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Abstract: In this paper, a rectangular microstrip antenna 

which is inset-fed by the microstrip line with a complementary 
split ring resonator (CSRR) defected ground structure (DGS) cell 
in the ground plane just below the microstrip line (substrate 
present in between) for the dual frequency operation at 1.92 GHz 
and 5.22 GHz is presented, which are the operation bands of 
personal communication system (PCS) and wireless local area 
network (WLAN) respectively. The fundamental mode TM10 and 
one strongly activated higher order mode are excited which are 
responsible for the dual-band operation. Smaller broadside 
radiation and same polarization planes are the characteristics of 
these modes. 
 

Keywords: CSRR, DGS, Dual-frequency, inset-fed, PCS, 
WLAN, rectangular microstrip antenna, wireless communication. 

I. INTRODUCTION 

In the year 1953, George A. Deschamps [1] proposed the 
microstrip radiators, which has completely revolutionized the 
field of antenna theory and techniques. The practical 
microstrip antennas were first developed by Munson [2] and 
Howell [3] in the year of 1970. Due to some well known 
features such as less fragile, low profile, light weight, 
integrability with monolithic microwave integrated circuits, 
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microstrip antennas are well accepted in the modern wireless 
communication domain. Narrow bandwidth is the main 
disadvantage associated with microstrip antenna and it is 
because of the resonant characteristics of the microstrip patch 
antenna. But applications like satellite links (vehicular, GPS, 
etc) as well as emerging applications such as local area 
networks (WLAN) requires compact and low cost planar 
antennas. As the microstrip antenna is very light in weight, for 
the systems which have the airborne platforms, microstrip 
antennas are suitable candidates such as scatterometers and 
synthetic aperture radars (SAR). Due to these novel 
characteristics and applications of the microstrip patch 
antennas, motivation is generated for the development and 
research on the fundamental solutions that mitigate the 
bandwidth limitations of the patch antennas. The two separate 
sub-bands are the essential for the enhancement of the 
bandwidth. The broadening of total bandwidth is the 
alternative approach which can be obtained through the dual 
band microstrip antenna, which demonstrated this dual 
resonant behavior in single resonant element.        
The introduction of the reactive loading in the radiating 
element of the inset-fed microstrip antenna is the most well 
known technique for generation of the dual-frequency 
behavior in the microstrip antenna. The creation or etching of 
the slots in the radiating element of the microstrip patch 
antenna is the easiest way of the generation of the 
dual-frequency behavior in the microstrip patch antenna. A 
strong modification of the resonant modes is created by the 
slot loading in the radiating patch of the microstrip antenna. 
The slots are configured in such a way that it cut and obstruct 
the current lines of unperturbed modes. For example in [4], 
the proposed antenna’s radiating element composed of a slot 

ring of square shaped slot and circular ring slot operating at 
2.4 GHz and 5.5 GHz. This microstrip patch antenna [5] has a 
stacked configuration providing a differential dual-frequency 
operation which has a radiating element consist of two layers 
of substrate and connected thorough via holes proving the 
dual-frequency operation at 2.4 GHz/5.5 GHz for WLAN. By 
tuning the length [6] of the bar slot and the length of the sides 
of the patches, this microstrip patch antenna provides the 
dual-frequency and due polarization operation for WLAN. 
This antenna [7] consists of two stacked patches which have a 
square patch at the top and a corner-truncated square-ring 
patch at the bottom.  
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The two patches are connected each-other by four conducting 
strips providing the two operating frequency at 1.6 GHz and 
2.4 GHz (WLAN). In [8],  
the proposed antenna consist of an open slot in the ground 
plane provides an orthogonal path. The slot position is in 
between the feed arms for realization of an embedded circular 
polarized band at 2.35 GHz and due to an asymmetric dipole 
like element, dual band characteristics is achieved. In [9], a 
half ring structure is used for generation of the dual-frequency 
operation along with a half circular patch at 0.9 GHz and 1.8 
GHz which is applicable for PCS application. In [10], various 
low profile, compact, wideband microstrip patch antenna 
designs are provided which are based on co-directional 
complementary SRRs. In [11], the dual-frequency and dual 
polarization is achieved by the two triangular rings in this 
microstrip antenna. In [12], a via loaded ring is present on the 
bottom layer in this antenna and in top layer a circular patch is 
present. The two patches are coupled fed by the circular 
coupler provides dual-band operation at 2.41 GHz and 5.5 
GHz which are the operation band of WLAN. In [13], 
generation of two identical polarizations and dual-frequency 
operation are accomplished by using the two elements formed 
by the single feed-line. This microstrip antenna provides the 
dual-frequency operation at 3.9 GHz and 4.9 GHz. In [14], 
additional resonant modes and dual-frequency operation are 
induced by the introduction of symmetrical slots at the edges 
of the rectangular patch. In [15], a half E-shaped microstrip 
patch antenna (HEMSPA) which provides three dual-bands 
with dual sense polarization. Four T-slits are etched out in the 
radiating edges of HEMSPA. 
    In this paper, an inset-fed simple dual-frequency 
rectangular microstrip antenna is proposed, based on the 
several different dual-frequency a microstrip antenna 
structures which is loaded with loaded with a CSRR DGS cell 
in the ground plane and it is just beneath the microstrip 
feed-line (substrate is present in between).The proposed 
antenna exhibits dual-frequency operation and it is achieved 
by creating a CSRR DGS cell in the ground plane of the 
inset-fed rectangular microstrip antenna. A 50-Ώ microstrip 

