
Abstract—The paper describes new concept o
antenna for RFID technology. Antenna is locate
lines to monitor tags situated on trains. Antenna w
and it is fabricated by microstrip technology. Ant
same mirrored parts having the same radiation p
consists of three dielectric layers. The first laye
radiation elements. The second layer is only
construction and it sets optimal electromagnet
radiating elements. The third layer has on its top s
and on the bottom side a microstrip circuit us
radiation elements feeding.

Keywords—RFID, cosecant radiation pattern, r
antenna, microstrip.

I. INTRODUCTION

HE developed antenna is a part of a rail
system. This system consists of RFID 

trains and of RFID readers located near t
communicating with an information center.

Nowadays antennas with circular radia
horizontal plane are used for these readers 
radio networks [1]. These types of antenn
radiated power effectively because they radiat
the front direction. Another possibility is t
antennas oriented to the opposite sides alon
system has disadvantage in very low r
transverse directions. Normally the low co
distances is not a problem but in our applic
necessary to cover near distances too.

Due to the above reasons the new antenna 
chosen. The solution is based on two same m
antennas with their same radiation pattern as s
The radiation pattern has cosecant squared sha
axis. This solution has good coverage at shor
antennas to the railway line. This type of ante
gain which allows to reduce the transmit powe
higher range.

The whole antenna structure is designed
printed circuit board which is easy to fabricate
reduction of the all system.
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Fig. 1 Concept of ante

II. RADIATION PA

Horizontal radiation pattern shou
shape. In reality we can only approa
real antenna generates a rippled 
antenna dimension and its elements 
ripple decreases, what is shown 
comparison between three traces fo
(continuous line) and 12 (dotted 
elements. On the other hand the 
dimensions of the antenna and more
network to each radiator. For easier d
power of two. Then symmetrical pow
in the distribution network. Due to 
were used. A signal distribution at th
Table I.

TABLE I
SIGNAL AMPLITUDES AND PHASES AT OU

DISTRIBUTION NET
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distribution of
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difference
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Fig. 2 Horizontal radiation pattern

The vertical beam width is not important 
application because we need to cover the w
train. For this reason, we use only two radia
the vertical axis with a uniform sign
Dependence of vertical radiation pattern o
elements number N including the patch el
pattern is shown on Fig. 3.

Fig. 3 Vertical radiation pattern

III. ANTENNA ARRANGEMEN

Antenna system consists of two same 
antenna parts so we may design one part of th
only. This antenna part structure is shown on 
three dielectric layers. The FR4 substrate fo
was chosen. On the top side of this layer a 
situated consisting of power dividers of 
branch-line types. They set optimal amplitude
each radiating elements. On the bottom side 
ground plane. The second layer is made of a d
and it is used for mechanical distance definit
first and the third layer. It also set
electromagnetic field at individual radia
substrate is used for the third layer, ca
elements – patches. Patch elements create the 
the horizontal direction rows of eight patches a
the vertical direction only two such row
Individual power dividers outputs are connect
by perpendicular pins.
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IV. PATCH ANTENN

We used a rectangular shape 
construction (Fig. 5). Dimensions of
by equations from [3]. However, as 
it was necessary to optimize the pa
microwave circuit simulator CST 
parameters of the radiation pattern a
The optimized length L of the micros
width W is 24mm and the height of t

Fig. 5 Patch antenna – mod

The measured return loss of one p
Fig. 6. There is shown a good imped
the centre frequency. The return los
even in the range of 100 MHz.

Fig. 6 Patch – retu

V.POWER DIVIDERS

Power dividers are important part
device is a symmetrical power divi

 structure

NNA DESIGN

pe patch for the antenna
 of the patch were calculated
as the structure is multilayer
 patch dimensions using the
T [4] to meet the desired
n and the impedance match.
rostrip antenna is 43mm, the
f the all structure is 13mm.

odel in CST MWS

e patch element is shown on
edance match of the patch at
loss level is quite acceptable

eturn loss
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art of our design. The input
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power divider. The further dividers in 
distribution network are unsymmetr
unsymmetrical Wilkinson or Gysel power div
large area so the branch line couplers were 
realization [5], [6]. From the distribution of 
the output of horizontal distribution (Table I) 
all the asymmetrical power dividers will have
division ratio. The fabricated branch line cou
Fig. 7. The symmetrical Wilkinson power 
outputs of the feeders form the vertical distr
To attain the required cosecant squared radi
dividers power ratio of 7.9 dB is needed and
over 20 dB is necessary for a good function.

Fig. 7 Branch line power divider

The measured results are presented on Fig
the measurements of the Wilkinson power div
that absolute value of S11 minimum is mov
frequencies (50 MHz) but it is still accepta
value at the operating frequency is about -30 d
values of the remaining ports reflection coe
have significant minima but their levels are re
The isolation between output ports (S32) minim
lower frequencies (150 MHz) but the value ca

Fig. 8 Wilkinson measured paramet

From the results of the branch line couple
obvious that the absolute value minimum of 
the lower frequencies (150 MHz) but it is still
the value on operating frequency is about -24
for other ports are similar. The absolute
transmission coefficient S21 is - 1.7 dB and
- 9.6 dB. From these values it is evident tha
7.9 dB, so it is pretty the same as the required 

in the horizontal
etrical. Matched
dividers occupy too
re chosen for their
of the amplitude at
I) it is obvious that
ve the same power
oupler is shown on
er dividers at the
stribution network.
diation pattern the
and the return loss
.

der

igs. 8 and 9. From
ivider it is obvious
oved to the lower

ptable because the
0 dB. The absolute

coefficients do not
 reasonable as well.
nimum is moved to
 can be accepted.

eters

pler on Fig. 9 it is
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-24 dB. The results
lute value of the
and that of S31 is
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Fig. 9 Branch line measur

VI. CONCLUS

In this paper cosecant square ante
was described. Based on the r
simulation laboratory samples of ea
the patch element were fabricated. T
and from the measured results 
manufactured components correspo
model. