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ABSTRACT 

This paper contains the design and analysis of a compact, bidirectional Electrically Small Antenna (ESA) 

at 0.9 GHz for Radio Frequency Identification (RFID) and a global system for mobile communication 

applications. The proposed design consists of a microstrip patch antenna enclosed inside the split ring 

resonators, in which a split ring resonator was subtracted from the ground plane in order to obtain the 

results at lower frequencies by maintaining a compact size. This ESA was designed on FR4 substrate 

having a dimension of 30 mm × 30 mm × 1.6 mm. This antenna was created and simulated with the Ansys 

HFSS. The ESA was fabricated by chemical etching and it was measured with the MS2037C Anritsu 

Combinational Analyzer. The simulated results show that the ESA attains a bandwidth of 100 MHz (with 

S11 < -10 dB) at 0.9 GHz. The bidirectional radiation pattern in both H and E planes with a radiation 

efficiency of 80% at the resonant frequency was obtained. A close agreement of 90% between the 

simulated and the measured results was observed. 

Keywords-electrically small antenna; microstrip patch; SRR; RFID applications 

I. INTRODUCTION  

Systems for Radio Frequency Identification (RFID) 
frequently employ microstrip antennas. Such systems have a 
wide range of practical uses in business, trade, transportation, 
biological research and clinical practice [1, 2]. An antenna and 
an RFIC are the only components of a passive tag. The devices 
that are designed by utilizing surface acoustic waves may be 
employed in wireless sensing applications (such as distance, 
temperature etc.) [3]. Most popularly available RFID tags for 

UHF and RF applications are designed with the help of 
electrically small antennas or standard half-wavelength planar 
dipole antennas [2, 4]. Implanted microwave technology is 
becoming more and more common for medical purposes [5, 6]. 
The electromagnetic signal degrades because of the medium 
around the implanted device has a high ℇr and a high δ. Due to 
the reduction of the dielectric medium properties effect, 
magnetic connection between the tag loop and the reader loop 
is preferred in this situation [6]. The loop dimensions employed 
inside biological media is often small, that is less than λ/2. 
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According to the third degree of the source's distance, the 
magnetic field dramatically decreases in the near-field zone [7]. 
To pick up a weakly backscattered response from the 
destination point, the microstrip antenna being used as a reader 
must provide a strong magnetic field. Typically, to do that, the 
microstrip patch dimensions must be increased. Building the 
patch as a periodically loaded line in order to realize an 
electrically small antenna is proposed in this paper. Between 
each leg of the loop, capacitors are routinely put as part of the 
line's architecture. The loop's electrical length is shortened as a 
result of the capacitive components' compensation for the phase 
incursion given by the inductive portions. The increased 
magnetic coupling is followed by a homogenous current 
distribution around the loop in this arrangement [8, 9]. To raise 
the tag read range while employing an ESA in the far-field 
area, the base station ESA should have superior radiation 
properties. ESAs are known to exhibit omnidirectional 
radiation in the loop plane. The reader antenna is intended to be 
built using an antenna module that combines a dipole with a 
non-interacting electrically small antenna. Additionally, this 
antenna's gain is twice as great as the gains of a single patch or 
single dipole antenna [9, 10]. The ESA is also small, which 
makes it useful for portable RFID scanners that communicate 
with conventional passive tags. In order to arbitrarily change 
the resonant frequency of a bowtie dipolar tag, the idea of 
integrating an inductive channel with a lumped external 
inductor was introduced in [25]. It was demonstrated that the 
inductive channel could readily control the currents flowing on 
the top-loading patch, and that channel width and an external 
lumped inductor could both be changed to efficiently alter the 
tag antenna's resonance frequency. The tag antenna, which has 
a two-layer construction and a high profile, cannot be read in 
all polarizations. A metal-mountable tag with many frequency 
tuning options has been created using two complementary C-
shaped patches in [26]. The two patches are in close proximity 
in order to produce enough antenna reactance [27-28].  

An ESA with a bidirectional radiation pattern for UHF 
RFID applications is proposed in this study. An SRR structure 
was utilized to minimize the size. The simulated results 
indicate that the electrically small antenna achieves 
bidirectional radiation pattern. There were no observable 
effects to the proposed antenna's resonance frequency, gain, 
and radiation pattern when they were stacked or tiled together. 

II. ANTENNA DESIGN GEOMETRY 

A. Methodology 

The configuration and dimensions of the compact ESA are 
represented in Figure 1. It consists of a microstrip patch 
enclosed with SRRs in which a tile of microstrip transmission 
lines was subtracted from the microstrip patch. The microstrip 
ESA is engraved on FR4 material with 1.6 mm thickness and 
tanδ = 0.02. In addition to that, an SRR was subtracted from the 
ground plane with a dimension of 30 mm × 30 mm printed on 
the backside of the substrate. The complete geometry of the 
antenna is 30 mm × 30 mm × 1.6 mm and an impedance of 50 
Ω is attached to the microstrip patch as excitation. The 
microstrip ESA with SRR was designed and simulated in 
Ansys HFSS and the properties of the material are represented 

in Table I. The dimensions utilized in designing the microstrip 
patch antenna are shown in Table II. 