transmission line is used as the feeding structure for the 
proposed microstrip antenna and feeding microstrip 
transmission line is inserted into the radiating element of the 
rectangular radiating element for appropriate impedance 
matching. The inset-fed rectangular dual-frequency 
microstrip antenna which is proposed in this manuscript 
resonates at 1.92 GHz (TM10Mode) and 5.22 GHz (a strong 
higher order mode) which have the percentage bandwidth of 
3.65 and 2.49 GHz respectively. The characteristic of the 
CSRR DGS cell is studied and the represented by its 
equivalent circuit. The parameters of the equivalent circuit are 
extracted by the curve fitting and the parameter extraction 
method. Since one of the resonant frequencies is at 1.92 and 
5.22 GHz, the proposed dul-frequency microstrip antenna can 
be appropriately applicable in the operation band of personal 
communication system (PCS) and wireless local area network 
(WLAN). 

In this paper, an inset-microstrip-line-fed rectangular 
microstrip antenna loaded with a CSRR DGS cell in the 
ground plane just beneath the microstrip feed-line (substrate 
is present in between) for the dual-frequency operation is 

proposed. The proposed dual-frequency inset-fed rectangular 
microstrip antenna exhibit resonance at 1.92 GHz and 5.22 
GHz which are the operation bands of personal 
communication system (PCS) and wireless local area network 
(WLAN) respectively. 

II. ANTENNA DESIGN AND RESULTS  

A. Single Frequency inset-fed Rectangular Microstrip 
Antenna 

 
Fig. 1. Geometry of antenna 1. 

A single frequency inset-fed rectangular microstrip 
antenna’s geometry and configuration is shown in the Fig. 1. 

The antenna (referred as the antenna 1) is simulated on the 
substrate of FR4 epoxy which has the dielectric constant of 
εr=4.4 and height of h=1.6 mm, which has the loss tangent of 
tanδ=0.02. The proposed microstrip antenna is fed by 50-Ώ 

microstrip transmission line as shown in the Fig. 1. For the 
appropriate impedance matching the microstrip line feed is 
inserted deep into the rectangular radiating element. This 
category of feeding the microstrip antenna is known as the 
“inset-feeding”. For simulation and optimization purpose of 

the proposed inset-fed microstrip antenna, full wave finite 
element method (FEM) based electromagnetic software of 
HFSS V14 [18] is employed.  The design parameters are 
Ws=50 mm, Ls=75 mm, W= 25 mm, L=38 mm, m =14 mm, 
n=9.925 mm, u =1.05 mm and wf=3.05 mm. 

