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UHF RFID Reader Antenna for Near-Field
and Far-Field Operations

Bijaya Shrestha, Atef Elsherbeni, Fellow, IEEE, and Leena Ukkonen, Member, IEEE

Abstract—In this letter, a radio frequency identification (RFID)
reader antenna designed for near-field and far-field operation at
the European ultrahigh frequency (UHF) band is presented. Seg-
mented loop technique is implemented for near-field operation,
whereas a patch antenna is included inside the loop for far-field op-
eration. The fabricated antenna works from 864 to 873 MHz with
reflection coefficient less than 10 dB, thus covering the European
UHF RFID band. Its linearly polarized radiation pattern provides
a 4-dBi gain. The reading capabilities of the antenna are up to 9 cm
and 6 m for near-field and far-field applications, respectively.

Index Terms—Far-field, near-field, radio frequency identifica-
tion (RFID), reader antenna, ultrahigh frequency (UHF).

I. INTRODUCTION

U LTRAHIGH frequency (UHF) radio frequency iden-
tification (RFID) is a rapidly growing technology for

automated identification of objects wirelessly. In recent years,
UHF RFID has gained a lot of popularity for different ap-
plications [1]. Based on types of objects and applications,
inductively coupled near-field operation or electromagnetically
coupled far-field operation are used to transfer information
between reader and tag. Far-field communication is widely used
due to its long read range. Near-field reading can be useful for
objects having metals and liquids in their vicinity [2] because
normal far-field tags’ performance is affected by the presence
of these objects [3]–[6]. Inductive coupling is conventionally
used at low frequency (LF) and high frequency (HF). Due to
promising performance at item-level tagging of small, expen-
sive, and sensitive objects and different applications such as
pharmaceutical logistics and bio-sensing applications, UHF
near-field operation is drawing the world’s attention [2], [6].
Though tremendous research is emerging on RFID reader an-

tennas at UHF, we can hardly find publications on reader an-
tenna designs for both near- and far-field operations at the same
frequency simultaneously. There are some US patents [7], [8]
for near- and far-field RFID reader antennas. However, those
designs have near-field and far-field performances either not in

Manuscript received September 30, 2011; accepted October 27, 2011. Date
of publication November 03, 2011; date of current version November 28, 2011.
This workwas supported by the Finnish FundingAgency for Technology and In-
novation (TEKES), Academy of Finland, and Centennial Foundation of Finnish
Technology Industries.
B. Shrestha and L. Ukkonen are with the Department of Electronics, Rauma

Research Unit, Tampere University of Technology, Rauma 26100, Finland
(e-mail: bijaya_stha@hotmail.com; leena.ukkonen@tut.fi).
A. Elsherbeni is with the Department of Electrical Engineering, University

of Mississippi, University, MS 38677-1848 USA (e-mail: atef@olemiss.edu).
Color versions of one or more of the figures in this letter are available online

at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LAWP.2011.2174603

the same direction or not at the same frequency band. The nov-
elty of the RFID reader antenna presented in this letter is the
implementation of the segmented loop procedure along with the
use of a patch antenna for simultaneous near- and far-field op-
erations at the European UHF (865–868 MHz) band. Future re-
search can be done to modify the design in order to improve
the performance of the antenna in terms of bandwidth, magnetic
field distribution, gain, polarization, and other parameters.
The rest of this letter is arranged as follows. Section II

deals with the design process of the antenna. The antenna
structure and its detailed dimensions are included in Section III.
Section IV outlines the simulations and measurements results
and their comparisons. Near- and far-field reading perfor-
mances of the antenna are presented in Section V. Finally,
Section VI presents the conclusions.

II. DESIGN PROCESS

Loop antennas are commonly used for inductively coupled
near-field RFID systems. At LF and HF bands, a physically
large loop is still a very small fraction of the operating wave-
length that makes the loop electrically small. The current distri-
bution along such a loop is uniform in terms of both the ampli-
tude and phase. This produces a strong and uniform magnetic
field in the region near to the loop. On the other hand, the op-
timal size of the loop antenna is electrically large or comparable
to the wavelength at the UHF band. The amplitude and phase
distribution of the current, in this case, is not uniform, and it
reverses at every half-wavelength, which results in a weak and
nonuniform magnetic field at the center of the loop [9]. The idea
of segmenting the loop and inserting capacitors between each
consecutive pair of segments solves the problem of using rela-
tively large loops at UHF [10]. Every segment provides induc-
tance whose value depends on its length and width. The ca-
pacitance value , placed between loop segments, is chosen
such that the phase lag introduced by the segment is canceled
out at the desired frequency

