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Abstract - In this paper, the composite right/left-handed 

(CRLH) transmission line has been applied to a choke structure 
of the sleeve antenna. The dispersion relation of the CRLH 
transmission line is designed as the left-handed (LH) branch 
becomes at around 700 MHz. To verify the operation as the 
choke structure, radiation patterns and current distributions on 
the outer conductor of the coaxial cable are calculated.  These 
characteristics are compared with those of the conventional 
sleeve antennas. The length of the inner conductor and the LH 
choke are 0.12 and 0.06 wavelength at 716 MHz, respectively. 

Index Terms — Sleeve antennas, choke, composite right/left-
handed transmission line, leakage current. 

1. Introduction 

A sleeve antenna has been employed for experiment due to 
its simple structure. The sleeve antenna is composed of the 
extension of quarter wavelength from the center conductor of 
a coaxial cable. To reduce the leakage current flowing on the 
outer conductor, the choke structure with quarter wavelength 
is attached to the surface of the outer conductor. The 
radiation pattern of the sleeve antenna with choke structure is 
similar to that of the dipole antenna. When the operational 
frequency band becomes low frequency, the antenna size 
becomes large due to the resonant length corresponds to the 
physical length of the antenna configuration. Therefore, a 
miniaturized sleeve antenna and a wideband sleeve antenna 
have been proposed [1],[2]. 

On the other hand, the composite right/left-handed 
(CRLH) transmission line has been proposed as the one of 
the study of metamaterial [3]. The CRLH transmission line 
has been applied to miniaturize the monopole antenna [4]. 
The length of the CRLH monopole antenna is a quarter of 
the conventional monopole antenna. In this paper, the CRLH 
transmission line has been applied to a choke structure of the 
sleeve antenna. The dispersion relation of the CRLH 
transmission line is designed as the left-handed (LH) branch 
becomes at around 700 MHz. To verify the operation as the 
choke structure, radiation patterns and current distributions 
on the outer conductor of the coaxial cable are calculated.  
These characteristics are compared with those of the 
conventional sleeve antennas. 

2. Configuration 

Fig. 1(a) shows the proposed sleeve antenna. This antenna 
is composed of a coaxial cable, a extension of an inner 
conductor and a LH choke. The LH choke is attached on the 
outer conductor of a coaxial cable. Upper and lower ends of 
the choke are short- and open-circuited, respectively. 
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                       (a)                                           (b) 
Fig. 1. Configurations of  (a) sleeve antenna with left-handed 
choke structure, and (b) left-handed choke structure. 
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Fig. 2. Dispersion relation with dr = 50 mm, do = 14 mm, lr = 
4.5 mm, g = 0.5 mm, dv = 0.5 mm, lv = 18 mm, p = 5.0 mm. 
 
Fig. 1(b) shows the LH choke structure. The unit cell 
structure is composed of metal ring, via and gaps, and is 
arranged in the z direction periodically. The metal ring is 
connected to the outer conductor of the coaxial cable through 
via. The LH choke structure is composed of 5 unit-cells. The 
gaps between metal rings work as series capacitance. The 
vias work as shunt inductance. 

3. Simulated results 

Fig. 2 shows the simulated dispersion relation of the 
proposed CRLH transmission line. Since the phase velocity 
has the different sign from the group velocity, the LH branch 
is confirmed at around 700 MHz. 
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                        (a)                                  (b) 
Fig. 3. (a) |S11| and (b) radiation patterns of sleeve antennas 
with left-handed choke structure with hc = 200 mm, di = 2.9 
mm, when hm is varied. 
 

|S11| and radiation patterns of the sleeve antennas with the 
LH choke are simulated. The length of the inner conductor 
hm is varied with 30 mm, 50 mm, and 70 mm. Fig. 3(a) 
shows |S11| characteristics. The resonant frequencies are 704 
MHz, 716 MHz, and 724 MHz at each length. These 
frequencies are in the range of the dispersion relation in Fig. 
2. Fig. 3(b) shows the radiation patterns in zx plane. When hm 
= 50 mm, the gain in the horizontal direction becomes high. 
In this case, the length of the inner conductor and the choke 
are 0.12λ and 0.06λ at 716 MHz, which correspond to 48% 
and 24% of the conventional sleeve antenna. 

4. Comparison with conventional sleeve antennas 

To verify the effect of the LH choke structure, the 
conventional sleeve antenna without choke and with quarter 
wavelength choke are compared. Fig. 4 shows the 
configurations of the sleeve antenna without choke and with 
quarter wavelength choke. Fig. 5 shows the radiation patterns 
at 716 MHz. The length of the inner conductor of the sleeve 
antenna with the LH choke is hm = 50 mm. In the case 
without choke, the radiation toward upper part of the antenna 
is suppressed due to the undesired leakage radiation. The 
radiation patterns of the sleeve antennas with quarter 
wavelength and LH chokes are shaped as a figure eight. Fig. 
6 shows the current distributions on the outer conductors of 
the coaxial cable at 716 MHz. As shown in Fig. 6(a), the 
current of 1.2 A/m is confirmed on lower part of the outer 
conductor. The quarter wavelength and LH chokes can 
suppress the leakage current on the outer conductors in Fig. 
6(b) and (c). The current on lower part of the outer conductor 
becomes smaller than 0.8 A/m. 

5. Conclusion 

The CRLH transmission line on coaxial cable has been 
proposed as a choke structure. The dispersion relation of the 
CRLH transmission line was designed as the LH branch 
becomes at around 700 MHz. The radiation pattern of the 
sleeve antenna with the LH choke is similar to that of the 
conventional sleeve antenna with quarter wavelength choke. 
The LH choke suppress the leakage current on the outer 
conductor of the coaxial cable. The length of the inner 
conductor and the choke are 0.12λ and 0.06λ at 716 MHz. 
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                         (a)                                  (b) 
Fig. 4. Configurations of conventional sleeve antennas (a) 
without choke, and (b) with quarter wavelength choke. 
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Fig. 5. Radiation patterns of sleeve antennas. 
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                              (a)           (b)         (c) 
Fig. 6. Current distributions on outer conductor of coaxial 
cable (a) without choke, (b) with quarter wavelength choke, 
and (c) with left-handed choke. 
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