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Compact microstrip antennas based on split-ring resonator (SRR) structure are proposed

and fabricated in this paper. The resonant frequency of the antennas is discussed upon

different geometric structures. The influencing mechanism of the antenna parameters on
resonant frequency is analyzed. The analytical and experimental analyses are carried out

and proved that the resonant frequency can be controlled from 13.5 GHz to 17.2 GHz
by tuning some of the crucial parameters. A good agreement between the simulations

and the measurement results suggests that the proposed antenna can be designed at

different resonant frequencies while maintaining a small-size, low-profile structure and
good performance.
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1. Introduction

Wireless communication systems are considered as the most rapidly growing in-

dustry in recent years. As an essential component in communication equipment,

microstrip antenna has been widely developed due to its attractive features and

potential applications, such as cost effectivity, small size and facile fabrication.1,2

Especially, miniature devices are usually required in the mobile communication

systems, where, smaller antenna size is an essential prerequisite to meet the minia-

turization of mobile units.3 Many efforts have been made in the research of antennas

to achieve the miniaturization and compact sizes, including using an edge-shorted

∗These authors contributed equally to this work.
†,‡Corresponding authors.

1950043-1

http://dx.doi.org/10.1142/S021798491950043X
mailto:guolimin@bupt.edu.cn
mailto:ydq@bupt.edu.cn


February 1, 2019 12:12 MPLB S021798491950043X page 2

L. Li et al.

patch to act as a quarter-wavelength structure,4,5 applying the shorting-pin loading

technique to an equilateral-triangular microstrip antenna,6 and meandering the ex-

cited patch surface current paths in the antenna’s radiating patch.7–9 Using the

substrates with high dielectric constant is adopted in compact antenna concerning

of reducing the electrical wavelength in the material.10–13 However, their employ-

ment raises some intrinsic problems, such as the excitation of surface waves that

could lower the radiation efficiency and deteriorate the radiation pattern.11,12

To meet the rigorous requirements, some new types of invented structures and

composite materials such as metamaterials are introduced to the microwave fields.

Metamaterials are artificially fabricated composite structures which have specific

superior properties and excellent physical properties.14–19 Metamaterials are pop-

ular in many fields, such as controlling the reflection and refraction paths of elec-

tromagnetic waves,20,21 solving the problem about the out-of-band stealth of radar

system.22 The split-ring resonator (SRR) structure is one of the most commonly

used metamaterial structures, which yields a negative dielectric constant in a nar-

row band region near the resonant frequency and can be used as antennas and other

microwave emitters.23,24

In this paper, we proposed a compact microstrip antenna with a simple SRR

structure. The resonant frequency and performance are compared. It is found that

resonant frequency is influenced by structure parameters of antenna. Among these

parameters, the length of long strip patch, the side length and split length of SRR

are further studied to explore the influence rules in resonant frequency. The simula-

tion and measurement results demonstrate that the proposed antenna can provide

a tunable resonant frequency with little effect on radiation performance and maxi-

mum gain.

2. Antenna Structure

The configuration of SRR-based microstrip patch antenna is shown in Fig. 1. It is

printed on a FR4 substrate with a thickness of 1 mm and dielectric constant of 2.65.

A 50 Ω copper microstrip line with width of 1.4 mm is used to feed the antenna,

and the coaxial (SMA) connector was soldered at the edge of the substrate. The

bottom layer (b) is a square ground plane with the side length of 20 mm. The top

layer (a) consists of an SRR structure and a strip line with a thickness of 0.1 mm.

a is the length of long strip line in the middle, b is the side length of SRR structure

and c is the length of split. These parameters are key dimensions in affecting the

resonant frequency of the antenna. Other geometry parameters are illustrated in

Fig. 1.

3. Simulation and Discussion

In order to study the relationship between structure parameters and the resonant

frequency of the antenna, the proposed antenna is simulated by using the software
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Fig. 1. Top and bottom view of the schematic diagram of the proposed antenna.

