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Abstract—A planar dual-composite right/left-handed (D-CRLH)
transmission line (TL) structure is proposed. The characteristics such
as dispersion relation and frequency response of this D-CRLH TL
are analyzed by equivalent circuit analysis, Bloch-Floquet theory, full
wave simulation and experiment. To demonstrate applications of the
proposed structure, both bandstop filter and leaky-wave antenna are
designed and implemented by the conventional print circuit board
technology. The fabricated filter has a broad application because of
its planar structure, small size and tunable stopband. The measured
results also suggest that the leaky-wave antenna based on the D-CRLH
concept can offer a scanning angle covering almost backfire-to-endfire
directions.

1. INTRODUCTION

Recently, composite right/left-handed transmission line (CRLH TL)
has attracted much attention due to its unique characteristics with
a broad passband and low insertion losses [1-12]. In 2006, the
dual-composite right/left-handed (D-CRLH) TL was proposed by
Caloz [13]. D-CRLH TL has a series parallel Lr and Cp, tank and
a shunt series L; and Cg tank, which is dual of CRLH TL. The D-
CRLH indeed exhibits its left-handed (LH) band at high frequencies
and its right-handed (RH) band at low frequencies and is of stop-band
nature between them. Due to the different characteristics from these
of CRLH TL, the realization and application of the D-CRLH TL have
been investigated extensively [14-21].

In this paper, a novel planar D-CRLH structure is proposed,
which can be realized easily by using conventional printed circuit
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board technology. Furthermore, two applications of the structure,
bandstop filter and leaky-wave antenna, are proposed. The stopband
of the compact filter is tunable. The leaky-wave antenna (LWA)
utilizing the proposed structure with frequency-scanning characteristic
is investigated by theoretical and simulated dispersion curves of the
TL. Both the measured and simulated results suggest that the LWA is
capable of backfire-to-endfire scanning from —30 to 45 deg.

2. CHARACTERISTIC ANALYSIS OF D-CRLH TL UNIT
STRUCTURE

Figure 1(a) shows the proposed D-CRLH TL structure of the unit cell.
The unit cell consists of one interdigital capacitor paralleled by two
high impedance stubs, and four series branches of the plane capacitor
and stub. The equivalent circuit of the unit cell with respect to the
parasitical effect is shown in Figure 1(b). The interdigital structure
can be modeled as the series capacitor C], parasitical capacitor Cs
and inductance Ls. The stubs paralleling the interdigital structure are
equivalent to the inductance L,. So the transmission matrix of the
unit cell is:
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Figure 1. (a) Unit cell, (b) equivalent circuit of the proposed D-CRLH
TL.
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where

jwC' 1 1 1
YY = S + — 3 Yg = + - 1 (2)
2 2JWL1 + GwCs JWL2 ]WL3 + jwCl

where Y/ denotes the admittance of the parallel tank of C3/2 and the
series branch of L1 /2 and C3/2, and Y] is the admittance of the parallel
tank of Lo and the series branch of Lg and Cf.

The corresponding S-parameters are then computed by

A+ 5 -CZy—-D _ 2(AD - BO)
A+ 2 +CZy+D’ 2 A+E +CZ+D

Sii (3)
The dispersion characteristic [(w) is given by pfp =

cosfl(%), where p represents the total physical length
of the TL.
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Figure 2. S-parameters and dispersion diagram of the proposed D-
CRLH TL. (a) Magnitude of S-parameters, (b) phase of Si1, (c) phase
of So1, (d) circuit-calculated dispersion diagram.