(1)

The segments should be electrically small to provide unidirec-
tional current flow and uniform field distribution inside the loop.
It is not necessary to use lumped capacitors. Rather, we can

produce capacitive effect by coupling the segments as has been
presented before for 5.8-GHz applications in [11] and [12] by
implementing top-to-bottom coupling across the supporting
substrate. This approach is used in the current design where
each segment is coupled to its consecutive segment with an
overlapping area and separation , which is the thickness
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Fig. 1. Overview of near-field far-field RFID reader antenna design and its
feeding mechanism.

of the substrate material. This results in the capacitance ,
given by

(2)

where is the permittivity in free space and is the relative
permittivity of the substrate. Thus, we can tune to the desired
frequency by changing length, width, and overlapping area of
the segments and height and relative permittivity of the substrate
in the required design.
In addition to the segmented loop antenna, a patch antenna is

designed to cowork with the loop antenna within the same fre-
quency band. The required length of the patch for the operating
frequency can be approximated as [13]

(3)

where is the speed of light and is the effective relative
permittivity of the substrate considering the fringing effect that
depends on the width of the patch and height and of
the substrate. An inset-type microstrip line is used to feed the
patch antenna and also to ease the feed connection to the loop.
Input resistance of the patch antenna can be changed by varying
the depth of the inset.

III. ANTENNA STRUCTURE

The proposed antenna design consists of top-to-bottom
coupled segmented loop that encompasses the patch antenna
as shown in Fig. 1. Placement of the patch antenna inside the
segmented loop was chosen to achieve as compact antenna
structure as possible, although this approach has a tradeoff in
blocking part of the magnetic flux through the loop. In a Carte-
sian coordinate system, the antenna surface lies on the -plane,
and the reading performance is desired along -direction. The
overall size of the antenna is 184 174 3.175 mm , and the
perimeter of the loop is 616 mm, which approximately is equal
to 1.78 free-space wavelength at 866.5 MHz. Rogers RT 5880
substrate has been used, which has relative permittivity of
2.2, thickness of 3.175 mm, and . If this type
of antenna would be intended to be used with a handheld reader
unit, one possible straightforward way of reducing the overall
size of the antenna structure would be using higher-permittivity

Fig. 2. Detailed dimension of the (left) top view and (right) bottom view of the
antenna.

RF substrates. A prototype of this design was built with the
help of a milling machine.
Detailed dimensions are shown in Fig. 2. The loop is seg-

mented into eight parts; four are on top of the substrate and four
on the bottom. The consecutive segments couple with each other
at their ends with a coupling area of 64 mm each. The width of
each segment is 8 mm. Length, width, and overlapping area are
adjusted properly to get the desired resonance frequency.
The patch antenna has a radiating patch on the top layer and a

ground plane on the bottom layer of the substrate. The length of
the patch is tuned properly to get resonance at 866.5 MHz. The
depth of the inset was varied to get the proper input resistance
so as to obtain acceptable values of , especially within the
desired band. Due to presence of the loop antenna, the ground
plane is only 9 mm larger than the patch. A small ground plane
will decrease the gain and bandwidth of the patch antenna, but
is a necessity due to the integrated structure of the proposed
antenna design consisting of both the loop and the patch.

IV. SIMULATION AND MEASUREMENT RESULTS

Simulations were performed using Ansoft High Frequency
Structure Simulator (HFSS) software, which uses the finite ele-
ment method (FEM). The reflection coefficient in terms of
and radiation patterns were measured with a vector network an-
alyzer (VNA) and Satimo StarLab, respectively, and compared
to the simulated results.
The measured agrees with the simulated one with only

a slight deviation to the right side by 3 MHz as shown in
Fig. 3. The measured bandwidth ranges from 864 to 873 MHz,
which covers the European UHF band. The overall bandwidth,
10 MHz, is relatively narrow and is limited by the integrated
structure of the antenna design consisting of both the loop and
the patch. It is also affected by interaction of the loop and the
patch and the relatively small size of the patch ground plane.
Current distribution along the segmented loop and the entire

patch of the proposed antenna is shown in Fig. 4(a). It is unidi-
rectional along the loop. It was also investigated in the conven-
tional loop for the same size. The current in this case is changing
its direction at each corner as shown in Fig. 4(b). Fig. 5 shows
the resulting -component of the magnetic field on an -plane
above the antenna at mm. Though the field distribution
is not uniform on the entire region, most of the interrogation
zone has sufficient field strength to read the near-field tags, and
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Fig. 3. Simulated and measured of the antenna.