 

(a) 

 

(b) 

 
Fig. 1. Microstrip ESA with SRR: (a) Front view, (b) back view. 

TABLE I.  PROPERTIES OF MICROSTRIP ESA WITH SRR 

Parameter Value Unit 
Patch Copper ----- 

Thickness 1.6 mm 
Density 8.96 gcm -3 

Electrical conductivity 58.7 siemens/m 
Electrical resistivity 1.7 Ω.m 

Thermal conductivity 386 W/m. K 
Sheet resistance 0.5 mΩ/sq 

Substrate FR4 epoxy - 
Thickness 0.1 mm 

Dielectric constant (εr) 4.4 - 

TABLE II.  DIMENSIONS OF THE PROPOSED MICROSTRIP 
ESA WITH SRR 

Dimension Value (mm) 

Width of the ground plane (W) 30 
Length of the ground plane (L) 30 

Length of the microstrip Patch (L1) 21 
Width of the microstrip Patch(W1) 16 
Length of the microstrip Patch (L2) 14 
Width of the microstrip Patch (W2) 12 
Length of the microstrip Patch(L3) 2 
Width of the microstrip Patch (W3) 1 

 

B. Evolution Procedure 
Figure 2 represents the evolutionary stages of the 

electrically small microstrip patch antenna with SRR structure. 
Antenna evolution process starts with the design of an ESA fed 
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by a 50 Ω microstrip transmission line (step 1). A rectangle of 
16 mm width and 21 mm length was subtracted from the 
microstrip patch. Subsequently, a 14 mm × 2 mm rectangle was 
united to the patch antenna (the step 2). In step 4, the proposed 
antenna was designed with a full ground structure. In step 5, 
the microstrip antenna with the SRR structure in the ground 
plane is complete. 

 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

 
(e) 

Fig. 2. Microstrip ESA with SRR. (a) Step 1, (b) step 2, (c) step 3, (d) step 
4, (e) proposed design. 

The dimensions of the microstrip patch antenna were 
calculated by utilizing the concept behind the theory of the 
transmission lines. The width of the patch can be calculated by: 

� � ��
��� √

�
ɛ
��                                (1) 

The length of the patch can be calculated by (2), where 
ɛ��� is the effective dielectric constant of the substrate: 

� � �
���√ɛ����

� 2��               (2) 

�� � 0.412ℎ �ɛ������.�� �!��.�"# 
�ɛ����$�.�%& �!��.&#   

The dielectric constant of the substrate is: 

ɛ'()) � ɛ���
� * ɛ�$�

� +1 * ,��#! -.
$�/�

                 (3) 

where L and W are the length and width of the microstrip patch, 
h is the thickness of the FR4 substrate, v0 is the velocity of light 
in free space and Fr is the resonant frequency of the antenna. 

Figure 3 represents the simulated S11 of the microstrip 
ESA with SRR at different evolutionary stages. At the first 
step, the basic microstrip patch resonates at 0.8 GHz with a 
reflection co-efficient of -10 dB. At the second stage ESA 
resonates at 0.82 GHz with a S11 of -10 dB. In the third step 
antenna resonates at 0.85 GHz with a S11 of -16 dB and in 
addition to that antenna resonates at 2.3 GHz with a S11 of -11 
dB. In step 4, the antenna without the SRR resonates at 0.87 
GHz with a return loss of -20 dB and an additional band has 
been obtained at 2.3 GHz with a return loss of -12 dB. The 
final proposed antenna resonates at 900 MHz with a return loss 
of -22 dB, with an additional band obtained at 2.3 GHz having 
a return loss of -13 dB. As we have designed an electrically 
small antenna, we were not concentrated at 2.3 GHz and that is 
why we are discussing the resonant frequency of the antenna at 
900 MHz by maintaining the lower size. 

 

 
Fig. 3. Simulated return loss of the microstrip ESA with SRR at different 
evolutionary stages. 

III. RESULTS AND DISCUSSION 

Simulation of the proposed microstrip ESA with SRR was 
done by using Ansys HFSSv13 based on Finite Element 
Method (FEM) and Method of Moments (MOM). The 
microstrip ESA with SRR was excited by using a microstrip 
transmission line having a characteristic impedance of 50 Ω. 
To verify the simulated results were accurate, the proposed 
microstrip ESA was fabricated by using FR4 material as 
represented in Figure 4. The antenna fabrication was done by 
using chemical etching while parameters like reflection 
coefficient and VSWR of the antenna were measured with the 
MS2037C Anritsu Combinational analyzer. Radiation pattern 
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and gain of the antenna were measured with an Anechoic 
Chamber by utilizing antenna measurement equipment. Figure 
5 shows the fabricated antenna measured with the 
combinational analyzer. Figure 6 shows the simulated and 
fabricated reflection coefficient of the microstrip ESA with 
split ring resonators. 

