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Abstract—In this paper a dual band circularly polarized antenna is
designed, fabricated, and measured. Based on the concept of composite
right and left handed (CRLH) metamaterials, the same phase constants
and current distributions on the ring antenna are achieved at two
frequency bands. Thus, the antenna has similar radiation patterns
at both bands. The circular polarization is implemented by feeding
two vertical ports from power dividers that provide equal magnitudes
and quadrature phase excitations.

1. INTRODUCTION

Dual band circularly polarized antennas have been realized by a variety
of structures. By using stacked microstrip patches [1-4] or a single
patch [5,6], multiple resonances can be obtained. Reconfigurable
antennas with MEMS switches [7] and pin diodes [8] have also been
studied for dual band CP operation. However, these structures usually
generate different radiation patterns in the dual bands due to different
current distributions.

Recently, the left handed metamaterial and the composite right
and left handed (CRLH) metamaterials were proposed and applied
for enhancing antenna designs [9-18]. They are basically the dual of
traditional transmission lines. Series inter-digital capacitors and shunt
stub inductors are introduced in a microstrip transmission line, as
illustrated in Fig. 1. The dispersion relation of a CRLH is characterized
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Figure 1. Composite right left handed (CRLH) transmission line: (a)
structure and (b) circuit model.

by a nonlinear equation [9]:
/ !
= w\/L,Cl, Wi (1)

where [ is the propagation constant, w is the angular frequency,
and L', C', L}, C}, are characteristic inductances and capacitances of
the CRLH transmission line shown in Fig. 1(b). The metamaterial
transmission line allows the existence of backward waves, in other
words, negative propagation constants. Thus, two different frequencies
can have the same propagation constant (in the sense of absolute value)
through this dispersion relation. As a consequence, the same mode
and current distribution are achieved in the two different frequency
bands. This property is utilized in this paper to design a dual band
ring antenna with the same circularly polarized pattern.

2. PRINCIPLE AND CONFIGURATION OF THE
ANTENNA

A CRLH transmission line can be realized by periodical microstrip
structures. The unit cell is the combination of a series of inter-digital
capacitor and a shunt stub inductor, as depicted in Fig. 1. To design
a ring antenna, the CRLH transmission line is bent into a circle, as
shown in Fig. 2(a). When the circumference L of a loop resonator is
equal to one wavelength A\, L = )\, the loop resonates at the basic
mode with the corresponding frequency.

Now for a fixed circumference L, suppose a resonant frequency fi
is specified, and the loop resonates at the basic mode. From Equation
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Figure 2. Antenna configuration (with the ground plane 76 mm by
71 mm).

(1), a relationship is established for the four design parameters
"2, Cp, L7, and C’L:

fr = w1/ LrCh — \/ﬁ (2)

The consideration of matching yields another two equations:

L/
C_Z = Zc (3)
L/
C_i = Zc (4)

where Z, is the characteristic impedance of the feeding line. Therefore,
still another freedom is left for the determination of the four design
parameters. In order to have the ring resonate at another frequency
fo2, the fourth restriction can be written as following based on the
negative propagation constant of the CRLH transmission line:

_ 27r_ v 1
I A ) )
2 LYL

The minus sign indicates that the CRLH transmission line is
supporting a backward wave at the second frequency fs. It’s clear that
the propagation constants at these two frequencies have the opposite
signs but the same absolute values. Thus, the current distributions at
these two frequencies are the same.
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Using this concept, the antenna is built with 8 unit cells of the
CRLH transmission line, as shown in Fig. 2(a), where the shunt
inductances are basically shorting stubs. The ends of the stubs are
connected together, forming a virtual ground. The dimensions of
the CRLH line are designed to obtain the characteristic parameters

"2, CR, L, and C} for dual band operation. Detailed design
procedure of a CRLH line can be found in [9].

