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ABSTRACT: In this paper, the authors present several antenna structures for RFID passive
tags with direct chip connection. In this study, the substrate is PET (Polyethylene terephthalate) with
80um thickness, the conductive layer is copper with 10um thickness and CST Microwave Studio is used
for simulation. The antenna design process is described and related results are shown. The goal of this
study is to achieve compact size, good matching impedance, and to increase the bandwidth and read
range of the tag as much as possible. The prototypes were fabricated by sputtering technology with 1um
thickness, then thickened by electroplating technique and finally tested by hand-held reader for read

range characterizations.

Keywords: RFID; UHF RFID tag; dual-band antenna; XRAG2 chip; Atmel ATA5590 chip;
radiation pattern; PET substrate.

1 INTRODUCTION antenna design and RFID tags fabricated in our

facility.

RFID technology is a technology perfectly Our designs are divided into two
directions: (i) first to match with XRAG2
passive chip (for first design in the UHF band)
and (ii) with Atmel ATA5590 chip (for second

design at 2.45 Ghz and third design in dual-

suited for our ubiquitous world. To get and
retrieve information on an object, tags are very
useful. And they are particularly useful in the
case of logistics. At the moment, there is still a

large use of barcodes, but the line-of-sight . .
band). Our target is to operate in the UHF band
reading causes various inconvenient in real o
] ) and at 2.45 Ghz, to have an omni-directional
environment. Nowaday, RFID is more and o . . .
) ) radiation pattern with sufficient gain, to extend
more interesting and already used for some . .
o ) the bandwidth and to increase the read range.
applications. This paper focuses on the antenna

designs for RFID passive tag in UHF band and This paper is further organized as follows:

at 2.45 Ghz. In fact, at the Laboratory for
Nanotechnology (LNT), a platform for RFID

Section Il presents the antenna designs
procedure using CST Microwave Studio for the
antenna structures mounted with XRAG2 chip
and Atmel ATA5590 chip. The fabrication
process, the tag prototype, the result of the

research was established in order to perform
studies on passive RFID tags and to realize

some RFID system prototype based on the
measurement and the read range are shown in
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this section. And finally, the conclusions are

given in Section III.

2. ANTENNA DESIGN PROCEDURE

The first attempt has been made for
applications in UHF band using XRAG2 chip
having the input impedance of 23-180j Ohm at
915 Mhz. With this antenna, the first task was
to made the resonant frequency be in UHF
band, therefore thestudy about theresonant
frequencyoftheantennaon the PET substrate
have to be done. Through the simulation, it was
found that the resonant frequencyofthe
antennawouldbe shiftedafter mounting thechip.
So aloopof about 75mmat868MHz was chosen
as the first component of the antenna structure.
After having the desired resonant frequency,

next is to focus on the impedance matching and
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on expanding thebandwidthof theantenna.
Withdoubleloop, the impedance matching
would be better but dimensions of the loop
have to be adjusted for obtaining the desired
resonant frequency. To expand the bandwidth,
the second resonant frequency was created by
adding the tip-load [1], [2]. And then, the
second resonant frequency was moved close to
the first one by adjusting the tip-load’s size.
After analyzing the influence of the dimensions
of antenna, it is noted that increasing the
lengthand reducing the width of the loop can
compactthe size but stillachievethe
desiredresonant frequencywhile the return loss
is better. Besides, using four symmetrical
tiploadsis easiertopull the resonant
frequenciesas  wellas to have  better

matchingimpedance.
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Figure 1. a) The first antenna and its, b) Return loss, ¢) Impedance smith chart, d) Radiation pattern.
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In the following step, the parameters of
some components were varied to optimize the
resonant frequencyand the matching impedance
withthe chip. The first antenna structure with

its radiation characteristics are shown in Fig. 1.
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Return loss

The bandwidthof -10 dB is around 100 Mhz,
covers the UHF band for RFID. The impedance
matching is not good but can be accepted. And
the radiation pattern is good with the gain of
1.9 dBi.
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Figure 2. a) The second antenna and its, b) Return loss,c) Smith chart, d) Radiation pattern.

