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Design dual band microstrip antennafor RFID application
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Abstract. The research, ssimulation and design dua band antenna which operates at 900MHz and
2.45GHz are conducted. FR4-epoxy substrate is chosen with thickness h = 1.5mm, ¢, = 4.4. Dud
band can be achieved by using different methods of impedance’s matching for single antenna
which is originally designed at 900MHz. Some dual band RFID structures are discussed in this

paper.
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1. Introduction

It is not new concept, however recent years,
Radio Frequency Identification (RFID) is used
widely. Nowadays, RFID usualy operates at
125 kHz - 135 kHz (LF), 13.56MHz (HF),
420MHz - 460MHz, 860MHz - 960MHz
(UHF), 2.45GHz, 5.8GHz (1SM) [1-4].

However depending on the using purposes,
some applications need small structure, others
require multi purpose tags or tags can be used in
different environments. Therefore reduction
size of antenna and combi nation multi antennas
arerequested [5].

In this aspect, dual band antennas are one of
the best solutions. The combination of
frequencies usudly is between 900MHz and
2.45GHz or 13.56MHz and 900MHz. In fact, so
far many structures have been studied. For
example, designing two antennas on the same
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substrate or using a rectangular patch or H-
shape patch with coaxial feeder and shorting
pin. Other structures like slot antennas with L —
shape or U — shape structures can be used too.

In this paper, we propose new approach to
achieve dua band from single antenna by
matching impedance method. We chose dua
antenna which operate a 900MHz and
2.45GHz to design, s mulate and manufacture.

2. Design and simulation

It should be noted that any antenna always
has more than one resonant frequency. It
depends on feeder or matching impedance.
Normally, it is not difficult to find first resonant
frequency. As a dipole, with length of arm
goproximates A2, we can consider first
resonant frequency [6]. The applications only
use one frequency on tags usually ignore other
positions.
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But in this paper we want to have good
second resonant frequency by this theory. We
will begin with an antenna which operates at
900MHz, then using matching impedance to
find second resonant frequency 2.45GHz.
Although we add stubs on original antenna can
reduce or change position of first frequency, but
we can control this change by adjust position,
size step by step very carefully, sometime we
need to adjust a little width of eements of
original design.

This paper examines two types of
impedance matching. One uses stub to match
impedance, while other one matches impedance

by dlots. All of design use substrate of FR-4
epoxy with thickness 1.5mm, € = 4.4.

In first type of matching, we examine two
kinds of antenna. The first oneis showed Fig. 1.
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We started antenna operate at 900MHz
which is designed as rectangular meander with
microstrip line 50Q. The length and width of
antenna is caculated by Ansoft Designer.
Detail size of this antenna: Width: wl = w2 =
w3 = w4 = 4mm; Length: dO =25 mm, d1 = 16
mm, d2 = 28mm, d3 = 31mm, d4 = 25mm, d5 =
13mm; Stub has width ws = 4mm and length ds
= 13mm.

Ground plane coincides with bottom side,
width and length of ground plane wg, dg equa
8 mm, 50 mm respectively. Result of simulation
is plotted at Fig. 2.

Figure 2 is a result of simulation for two
above cases. When antenna has not stubs (red
ling), it only operate wdl at 900MHz, while at
2.45GHz, S11 value is worsen. When the stubs
are added, at 900MHz, thereis alitter change of
S11 values, while at 2.45GHz, it is strongly
better.

Second of type matching: matching by slot.
Continuously using rectangular  meander
antenna. We keep bottom side, add rectangular
patch into center antenna on top side. Distance
between each edge of patch and antenna is
adjusted to match impedance. In the paper, this
distance is Imm. Then we add an L-shape dot
into center rectangular patch. Now our antenna
has shape as figure 5. It looks like an o' clock.
Fortunatdy, when we change position, size,
angle of “hands of o’clock”, we can match
impedance better.
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The size of this design: wl = w3 = 4mm,
w2=w4 =5mm, d1 = 18mm, d2 = 33mm, d3 =
31mm, d4 = 29mm, width of microstrip line wf
= 3 mm, df = 8mm. Ground plane on bottom
side with wg = 8mm, dg = 50mm. Distance d
between feed point to edge of ground planeis d
= 25mm. Rectangular patch has size 19mm x 23
mm, width of slotsis 1 mm.

We aso check some other shapes of “hands
of o'clock” too. Fig. 5 shows two antennas
which are similar to antenna at Fig. 3 and have
Results  are

different rectangular patch.
compared at Fig. 6.

Fig 5.
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Fig 6.

Dash line as result of simulation antenna at
Figure 4, solid line is result of antenna at
Figure. 5 (a) and result of antenna at Figure 5(b)
isremains.

At this type, when using rectangular patch
not only give good result at frequency 2.45GHz
but also improving matching impedance at
900MHz.

3. M easurement result

Measurement results are analyzed by
Nework Analyzer. Sl11 parameter was
displayed and compared with simulation. We
aso consider radiation pattern at 900MHz and
2.45GHz.

For the first design. (The design uses stub).
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Fig. 7. Sl11 parameter.
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Radiaticn Pattern at 900MHz
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Fig. 8. Radiation pattern at 900M Hz.

Radiation Pattern at 2 45GHz
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Fig. 9. Radiation pattern at 2.45GHz.

For the second design (The design uses
dots).
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Fig. 10. S11 parameter.

Radiation Pattern at 800MHz
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Fig. 11. Radiation pattern at 900MHz.

Radiation Pattern at 2.45GHz
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Fig. 12. Radiation pattern at 2.45GHz.
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Measurement result is as good as we expect
a position of resonant frequency. Although,
S11 vaues are different. With antenna's S11
vaue usualy equas -8dB to -10dB, it means
SWR is smdler 2.5, all result of ssmulation or
measurement are close -20dB to -30dB. So
these results are in good agreement. Another
problem, bandwidth is not quite large. At both
900MHz and 2.45GHz under leve of -10dB,
measured bandwidth is above 100MHz (100 +
150M), while in simulation at 2.45GHz it is
bigger (about 440MHz). However, it should be
noted that RFID systems usualy operate with
smal bandwidth as 100MHz bandwidth at
900MHz frequency (860MHz — 960MHZz). For
this reasons, we can accept this results. Another
issue is that at 2.4GHz measurement result is
deepea than simulaion one, while the
bandwidth of measurement result is worse than
simulation one. The reason is that the real FR-4
permeability is not exact as in theory (¢ = 4.4)
and the prototype is not well manufactured.

4. Conclusion

This design is quite simple and not difficult
to perform. Measurement result is a litter bit
difference than smulation one. But the

structure has smal dimension and thereforeitis
found wide application in redlity.
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Thiét ké anten mach dai da bing cho tng dung RFID

Tran Minh Tuin

Vién Chién luoc Thong tin va Truyén théng, B Thong tin va Truyén thong,
115 Tran Duy Hung, Ha Ngi, Viét Nam

Nghién ctu, thiét ké va mé phong anten da biang hoat dong ¢ biang tin 900 MHz va 2.45 GHz.
Anten duoc thiét ké trén tim FR-4 vé6i d6 day 1.5mm va hing so dién méi 1a4.4. Pabang cd thé duoc
tao nén nhd viéc sir dung cac phuong thirc phdi hop tré khang khac nhau ciia cac anten don ban dau
duogc thiét ké o tan s 900 MHz. M6t vai cau tric anten da bing RFID s& dugc duarathao luan trong

bai bao nay.



