Characteristics of Loop Antenna Structure of RFID Tag Antenna
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Abstract - A loop RFID tag antenna and a dipole RFID antenna with a T-matching method have been
designed. The characteristic of loop and dipole with T-matching antenna structures of RFID tag antennas
have been studied. The impedance of different sizes of loop and dipole antenna structures are found. This
paper shows parametric research of loop RFID antenna structure and RFID dipole antenna with T-matching
method to match the impedance of commercially available RFID chips.
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1 Introduction

Radio Frequency Identification (RFID) has been popular
in many applications; logistics, security systems, animal
tracking, transportation, manufacturing process control,
and etc. An RFID system consists of a reader, a
transponder (tag) and a computer connected to the reader.
Several frequency bands have been internationally
assigned to the RFID applications, LF(125kHz, 135kHz),
HF(13.56MHz), UHF(433.92MHz, 860~960MHz), and
Microwave band (2.45GHz). Recently, the UHF band
(860~960MHz) using backscattering method is more
popular than other bands [1].

A passive tag receives the energy from the RF energy of
the reader, while an active tag has a battery for a power
source [2-4]. The tag sends a signal back to the reader
using the tag antenna. The tag has an antenna and a
microchip attached to the feeding point of the antenna. A
commercial tag chip has been miniaturized already, but it
is difficult for antenna to miniaturize, because the size of
antenna is proportional to the wavelength. A tag antenna
should have following characteristics; long recognition
distance, omni directional beam pattern, and low price,
miniaturization, and high gain to communicate with the
reader.

The closed loop antenna structure is important impedance
matching method for the early version of a RFID chip,
since it protects the chip from a strong ESD (electrical
static discharge). Because of several commercial RFID
chips have different impedance, the size of a tag antenna
and T matching parameters are different [5, 6].

The proposed tag can be easily designed to match any
specific RFID chip impedance. To achieve the
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characteristics of the tag antenna, the impedance of
antenna should be conjugate of the impedance of the
RFID chip.

This paper presents the characteristics of loop antenna and
dipole antenna using T-matching method, and skows
method to match the antenna impedance to the various
commercially available RFID chips. The design and
characteristics of loop antenna and T matching dipole
antenna are shown in the following sections.

2 Loop antenna

In this section, the characteristics of impedance for loop
antenna are described, as shown in Figure.l. A loop
antenna should have the conjugate of the RFID chip
impedance (19-282j) at 910 MHz to mach the antenna
impedance to the impedance of IC chip. The chip is
manufactured by EM Microelectronic inc. Since the UHF
RFID frequency band is 860~960MHz, the center
frequency is at fc=910MHz. The parametric researches of
the antenna shown in Figure 1 have been done in this
section. The size of the impedance matched antenna to the
RFID chip given above is shown in Table 1. The
parameters are gap (G), width (W), length (L) and height
H).

Figure 2 shows the S11 of the design in Figure 1 with
G(gap)=2mm, W(width)=Imm, L(length)=7.5mm and
H(height)=15mm. In Figure 1, the bandwidth is about
760MHz, which covers whole UHF RFID frequency band
(860~960MHz).



chip impedance is 16-j350 at 910 MHz (Philips’ EPC
1.19), the table shows the matching dimension is
L=12mm and H=12mm.

Table 1. The impedance table of dipole antenna with
parameter L and H, (matched to 16-j350 at 910 MHz
Philips’ EPC 1.19.
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Figure 2. The S11 of RFID antenna matched to RFID chip
19-282j by EM Microelectronics G=2mm, W=1mm,
L=7.5mm and H=15mm

The parametric study of the design in Figure 1 has
been done. The range of H (height) and L (length) is from
4mm to 48mm for the standard size of 2 inches x 2 inches
tag requested by WalMart. The increment of L and H is
4mm. Table 1 shows the real and imaginary parts of the
impedance and the center frequency corresponding to the
different lengths and heights of the loop antenna. The real
part varies from 1.8 to 2556 ohm, and the imaginary part
varies from 80 to 617 ohm. Also small loop antenna has
small value of real and imaginary parts of impedance as
shown in Table 1.

