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ABSTRACT
Radio Frequency Identification is the wireless technology that
uses radio waves to automatically identify items within certain
proximity. This process involves tagging items with a
transmitter which will send bursts of information. Passive
RFID tag consists of a microchip connected with an antenna.
The passive tag uses the electromagnetic pulse from readers
as a power source to transmit its identifier. So proper
impedance matching between the antenna and the chip is very
important in passive RFID tag design. The RFID system
performance characteristics and the range of a tag depend on
the impedance matching. A load impedance of RFID
microchip is a nonlinear whose complex part varies with the
frequency and the input power [2]. This paper presents
simulated results of a UHF RFID dipole antenna and
inductively coupled with a small rectangular loop. Such a
design provides controlled values of inductive reactance that
is required for obtaining good impedance match of the
antenna to microchip. The proposed dipole antenna is simple
and robust in design, which enables low-cost while
realization.

General Terms
Return-loss, 3D Radiation Pattern, 2D Azimuth and Elevation
Radiation Pattern, S-Parameters.
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1.

INTRODUCTION

In recent years automatic identification procedures have
become very popular in many service industries, purchasing
and distribution logistics, manufacturing companies and
material flow systems. Automatic identification procedures
exist to provide information about people, animals, goods and
products in transit. RFID is an automatic contactless data
collection technology. The idea of early RFID system was
invented by Scottish physicist Sir Robert Alexander WatsonWatt in 1935 [10]. RFID systems consist of two components,


Reader



Transponder (or Tag).

There are two main classes of RFID systems, depending on
characteristics of the transponder,



Active
Passive.

Passive RFID systems are more frequent in use. Passive RFID
tags utilize an induced antenna coil voltage for operation. This
induced AC voltage is rectified to provide a voltage source for

the device. As the DC voltage reaches a certain level, the
device starts operating. By providing an energizing RF signal,
a reader can communicate with a remotely located device that
has no external power source such as a battery. Since the
energizing and communication between the reader and tag is
accomplished through antenna, it is important that the device
must be equipped with a proper antenna circuit for successful
RFID applications. Active transponders incorporate a battery
which supplies the power for the operation.
2. DESIGN GOALS
Proper impedance match between the antenna and the chip is
paramount importance in RFID. Since new IC design and
manufacturing is a big and costly venture, RFID tag antennas
are designed for a specific microchip available in the market.
Adding an external matching network with lumped elements
is usually prohibitive in RFID tags due to cost and issues [8].
To overcome this situation, antenna can be directly matched
to the chip which has complex impedance varying with the
frequency. So, the antenna should be conjugate match to the
chip i.e. Za = Zc, (Za = (Ra+jXa) Antenna Impedance and
Zc = (Rc+jXc) Microchip or Source Impedance), which allow
the tag antenna to receive the maximum power from the
reader‟s antenna and sent out the strongest signal [2].
Therefore, in designing the tag antenna, we need to tune the
dimensions of the antenna to achieve Za = Zc at frequency
range of interests to achieve conjugate match. Secondly, there
is only a fraction of the power delivered to antenna will be
radiated out. So, we also need to achieve highest radiation
efficiency. The resonant frequency of the tag is at where
Xa = - Xc and Ra close to Rc, which means the tag and
antenna are conjugate matched.

3. DESIGN METHODOLOGY
We start by considering the imaginary part to be high, the
self-resonant frequency of the coupling source antenna should
approach the operating frequency fr of the composite antenna.
In the present design, parameters of the coupling source are
used to control its inductive reactance. The distance between
the coupling source and radiating elements are controls the
real part of the antenna impedance. The stub elements
presents over the radiator dipole element are used to tune the
resonance frequency of the composite antenna and to improve
the reflection coefficients.