The fundamental resonant frequency (fr)m (subscript m for 
microstrip antenna) of the inset-fed rectangular microstrip 
antenna is given by [16] 

0
r m

r

c 2
(f ) =

2W ε +1
                                                          (1) 

Since L>W>h, the first resonance is due to the dominant 
mode of the rectangular microstrip antenna which is TM10 
mode. For the dominant mode TM10, the expression for the 
resonant frequency is given by [16] 

10

0
r TM

r

c
(f )

2L ε
                                                            (2) 

where c0 is the free space velocity of light, L inset-fed 
rectangular microstrip antenna length, εr substrate dielectric 
constant of the proposed antenna. 
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 Patch resembles larger than the normal rectangular patch due 
to the fringing and the length correction factor is employed to 
tackle the length enlargement of the patch due to fringing. The 
effective length Leff is used for the length correction in place 
of the actual length which is given by [17]  

effL =L+2ΔL                                                                         (3) 

where 

reff

reff

W
( +0.3)( +0.264)

hΔL=0.412h[ ]
W

( -0.258)( +0.8)
h





                          (4) 

where 
1

r r 2
reff

ε 1 ε 1 h
ε = [1 12 ]

2 2 W

 
                                       (5)          

where h is dielectric substrate’s height. After length 

correction, the dominant mode TM10’s resonant frequency is 
modified by eq. (3) and is given by    

10

0
r TM

eff r

c
(f )

2L ε
                                                            (6) 

Hence, applying all the numerical values of the design 
parameters into eq.(1) to eq.(6), the theoretical fundamental 
resonant frequency(fr)m and resonance frequency of the first 
dominant mode (TM10) were found to be 1.81 GHz and 3.65 
GHz respectively. 
    The inset-fed rectangular microstrip antenna’s (antenna 1) 

return loss (reflection coefficient) versus frequency graph is 
shown in the Fig. 2. The resonances for the antenna 1 occur at 
1.92 GHz (TM10 mode) and 3.61 GHz having the return loss 
of –19.23 dB and -36.24 respectively. The first resonance 
frequency ((fr)TM10) 1.92 GHz is due to the dominant mode 
TM10, which is somewhat closer to it’s theoretical value of 

1.81 GHz. The second resonant frequency (3.61 GHz) is the 
fundamental resonant frequency (fr)m, which is very closer to 
it’s theoretical value (3.65 GHz) derived from the  eq.(1). The 

percentage bandwidth at the two resonant frequencies of 1.92 
GHz and 3.61 GHz are 3.65 and 2.49 respectively. 

 
Fig. 2. Return Loss (dB) vs. frequency of antenna 1. 

 
Fig. 3. VSWR vs. frequency of antenna 1. 

   A characteristic of VSWR of the antenna 1 is provided in 
the Fig. 3. The VSWR of the antenna 1 is extended from 1.88 
GHz to 1.95 GHz which has the resonant frequency centered 
at 1.92 GHz which is due to the dominant mode TM10. The 
value of VSWR at the first resonance frequency of 1.92 GHz 
is 1.24. Similarly the VSWR graph cuts the VSWR=2 line at 
3.56 GHz and remains below the line till 3.65 GHz at the 
fundamental resonant frequency of 3.61 GHz. The value of 
VSWR at the fundamental resonance frequency of 3.61 GHz 
is 1.03.   
     From the Fig. 4 the inset-fed rectangular microstrip 
antenna’s variation of the input impedance versus frequency 
can be seen. At 1.92 GHz and 3.61 GHz, the values of 
imaginary part (reactance) of the input impedance are almost 
0-Ώ and simultaneously the value of real part (resistance) is 

approximately 50-Ώ.  

 
Fig. 4. Z parameter vs. frequency of antenna 1. 

B. Complementary Split Ring Resonator (CSRR) 
defected ground structure (DGS) Characterization 

The defected ground structure (DGS) was first reported by 
Park et al, which is based on the photonic band gap (PBG) 
structure [19] in the year 1999. The DGS structures can be 
used in planar microwave circuits to develop the low-pass 
filers [20-21].  