Our second design was matched with the
Atmel ATA5590 chip having the
impedance of 10.5 — 143j Ohm at 915 Mhz and
10 — 31j Ohm at 2.45 Ghz. This design was just

focused at 2.45 GHz, so the compact size

input

problem was already done since the higher
working frequency gives the smaller antennas
structure. With this frequency, the design
began from straight dipole configuration [1-4]

with the length of about 32 mm. The length and
width of dipole was adjusted to obtain the
desired resonant frequency. And then, the other
components as the jamb, the stub were added to
match impedance with chip. These components
did not affect too much to radiation pattern of
Besides, extend the

antenna. they can

bandwidth of antenna.
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At last, though simulations, the parameters
of antenna were adjusted again to optimize the
characteristics. The second design and its
characteristics are shown in Fig. 2. The
bandwidth of -10 dB is around 106 Mhz,
ensures the tag can work properly at 2.45 Ghz.
The impedance matching has a good result for
simulation and the radiation pattern is good too
with the gain of 1.9 dBi.

Our next antenna was also designed with
Atmel ATA5590 chip, but it was supposed to
have dual-band antenna feature [5]. It has two
resonant frequencies: one in UHF band and
another at 2.45 GHz. This design had the same
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Figure 3. a) The third antenna, b) Effect of “a” at 2.45
Ghz, c¢) Effect of “a” in UHF band, d) Effect of “d” at
2.45 Ghz, e) Effect of “d” in UHF band, f) Effect of “f”
at 2.45 Ghz, g) Effect of “f” in UHF band, h) Effect of
“i” at 2.45 Ghz, i) Effect of “i” in UHF band

initial idea with the second design, use a
straight dipole for the first resonant frequency.
And then, a circle component was added, it
links two parts of dipole together. This made
the second resonant frequency to be appeared.
But these resonant frequencies were not in
correct positions. Therefore, the jamb and the
stub were added to obtain the desired resonant
frequencies and to match impedance with chip.
And finally, the parameters of the antenna were

adjusted to obtain the best result.

It is noted that this is a dual-band antenna,
so this antenna was matched with impedance of
the chip in UHF band and at 2.45 GHz
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independently. The components that are close
the chip (except the circle) effects to
characteristics of antenna at 2.45 GHz so much,
but almost does not effect in UHF band. And
the other components effect to characteristics
of antenna in both bands. The third design and
some effects of the antenna’s parameters are

shown in Fig. 3 (all dimensions are in mm).

From Fig.3b and 3c, it is found that the
return loss at 2.45 Ghz is affected strongly by
“a”. But in UHF band, the effect of “a” is very
small. In Fig. 3d and 3e, the return loss at 2.45
Ghz is also affected by “d”, but the effect is not
as strong as in case “a”. Because of “a” is
closer to chip than “d”. And in UHF band, the
effect of “d” is almost nothing. From Fig. 3f,
3g, 3h and 3i, it is obviously that the effects of
“i” and “f” on the return loss at 2.45 Ghz are
weaker. But in UHF band, it is found that the
effects are stronger. With this design, “a” has a
strongest effect on the return loss at 2.45
Ghz.Therefore, it can be used to adjustfor
impedance matching at 2.45 Ghz first. And
then, the others will be used to match
impedance in UHF band. And its
characteristics are shown in Fig. 4. The
bandwidth of -10 dB is around 26 Mhz in UHF

band and the return loss at near 2.45 Ghz is -

10.7 dB, but it can be still accepted. The
impedance matching is not good but it ensures
that it is for both bands. The radiation pattern at
2.45 Ghz is rather distorted, but with the high
gain of 3.6 dBi, it can be compensate for the
bad return loss. And the radiation pattern in
UHF band is good with the gain of 1.9 dBi.

