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Abstract- RFID is very challenging area in today’s world. The basic elements of RFID system are reader and tag. The main 
element of the RFID system is TAG antenna. Most of the UHF RFID tags have to be connected to very small objects so it is 
essential that the tag antenna should be miniaturized without degrading the radiation efficiency. There are various techniques 
to miniaturize antenna means reduce the size of antenna. But this work mainly focuses on meandering technique. In 
meandering technique it requires single or multiple folds of radiating body. Here the arms of the dipole are folded to reduce 
the size of antenna without affecting the radiation efficiency. The meandering dipole antenna is designed and simulated in 
IE3D software. 
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I. INTRODUCTION 
 
1.1 General Overview 
Radio Frequency Identification (RFID) is a technology 
which is growing rapidly and that has been around 
since early 1900’s and was used in World War-II. This 
technology uses RF signals for identification of 
objects. Pace of developments in RFID can be seen in 
huge demand in 21st century where even the object like 
cloth is bearing a small sticky patch of RFID.  RFID 
system consists of three main components. These 
components are: 

1. A small device which carries electronic data 
called a transponder or tag. This tag is attached 
to the object that has to be identified. 

2. A device called reader uses radio frequency 
signals to communicate with tag. 

3. A host processing system where the information 
of the identified object is stored. This system 
also distributes the information between other 
processing systems in vicinity. 

 
This paper mainly focuses on Tag. RFID tags can be 
active (with battery) or passive (without battery).  
Typical passive RFID tags consist of an antenna and 
RFID chip or microchip transmitter with internal read 
and write memory. There are several bands that are 
standardized for this RFID technology. The low 
frequency band which is operated on 125 – 134 kHz,  
the high frequency band which operate on 13.56 MHz, 
the Ultra high frequency which operates on 860 MHz – 
960 MHz and the microwave frequency band which 
operates on 2.4GHz – 5.8GHz.  Particularly passive 
UHF (860-960MHz) tags represent a near optimal 
combination of cost and performance and larger 
distance communications are possible. Hence the use 
of UHF band is rapidly growing. Directionality of the  

 
passive UHF tag antenna should be omnidirectional so 
that it can read or identify objects in all directions. The 
passive UHF RFID antenna should be small in size, 
low in cost, have good impedance matching and 
should be insensitive to the attached objects so that 
there is consistency in performance.   
The use of passive UHF RFID is in demand because it 
is sufficient to energize the passive tags chip by 
broadcasting a narrowband continues wave UHF RFID 
signal. This signal carries the clock, commands and 
energy to power up the chip on the tag. The energy 
required to drive the RFID chip or microchip comes 
from the interrogation system itself.  Now-a-days 
passive UHF RFID is used widely as it does not require 
line of sight, it has long life, it is relatively cheap and 
its reading distance is more, it is less complex as it is 
passive means no external supply or battery is 
required. Passive tags also do not require maintenance.  
As now-a -days there is requirement of compact size, 
long range, low weight and low cost RFID there are 
developments and modifications carried out on RFID. 
In 2005, C. Choo, H. choo, and I. Park proposed 
Broadband RFID tag antenna with quasi isotropic 
radiation pattern and they have showed that the double 
loop configuration enhances bandwidth as compared 
to a single loop. Hence it is better to choose double loop 
antenna configuration for RFID tag antenna design. 
Like this there are various techniques available today 
for increasing the performance of RFID.  
There are several antenna used for UHF RFID tags so it 
is essential to choose the best antenna which has small 
size so that it can be attached to very small objects. 
Along with the reduction of size of antenna the 
radiation efficiency should not be affected. There are 
techniques available to reduce the size of tag antenna. 
Now-a-days two main reduction techniques are 
available for designing the RFID tags. These 
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techniques are meandering structure and inverted F 
structure. In both the techniques there is requirement 
of single or multiple folds of the radiating body. In case 
of inverted F structure there is additional requirement 
of finite approximation of ground plane. [1] 
Attention is devoted mainly on the meandering 
structure for this paper. The word meander means to 
fold. From this meaning of meander we come to know 
that one has to fold the radiating body into as many 
folds as much are essential for proper radiation 
efficiency. Here we have folded the arms of dipole 
antenna. There are various meandering structure 
found in literature.  
 
1.2 Examples of Meandering Structure: 
The different meandering structures are:  

A) An equi-spaced meander line antenna: In this 
type the radiating body is folded by equal 
number of folds spaced at same distance. 

 

 
Fig. : 1 Equi-spaced meander line antenna 

 
B) An equi-spaced meander line antenna with a 

loading bar. : Here there is loading bar above 
the meander line. 
 