Table 1 and Figure 3 show the best size of the antenna
is close to the L=1.2cm and H=1.2cm. Figure 3 shows the
relationship between the resistance and height
(4mm~48mm) when length = 1.2 cm. Figure 4 shows the
relationship between the reactance of the loop antenna
and height when the length is 1.2cm. These graphs in
Figures 3 and 4 show the size L=1.2cm and H=1.2cm
matched with the impedance of the RFID chip. Therefore,
with these parameters of impedance shown in Table 1, an
RFID antenna can be easily designed for any
commercially available RFID chip. For example, RFID

. MDY > S sl .l SRR
i SN I V- I N
2 am . |
3 Y L [ R
£ i !
g “m L l " =4 2em, hedem
.- ; .
g ' ‘[ ’ 1200, ho1 Zem
S
an ! .22, hisZem
} ‘1 b1 Zom, he2 Sem
o ! i
0 [X:] 1 15 200 25 30
Freq{Gha]

Figure 3. S11 of different heights with Length=12mm
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Figure 4. Real value of impedance of the Loop antenna
with different Height with Length=12mm

354



o
1=1.2cm, h=4mm
N
t=1 2om, b=t 2om
—n
121 2cm, h=2cm

—_—
I=1.2em, h=2 8em

ImZLumpPort,LumpPort1))

4000001

]

|

|
100 180 200 260

Freq [GHz}

Figure 5. Imaginary value of impedance of the Loop
antenna with different Height with Length=12mm
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Figure 6. S11 of RFID antenna matched to RFID chip
with 16-350j (Philips’ EPC 1.19), L=12mm, H=12mm

Figure 6 shows the return loss of the matched antenna to
Philips’s RFID chip impedance 16-350j. In Figure 6, the
bandwidth is 740MHz which can cover whole UHF band,
and fc = 940MHz. The center frequency, fc, is 30MHz
higher than 910MHz. The matching can be improved by
finding exact matching size of H ranging from 12mm to
16mm.

3 Dipole antenna. with T-matching

Dipole antenna structure is basic shape on RFID tag
antenna. Since the shape of basic dipole antenna is
difficult to match to the complex value of the RFID chip
impedance, a dipole antenna structure requires a T
matching method. Figure 7 shows a dipole antenna with T
matching method. The parametric research has been done
with various lengths and heights of the parameters of the
structure. Table 2 shows real and imaginary parts of the
impedance of the antenna using a T matching. The range
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of parameter H and S is from 4mm to 48mm with every
increment of 4mm.

Table 2 can give matching size of the antenna for a
commercially available RFID chip by changing parameter
S and H to match the impedance of RFID chip (19-2€2j)
of EM Microelectronic inc. The parameters matched to the
RFID chip are G(gap)=2mm, W(width)=1mm,
L(lengthy=24mm, H(height)=15mm, A=84mm, and
S=18.8mm. Figure 8 shows S11 of the design with the
bandwidth of 540MHz. Table 2 shows impedance of the
different parameters of S and H while other parameters
G(gap)=2mm, W(width)=1mm, L(length)=24mm, and
A=8.4mm. The total size is less than 2 inches x 2 inches.
With Table 2, we can find parameter values to match
impedance of other RFID chips. For example, the
impedance of RFID chip is about 8-100j at 910MHz. We
can find S=20mm and H=4mm are suitable to match.
Figure 8 is return loss of the antenna matched to 19-282j,
with S=20mm and H=4mm. The bandwidth is 840MHz,
enough to cover whole UHF band 860~960.

Figure 7. A dipole antenna using a T-matching method.
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Figure 8. The S11 of a matched dipole antenna to 19-282j
by EM Microelectronics W=1mm, L=24mm, H=15mm,
A=8.4mm, S=18.8mm)
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Table 2. The impedance table of a dipole antenna with
variation of S and H.

There are two more antennas matched to commercially
available RFID chips with the impedance of 16-350j and
8-100j. The matched sizes are carefully found with the
simulation results with Table 2. The S11 of the two
antennas are shown in Figures 9 and 10. The bandwidth
antennas are sufficient for RFID UHF 860~960MHz band.
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Figure 9. The S11 of the antenna matched to 16-350j
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Figure 10. The S11 graph matched to 8-100j

4 Conclusions

This paper introduces a design of a loop antenna and a
dipole antenna using T-matching method for the
commercially available three RFID chips. The parametric
studies of these two antennas have been done. Based on
the variation of each parameter, the antenna impedance
tables of a loop and a dipole antenna using T-matching
are found. With the impedance values of different sizes of
antennas in these Tables 1 and 2, the impedance matched
antenna to any commercially available chip can be found
easily. The 3 different impedance of commercially
available RFID chips, 19-282j (EM microelectronic Inc.),
16-j350 and 8-100j, are used. After finding rough size of
the antenna matched to any RFID chip from the Tables,
we can find a perfect matching size of antenna by using a
small variation of parameters around matching size. The
future work is programming a optimizing program which
can searches a perfect matching size of an antenna based
on two Tables with trial errors and measurements.
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