The DGSs can be realized by creating defects in the ground 
plane of planar circuits. In other words, some portion of the 
ground plane is etched out of a definite shape to provide the 
disturbance in the current distribution in the ground plane. 
Hence the DGS has the great merit towards the compact 
structure, small size as well as the filter design on the basis of 
the equivalent circuit and the parameter extraction technique.       
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 In recent times the complementary split ring resonator 
(CSRR) DGS has gain the widespread acceptance towards the 
efficient defected ground structure [22-23], which generates a 
transmission zero at the out-of-band. Due to this property of 
CSRR DGS, filter design can be possible with much steeper 
slope. The CSRR DGS is comprised of two concentric split 
rings of different size and inverse split direction. This CSRR 
DGS structure is removed from the ground plane of the planar 
structure consist of a misrostrip transmission line. The 
structure of the CSRR DGS cell is shown in Fig. 5. The 
substrate is made up of FR4-epoxy of dielectric constant 
εr=4.4 and the thickness of the substrate is h=1.6 mm.  
 
The dimensions of CSRR DGS are given as a=8.0 mm, 
g=c=t=0.5 mm and wf=3.05 mm. 

 
Fig.5. Structure of single CRSS DGS cell. 

 
Fig.6. Equivalent circuit of a single CSRR DGS cell.  

   The equivalent circuit of s single CSRR DGS cell is shown 
in the Fig.6.A 50-Ω microstrip transmission line, which is 
comprised of two series inductors and s shunt capacitor and 
CSRR forms a parallel resonant circuit. Hence removing a 
split ring defective pattern from the ground plane adds a 
parallel resonant circuit equivalent to the equivalent RHTL. 
The location of the transmission zero for the CSRR DGS can 
be determined by the resonant frequency of the shunt circuit 
that means it is codetermined by L1, C1 and C2.The parallel 
LC circuit impedance is given by 

1
1 2

1 1
1

1

ωL1
Z = =j

1 1-ω L CjωC +
jωL

                                 (7) 

while the impedance of the single capacitor is given by 

  2
2 2

1 1
Z = =-j

jωC ωC
                                                (8) 

The transmission zero is obtained when 

1 2Z +Z =0                                                                  (9) 

Then the resonant frequency of the CSRR DGS is given as 

s

1 1 2

1
f =

2 L (C + C )
                                             (10) 

    Fig. 7 depicts the simulated scattering parameters of the 
single CSRR DGS cell. The resonant frequency fs of the 
single CSRR DGS cell can be found out from the S21 
parameter shown in the Fig.7 and the value of the resonant 
frequency fs is 2.40 GHz at -17.59 dB S21 parameter value. 
The 3-dB cut-off frequency can be calculated from the graph 
of S21 parameter and it was found to be 2.31 GHz. 
    Fig. 8(a) shows the variation of the resonant frequency (fs) 
with the variation of the outer length “a” of the CSRR DGS., 

when all the other parameters such as c=g=0.5 mm are kept 
constant. When the outer length “a” is increased from 8 mm to 

11 mm, the resonant frequency (fs) shifts towards left i.e. the 
resonant frequency (fs) decreases with the increase of the 
outer length “a” of the CSRR DGS. The reason behind this 

characteristic of the CSRR DGS is, when the outer length of 
the CSRR DGS is increased, the effective inductance L1 is 
increased, which lowers the resonant frequency (fs). Similarly 
Fig. 8(b) shows the variation of the resonant frequency (fs) 
with the variation of the outer length “g” of the CSRR DGS, 
when all the other parameters such as a=8.0 mm and c=0.5 
mm are kept constant. When the outer length “g” is increased 

from 0.5 mm to 2.5 mm, the resonant frequency (fs) shifts 
towards right i.e. the resonant frequency (fs) increases with the 
increase of the outer length “a” of the CSRR DGS. From the 

Fig.8(c), it is clear that when the gap “c” between the outer 

ring and the inner ring of the CSRR DGS is increased from 0.5 
mm to 2.5 mm, when all the other parameters such as a=8.0 
mm and g=0.5 mm are kept constant, the resonant frequency 
(fs) shifts towards left i.e. the resonant frequency (fs) 
decreases with the increase of the outer length “c” of the 

CSRR DGS. 
     With the design parameters a=8.0 mm, g=c=t=0.5 mm and 
wf=3.05 mm  
of the single CSRR DGS and with the help of the curve fitting 
and parameter extraction method, the corresponding 
equivalent circuit values of the CSRR DGS can be determined 
and they are given by L1=3.176 nH, C1=0.528 pF, C2=0.718 
pF and L2=2.85 nH. Fig.9 shows the graph of simulated 
scattering parameters of the single CSRR DGS cell compared 
with the scattering parameters generated by the equivalent 
circuit method. From the graph it is clear that there is slight 
discrepancy between the simulated scattering parameter and 
that generated from the curve fitting and parameter extraction 
method of the single CSRR DGS 
cell. 
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Fig. 7. Simulated scattering parameters of the single 

CSRR DGS cell. 

