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ABSTRACT

A dual-band printed monopole antenna with and without complementary split-ring resonator (CSRR) has been designed on an FR4 substrate of permittivity 4.4 and 
thickness 1.6 mm with a line feeding technique that finds application in GSM 900 and Wi-Fi. Two conducting strips were used to tune to 0.9 GHz and 2.4 GHz. The reflection 
coefficient values reported were −19.8 dB at GSM 900 and −6.4 dB at Wi-Fi. The novelty of the proposed work lies in using two concentric circular split rings etched 
beneath the antenna on the ground plane with a suitable gap g1 and g2. The outer ring was tuned to GSM 900 and the inner ring was tuned to Wi-Fi. By suitably adjusting 
the gap widths g1 and g2 and the ring thickness, the simulated value of the reflection coefficient showed a considerable improvement of −25.32 dB and −12.07 dB  
along with a gain of 6.17 dBi and 7.286 dBi in the lower- and the upper-frequency bands, respectively. The antenna dimensions were 100 mm × 40 mm × 1.6 mm.
Index Terms—Antenna, CSRR, GSM 900, Wi-Fi
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I. INTRODUCTION

Monopole antennas have gained widespread importance in day-to-day communication appli-
cations due to their small size and low profile nature due to which they are used frequently in 
wireless communication applications. Today’s wireless communication devices such as mobile 
phones and laptops incorporate antennas that are tuned to single-frequency bands of inter-
est. With the explosive growth of the wireless communication standards, more antennas need 
to be integrated into a device increasing its complexity. Dual and multi-band antennas give a 
promising solution to this problem as a single antenna can serve to tune two or more frequency 
bands of interest thereby resulting in the optimization of the space required in these devices. 
Yousfi et al. [1] proposed an inverted L-shaped antenna at 2.45 GHz and 5.8 GHz, respectively, for 
radio-frequency identification (RFID) applications. 

The dual-band characteristics were achieved by etching the complementary split-ring resonator 
(CSRR) in the ground plane. The bandwidths reported were 0.4 GHz and 1.6 GHz for lower- and 
higher-frequency bands, respectively. The reported gains were 1.76 dBi and 5.75 dBi across both 
the frequency bands, respectively. Purushothaman et al. [2] proposed the design of a compact 
metamaterial-inspired antenna for L/S band applications. Defected ground plane structures 
were being used for getting the dual-band operation. The maximum gain variations were from 
2.0 dBi to 2.3 dBi across both the frequency bands. Yue et al. [3] proposed a novel compact dual-
band dual-polarized antennas with CSRR loading in the ground plane. The structure reported 
a resonant frequency of 1.95 GHz and 2.45 GHz with an input reflection coefficient of −20 dB 
and −40 dB at both the lower- and the upper-frequency bands, respectively. The structure was 
designed on a Rogers R003 substrate of permittivity 3 and loss tangent 0.0014 with a thick-
ness of 1.5 mm. The peak gain reported was 6.0 dBi at both the frequency bands of interest. 
Sarkar et al. [4] investigated a compact dual-band four-element multiple input multiple output 
(MIMO) antenna array for pattern diversity. The radiating structure was designed to resonate at 
1.9 GHz and 2.5 GHz for long-term evolution (LTE), global system for mobile communications 
(GSM), and wireless local area network (WLAN) applications. The structure was designed on an 
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FR4 substrate using an L-shaped strip with CSRR to achieve the dual-
band operation.

