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A Novel PBG Coplanar Waveguide

Yun-Qi Fu, Guo-Hua Zhang, and Nai-Chang Yuan

Abstract—A novel coplanar waveguide with photonic bandgap
structure is proposed and is implemented by etching holes in the
ground plane with an open connected with the gap between strip _l_
line and ground plane. Simulation and measurement results show o =
the existence of a bandgap. u

—

Index Terms—Coplanar waveguide, FDTD, photonic bandgap
(PBG).

HOTONIC bandgap (PBG) structures are periodic struc-
tures which exhibit a bandgap within which some certain
bands of electromagnetic propagation are prohibited. The con-
cept was first introduced in optical fields [1], but has later bqug_ 1
scaled to a wide frequency range, including microwave and mil-
I|meter—wav§ frequ_en_mes. Bi-dimensional and oqe-d|men5|onal Il. DESIGN OFPBG-CPW
PBGs for microstrip lines have been proposed in recent years
[2]-[6]. A periodic array of perforation in the ground plane of The PBG structures for microstrip lines are implemented by
the microstrip line is integrated. At the resonant frequencies @fching holes in the ground plane following a periodic pattern.
the periodic structure, there exists a stopband for the transntitsre, the same method is adopted to design PBG-CPW using
sion of microwave signals. This provides an effective method eaicrostrip technology. Each column of rectangle holes is etched
suppress higher order harmonics in active circuits. in the ground plane on both sides of strip line (Fig 1). The sub-
But most of the work has focused on PBG structures for nftrate used here is with). = 2.65 and thicknesg = 1 mm.
crostrip lines; little research has been done for the coplankte conventional CPW is designed using ESOFT software, and
waveguide (CPW). The CPW has been investigated compte physical dimension is strip widiiY’ = 2 mm and the gap
hensively for applications, both in microwave integrated circuiwidth G = 1 mm, which is easier to print on the metal, cor-
(MICs) and monolithic microwave integrated circuits (MMICs)responding to a 96.2 characteristic impedance. The ground
since its first introduction [7], [8]. Recently, A uniplanar comPplane is 13 mm on each side. The period distance is chosen as
pact PBG (UC-PBG) structure has been applied to conductg# mm, and precise design is done through FDTD simulations.
backed coplanar waveguide (CB-CPW) [9], where the convehhe etched apertures for the PBG-CPW are not simple ones,
tional ground plane is replaced by the UC-PBG structure. Whilgych as circular or rectangle holes. A rectangle hole is etched in
on the other hand, because the PBG structures have been iffite-ground plane with side length and it is connected to the
grated mostly in the ground plane, they are not fit to be sugap by a narrow transverse slot (with widths and heightis)
ported by a metal board for mechanical purposes. In [6], a no\Eig. 1).
PBG structure is proposed to deal with this problem, while its Considering the different characteristics of CPW and mi-
geometric shape is complicated and not easy to compute. Anestrip lines, the electromagnetic field is constrained mainly
other PBG-CPW structure is proposed by Yun and Chang Within the gap between the strip line and the ground plane, so
[10], where a pattern of rectangular apertures are etched in the kind of holes totally etched within the ground plane will
ground plane just adjacent to the slot, and evident frequerfegve little effect to the transmission characteristics of CPW.
bandgap has been observed. In this paper, a novel PBG strlfais structure is similar to the defected ground structures in
ture for CPW is proposed. The principle is similar to [10], bul1], where the gap is related with the gap capacitance and the
with a different cell shape. The PBG-CPW is studied both itched square hole is related with the shunt inductance. Thus,
simulation and in experiment. the equivalent circuits of the proposed etched unit lattice can
be expressed as parallel LC circuit. At the same time, some
other types of structures are considered, too, in the case of
comparison. Square aperture alone totally within the ground
plane but have different distance from the gap are simulated,
Manuscript received May 21, 2001; revised September 4, 2001. The revijst as the transverse slots alone without the square aperture.
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Proposed PBG structure for CPW.

of this letter was arranged by Associate Editor Dr. Shigeo Kawasaki. Comparison is done between these different cases by FDTD
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tional University of Defense Technology, ChangSha, China. simulation. The proposed. PBG structure is fabricated and
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Fig. 2. Simulateds parameters of PBG-CPW with different periods. Fig. 4. SimulatedS parameters of PBG-CPW with different square aperture
size.
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Fig. 3. Simulated> parameters of PBG-CPW with different slot width. N v !

Fig. 5. Comparison of measured and simulateparameters of PBG-CPW.
[ll. SIMULATION AND MEASUREMENTSRESULTS

A simulation program based on FDTD method has been e¥etermined by the resonant of each lattice cell, which is different
ecuted to obtain the exact scales of the lattice. PML absorbifigm [2] and [3]. One of this kind of PBG-CPW is fabricated,
boundary conditions are applied, and the thin dielectric lay@fth ¢ = 3 mm, Ws = 3 mm, ds = 1 mm, (Fig. 4). The mea-
is modeled. The case of different periods is simulated, with slegred transmission coefficients are plot together with the sim-
width Ws = 3mm, andds = 3 mmt. Transmission coefficients ulated results in Fig. 5. Agreements can be seen between the
are given in Fig. 2. It can be seen that the bandgap is not vepgasured and simulated results, considering the error of fabri-
good when adopting one cell only, so a periodic pattern is necegted art and the loss of the substrate.
sary to construct PBG structures. Next the proposed PBG lattice
is simulated with different slots width’ s or different square IV. CONCLUSION
holes dimensiom. The simulation results are given in Figs. 3
and 4. Fig. 3 shows the transmission coefficients of varied sl,g
width Ws, while keepingz = 3 mm. For small slot width, the
cutoff frequency is higher. For the large slot width, the cuto

We proposed the etched lattice to construct a two-dimensional
EG coplanar waveguide. The proposed structure provides a
gequency stopband for the CPW. The FDTD method has been

frequency becomes lower. This is due to the variation of the applied to determine the characteristics. The stopband charac-
q Y ' 98-istic can be controlled by changing the lattice dimensions.

ca}pa'cnance V.V'.th the width of t.he SI.Ot' F|g: 4 shows the tran.?he structure is easy to design and fabricate, and will be valu-
mission coefficients of the lattice with varied square aperture. - ¢ or MMIC and antennas applications

: : : . a
size, while keeping the slot width constant. The square aperture
sizes arex = 2 mm,3 mm, and4 mm respectively. For small

square area, the cutoff frequency is very high. As the etched area

increases, the cutoff frequency becomes lower. The Stopbanal] E. Yablonovitch, “Photonic band-gap structure3,’'Opt. Soc. Amer. B
) . vol. 10, pp. 283-295, 1993.
width and depth are related to the etched area, too. With Iargelel V. Radisic, Y. Qian, R. Coccioli, and T. Itoh, “Novel 2-D photonic

square area, the stopband is wide but not so deep as the small bandgap structure for microstrip line$ZEE Microwave Guided Wave
square area. The reason for this is probably due to the strong res-  Lett. vol. 8, pp. 69-71, Feb. 1998. ) _

haracteristic of the etched lattice. Moreover, the centef® - Faicone. T. Lopetegi, and M. Sorolla, *1-D and 2-D photonic
onant charac : , : bandgap microstrip structuresylicrowave Opt. Technol. Lettvol. 22,
frequency of stopband for the proposed PBG structures is best pp. 411-412, Sept. 1999.
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