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Abstract—In this paper, a modified printed quasi-yagi antenna
is presented. In particular, meander open complementary split-
ring resonator (MOCSRR) elements are introduced to the design
of a printed quasi-yagi antenna to reduce the operating frequency
fo. It is shown that fo of the antenna can be reduced by 35% by
designing the MOCSRR elements to resonate at approximately
2fo. This lower operating frequency is achieved by taking
advantage of the inductive properties of the MOCSRR elements
and not increasing the size of the antenna layout. Furthermore,
discussion on designing a printed dipole with MOCSRR elements
embedded in the layout is presented.

I. INTRODUCTION

With each passing day we become increasingly connected

to the world around us. Behind this connectivity is the need

for smaller, cost effective and efficient antenna geometries.

Because of this, the development of printed antennas has

become especially popular and this area is growing very

rapidly [1]-[9]. One aspect of this advance involves the appli-

cation of metamaterials to the design of printed antennas. In

particular, it has been shown that metamaterials can be used to

improve the operating performance of various printed antenna

geometries [8], [10]-[14]. These designs look very promising;

however, several of these metamaterial-based antenna designs

are very complicated and require special materials and unique

manufacturing techniques.

In this work, coplanar-waveguide (CPW) meander open

complementary split-ring resonator (MOCSRR) elements are

summarized [7] and a new printed quasi-yagi antenna is

presented. In particular, CPW MOCSRR elements have been

embedded into the design of the quasi-yagi antenna [1] shown

in Fig. 1 to reduce the operating frequency by 35%. This

lower operating frequency is achieved without changing the

overall dimensions of the original quasi-yagi antenna. In

addition, the CPW MOCSRR elements do not require a special

manufacturing technique or unique material.

II. THE MOCSRR-LOADED QUASI-YAGI ANTENNA

The layout and equivalent circuit of the MOCSRR element

is shown in Fig. 2 a) and 2 b), respectively. The equivalent

capacitance Ceq is a result of the meander slots between
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Fig. 1. Layout of the symmetrically loaded MOCSRR quasi-yagi
antenna (top layer - black and bottom layer - grey).

port 1 and port 2 and the equivalent inductance Leq is

caused by the meander-trace connecting port 1 and port 2

between the meander slots [15]-[16]. Therefore, when the

MOCSRR element is driven below the resonant frequency of

the equivalent circuit in Fig. 2 b), the inductance is dominant.

This inductive characteristic can be very useful, because in

many instances the input impedance of a printed antenna

is capacitive for frequencies below the first resonance [5]

(i.e., an electrically small dipole). Therefore, the inductive

characteristics of the MOCSRR element can be used to match

the antenna at a lower frequency by cancelling part of the input

capacitance. In this paper, this concept of loading a printed

antenna with MOCSRR elements is applied to the original

printed quasi-yagi antenna introduced in [9]. The layout of

the symmetrically loaded quasi-yagi antenna is shown in Fig.
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Fig. 2. a) Layout of the MOCSRR element and b) the equivalent
circuit of the MOCSRR element.

Fig. 3. An image of the manufactured original quasi-yagi antenna
without the embedded MOCSRR elements (a = 22.27 mm, b = 17.7
mm, c = 1.3 mm, e = 8.56 mm, f = 40.98 mm, i = 38.3 mm, j =
12.0 mm, k = 41.0 mm, m = 5.8 mm, n = 9.08 mm, u = 1.3 mm, α
= 48.28 mm, A = 131.4 mm and B = 117.43 mm).

1.

For a reference, a quasi-yagi microstrip antenna similar

to the antenna presented in [9] was designed; however the

balun was removed to reduce the size and complexity. The

driven dipole without the MOCSRR elements was designed

in Momentum [17] with a 1 GHz center frequency on a 1.27

mm thick Rogers Corporation 6010 RT/duroid substrate [18]

(εr = 10.2). Furthermore, the director length was chosen to be

shorter than the dipole, with the distance between the dipole

and director significantly less than the length of each element.

A λg/4 transmission line was connected between the port

and the dipole to drive the antenna where λg is the guided

wavelength of the source.

A MOCSRR element was then designed (with the same

Rogers substrate) in Momentum to resonate at 2.2 GHz, which

is approximately twice the operating frequency of the original

dipole. The equivalent circuit in Fig. 2 b) was also extracted

using the method described in [7]. The values were determined

Fig. 4. An image of the manufactured quasi-yagi antenna with the
embedded MOCSRR elements (a = 22.27 mm, b = 17.7 mm, c = 1.3
mm, d = 2.45 mm, e = 8.56 mm, f = 40.98 mm, g = 0.22 mm, h =
4.53 mm, i = 66.62 mm, j = 12.0 mm, k = 41.0 mm, m = 5.8 mm,
n = 9.08 mm, p = 0.26 mm, q = 0.32 mm, r = 1.94 mm, s = 0.17
mm, t = 0.27 mm, u = 4.45 mm, v = 0.19 mm, α = 48.28 mm, β =
15.91 mm, A = 131.4 mm, B = 145.98 mm, W = 6.88 mm and H =
6.73 mm).