 
(a) 

 
(b) 

 
(c) 

Fig.8. (a) Simulated S21-parameter (dB) of the single 
CSRR DGS cell with the variation of a when g=c=0.5 mm, 
(a) with the variation of g when a=8.0 mm and c=0.5 mm, 
(c) with the variation of c when a=8.0 mm and g=0.5 mm.  

 
Fig.9. Simulated scattering parameters of the single 
CSRR DGS cell compared with the scattering parameters 
generated by the equivalent circuit method.  

C. Dual-frequency inset-fed rectangular microstrip 
antenna loaded with a CSRR DGS cell in the ground 
plane. 

    The dimension and geometry of the dual-frequency 
inset-fed microstrip antenna is shown in Fig. 10, which is  
loaded with a CSRR DGS cell (referred to as antenna 2 in this 
paper) in the ground plane and it is just beneath the microstrip 
feed-line (substrate is present in between) of the proposed 
rectangular mucrostrip antenna. The design parameters of 
antenna 2 given by are Ws=50 mm, Ls=75 mm, W= 25 mm, 
L=38 mm, m =14 mm, n=9.925 mm, u =1.05 mm, s=50 mm, 
p=22 mm, a=8.0 mm, g=c=t=0.5 mm and wf=3.05 mm. 
    The return loss (dB) vs. frequency of the dual frequency 
inset-fed rectangular microstrip antenna shown in Fig. 11  
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loaded with a CSRR DGS in the ground plane beneath the 
microstrip feed-line(substrate is present in between).  
The antenna 2 resonates at three different frequencies among 
which there are two prominent resonances at 1.92 GHz at the 
return loss of -21.19 dB and 5.22 GHz at the return loss value 
of -21.28 dB. The two resonances at 1.92 GHz and 5.22 GHz 
are the operating frequencies for the PCS/GSM and the 
WLAN. That’s why this proposed antenna finds application in 

the wireless communication domain. The percentage 
bandwidth at the two resonant frequencies of 1.92 GHz and 
5.22 GHz are 3.65 and 2.49 respectively. 

 
Fig. 10. Geometry of antenna 2. 

 
Fig. 11. Return loss (dB) vs. frequency of antenna 2 at 
Ws=50 mm, Ls=75 mm, W= 25 mm, L=38 mm, m =14 mm, 
n=9.925 mm, u =1.05 mm, s=50 mm, p=22 mm, a=8.0 mm, 
g=c=t=0.5 mm and wf=3.05 mm. 

        A characteristic of VSWR of the antenna 2 is provided in 
the Fig. 12. The VSWR of the antenna 2 is extended from 1.88 
GHz to 1.95 GHz which has the resonant frequency centered 
at 1.92 GHz which is due to the dominant mode TM10. The 
value of VSWR at the first resonance frequency of 1.92 GHz 
is 1.19. Similarly the VSWR graph cuts the VSWR=2 line at 
5.15 GHz and remains below the line till 5.28 GHz at third 
resonant frequency of 5.22 GHz. The value of VSWR at the 
third resonance frequency of 5.22 GHz is 1.18.   

 
Fig. 12. Simulated VSWR vs. frequency of antenna 2 at 

Ws=50 mm, Ls=75 mm, W= 25 mm, L=38 mm, m =14 mm, 
n=9.925 mm, u =1.05 mm, s=50 mm, p=22 mm, a=8.0 mm, 

g=c=t=0.5 mm and wf=3.05 mm. 

 
Fig. 13. Z parameter vs. frequency of antenna 2 at Ws=50 
mm, Ls=75 mm, W= 25 mm, L=38 mm, m =14 mm, 
n=9.925 mm, u =1.05 mm, s=50 mm, p=22 mm, a=8.0 mm, 
g=c=t=0.5 mm and wf=3.05mm. 