The peak gain reported was 3 dBi across both the frequency bands 
of interest. Atolia and Yadav [5] proposed a CSRR-loaded rectangular 
monopole antenna for ultra-wideband (UWB) applications. The UWB 
characteristics were achieved with the help of two CSRR-loaded slots 
near the feeding structure. The structure showed a good impedance 
matching from 3.4 GHz to 13.6 GHz, where the reflection coefficient 
was below −10 dB. The structure was designed on an FR4 substrate 
of permittivity 4.4 and thickness 1.6 mm. The size of the structure 
reported was 32 mm × 36 mm. Kareem et al. [6] designed a single 
parasitic split-ring resonator with an umbrella-shaped patch on 
the top of the substrate. The structure showed a good imped-
ance match from 3.3 GHz to 4.58 GHz and from 5.1 GHz to 5.6 GHz 
wherein the input reflection coefficient remained below −10 dB. The 
gain reported was stable with a peak value of 5.5 dBi. The radiating 
structure was designed on an FR4 substrate of permittivity of 4.4 and 
thickness 1.6 mm. Yue et al. [7] proposed a miniaturized dual-band 
dual circularly polarized metasurface antenna. The radiating struc-
ture showed resonances at 1.87 GHz and 2.48 GHz wherein the input 
reflection coefficient remained well below −10 dB. The peak gains 
reported were 3.95 dBi and 5.29 dBi along with a bandwidth of 
50 MHz for both the lower- and the upper-frequency bands, respec-
tively. The structure was designed on a Rogers RO 4003C substrate of 
permittivity 3.55 with a size of 0.33λ0 × 0.33λ0.

Bapat  et  al. [8] proposed the design of a UWB antenna with dual-
band rejection characteristics using shorted CSRRs. The shorted 
CSRR was used to reject 5.5 GHz and 3.5 GHz frequencies from the 
UWB frequency range of 3.1 GHz–10.5 GHz. Li et al. [9] designed a 
planar antenna using transmission line-based metamaterial load-
ing for 3G/Bluetooth and Wi-Max applications. The dual notch char-
acteristics were obtained from 5 GHz to 5.5 GHz and from 7.2 GHz 
to 7.6 GHz frequency bands of interest wherein the S11 remained 
below −10 dB. Manage  et  al. [10] presented a dual band-notched 
UWB MIMO antenna by incorporating CSRR for WLAN and X band 
applications. The dual-band characteristics were achieved by etch-
ing J- and L-shaped slots with CSRR. The structure was designed on 
an FR4 substrate with a size of 18 mm × 30 mm × 1.6 mm.

Li et al. [11] designed an UWB antenna using CSRR and SRR that finds 
applications in automotive communications. The CSRRs were designed 
for achieving dual-band characteristics, and the SRRs were primar-
ily used for improving the isolation characteristics between the two 
antenna elements. The overall dimensions of the antenna structure 
were 54 mm × 33 mm. The UWB characteristics were obtained from 
3 GHz to 12 GHz with a peak gain variation in the range of 0 dBi–5 dBi 
at 3.2 GHz, 6.5 GHz, and 10 GHz frequency bands of interest. Sethi et al. 
[12] designed a conventional coplanar waveguide (CPW)-fed MIMO 
antenna for UWB applications. The antenna is printed on a polyeth-
ylene terephthalate (PET) substrate using silver nanoparticle ink. 
An inverted U-shaped notch has been printed on the antenna with 
four ports resulting in a 4 × 4 MIMO antenna array. The input reflec-
tion coefficient was well below −10 dB over the operating band from 
3.1 GHz to 11.1 GHz frequency range of interest. The error correction 
code (ECC) value reported was in the range of 0.002–0.003 with a peak 
diversity gain of 9.98 dB at 8 GHz frequency. 

Wang  et  al. [13] designed a polarization diversity UWB antenna on 
an FR4 substrate of permittivity 4.4 and thickness 1.6 mm with a 
relative permittivity of 4.55. The size of the structure reported was 
24 mm × 44 × 0.8 mm. The polarization diversity was obtained by 
aligning the antennas with an angle of 90˚. An inverted L-shaped strip 
was printed on the ground plane for size reduction and improving the 
impedance bandwidth. Huang et al. [14] designed a compact MIMO 
antenna with a controllable bandwidth. The antenna size reported 
was 32 mm × 26 mm × 0.8 mm printed on an FR4 substrate of per-
mittivity 4.4. The radiating structure reported an input reflection coef-
ficient which was well below −10 dB over the operating band of the 
antenna extending from 3 GHz to 12 GHz. The S12 value reported was 
−15 dB in the frequency band of interest. 