The testing the first antenna with 500mw
hand-held reader was performed, the maximum

read range about 60 cm was obtained.

The prototypes have been made at
Laboratory for  Nanotechnology (LNT),
VietnamNationalUniversity - Ho Chi Minh
Cityby sputtering technology. And then, they
have been tested by using Rohde & Schwarz
ZVB Vector Network Analyzer available at
Department of Telecommunication
Engineering, HCMC

Technology. The real antennas areFigure

University of

3.shown in Fig. 5a,5b,5¢c. And the experimental
results of the antennas are shown in Fig. 6. The
obtained results in UHF band are rather similar
to the simulated results, but they are not really
good at 2.45 Ghz. In the measurement process,
the measured conditions which are not good
enough for measuring at 2.45 Ghz can make

this distortion.
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Figure 4. a) Return loss at 2.45 Ghz ; b) Return loss in UHF band ; c) Impedence smith chart ; d) Radiation pattern
at 2.45 Ghz ; e) Radiation pattern in UHF band.
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d)

Figure 5. a) The prototype of the first antenna, b) The prototype of the second antenna, c) The prototype of the third

antenna, d) Measuring the impedance of antenna using Rohde & Schwarz ZVB Vector Network Analyzer.

3. CONCLUSIONS

In this paper, the antenna design processes
with direct chip connection have been
presented. With all designs, we try to obtain the
best impedance matching in UHF band (860-
960 Mhz) and at 2.45 Ghz. Three antenna
structures have been designed and fabricated
with size can be fixed in an identification card.
The first design has large bandwidth cover all
frequency in UHF band, this advantage make

this antenna can be applied in many countries.
The second and third designs are prospective
designs for applications at 2.45 Ghz and in
dual-band. These tags can be fabricated easily
and some of them can be tested by hand-held
reader with the maximum read range can be as
far as 60 cm. These tags are entirely possible to
be realized in practice. In future, we hope to
optimize these designs to obtain better
characteristics.
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Figure 6. Measured input impedance of: a) the first
antenna with various thicknesses; b) the second antenna
with various thicknesses; c) the third antenna with

various thicknesses.

CHE TAO ANG-TEN CHO THE RFID THU PONG O BANG TAN UHF VA VI BA

Pham Tién Thong®, Nguyén Viét Hoa®, Tran Nhan Ai), LAm T4n Phat®, Ding Mau Chién®
(1) Phong thi nghiém Cong nghé Nano, PHQG-HCM
(2) Trudong Pai hoc Bach Khoa, PHQG-HCM

TOM TAT: Trong bai bao nay, ching téi dwa ra mét vai cau triic ang-ten cho thé RFID thu

déng voi quy trinh két néi chip truc tiép. Trong nghién ciu ndy, lop dé dwoc sir dung la PET

(Polyethylene terephthalate) véi do day la 80um ;ddi dan lam bang dong véi do day la 10um ; va phdn

mém duwoc sir dung dé mé phong la CST Microwave Studio. Qud trinh thiét ké ang-ten dwoc trinh bay k

cang va cdc két qua lién quan ciing dwoc dwa ra. Muc tiéu cia nghién ciru ndy la c6 gang tao ra thé

nhdn dang c6 kich thuéc bé, phéi hop tré khéng tot, va quan trong la bang théng va tam doc cia thé

cang tang nhiéu cang tot. Cac mau ché tao dwgc thuc hién bang phiwong phdp phiin xa véi dg day 1um,
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sau dé duoc tiép tuc lam day bang phiong phdp dién hod va cudi ciing dwoc kiém tra tam doc bang dau

doc cam tay.

[11.

[2].

[3].

Tir khod: RFID; thé UHF RFID; dng-ten hai bang tan; chip XRAG2; chip Atmel ATA5590; do
thi birc xa; dé PET.
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