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Abstract:- In this paper analysis and design of  
compact capacitive fed Coplanar waveguide slot 
antenna is proposed for RFID applications.  
Antenna is fabricated using FR4 substrate with 
dielectric constant of 4.4. The fundamental 
parameters of the antenna such as bandwidth, 
return loss, gain, radiation pattern and 
polarization are obtained. All meets the acceptable 
antenna standards. Simulation tool, based on the 
method of moments (ZELAND IE3D version 12.0) 
has been used to analyze and optimize the antenna 
and inductive fed Coplanar Waveguide slot 
antenna also discussed. 
 
Index Terms:- Compact size, CPW, Slot antenna, 
RFID applications. 
 
I. INTRODUCTION 
 
Radio frequency identification (RFID) systems 
have been widely used recently in supply chain 
management by retailers and manufacturers to 
identify and track goods. Most RFID systems 
consist of a reader/writer and a tag [8]. The 
reader transmits RF power to the tag, which then 
sends a unique coded signal back to the reader, 
while the writer can change the information 
contained within the tag. Several frequency 
bands have been assigned to the RFID 
applications, such as 125KHz,13.56,869,902-
928 MHz,2.45 and 5.8GHz.As the operating 
frequency for RFID systems rises into the 
microwave region, the antenna design becomes 
more acute and essential [9,10 ]. In addition to 
the requirements of the impedance and radiation 
performances, the conformal structure and 
compact size are the main concerns within the 
design process. In this paper CPW fed slot 
antenna with RF performance suitable for RFID 
tag use at 5.8GHz is presented. The increasing 
need for security and visibility of goods and 
assets in manufacturing companies, and 

distribution and supply chains has lead to the 
development of automatic identification systems 
[1]. Auto-ID and data capture procedures allow 
identification, data collection, and information 
storage about assets and goods. Auto–ID 
technology is implemented in several different 
ways, including barcodes, lasers, voice 
recognition, and, biometrics [2]. These 
techniques suffer from limitations like the need 
for LOS with the interrogator (lasers and 
barcodes), low data storage capacities 
(barcodes), and need for human intervention 
(voice recognition and biometrics). RFID was 
developed to overcome these limitations. RFID 
provides an Auto-ID technology that can operate 
without a LOS, can store large amounts of user 
data using integrated technology [3]. RFID 
proves useful when traceability through process 
or life cycles is required; data errors are high in 
material identification or handling [9]; and 
where business systems need more information 
than automatic identification technologies like 
bar coding can provide [10-12] .The RFID 
concept has been around for decades. The recent 
reductions of size and cost related to integrated 
circuits have greatly expanded the range of 
feasible applications [4]. However, unlike 
integrated circuits, antennas cost and size has 
not kept track with Moore’s law. Today, antenna 
and sensor technology is a limiting factor [6]. 
The requirements of reader and tag antennas are 
not unlike those for much communication 
systems. They are driven by the applications and 
the regulations [5]. Inductive fed Coplanar 
Waveguide slot antenna results are discussed [2] 
and it is able to cover 5 GHz – 6 GHz spectrum 
for RFID applications and this structure and 
result is discussed in section III. In this paper the 
analysis and design of compact capacitive CPW-
Fed slot antenna for RFID applications are 
briefly presented. 
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II.   ANTENNA DESIGN AND STRUCTURE 
 
The geometry of the proposed capacitive 
coplanar waveguide (CPW) fed slot antenna is 
shown in figure 1 and figure 2  .This antenna has 
a simple structure with only one layer of 
dielectric substrate (FR4 Epoxy substrate) and 
metallization. The feeding CPW, of which the 
central strip is extended into the slot area to get a 
better impedance matching condition. For the 
slot antenna, the resonant conditions arise from 
the circumference of the slot, which is 
proportional to the guided wavelength [6]. The 
input return loss level and the resonant 
frequency of the proposed design will vary with 
total length L and width W of the substrate. 

 
 

Fig. 1   CPW-Fed Slot Antenna Front View 
 

 
 
Fig. 2   Proposed CPW-Fed Slot Antenna Top View 
                  (Capacitive Fed Antenna) 

 
Substrate details: 
Dielectric Constant εr =  4.4, 
Loss tangent Tan δ = 0.02, h=3.2mm  
 
Antenna dimensions:  
 
a=0.3, b=2.5, z=0.03mm  
Where,  
All dimensions are in mm 
Shaded area denotes metal 
Remaining area denotes slot  
 
Inductive fed Coplanar Waveguide slot antenna 
structure is shown in figure 3.  

 
Fig. 3  Inductive Fed CPW slot Antenna (From 
Reference [2] ) 
 
First, the dimensions of the antenna by 
simulation with the aid of IE3D electromagnetic 
software were studied and then adjusted them by 
experiment. The dimension of the slot antenna is 
referred to the guide wavelength (λg) which is 
given in equation (1),  
 

                            λg =
eff

fc
ε
/                           (1) 

Where,  ε
eff 

is an effective constant ε
eff 
≈ (ε

r 
+1)/2  

  In this case ε
eff 
≈ (4.4+1)/2 ≈ 2.7  

  λg = 31.47 mm ( for f = 5.8 GHz)  
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Total length of the slot structure is 
approximately (33.66 mm) 1 λg of the slot line at 
resonance. Free space wavelength of this 
antenna at resonance is equal to 51.72 mm. The 
length and width of the antenna were initially 
chosen to be 50 mm (approximately one λ). But 
to make the accepted antenna parameters, the 
width of the antenna dimension is reduced to 
20.75 mm. The width of the center strip and slot 
of the 50 ohm CPW feed line are chosen to be 
2.5 mm and 0.3 mm respectively.  
 