96 Liu, Chu, and Huang

With the guidance of the equivalent circuit model and the aid
of Ansoft’s HFSS, the unit cell structure can be optimized as: Iy =
2.8mm, wy = 0.3mm, gy = 0.22mm, [, = 2mm, g = 3.1mm,
lc = we = 25mm, g = 1mm, wg = 0.75mm, l;, = 5mm,
wip, = 2mm. It is fabricated on a substrate with a dielectric constant
of 2.55 and the thickness of 0.8 mm. The corresponding parameters of
the equivalent circuit are: Cy = 0.6 pF, Co = 0.32pF, C3 = 0.09 pF,
Ly = 1.8nH, Ly = 0.9nH, L3 = 0.1nH. The circuited and HFSS
simulated S-parameters of the one-cell are presented in Figure 2 for
comparison. Good agreement between them was obtained. It can be
seen from Figure 3 that the structure can be used as bandstop filter.

The dispersion diagram is shown in Figure 2(d), from which it
can be concluded that the proposed structure has a similar dispersion
diagram with balanced CRLH TL. The velocity of phase is zero at
10 GHz, which is the boundary of the LH and RH. The dispersion is
divided to two parts by the air line. The part above the air line is
the fast wave region and another part is the slow wave region. The
fast wave region from 9.3 GHz to 12.4 GHz has the endfire to back-fire
radiant capabilities due to backward and forward leakage.

3. EXPERIMENTAL RESULTS

3.1. Bandstop Filter

Figure 3 shows the S3; parameters of the D-CRLH TL unit structure
when altering Iy or [, while keeping other parameters unchanged. It
can be seen that the left-hand band or the right-hand band can be
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Figure 3. FW-simulated impact of changing l;, or [; respectively. (a)
Changing Ir,, (b) changing .
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Figure 4. The fabricated bandstop filter.
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Figure 5. Measured and simulated S-parameters of the bandstop
filter. (a) S11, (b) So1.

changed respectively, which means the stopband is tunable. Figure 4
shows the fabricated bandstop filter, which has 2 proposed unit cells.
As shown in Figure 5, the experimental S-parameters are in good
agreement with the simulated results. The stopband is from 5.1 GHz
to 8.5 GHz.

3.2. Leaky-wave Antenna

The leaky-wave antenna comprised five D-CRLH unit cells is described
in Figure 6. The LWA is measured with Agilent N5230 network
analyzer. As shown in Figure 7, the experimental S-parameters are
in good agreement with the simulated results. In the radiant region
(from 9.3 GHz to 12.4 GHz), the return loss is lower than 10dB. The
complicated fed net is not required for the proposed LWA.
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Figure 7. S-parameters of HFSS, circuit and measured of the D-
CRLH LWA (a) 511 and (b) Sgl.

The measured radiant patterns at 9.6 GHz, 10 GHz and 12.4 GHz
are shown in Figure 8. From the radiation patterns, which are
measured at outdoors, a backfire-to-endfire beam steering is shown.
The beam angle 6 is taken from the backward to the forward direction,
and the angles at the above-mentioned frequencies are about —30, 0
and 45 deg, respectively. The broadside radiant can not be realized by
the conventional uniform or periodical leaky-wave antenna. The full-
wave simulated and measured total power radiation and dissipation
of the proposed LWA are shown in Figure 9, which demonstrates the
radiation efficiency of the LWA. The maximum measured level of 79.4%
total power radiation and dissipation is observed at 9.41 GHz. This
is little larger than the simulated one, which is most likely due to
the insertion loss mainly caused by the discontinuousness between the
LWA and SMA connector.
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Figure 8. Measured X-Z plane radiation pattern of the proposed
D-CRLH LWA at (a)9.6 GHz, (b) 10 GHz and (c) 12.4 GHz.
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Figure 9. FW-simulated and measured total power radiation and
dissipation of the proposed LWA.



100 Liu, Chu, and Huang

4. CONCLUSION

A planar D-CRLH TL structure is proposed. Utilizing the
structure, a bandstop filter and a leaky-wave antenna are illustrated.
The stopband of the compact filter is tunable. The leaky-wave
antenna can offer a scanning angle covering almost backfire-to-endfire
directions. Agreements between simulated and measured responses are
demonstrated.
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