      From the Fig. 13 the variation of the input impedance 
versus frequency of antenna 2 can be seen. At 1.92 GHz, the 
value of the input reactance is almost 0-Ώ, which is the 

imaginary part of the input impedance and simultaneously the 
value of the input resistance is almost 50-Ώ, which is the real 

part of the input impedance. The same situation prevails at the 
second resonance frequency of 5.22 GHz. Hence from Fig. 13 
it is clear that the first resonant frequency (1.2 GHz) as well as 
the second resonant frequency (5.22 GHz), the proper 
impedance matching occurs for the proposed inset-fed 
dual-frequency microstrip patch antenna. 
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Fig. 14. Simulated return loss of the microstrip antenna 
without CSRR DGS compared with the simulated return 
loss of the microstrip antenna without CSRR DGS. 

   Fig.14 represents the comparison between the simulated 
return loss of the inset-fed rectangular microstrip antenna with 
and without CSRR DGS. Without the CSRR DGS cell, 
inset-fed rectangular microstrip antenna resonates at 1.92 
GHz and 3.61 GHz. The resonance at 3.61 GHz is the 
fundamental resonance frequency of the microstrip antenna 
without CSRR DGS and the second resonance frequency at 
1.92 GHz is due to the activation of the dominant mode TM10. 
When a single CSRR DGS cell is introduced in the ground 
just below the microstrip ground plane (substrate is present in 
between), the antenna behaves strangely. The resonant 
frequency at 1.92 GHz due to the dominant mode TM10 is 
remain unchanged but the fundamental frequency at 3.61 GHz 
is completely wiped out and in the same time two other higher 
order modes are activated on the two sides of the fundamental 
resonance frequency of 3.61 GHz. The new activated higher 
modes resonate at 2.70 GHz and 5.22 GHz respectively. 
Among the two new higher order modes, one is weakly 
activated i.e. at 2.70 GHz and the other mode at 5.22 GHz is 
strongly activated. The higher order mode at 5.22 GHz 
enables antenna 2 to operate in the frequency band of WLAN 
and the dominant mode at 1.92 GHz is the band of operation 
for the PCS/GSM systems. In this way introducing a CSRR 
DGS cell in the ground plane of antenna 1 transforms the 
antenna to resonate strongly at 1.92 GHz and 5.22 GHz and 
this enables the antenna 2 to be applicable in the wireless 
(PCS/GSM, WLAN) communication system domain.    
      In Fig.15, the proposed dual-frequency microstrip 
antenna’s (antenna 2) E-plane (YZ plane) and H-plane (XZ 
plane) at frequency of 1.92 GHz are depicted. Similarly Fig. 
16 shows the proposed antenna 2’s E-plane (YZ plane) and 
H-plane (XZ plane) at frequency of 5.22 GHz. From Fig. 15 
and Fig.16, the proposed microstrip antenna’s (antenna 2) 

E-plane (YZ plane) radiation pattern is slightly broader than 
the H-plane (XZ plane) radiation pattern, which is the  
general case for the conventional microstrip patch antenna. 
Same polarization and broadside radiation pattern can be 
observed at both the operating modes in the proposed antenna 
(antenna 2).  

 
Fig. 15. Antenna 2’s simulated E-plane (YZ pane) and 
H-plane (XY plane) radiation patterns at 1.92 GHz.  

 
Fig. 16. Antenna 2’s simulated E-plane (YZ pane) and 
H-plane (XY plane) radiation patterns at 5.22 GHz. 

III. CONCLUSION 

      An inset-microstrip-line-fed dual-frequency rectangular 
microstrip antenna loaded with a CSRR DGS cell in the 
ground plane just beneath of the microstrip feed-line 
(substrate is present in between)for application in wireless 
application such as personal communication system (PCS) 
(1.92 GHz, fundamental mode TM10) and wireless local area 
network (WLAN) (5.22 GHz, activated by the CSRR DGS at 
ground plane) has been demonstrated. The polarization pane 
is same for the two operating frequencies and similar 
broadside characteristics are exhibited by the proposed 
antenna. Hence the proposed microstrip antenna is an 
excellent candidate for the application as the base stations 
antennas for wireless communication systems.   
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