 
Fig. : 2 equi-spaced meander line antenna with loading bar. 

 
C) Meander line antenna with inductively 

coupled loop feed :  
 

 
Fig. 3 : Meander line antenna with inductively coupled loop feed. 

D)  A doubly folded L shaped dipole:  
 

 
Fig. 4 : A doubly folded L shaped dipole. 

 
E) A text shaped meander line antenna : 

 

 
Fig. 5 : A text shaped meander line antenna. 
 

F) A multiconductor antenna with a double T- 
match  scheme and spiral folding :  
 

 
Fig. 6 : A multiconductor antenna with a double T- match  

scheme and spiral folding. 
 
 

G) A multiconductor meander line tag with a 
circular shaped double T- match : 
 

 
Fig. 7: A multiconductor meander line tag with a circular shaped 

double T- match 
 
All this figures [1] are the examples of meandering 
dipole. From the figures it is clear that the radiating 
body can be folded in this entire manner. But the focus 
is mainly on equi-spaced meander line antenna.  
 
1.3 The chosen approach 
 
The goal of this project is to reduce the size of UHF 
RFID antenna. There are various techniques to reduce 
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the size of RFID antenna but the one chosen for this 
project is meander structure. By using this technique 
the size of the UHF RFID antenna is reduced without 
affecting the overall performance of the antenna. In 
meander structure the requirement of finite 
approximation of ground plane is not required. The 
number of folds done for this project is three. This 
means that the radiating body is folded three times. 
This folding of radiating element reduces the size of 
antenna. 
 
II. ANTENNA DESIGN 
 
The geometry of the meandering dipole antenna is 
presented in 
 Fig. 8. It is a planar antenna having a metallic layer 
printed on Duroid 5880 substrate having a height (h) = 
0.254mm. The permittivity of Duriod 5880 substrate is 
2.2 (€r = 2.2) and its loss tangent is 0.0009. This 
printed metallic layer corresponds to UHF radiating 
element. This UHF element is based on a meandering 
line plus loop. Geometry of this UHF element shows 
that a double loop is connected to a meandered dipole.  
 

 
Fig. 8. Geometry of meandering dipole antenna designed with 

IE3D software. 
 

 
Fig. 9: 3D geometry of meandering dipole antenna simulated in 

IE3D software. 
 
From the geometry of the meandering dipole antenna 
it is clear that there is loop used here by which the 
antenna impedance exhibit inductive behavior. Here 
double loop is chosen because of which the bandwidth 
is enhanced as compared to single loop [3]. The 
radiating behavior is obtained with the addition of a 
dipole as the loop itself presents insignificant real part 

f the impedance. This dipole is meandered to reduce its 
length [2]. 
The folds or bending of meandering dipole antenna 
depends on the length of radiating element and the 
bending is done by taking the value of 75% of this 
length. The total length of the meandering dipole 
depends on length of the outward bend of loop, width 
of the outward bend of loop, on length of the inward 
bend of loop, width of the inward bend of loop and the 
number of turns that means the number of folds. There 
is portion in the middle of the UHF RFID element 
where the RFID chip can be connected. This design 
can be modified as well as can be used with some other 
radiating element. 
 
III. SIMULATION RESULT  
 
The simulations of the antenna are carried in IE3D 
software. The S-Parameter of the meandering dipole 
antenna is given in Fig. 9 below.  S-Parameters are 
given in magnitude and angle verses frequency plot.  

 

 
Fig. 9. Magnitude and phase of s-parameter of meandering dipole 

antenna simulated in IE3D software. 
 
 S-Parameter is the parameter of antenna that 
describes the input output relationship between ports. 
The S11 parameter shows that  
how much power is reflected from the antenna. hence 
it is also known as reflection coefficient.  
 
Radiation Pattern:  

 
Fig. 10. Radiation pattern of meandering dipole antenna. 
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Fig. 10 shows the simulated radiation pattern at 
866MHz. The radiation pattern of dipole should be in 
360 degree pattern but in IE3D simulator we get 
radiation pattern of 180 degree only. The gain of the 
meandering dipole antenna achieved is 6.51dBi which 
means the directivity of meandering dipole is good. 
Radiation pattern is the graphical representation of 
radiation properties of the antenna as a function of 
space coordinates. Radiation properties include 
directivity. 
 
CONCLUSION 
 
We have seen that the chosen reduction technique was 
meandering dipole. By choosing this technique we 
have seen that we got improved radiation pattern. The 
antenna designed is compact because of reduction of 
size of antenna. This antenna is of low profile and can 
be used even on small object to be identified. Due to the 
bends on the dipole the size is reduced and requires 
less space. 
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