table I. Fig. 4 shows the good

using MicroWave Studio V3.0. The larger the size of defect, . o .
. agreement between Fig. 2 and the results of circuit simulation

the lower the cutoff frequency as can be expected easily. n Adilent ADS

Itis needed to extract the equivalent circuit through the mod- "9 '
eling in order to apply the proposed spiral-DGSCPW to other
microwave circuits easily. Fig. 3(a) shows the equivalent circuit
of the proposed spiral-DGSCPW. Due to the spiral-shaped de-
fect on the ground planes, the equivalent circuit is composedFig. 5 shows the comparison of the slow-wave factors of the
of a short stub and inductor, whetg, is the characteristics proposed spiral-DGSCPW and the PBGCPW in [5] for the same
impedance of the stub antl, is the inductance value. Fig. 2defected area on the ground planes. It is observed that the pro-
looks like the characteristics of a one-pole band rejection filtposed spiral-DGSCPW has greater slow-wave factor. It is ex-
(BRF). In practice, the CPW line having a simple straight defepected that the circuit sizes can be quite reduced by applying
was referred as a BRF in [11]. Therefore, Fig. 3(b), the protthe spiral-shape DGS.

I1l. SLow-WAVE EFFECTS
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Fig. 6.
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Fig.7. Predicted and measurgeparameters of the spiral-DGSCPW using the [6]
dimensions of “Case 4"I) = 3 mm): (a) one defect element, (b) two defect
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elements, (c) three defect elements, and (d) four defect elements.

IV. M EASURED PERFORMANCES OF THECASCADED

The unit element of the spiral-DGSCPW can also be cascaded

SPIRAL-DGSCPW

characteristics are very steep, even when there are only one or
two unit spiral-DGSCPW elements, while other PBGs must be
cascaded at least five to seven elements to obtain such level of
steep rejection [4]-[6]. The results shown in Fig. 7 suggest that
there are great potential of the proposed spiral-DGSCPW for
the applications in RF and microwave circuits.

V. CONCLUSION

One-dimensional spiral-DGSCPW has been proposed.
A modeling technique was discussed using the prototype
BHcuit of a one-pole band rejection filters. Additionally, the
periodic cascading of the unit elements and the comparison of
performances through the simulation and measurement were
mentioned.

The proposed spiral-DGSCPW has greatly increased
slow-wave factor than other PBG structures for CPW. It is
expected that the potential applications will be extended widely
to many RF and microwave circuits with MIC, MMIC, and
RFIC technologies.
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