A photograph of this prototype antenna is shown 
in figure 4. FR4 substrate mounted SMA 
connector with 50 ohm is used in fabrication.  
 

 
 
Fig.4 Photograph of the proposed CPW-Fed Slot 
Antenna 
 
III.   RESULTS AND DISCUSSION 
 
Throughout the design process, simulations were 
carried out on package software IE3D from 
Zeland Corporation which is based on Method 
of Moment [7]. The first concept to understand 
regarding antennas is that they are passive 
devices. To operate, they require no supply 
voltage. They do not alter nor process RF signals 
and they do not amplify RF energy. If they are 
100% efficient, they radiate no more power than 
is delivered to their input terminal [8]. The basic 
properties that are used to describe the 
performance of an antenna include impedance 
and VSWR (Voltage Standing Wave Ratio), 
amplitude radiation patterns, 3 dB beamwidth, 
directivity, gain, polarization and bandwidth. 
Here the following parameters of the proposed 

antenna are discussed. In order to achieve 
maximum energy transfer between a wire or 
coaxial transmission line and an antenna, the 
input impedance of the antenna must identically 
match the characteristic impedance of the 
transmission line. If the two impedances do not 
match, a reflected wave will be generated at the 
antenna terminal and travel back towards the 
energy source. This reflection of energy results 
in a reduction in the overall system efficiency. 
This loss in efficiency will occur if the antenna 
is used to transmit or receive energy.  

The resultant voltage wave on the transmission 
line is the combination of both the incident 
(source) and reflected waves. The ratio between 
the maximum voltage and the minimum voltage 
along the transmission line is defined as the 
Voltage Standing Wave Ratio or VSWR. The 
VSWR, which can be derived from the level of 
reflected and incident waves, is also an 
indication of how closely or efficiently an 
antenna’s terminal input impedance is matched 
to the characteristic impedance of the 
transmission line. An increase in VSWR 
indicates an increase in the mismatch between 
the antenna and the transmission line. Typically, 
most wireless communications systems operate 
with a 50 Ohm impedance and therefore, the 
antenna must be designed with an impedance as 
close to 50 Ohms as possible. The antenna 
VSWR is then an indication of how close the 
antenna impedance is to 50 Ohms. The Return 
Loss (RL) is a parameter which indicates the 
amount of power that is “lost” to the load and 
does not return as a reflection. The RL is given 

as by RL=−20log
10

|Г| 
(dB). The relationship 

between VSWR and reflection coefficient (Г) is 
given by VSWR= |Γ |Γ+|1-|1.For practical 
applications, a VSWR of 2 is acceptable, since 
this corresponds to a RL of -9.54 dB.  

The return loss (S
11

) in dB (-24.04 decibel at 5.8 
GHz) Vs Frequency measurement is shown in 
fig. 5. This is achieved by properly calculating 
the fundamental parameters of CPW and the 
spacing between the centre and inner slot 
structure. The simulated bandwidth is 460MHz 
(5.62GHz to 6.08 GHz with 2: 1 VSWR). This is 
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meet the standard values of VSWR and return 
losses. Inductive fed Coplanar Waveguide slot 
antenna measured and simulated return loss is 
shown in figure 6. Other parameters like 
radiation pattern, gain and polarizations are 
given in the reference [2] for inductive fed 
Coplanar Waveguide slot antenna. 

 

 

Fig.5    Proposed Antenna Return loss measurement 

 

Fig.6. Return loss Vs Frequency 
(Inductive CPW-Fed slot Antenna) 

Antenna gain is a measure of directivity 
properties and the efficiency of the antenna. It is 

defined as the ratio of the radiation intensity in 
the peak intensity direction to the intensity that 
would be obtained if the power accepted by the 
antenna were radiated isotropically. Antenna 
gain is measured in dBi, i.e. decibels relative to 
isotropic antenna. Directivity is a measure of 
how strongly the antenna favors the particular 
direction of its maximum transmission 
(reception) sensitivity comparing to other 
directions. More specifically, it is defined as the 
ratio of the radiation intensity in the peak 
intensity direction to the averaged radiation 
intensity in all other directions. Antenna 
Efficiency is defined as the ratio between the 
radiated power to the power put into antenna 
(incident power). Ideal perfectly matched 
lossless antenna has efficiency of 1 (or 
100%).Radiation Efficiency is defined as the 
ratio between the radiated powers to the input 
power. Maximum gain at each frequency is 
graphically shown in figure 7. The radiation 
pattern measurements of E-plane is shown in 
figure 8 and H-plane measurement is shown in 
figure 9. 
 

 
 

Fig. 7 Comparison of Gain measurement of the 
proposed antenna 
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Fig.8   Radiation Pattern Measurement of E-plane 

 

 
 

Fig.9  Radiation Pattern Measurement of  H-plane 
 
IV.   CONCLUSION 
 
Inductive fed wideband antenna is able to cover 
the 5 to 6 GHz spectrum along with the RFID 
applications. When an antenna is suitable to 
provide multipurpose applications, it is 
suggested to use the inductive fed antenna for 
practical applications. If the purpose is to cover 
only the 5.8 GHz RFID band then capacitive fed 
RFID antenna is the better choice. The antennas 

are designed and fabricated with standard 
materials available in market. Since the antennas 
are fabricated with atmost care, the simulated 
results will result in good agreement with the 
measured results. The antennas show no 
significant variations in radiation pattern 
characteristics over the bandwidth of operation. 
The designed antennas are well suited for RFID 
applications. Moreover, the simple and uniplanar 
structure makes it ease of design and mass 
production.  
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