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Abstract

The UHF RFID tag detection is here investigated mite
transponder and the reader antenna are placed edate
other. Differently from long-range RFID applicat®mnn
near-field applications the field distribution geaed by
the reader antenna as well as the tag layout play a
important role in the tag detection. In this paper,
considerations on the tag readability are propasethe
basis of both simulated and measured results.

1. Introduction

It is known that Ultra-High Frequency (UHF) Radio
Frequency Identification (RFID) systems allow fohigh
read- and data-rate and for small size tags. M@edear-
Field (NF) UHF RFID systems have been introduced to
maximize and confine the electric and magneticd§iel
within a limited volume around the reader. The ffald
radiation efficiency is required to be quite low,reducing
the detection of tags placed far from the readelséf
positive issues).

In the scientific literature, a large number ofeamtas for
NF UHF RFID readers have been proposed [1-7].
Typically, the antenna design is based on both dapee
matching and radiative characteristics such as gaih
polarization. However, for near-field applicatioasso the
electric and magnetic field distributions must be
investigated to make the tag detection as indeperae
possible on the tag position and orientation wébpect to
the reader antenna. In several papers, the eldatit
distributions are analyzed, which are reasonabited to

the dipole-like tag detection. On the other hartik t
magnetic field distribution may be a key paraméethe
loop-like tags detection. However, for hybrid taydut,
both the electric and magnetic fields have to lkeranto
account. Differently from the fields distributiorig, some
papers the Power Transfer Efficiency has been taken
account to qualitatively and quantitative predice ttag
detection [8-9].

In this paper, a simulated and measured analysis is
presented to find a relation between simulated and
measured antenna characteristics. Doing so, thersys
level performance in terms of tag detection can be
improved during the antenna design process, edpecia
when the tag typology is known.

2. Layout

The presented analysis has been carried out bydewimg
theReconfigurable Modular Antenna recently proposed for
NF UHF RFID smart point readers [7]. In this layout
(Figure 1), a spiral microstrip line ends on ancaptve
RF switch. When the spiral line ends on a matcled,|
strong and uniform electric and magnetic fields are
generated up to a few centimeters from the antsarface
(near-field reactive region). On the basis of tpecific
operative scenario, the spiral microstrip line éaed an
array of four curved slot antennas which sharestmae
aperture (aperture-shared antenna configuratidn)s,lthe
read range is extended up to a few tens of cergimftom
the antenna surface (radiative near-field regioygt
radiating a relatively low field in the antenna -fesid
region as required by antennas for desktop readers.
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Figure 1. Fabricated prototype of th&econfigurable
Modular Antenna proposed in [7].

As previously discussed, a tag detection predidtioough
numerical simulations would be useful to optimite t
radiating element layout, especially when the RFD
typology is a priori known. For this reason, four
distributions have been computed or measured, gitain
find a relation among simulated and measured aatenn
performance. Specifically, the following distribanis have
been compared by setting a distance of 10cm froen th
antenna surface and an operating frequency of 865MH
e Simulated field distribution
* Measured field distribution
Simulated Power Transfer
distribution
« Measured Received Signal Strength Indicator
(RSSI) distribution

Efficiency (PTE)



The antenna simulated performance has been obthined
using the commercial numerical tool CST Microwave
Studid®. The simulated field distribution can be compared
with the measured field distribution measured i lear-
field chamber at the University of Oviedo.

The simulated PTE between the reader and the tagrsas
has been also computed to qualitatively estimaggtwer
delivered to the tag chip when varying the tag tomsiand
orientation. In Figure 2, the reader-tag configorat
considered to compute the PTE is shown, when dedipo
like (Figure 2a) or a loop-like (Figure 2b) tag days are
included in the simulated scenarios.
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Figure 2. Simulated model used to compute the PTE
between th&econfigurable Modular Antenna presented in
[7] and a (a) dipole-like and (b) loop-like tag typgy.

The PTE is defined as the ratio between the power
dissipated in the load of the tag antenna (clp)and the
input power accepted by the reader antenPa,
Specifically, by considering the tag, the readéeana, and
the space between them, as a two-port networkZthe
entries of the impedance matr&k can be computed, as
described in [8]. Then, the PTE can be calculate@ly
whereZ is the input impedance of the two-ports network
when the latter is connectedZo
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Furthermore, for a given tag and reader antenrautathe
PTE can be measured by following the procedureritest

in [9]. However, in this paper, the simulated PTE i
compared with the measured RSSI distributions obthi
by using a commercial reader (CAEN RFID lon, Model
R4301P). The reader output power has been set8ra0
and the RSSI values have been measured by vahgrtgg
position with respect to the reader antenna, dtarite of
10cm.

3. Results and conclusions

In Figure 3, the four normalized distributions haheen
compared. Specifically, the dipole-like Inlay UH108B-

ID tag has been considered, so the analysis hasddoon

the electric field distribution. In Figure 3a-beteimulated
and measured normalized electric field distributicare
plotted. The comparison between these distributions

provides a qualitative indication on the reliakilaf the
simulated model and the measurement setup. Morgiover
Figure 3c and Figure 3d the simulated PTE and the
measured RSSI normalized distributions are shown,
respectively. For this example, it is worth notithgt the

tag detection can be qualitatively predicted bestigating

the PTE through numerical analysis. Moreover, siace
dipole-like tag has been considered, also the sitedl
electric field can be analyzed during the readderama
design process to improve the system-level perfocaaf

the entire RFID system. The analysis can be reddae
considering loop-like tags, aiming to derive simila
conclusions.
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Figure 3. Normalized (a) simulated and (b) measured
electric field at 865MHz, at a distance of 10cmnirthe
antenna surface, when thtodular Antenna Configuration

is enabled. Normalized (c¢) numerical PTE and (d)
measured RSSI distribution at a distance of 10om fihe
antenna surface when the LAB-ID Inlay UH100 tag is
considered.
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