3.1 Performance criteria
The most important performance characteristic of a RFID tag
is the read range. Read range is the maximum distance at
which RFID reader can detect the backscattered signal from
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the tag. We can use Friis free – space equation to calculate the
tag‟s read range „r‟ as

Where λ is the wavelength, Pt is the power transmitted by the
reader, Gt is the gain of the transmitting antenna, Gr is the
gain of the receiving tag antenna, Pt is the minimum threshold
power necessary for the RFID tag chip and γ is the power
transmission coefficient [9]. The power transmission
coefficient is given as

(2)
where Za = Ra + jXa is the antenna impedance and Zc =
Rc + jXc is the chip impedance. The better matching between
the antenna and chip impedances will achieve a high power
transmission coefficient (closer to 1) [8]. A good RFID tag
should have a high transmission coefficient above 0.7 [8]. In
order to achieve high power transmission coefficient, the
antenna and chip impedances should be conjugated to each
other, i.e. Za = Zc. So, if the antenna and chip is perfectly
conjugated match, it will have a power transmission
coefficient of 1 [8]. From Friis free – space equation, the tag
read range is determined by the product Pt and Gt of the
reader (transmitter EIRP), tag antenna gain Gr and
transmission coefficient γ (which is determined by the antenna
and chip impedance). The frequency of the peak range is
referred as tag resonance, which happens at the frequency of
the best impedance match between chip and antenna.

3.2 Dipole Antenna for 900MHz
A RFID antenna designed for 900 MHz is about one half
wavelengths long. A half wavelength antenna is known as a
dipole. A dipole is a very good radiator. RFID tags using
dipoles at 900 MHz have a range of up to 10 meters. This
works well for large pallets of product. Unfortunately, there is
not yet a worldwide frequency allocation for RFID at 900
MHz. Europe and US have different allocations fairly close to
900 MHz. Japan is considering an allocation near 960 MHz.
The design example for this presentation assumes 900 MHz.
Once the RF output power of the reader and its antenna gain
are fixed, the performance of the RFID tag is mainly
determined by the conjugate matching condition between the
RFID chip and the antenna. Therefore, a successful antenna
design must achieve a good conjugate impedance match
condition between the chip and the antenna. The indirect
coupling approach is helpful for solving the impedance
matching problem, which entails the conjugate matching of a
high quality factor antenna, the resistance of which is low but
the reactance is high. The parameters of both the coupling
source and the radiating body can be used to control the input
impedance characteristics of the composite.

3.3 Antenna configuration
Fig. 1 shows the configuration of the proposed indirect
coupling method for the design of the RFID tag. The antenna
comprises a radiating body and the coupling source, which is
a small dipole, is treated as a dipole antenna of arbitrary
length. The characteristics of the input impedance of the
proposed antenna are shown in Fig. 7. Thus, the desired input
impedance of the antenna can be realized not only by tuning
the dimensions of the radiating body but also by adjusting the
dimensions of the coupling source.
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Fig.1 Proposed Antenna Configuration

3.4 Design Example
The proposed RFID tag antenna design is shown in Fig. 1.
The antenna is designed for the RFID chip encased in a strap
package, with an input impedance of (50-j120�) at 900MHz.
The configuration is printed on an FR4 substrate, with
thickness of 0.4 mm, relative permittivity of 4.4 and a
dielectric loss tangent of 0.002. The geometry is simulated
using Zeland IE3D software.

Fig.2 Proposed Antenna Design in IE3D

4. SIMULATION RESULTS
The design goal is to achieve Ra and Xa as close to Rc and –
Xc as possible respectively. From the result, we can see that at
900MHz, Xa is 125 which are very close to -Xc (120), Ra is
60, when compare with Rc (50), the difference is small. The
smith chart and the Input Impedance Characteristic of the
simulated results shows the input impedance of the proposed
antenna. The conjugate matching factor shows the closeness
of the proposed antenna Input Impedance with required value
of Input Impedance. Omnidirectional radiation pattern has
been observed from the 2D and 3D radiation pattern graph of
the proposed antenna.
The following figures show the various simulated results of
the proposed antenna.
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Fig.6 Smith Chart

Fig.3 2D Elevation Pattern
Fig.7 Input Impedance Characteristics

Fig. 8 S-Parameters

Fig. 9 VSWR

Fig.4 2D Azimuth Pattern

Fig. 10 Conjugate Matching Factor

5. CONCLUSION

Fig.5 3D Radiation Pattern

The proposed novel indirect coupling method for the RFID
tag antenna design, which provides a relatively
straightforward tuning of the input impedance of the RFID tag
antenna. Radio frequency identification is a rapidly
developing technology, and it will find more and more
applications. Besides RFID chip, RFID tag antenna also plays
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an important role in RFID tag. In general, the impedance of
antenna to be a real number, but in RFID tag the required
impedance to be a conjugate to chip‟s complex impedance.
During the design process, it is important to monitor the
antenna impedance as close as possible to conjugate match
with chip over the operating frequency.
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