Li et al. [15] designed a UWB MIMO antenna using a slot and a stub 
technique. Two identical semi-circle ring-shaped UWB monopole 
antennas were designed and placed side by side. By incorporating 
two L-shaped slots on the ground plane, dual notch characteristics 
were realized. The anchor-shaped stubs were also printed to sup-
press the interference signal. The proposed structure resulted in very 
high isolation of −19.74 dB across the UWB band. Suhane et al. [16] 
designed a diversity antenna using the MIMO technique for UWB 
applications. The antenna was designed on an FR4 substrate of rela-
tive permittivity 4.4. The band notch characteristics were observed 
by introducing two inverted L-shaped slits inside the patch. The 
radiating structure showed good isolation of −20 dB with an enve-
lope correlation coefficient value below 0.1 over the entire band of 
2.5 GHz–10 GHz. The peak gain reported was 4.8 dBi. Manage et al. 
[17] investigated a dual band-notched UWB MIMO antenna incor-
porating circular split ring resonators in the ground plane, which 
finds applications for WLAN. Two closely spaced monopole antennas 
under MIMO configurations were designed to tune to 8.2 GHz and 
5.2 GHz. The designed antenna showed good isolation character-
istics well below −23 dB over the operating frequency range from 
3.1 GHz to 12 GHz. The diversity gain variations were in the range 
from 9.97 to 10.

Quddus et al. [18] proposed a two-port diversity MIMO antenna with 
dual notch characteristics for UWB applications. Dual notch char-
acteristics were observed by printing U-shaped slots on the main 
radiator and horizontal stubs in the ground plane. The envelope 
correlation coefficients were in the range of 0.1–0.25 over the entire 
UWB band. Shehata  et  al. [19] designed a MIMO antenna element 
with interference suppression for UWB applications. The antenna ele-
ments have been designed on an FR4 substrate of thickness 1.6 mm 
and occupy an area of 100 mm × 100 mm. The antenna achieved the 
isolation of over 20 dB with band notches at 3.5 GHz and 5.5 GHz 
with an envelope correlation coefficient below 1.0.

II. PROPOSED SYSTEM

In the proposed work, a dual-band antenna has been designed on 
an FR4 substrate of permittivity 4.4 and thickness 1.6 mm to tune 
between GSM 900 and the Wi-Fi (2.4  GHz)  frequency band. The 
antenna has two radiating strips supported on a partial ground 
plane to give a monopole-like feature. The longer conductor of 
length L1 is designed to resonate at GSM 900 frequency band that is 
at 0.9 GHz while the shorter strip of length L2 is tuned to resonate at 
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the 2.4 GHz frequency band of interest. The dimensions of both the 
strips have been calculated corresponding to quarter wavelength 
resonance condition for GSM 900 and Wi-Fi. To improve the reflec-
tion coefficient of the antenna, two circular split rings have been 
printed on the ground plane. The diameter of the outer split ring has 
been kept at 26 mm, and the total circumference of the outer split 
ring has been made equal to λg/2, where λg corresponds to guide 
wavelength corresponding to GSM 900 frequency band of interest. 
The diameter of the inner split ring has been kept at 14 mm to tune 
to the Wi-Fi frequency band of interest. The length of the split rings 
gives an inductive effect while the gap between the rings provides a 
capacitative effect.

The geometrical specifications of the antenna are tabulated in Table I.