 

 

(a)                                                (b) 

Fig. 4. Fabricated prototype of the Microstrip ESA with SRR. 

 
Fig. 5. Measurement of the Microstrip ESA with SRR. 

 
Fig. 6. Simulated and fabricated reflection coefficient of the Microstrip 
ESA with SRR. 

From the return loss plot, it was observed that the simulated 
microstrip ESA with SRR resonates at 900 MHz with an S11 of 
-22 dB and the measured antenna resonates at 900 MHz with a 
reflection coefficient of -20 dB. Small deviation between the 

simulated and fabricated results due to connector and cable 
losses was detected. 

 
 

Fig. 7. Simulated and fabricated VSWR of the Microstrip ESA with SRR. 

(a) 

 

(b) 

 

(c) 

 
Fig. 8. Simulated and measured radiation pattern of the proposed ESA 
with SRR: (a) θ=0o, (b) θ=90o,  (c) θ=180o. 

Figure 7 shows the VSWR variation of the antenna with 
frequency. The proposed antenna resonates at 0.9 GHz. At the 
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resonant frequency, the simulated VSWR is 1.25 and the 
measured VSWR is 1.89. The radiation pattern was collected 
from an anechoic chamber employing antenna measurement 
equipment. A standard horn antenna is used as reference. 
Antenna efficiency of 80% is obtained by using the formula 
and selecting the values of incident and radiated power.  

The radiation pattern is another significant antenna 
characteristic. Figures 8 and 9 demonstrate an antenna gain and 
the antenna radiation pattern. The minor variations between the 
fabricated and the simulated outcomes are caused by 
measurement and alignment issues. 

 

(a) 

 

(b) 

 

(c) 

 

Fig. 9. Simulated and measured azimuthal radiation pattern of the 
proposed ESA with SRR: (a) ϕ=0o, (b) ϕ=90o, (c) ϕ=180o. 

The E-field and current distribution of an electrically tiny 
circular ring antenna are shown in Figure 10. Maximum 
radiation is indicated by the red color, minimum radiation is 

indicated by the blue color, and the average distribution of 
surface currents is indicated by the green color. Figure 11 
represents the measurement setup of the proposed antenna for 
measuring antenna parameters like gain and radiation pattern in 
an anechoic chamber. Figure 12 represents the 3D gain of the 
palanar microstrip ESA with SRR. 

 

(a) 

 

(b) 

 

Fig. 10. Vector current and H-field distribution of the proposed microstrip 
ESA with SRR. 

 
Fig. 11. Measurement setup of gain and radiation pattern. 

Table III compares several previously published in 
literature antennas to the proposed broadband antenna for RFID 
applications. When compared to the proposed antenna, the 
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antenna suggested in [4] offered modest return loss. The 
antenna in [6] is huge in size and has a constrained impedance 
bandwidth. The antenna in [8] has a straightforward design and 
it offers less return loss and VSWR. According to [13], the 
antenna occupies more size and featured a complicated 
construction printed in Taconic RF-35. The comparison 
displays that the proposed broadband antenna has a number of 
benefits over earlier reported antennas [4–13] in terms of size, 
impedance bandwidth, and gain. 

 

 
Fig. 12. 3D gain of the proposed microstrip ESA with SRR. 

TABLE III.  COMPARISON OF THE PROPOSED ANTENNA 
WITH OTHER KNOWN ANTENNAS 

Ref. 
Size 

(mm3) 
Material used 

Resonant 

frequency 
Return 

loss 
VSWR 

[24] 40×40×1.6 FR4 870 MHz -10.1 dB 1.8 

[25] 60×70×0.5 
Rogers/RT 

Duroid 5880 
890 MHz -14 dB 1.89 

[26] 50×50×0.8 FR4 900 MHz -18 dB 1.78 

[27] 40×40×1.5 
Rogers/RT 

Duroid 5880 
870 MHz -12 dB 1.85 

[28] 80×20×0.5 Taconic RF-35 1.7 GHz -15 dB 1.55 
Proposed 30×30×1.6 FR4 900 MHz -22 dB 1.25 

 

IV. CONCLUSION 

A compact, bidirectional Electrically Small Antenna (ESA) 
resonating at 900 MHz was designed, simulated, and measured 
with the MS2037C Anritsu Combinational Analyzer and its 
simulated S11 is -22 dB at 900 MHz. The measured bandwidth 
S11 < -10 dB is 100 MHz. There is a good match between the 
simulated and the measured results in terms of VSWR and S11. 
Radiation pattern is bidirectional in both the azimuthal and 
elevation angles, thus, the proposed antenna is suitable for 
RFID applications and for mobile communication applications. 
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