CST Microwave Studio software 2011 based on the finite integration technique. The

incoming electromagnetic waves propagate along the z-axis, with their electric field

and magnetic field along x- and y-axes, respectively. Simulated reflection coefficient

of the antenna is illustrated in Fig. 2 with the diversion of devise parameters. When

the middle long strip line (a) changes from 5.3 mm to 5.7 mm, the resonant fre-

quency decreases from 16.8 GHz to 16.0 GHz (Fig. 2(a)). The simulation results

with a series of b is shown in Fig. 2(b). It is observed that the side length of

SRR delivers a relatively greater influence on the resonant frequency. The resonant

frequency decreases from 16.25 GHz to 13.6 GHz as b increases from 3.2 mm to

3.6 mm. The relationship between the split length and resonant frequency is also

investigated. As it is illustrated in Fig. 2(c), the split length has a relatively smaller

impact on the resonant frequency. The resonant frequency increases from 16.8 GHz

to 17.2 GHz as c increases from 0.2 mm to 0.8 mm. In general, the antenna band-

width is around 250 MHz as the resonant frequency changes with different antenna

parameters.

Based on the aforementioned analysis, the resonant frequency of the antennas

could be simply predicted and tailored by adjusting the length of those crucial

parameters. For example, we can reduce the length of long strip in the middle or

the side width of the SRR to achieve a higher resonant frequency. By contraries,

a lower resonant frequency can be reached by increasing the length of long strip

or the side width of the SRR. In addition, the resonant frequency can be slightly

adjusted by changing the length of split on the SRR. In summary, our microstrip

antennas can be easily designed and cover a wide resonant frequency by adjusting

the geometric parameters.
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Fig. 2. (Color online) Simulated reflection coefficient of the antenna (a) with a series of a, (b)

with a series of b and (c) with a series of c.
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Fig. 3. Top and bottom view of the fabricated antenna.

4. Experiments and Measurement Results

To verify the simulation results, several compact microstrip antennas with different

parameters are fabricated. Figure 3 shows the top and bottom morphologies of a

fabricated antenna. The reflection coefficient of all the designed antennas is mea-

sured by a vector network analyzer (VNA). The resonant frequency of the fabricated

antenna with series a, b and c is displayed in Fig. 4, respectively. It is perceived in

Fig. 4(a) that the resonant frequency reduces from 16.9 GHz to 16.0 GHz when a

increases from 5.3 mm to 5.7 mm. Moreover, the resonant frequency reduces from

16.0 GHz to 13.6 GHz as b increases from 3.2 mm to 3.6 mm (Fig. 4(b)). Fur-

thermore, a slight increase in a from 16.6 GHz to 17.1 GHz is observed with the

increase of c (Fig. 4(c)). Compared with the simulated results, it can be found that

the measured reflection coefficient shows a little shifting in the resonant frequency.

The uncertainty and variations of the dielectric constant of FR4 may lead to the

small deviation.24 However, there is still a good agreement between the simulated

results and the measured results. It further confirms that our proposed antenna can

be easily designed and utilized under different resonant frequencies.

To further study the working mechanism of this compact antenna, the surface

current distribution is also simulated by CST Microwave Studio. The results with

a = 5.6 mm, b = 3.4 mm and c = 0.2 mm at a frequency of 16.58 GHz is shown in

Fig. 5. It is clearly seen that the current distribution is concentrated at each side

of the SRR, especially at the cross-point of the SRR and the middle long strip.

Moreover, the electric field energy is predominately concentrated on the structure

of SRR. Thus, the structure parameters of the SRR can significantly affect the

electromagnetic properties of the compact antenna.
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Fig. 4. (Color online) Measured reflection coefficient of the fabricated antenna (a) with series of
a, (b) with a series of b and (c) with a series of c.
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Fig. 5. (Color online) Electric field distribution of the proposed antenna.

Fig. 6. (Color online) Simulated 3D radiation patterns at 16.58 GHz and the gain of the antenna.

Figure 6 illustrates the measured gain and radiation pattern of the proposed an-

tenna. As it is seen, the maximum measured gain is around 5.71 dBi. The proposed

antenna has relatively good characteristics on radiation pattern. It demonstrates

that the antenna can be designed at specific resonant frequency with a good per-

formance.
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5. Conclusion

A compact microstrip antenna with a simple structure based on SRR structure has

been designed, simulated and measured. Three crucial parameters are studied and

the influences of those parameters on the resonant frequency of the antenna are

also learned. Parametric studies demonstrate that the resonant frequency can be

controlled by tuning those crucial parameters. Thus, we can design an antenna with

specific resonant frequency. Further exploration concerning of the current distribu-

tion and radiation pattern shows that the proposed antenna can be designed with

good performance. This work provides theoretical basis for antenna design.
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