III. ANTENNA DESIGN CONSIDERATIONS

In this work, a dual-band monopole antenna has been designed using 
circular split ring resonator in the ground plane. The length of the longer 
strip L1 has been kept at quarter of guide wavelength corresponding 
to GSM 900 frequency band of interest, and the length of the shorter 
strip L2 has been kept at quarter of guide wavelength corresponding 
to Wi-Fi 2.4 GHz frequency bands of interest as shown in Fig. 1(a). Partial 
ground plane structure has been selected to give it a monopole design. 
Two circular split rings have been printed beneath the antenna sharing 
a common center. The circumference of the outer split ring has been 
kept at half the guide wavelength corresponding to GSM 900.A small 
gap g1 has been added to fine tune the ring in the GSM 900 frequency 
band. The circumference of the inner ring has been kept at a value equal 
to half the guide wavelength corresponding to Wi-Fi frequency band as 
shown in Fig. 1(b). A small slot in the form of gap g2 has been printed 
on the inner ring so as to cause additional tuning in the Wi-Fi band. The 
ring thickness of outer ring and the inner rings have been appropriately 
varied and optimized to cause dual band operation. The fabricated pro-
totype model of the antenna is as shown in Fig. 2(a), while the ground 
plane view with CSRR is reported in Fig. 2(b).

L g1 4�� /  (1)
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where L1 is the length of monopole section at GSM 900 band, λg is 
the guide wavelength corresponding to GSM 900 frequency band 
of interest, λ0 is the free space wavelength, and εreff is the effective 
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TABLE I. GEOMETRICAL SPECIFICATIONS OF THE ANTENNA

Antenna Dimensions Optimized Value

Length of the substrate, Ls 100 mm

Width of the substrate, Ws 40 mm

Ground plane length, Lg = 6h + L2.4 11.5 mm

Ground plane width, Wg= 6h + W2.4 40.0 mm

Feed width 3 mm

Length of the monopole for 0.9 GHz, L1 76.9 mm

Length of the monopole for 2.4 GHz, L2 32.9 mm

Diameter of outer circular split ring (D1) 26 mm

Gap width, g1 2 mm

Diameter of the inner circular split ring (D2) 14 mm

Gap width, g2 1 mm

Fig. 1. (a) Top view of the simulated antenna structure and (b) structure of CSRR.
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where w is the width of the antenna and h is the thickness of the 
substrate.

L2 4��g /  (4)

where L2 is the length of the shorter section radiating at 2.4 GHz 
frequency, λg is the guide wavelength corresponding to Wi-Fi.

C D g g1 1 1 2 1� � � �circumference of outer split ring � � /  (5)

where λg1 is the guide wavelength corresponding to GSM 900 and 
g1 is the gap width of outer ring.

C D g g2 2 2 2 2� � � �circumference of inner split ring � � /  (6)

where λg2 is the guide wavelength corresponding to 2.4 GHz and 
g2 is the gap width of inner ring.
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where Z = Z0 = characteristic impedance of the line = 50 Ω, h is the 
substrate thickness, and wf is the feed width

IV. DESIGN METHODOLOGY

1. Select the resonant frequencies, substrate type, and permittivity
2. Compute the length of the antenna L1 at GSM 900 under quar-

ter wavelength resonance condition using (1).
3. Compute the length of the antenna L2 at Wi-Fi 2.4 GHz under 

quarter wavelength resonance condition using (4)
4. Compute the effective permittivity and feed width (wf ) for get-

ting 50 Ω impedance matching using (3) and (7).
5. Connect the two strips perpendicular to each other such that 

the current density is maximum at that point and etch a partial 
ground plane beneath the patch.

6. Create a 3D model of the antenna in HFSS and assign boundar-
ies and excitations.

7. Create a solution setup corresponding to the GSM 900 and 
Wi-Fi (2.4 GHz) frequency band of interest and assign frequency 
sweep for both the setups.

8. Perform a validation check and compute the S11 and check if it 
is below −10 dB at both the designated frequencies, else opti-
mize the antenna dimensions.

9. Print two concentric circular split-ring resonators in the ground 
plane beneath the center of the longer strip such that both the 
centers share a common centroid.

10. Select the circumferences of both the split rings to be equal to 
half of the guide wavelength with appropriate thickness and 
gap widths g1 and g2 corresponding to GSM 900 and Wi-Fi 2.4 
GHz, respectively.