The matching system of the antenna is composed of a coupling
inter-digital capacitor, a section of high impedance microstrip line
and a traditional 50 Q) microstrip line. In concern of fabrication, the
antenna and the feeding system have different parameters than [10]. It
is found that the characteristic impedance of the matching line plays
a critical role in tuning the match at both frequencies.

Next, the circular polarization in dual bands is realized by exciting
the antenna at two perpendicular ports, as depicted in Fig. 2(b). For
the sake of convenient tuning and assembling, two 50 {2 transmission
lines with the same length are added in order to bring the feeding ports
to the same side of the circuit board. Power dividers are then designed
to provide 90° phase shift and connected to these two feeding ports
through SMA connectors.

3. SIMULATION AND MEASUREMENT RESULTS

The antenna and the power dividers with finite ground planes are
modeled using Advanced Design System (ADS) Momentum. The
outermost radius of the ring is 13.8 mm, with the length of 15.3 mm for
each spike. The finger width of the inter-digital capacitor is 0.35 mm,
while the slot width is 0.15 mm [11]. The other dimensions are provided
in Fig. 2, where (a) shows the ring and the matching system and (b)
gives the entire view with two 50} feeding lines, with the widths of
4.78 mm. The antenna is built on RT/Duroid 5880 substrate, with
relative permittivity of 2.2 and thickness of 1.57 mm.

Simulated results of the antenna in Fig. 2(b) are shown in Figs. 3
and 4. It is observed that the return loss of the two ports, S1; and
S92, exhibit almost the same resonant behavior, which demonstrates
that the two modes excited at each port are independent of each other.
The radiation patterns at two frequency bands are also alike, except
that the cross-polarization within the upper band is somewhat higher
than that in the lower band. This can be explained as the radiation
at the discontinuities along the feed line, which is stronger at higher
frequencies.

Figures 5(a) and 5(b) present photos of the fabricated antenna
sample and power dividers. The power dividers are built on RT /Duroid
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Figure 3. Computed return losses at (a) the lower band and (b) the
upper band.
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Figure 4. Computed radiations pattern in X-Z plane at (a) the lower
band and (b) the upper band.

5880 substrate, with relative permittivity of 2.2 and thickness of
0.785 mm. The return loss of the complete antenna with power dividers
is measured and the results are plotted in Fig. 6. The antenna has its
dual band located at the frequency ranges of 1.768~1.776 GHz and
3.868~4.007 GHz, namely, 0.5% and 3.6% impedance bandwidth in
the lower and upper bands, respectively. The measured frequency is
slightly lower than the simulation results, which may results from the
incorporation of the power dividers.

The frequency response of axial ratios measured at the broadside
direction is demonstrated in Fig. 7. The minimum axial ratios
are located at 1.778 GHz and 3.97 GHz. Figure 8 illustrates the
spinning linear patterns at these two frequencies. The pattern at the
higher frequency is somewhat oblique due to the relatively high cross
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Figure 5. (a) Picture of the fabricated antenna with adapters, (b)
power dividers for the lower band (top) and the upper band (bottom).
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Figure 6. Measured return losses at (a) the lower band and (b) the
upper band.

polarization, which has been observed in Fig. 4. Basically, the patterns
at both frequencies are with the broadside feature and have their beam
widths (around 70° for 3dB) close to each other. Finally, the antenna
gain within the dual bands is measured and the peak gains reach 2.5dB
for both of the frequency ranges.
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Figure 7. Measured axial ratio frequency response in the broadside
direction at (a) the lower band and (b) the upper band.
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Figure 8. Measured spinning patterns in X-Z plane at (a) the lower
band and (b) the upper band.

4. CONCLUSION

A circularly polarized dual band antenna based on the concept of
CRLH transmission line has been realized, with two separated power
dividers providing 90° phase shift between the two input ports. The
antenna operates at 1.778 GHz and 3.97 GHz with good axial ratios.
The co-polarized radiation patterns within the dual bands are basically
the same while a relatively high cross polarization level is observed at

the higher frequency due to the radiation at the discontinuities along
the feed line.
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