Fig. 5. A closer image of the MOCSRR element embedded in the
quasi-yagi antenna.

to be Ceq = 5.6 pF and Leq = 5.25 nH. As outlined above, a

MOCSRR element can be modeled as a RC parallel resonant

tank. This implies that the MOCSRR element is operated over

the inductive region throughout the full 10dB-bandwidth of the

antenna in order to take advantage of its capabilities. Next,

using Momentum, the MOCSRR element was embedded into

the design of the original quasi-yagi antenna to lower the

operating frequency.

III. SIMULATION AND MEASUREMENT RESULTS

Both the quasi-yagi antenna without the MOCSRR elements

and the quasi-yagi antenna loaded with the MOCSRR elements

were manufactured and tested. A picture of the manufactured

quasi-yagi antenna without the MOCSRR elements is shown in

Fig. 3 and a picture of the manufactured quasi-yagi antenna

loaded with the MOCSRR elements is shown in Fig. 4. A

closer image of the MOCSRR elements is shown in Fig. 5.
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Fig. 6. An image of the manufactured original quasi-yagi being
measured in the anechoic chamber.

Fig. 7. An image of the manufactured quasi-yagi with the embedded
MOCSRR elements being measured in the anechoic chamber.

The measurements were performed in an anechoic chamber

(Figs. 6 and 7) with an Agilent E5071C 100 kHz - 8.5 GHz

ENA Series Network Analyzer. The measured and simulated

S11 values for the original quasi-yagi antenna is shown in Fig.

8 and the measured and simulated values for the quasi-yagi

antenna loaded with the MOCSRR elements is shown in Fig.

9. The results in Figs. 8 and 9 both show good agreement

between the measured and simulated values. The simulated

resonant frequency for the quasi-yagi antenna loaded with the

MOCSRR elements was computed to be 735 MHz and the

measured resonant frequency was 765 MHz. The difference is

30 MHz and is thought to be due to manufacturing tolerances

and inaccurate models for the sma connectors in Momentum.

However, the difference between the measured and simulated

results in Fig. 9 is less than 5 % and the results show a resonant

frequency that is approximately 35 % lower than the resonant

frequency of the original quasi-yagi shown in Fig. 3. This

lower resonance frequency was achieved without an overall

size increase of the original quasi-yagi antenna. Finally, the

electric fields in the x-z and y-z planes were simulated in

Momentum. The normalized fields computed are plotted in

Figs. 10 and 11 with respect to θ where θ is measured from
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Fig. 8. Measured and simulated S11 values for the original quasi-yagi
without the embedded MOCSRR elements.
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Fig. 9. Measured and simulated S11 values for the quasi-yagi with
the embedded MOCSRR elements.

the +z-axis in Fig. 1. The MOCSRR-loaded quasi-yagi antenna

has a pattern similar to an electrically small dipole in the x-

z plane. This is expected because the resonant frequency has

been lowered without enlarging the design layout. Further-

more, the max simulated gain at resonance (1.18 GHz) of the

original quasi-yagi antenna in Fig. 3 was computed as 4.1 dBi;

however, the max simulated gain at resonance (635 MHz) of

the MOCSRR-loaded quasi-yagi antenna in Fig. 4 was -5.5

dBi. This trade-off between the lower resonant frequency and

gain is somewhat expected because the overall size, ground

plane proximity and director distance of the printed antenna

design was not changed for the lower operating frequency.

IV. DISCUSSION AND DESIGN GUIDELINES

Further efforts were undergone to determine several design

guidelines for using the MOCSRR elements in a printed

antenna design. These guiding principles were determined by

simulating the printed antenna shown in Fig. 12 in Momentum.

Initially, the input impedance of the antenna was computed for

the dipole with the MOCSRR elements removed. Next, two

MOCSRR elements were placed into the design to symmet-

rically load the dipole and the input impedance values were
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Fig. 10. Simulated normalized electric fields in the x-z plane at 735
MHz.
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Fig. 11. Simulated normalized electric fields in the y-z plane at 735
MHz.

computed. It was noticed that when the MOCSRR elements

were included into the design the imaginary part of the input

impedance was increased by approximately 2Zeq where Zeq

is the equivalent impedance of each individual MOCSRR ele-

ment. For example, at 800 MHz the computed input impedance

was 17.3-j97.0 Ω without MOCSRR elements in the design

and the computed input impedance was 104.0+j126.0 Ω with

the elements included in the design (Fig. 12). This resulted

in an input reactance change of ΔZin = 223.0Ω. The value

of Zeq at 800 MHz is 102 Ω. This gives ΔZin ≈ 2Zeq =
Zeq +Zeq (series connection). This is very useful because an

antenna designer can now predictably add MOCSRR elements

to a printed dipole design.

V. CONCLUSION

In this work, it has been shown that by introducing the

inductive properties of the MOCSRR elements into a printed

quasi-yagi design, the resonant frequency can be reduced

by approximately 35%. This lower resonant frequency was

achieved in a predictable manner, without increasing the

size of the original quasi-yagi antenna, the need for unique

materials or complicated manufacturing processes.
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Fig. 12. Symmetrically loaded dipole investigated in Momentum (m
= 5.8 mm, n = 9.08 mm, α = 48.28 mm and β = 15.91 mm).
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