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1. Introduction

The development of the current Radio Frequency Identification(RFID) systems makes various future
applications very promising. If the bar-code systems used in most of the major supermakets are replaced by
RFID tag systems, its impact will be significant as we may imagine. Recently, there has been intense research on
RFID tag antennas in the UHF band, especially at 900Miz. Data transfer of passive RFID systems at UHF
frequencies is based on backscattering : a tag antenna reflects back a part of the energy received from a reader. In
that process, the reflected energy is modulated by the microchip of the tag!"l. The detection distance is usually
determined by measurement as a tag is moved away from a reader antenna. It may be used one of the criteria to
evaluate the RFID system including the reader. However, we have some ambiguity in evaluating the
performance of RFID tags by their detection distance because the reader systems of different companies have
different performances in their detecting capability. We need to have a standard criteria to evaluate the
performance of RFID tags in a more quantitative manner based on the same condition. A good way is to monitor
the Radar Cross Section (RCS) of tags having specific chip impedances. A RCS can be obtained by impinging a
plane wave on a specific object and measuring the backscattered power by simulation or experiment.

2. Tags and Their Evaluation Using RCS

A tag consists of a chip and antenna. One of the important characteristics of the chip is its terminal impedance.
By changing the impedance of the chip usually in two states, the RCS of the tag also changes. The digitized
information in the chip can be transferred to the reader using this property. This method can be interpreted as a
kind of ASK (Amplitude Shift Keying).
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Fig. 1 The equivalent circuit of tag antenna

Fig. 1 shows the Thevenin equivalent circuit of a tag. The voltage V is induced when the tag is hit by the
electromagnetic wave radiated from a reader. The chip impedance Z, is given by R, + jX| and the antenna

impedance Z, is given by R, + jX, where R, =R, +R,. Rl is the radiation resistance corresponding to
the total re-radiated(or scattered) power(P. = P,) and R, is the resistance corresponding to the loss of the
antenna P. P_ is the power transmitted to the chip. The effective aperture and the scattering aperture can be

shown to be given by equation (2) and (3), respectively, based on the assumption that R, is negligible and

ISBN: 89-86522-79-9 94460©KEES - 1053 -



Z = ZZ 23] where S is the power density at the tag. The scattering aperture A, is another name of the radar

cross sections (O ).
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The received power P. by a reader can be expressed as 4]

PG oA
P =t (W) (1)
(4z)R
where P, = transmitted power. G, = gain of the transmit (reader) antenna, o = RCS of a tag, A = wavelength,

and R=distance between tag and reader antenna. As we see in equation (1), P. is proportional to RCS (0" ). The

RCS can be determined by EM simulation or by measurement. In EM simulation, a plane wave can be generated
to hit the tag in various incidence angles. Then we can obtain the backscattering cross section (or RCS) of the
designed tags. It is well known that for a dipole-type tag, the difference of RCS when the chip impedance is
0Q(short) and that when the chip impedance is matched(about 70Q) is approximately 6dB'!. This can be verified
theoretically or by EM simulation. We have designed a test dipole-type RFID tag (type 1) as shown in Fig. 2.
The width and depth of the conductor line are Imm and 0.018mm, respectively. The overall dimension is

96mm x 21mm. The antenna is resonant at 911ME and its resistance R, is 41(Q).
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Fig. 2 Geometry of proposed RFID tag antenna (type 1)

Now we want to investigate the RCS of the designed tag changing the chip impedances. A good choice of them
would be 0Q(short), 41Q(match), and 00 Q(open). The bistatic radar cross sections'! are plotted in Fig. 3(a) (in
XZ plane) and Fig. 3(b) (in XY plane). The backscattering cross section (or RCS) is the value in x direction.
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Fig. 3 Bistatic radar cross sections when a plane wave with E,= 1(V/m) hits the designed tag

Itis -10.9 dBm® when Z, = 0Q (short), -16.9 dBm® when Z, = 41Q (match), and -35.8 dBm® when Z =0 Q,

respectively. We usually choose to use short and matched loads as two states of the chip impedance. The
difference of radar cross sections when Z, =0Q(short) and Z, =41Q(match) is found to be about 6dB.

We have devised another RFID tag as shown in Fig. 4. We may call it a meandered symmetric PIFA (type 2).
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Fig. 4 Geometry of proposed RFID tag antenna (type 2)

The overall dimension is 44mm X 60mm. Fig. 5 shows the antenna impedance (Z, = R, + JX,) at 911ME as the
feeding point L, changes from 10mm to 30mm with L, =5mm, 10mm, and 20mm, respectively, and with the
overall dimension of 44mm X 60mm unchanged. It is observed that as L, increases, the antenna resistance (R, )

increases and the reactance ( X , ) decreases.
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Fig. 5 Antenna impedance(Z, = R, + jX,)at911Mk as L, changes from 10 to 30mm with L, fixed at 5,10,
and 20mm, respectively

We choose to use L, =L, =20mm and with this choice, the antenna is resonant and its resistance is 35(Q). The
bistatic radar cross sections are plotted in Fig. 6(a) (in XZ plane) and Fig. 6(b) (in XY plane) when
Z, = 0Q (short), 35Q(match), and 00 Q(open). The backscattering cross section is the value in x direction.
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Fig. 6 Bistatic radar cross sections when a plane wave with E,= 1(V/m) hits the designed tag

Itis -11.1 dBm® when Z, = 0Q (short), -17 dBm® when Z, = 35Q (match), and -29.8 dBm’ when Z =0 Q,
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respectively. We choose to use short and matched loads as two states of the chip impedance. The difference of
radar cross sections when Z, =0Q(short) and Z, =35€(match) is again found to be about 6dB. It is noted that

the detection distance increases as RCS (Z =0Q) and RCS(Z =35Q) increase and at the same time the
difference of them increases. Fig. 7 shows the radar cross sections as the angle (@, @) of the incident plane
wave changes with respect to the tag.
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Fig. 7 RCS as incident angles (&, ¢ ) change

The RCS as a function of € in the ¢ =0° plane are shown not to change significantly for all of the three
chip impedances. However, they vary considerably as ¢ changes in the @ = 90° plane. Especially, we can see

that when @ =90°and @ = 90° (when the plane wave is incident in —Y direction), the RCS corresponding to
different loads are shown to be almost the same (-73dBm?) and very small. They may be expected from the given

geometry. In this case, we may say that detection by a reader is not possible. The RCS’ of tags according to chip
impedances (usually short and match loads) give us sufficient information about the tag performance.

II1. Conclusion

A dipole-type and a symmetric PIFA at 911M have been proposed as RFID tag antenna. Its performance has
been shown to be effectively evaluated by the RCS’ according to different chip impedances. Evaluation of RFID
tags by a detection distance is not a good way since it depends on the reader sensitivity. The proposed new way
of evaluating RFID tags by RCS’ give us sufficient information about the tag performance and is not dependent
on the reader sensitivity.
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