11. Optimize the ring thickness and the gap widths g1 and g2 such 
that the input reflection coefficient comes below −10 dB at 
both the frequency bands of interest.

12. Fabricate the antenna on an FR4 substrate of thickness 1.6 mm.

V. SIMULATED RESULTS

The simulation of the antenna has been carried out in Ansoft HFSS 
version 15.0, and the results have been tabulated as shown.

The S11 values reported were −25.32 dB and −12.07 dB at GSM and 
Wi-Fi frequency bands, respectively. The −10 dB impedance band-
width was extending from 0.92 GHz to 0.99 GHz for the GSM band. 
For the Wi-Fi band, the corresponding values were extending from 
2.09 GHz to 2.45 GHz.

The input reflection coefficient values reported were −19.8 dB and 
−6.4 dB at GSM and Wi-Fi frequency bands, respectively. The −10 dB 
impedance bandwidth was extending from 0.97 GHz to 1.0656 GHz 
giving a total of 92 MHz in the lower band. While in the upper band 
at 2.4 GHz, the bandwidth reported is zero.

The CSRR has the effect of lowering the input reflection coefficient 
value both in the GSM 900 and Wi-Fi frequency band of interest as 
compared to that without CSRR.

The ground plane has the effect of lowering the input reflection 
coefficient, and the curve has shifted toward the right indicating an 
improvement in the −10 dB impedance bandwidth.

As the outer ring thickness is varied from 1 mm to 4 mm, the input 
reflection coefficient has decreased from −12 dB to −25 dB at 
2.4 GHz frequency band of interest.

As the thickness of the ring increases, the input reflection coefficient 
curve shifts slightly upward.

As the gap width g2 decreases, the input reflection coefficient curve 
shifts upward for both the frequency bands of interest.

The gap width g2 has the effect of shifting the input reflection coef-
ficient curve toward the right and controls the bandwidth in the 
upper band.

The peak gain reported was 6.32 dBi under both the E and H planes 
at the GSM 900 frequency band of interest.

The peak gain reported was 6.17 dBi at GSM 900 band under both 
E and H planes. The corresponding value in the Wi-Fi band was 
7.286 dBi.The horizontal axis represents the phase angle in degree, 
while the vertical axis represents the gain (in dBi).

Fig. 2. (a) Top view of the fabricated dual-band monopole antenna. 
(b) Ground plane view of the antenna with CSRR.
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The current essentially is concentrated on the longer conduct-
ing strip resonating at 0.9 GHz with a maximum density equal to 
84.72 A/m coming out from the longer conducting strip L1 infer-
ring that the radiation essentially takes place through L1 at the GSM 
900 frequency band of interest.

The magnitude of the surface current density reported was 
80.199 A/m. The current density is mainly concentrated near the 
shorter conducting strip inferring that the radiation is dominated by 
shorter conducting strip L2.

VI. RESULTS AND DISCUSSIONS

The antenna results have been neatly tabulated and presented in 
Table II, and the geometrical specifications of the antennas have 
been reported in Table I. The simulated S11 values with CSRR as 
reported in Fig. 3 were −25.32 dB and −12.07 dB in the lower- and 
the upper-frequency bands, respectively, as against −19.8 dB (GSM 
900) and −6.4 dB (Wi-Fi) without CSRR as reported in Fig. 4. There is 
a significant increase in the reflection coefficient of about 5.52 dB in 
the lower band and 5.67 dB in the upper band, respectively, as repre-
sented in Fig. 5. The corresponding bandwidths reported were 0.075 
GHz and 0.360 GHz across both the GSM 900 and Wi-Fi bands with 
CSRR. However, without CSRR, the corresponding value reported 
was 0.092 GHz in the lower GSM band as reported in Table II.