Fig. 4. Current distribution of (a) proposed antenna and (b) conventional loop
antenna.

Fig. 5. -component of magnetic field distribution at mm for (a) pro-
posed antenna and (b) conventional loop antenna.

the field distribution is larger in amplitude relative to that of the
conventional loop by at least 10 dB in most of the displayed area
as shown in Fig. 5(b).
The weak magnetic field in the center region is due to the

presence of the patch and its current distribution. With the
chosen approach, the weak center region cannot be completely
avoided. However, miniaturization techniques can be applied
to the patch antenna in order to isolate the antennas from each
other and provide enhancements in the near-field read-range
and detection area. However, size reduction of the patch comes
at a cost of reductions in bandwidth and gain. On the other hand,
this may be a suitable approach if specifically the near-field
performance is intended to be improved.
The far-field radiation pattern characteristics of the antenna

on - and -planes are respectively shown in Figs. 6 and 7.
The main beam covers the targeted positive -axis direction.

Fig. 6. Radiation pattern on -plane.

Fig. 7. Radiation pattern on -plane.

V. READ-RANGE MEASUREMENTS

The practical performance of the proposed RFID reader
antenna design is verified with read-range measurements. For
near-field operation, read range depends on the magnetic field
intensity produced by the reader antenna, size and orientation
of the tag loop, and the sensitivity of the reader unit and the
tag. For far-field operation, gain, polarization, and orientation
of reader and tag antennas and sensitivity of the reader and tag
determine the read range. Therefore, it is important to measure
the reading performance of the reader antenna with commonly
used tag types. The measurement setup is configured as shown
in Fig. 8. Alien Technology ALR-8780 EPC Class 1 Gen 2
RFID Reader complying with ETSI 302-208 Standards is used
for reading tags. The near-field button-type tag and far-field
short dipole tag manufactured by UPM are taken as the refer-
ence tags in our measurements.
In addition to typical read-range measurements, characteri-

zation of emerging near-field reading zones was carried out by
gradually increasing the reader transmission power by 3-dBm
steps from 3 to 18 dBm. These results are presented in Fig. 9.
The colored spaces present zones where at least 0.5-cm read
range is achieved at the specified transmission power level.
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Fig. 8. Measurement setup and associated tags for read-range performance.

Fig. 9. Near-field read zones with gradual increases in reader transmission
power.

Fig. 10. Different objects used in near-field read-range measurement.

With the button-type tag parallel to the antenna, themaximum
read range of 9 cmwas obtained from the region where the mag-
netic field intensity is the highest as seen in Fig. 5(a). Different
regions of the antenna have different near-field read ranges in
accordance with the field intensities; the small dark blue region
is unable to read the near-field tag. Otherwise, the range varies
from a few centimeters to 9 cm. We measured the read ranges
with the same tag attached on different objects including liquids
as shown in Fig. 10. The liquid objects did not affect the reading
performance, which is a major advantage of near-field opera-
tion. The read range with the UPM short dipole tag was around
6 m along the positive -axis. Attaching this tag on different ob-
jects, several meters of far-field read-range was achieved.

Results presented in Fig. 9 show the performance of the pro-
posed antenna design in near-field configurations where lower
transmission power has to be used. In the results of Fig. 9, max-
imum transmission power was 18 dBm, whereas the regulations
would allow 30 dBm transmission power. Results show that re-
gions close to the segmented loop should be used in near-field
detection with lower power levels.

VI. CONCLUSION

In this letter, we presented a UHF RFID reader antenna for
near- and far-field simultaneous operation. A segmented loop
technique was implemented to mimic the characteristics of an
electrically small loop antenna and to produce a uniform aper-
ture magnetic field distribution at UHF. A patch antenna was
designed for far-field operation such that it could be included
inside the segmented loop. This RFID reader antenna was de-
signed for the European UHF RFID band. With a near-field
button-type tag, the maximum read range obtained was 9 cm.
The near-field reading performance was not degraded when the
tag was placed on liquid objects. The far-field read range, with
a short dipole tag, was approximately 6 m. This new design of
an RFID reader antenna detected passive UHF RFID tag in near
or far proximity successfully.
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