A parametric analysis was done on the antenna structure by varying 
the ground plane, ring thickness, and the gap widths of the circular 
split ring. As the ground plane length was varied from 11.2 mm to 
11.8 mm, the simulated input reflection coefficient decreased from 
−12.5 dB to −17.5 dB as reported in Fig. 6. The ground plane has the 
effect of lowering the input reflection coefficient in the 2.4 GHz fre-
quency band, and the curve has shifted toward the right indicating 
an improvement in the −10 dB impedance bandwidth.

As the outer ring thickness is varied from 1 mm to 4 mm, the input 
reflection coefficient decreased from −12.0 dB to −25 dB at 2.4 GHz 
frequency band of interest. However, in the GSM 900 band, the 
input reflection coefficient reported a maximum value of −28 dB 
when the ring thickness was 2 mm as reported in Fig. 7. As the 
thickness of the inner ring increases, the input reflection coeffi-
cient curve shifts downward in the Wi-Fi band. The input reflec-
tion coefficient changed from −12.5 dB to −25 dB as reported  
in Fig. 8.

TABLE II. COMPARISON OF THE ANTENNA PERFORMANCE PARAMETERS 
WITH AND WITHOUT CSRR

Antenna 
Parameter

Simulated Results  
With CSRR

Simulated Results  
Without CSRR

GSM 900 Wi-Fi GSM 900 WI-FI

Return loss −25.32 dB −12.07 dB −19.8 dB −6.4 dB

Bandwidth 0.075 GHz 0.360 GHz 0.092 GHz 0 

Gain 6.17 dBi 7.286 dBi 6.32 dBi ------

Fig. 3. Simulated S11 plot of the antenna at 0.9 GHz and 2.4 GHz  
with CSRR.

Fig. 4. Simulated S11 plot of the antenna without CSRR.

Fig. 5. Simulated return loss plot of the radiating structure 
considering with and without CSRR.
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As the gap width g2 decreases, the input reflection coefficient curve 
shifts upward creating poor resonance at the Wi-Fi band as shown 
in Fig. 9. The best results were obtained when the inner gap width 
was kept at 0.3 mm wherein the S11 values reported were −25 dB 
and −18 dB at the GSM 900 and Wi-Fi frequency bands, respectively.

As the gap width g1 of the outer split ring decreases, the input reflec-
tion coefficient in the GSM 900 band varied from −25 dB to −20 dB as 
reported in Fig. 10. In the Wi-Fi band, the bandwidth became narrow 

thereby lowering the bandwidth. The gap width g1 has the effect 
of controlling the input reflection coefficient in the GSM 900 band.

The radiation pattern reported was relatively Omni-directional under 
both the E and H planes with a peak bore sight gain of 6.32 dBi in 
the GSM 900 frequency band of interest without CSRR as reported in 
Fig. 11. However, with CSRR, the corresponding peak gains reported 
were 6.17 dBi and 7.286 dBi at both the lower- and the upper-fre-
quency bands, respectively as reported in Fig. 12.

The simulated surface current density plot of the antenna has been 
shown in Fig. 13 corresponding to the GSM 900 frequency band of 
interest. As seen, the current density is concentrated on the surface 
of the longer conducting strip with a peak value of 84.72A/m2. In the 
Wi-Fi band, the current density essentially remains on the shorter con-
ducting strip L2 with a peak value of 80.199 A/m2 as reported in Fig. 14.

The reflection coefficient reported was −25.32 dB, which is reason-
ably good compared to other works reported in the literature, in the 
lower frequency bands of interest as reported in Table III. The peak 
gains reported were also relatively higher when compared to [2,4] 
wherein the peak gain variation was in the range of 2.0 dBi–3.0 dBi. 
The bandwidth reported was comparatively higher at the lower 

Fig. 6. Simulated S11 plot of the antenna showing the effect of 
varying the ground plane length from 11.2 mm to 11.8 mm.

Fig. 7. Simulated S11 plot of the antenna showing the effect of 
varying the ring thickness of the outer ring.

Fig. 8. Simulated S11 plot of the antenna showing the effect of 
varying the inner split ring thickness.

Fig. 9. Simulated S11 plot of the antenna showing the effect of 
varying the gap width g2 of inner split ring from 0.1 mm to 0.4 mm.

Fig. 10. Simulated S11 plot of the antenna showing the effect of 
varying the outer gap width g1 of the outer split ring from 0.1 mm to 
0.4 mm.
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Fig. 11. Simulated radiation pattern of the antenna at GSM 900 and 
Wi-Fi without CSRR.

Fig. 12. Simulated radiation pattern of the antenna at GSM 900 and 
Wi-Fi with CSRR.

Fig. 13. Surface current density plot of the antenna resonating at 
0.9 GHz.

Fig. 14. Surface current density plot of the antenna resonating at  
0.9 GHz.

TABLE III. COMPARISON OF THE PRESENT WORK WITH SIMILAR OTHER WORKS REPORTED IN THE LITERATURE

Antenna Parameters Present Work [2] [4] [7]

Resonant frequency 0.9 GHz and 2.4 GHz 1.154 GHz and 2.497 GHz 1.9 GHz and 2.5 GHz LTE,GSM, and WLAN 1.87 GHz and 2.48 GHz

Return loss −25.32 dB and −12.07 dB −25 dB and −28 dB −13 dB and −20 dB −22.0 dB and −12.0 dB

Gain 6.17 dBi and 7.286 dBi 2.0 dBi–3.0 dBi 3.0 dBi 3.95 dBi–5.29 dBi

Bandwidth 75 MHz and 360.4 MHz 126 MHz and 55 MHz 235 MHz and 364 MHz 50 MHz 

Antenna parameters Present work [2] [4] [7]

Resonant frequency 0.9 GHz and 2.4 GHz 1.154 GHz and 2.497 GHz 1.9 GHz and 2.5 GHz LTE,GSM, and WLAN 1.87 GHz and 2.48 GHz

Return loss −25.32 dB and −12.07 dB −25 dB and −28 dB −13 dB and −20 dB −22.0 dB and −12.0 dB

Gain 6.17 dBi and 7.286 dBi 2.0d Bi–3.0 dBi 3.0 dBi 3.95 dBi–5.29 dBi

Bandwidth 75 MHz and 360.4 MHz 126 MHz and 55 MHz 235 MHz and 364 MHz 50 MHz 
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band when compared to [7]. However, at the Wi-Fi band, the corre-
sponding values were much greater as reported in [2,7].

VII. CONCLUSION

In this work, a dual-band monopole antenna with two concentric split 
ring resonators has been designed and analyzed at GSM 900 and Wi-Fi 
frequency bands of interest. The simulated S11 values were −19.8 dB 
and −6.4 dB without CSRR in the ground plane. The dual-band mono-
pole antennas had shown very poor reflection coefficient characteristics 
in the Wi-Fi Frequency band of interest wherein the value reported was 
−6.4 dB as reported in Table II. Subsequently etching two concentric cir-
cular split rings in the ground plane, and optimizing the ring thickness 
and the gap widths g1 and g2 of the two split rings, the input reflection 
coefficient values improved to −25.32 dB and −12.07 dB at the lower 
GSM 900 and Wi-Fi frequency bands of interest. The circular split ring 
resonator has the effect of improving the S11 by a factor −5.32 dB in 
the GSM 900 and −5.67 dB in the Wi-Fi band along with a bandwidth 
improvement of 360 MHz in the Wi-Fi band as reported in Table II.

VIII. FUTURE SCOPE

The circular split ring resonators have the potential of improving the 
performance parameters of the antenna if properly placed on the 
ground plane. They also help in the miniaturization of the antenna 
structure. By varying the ring thickness and the gap between the 
rings, additional tuning of the antenna can be realized. Different 
modifications in ring structures such as square, hexagonal can also 
be investigated to improve the antenna performance. Metamaterial 
loading with spiral electromagnetic band gap structures can also be 
investigated to improve the reflection coefficient and the gain while 
reducing the antenna size.
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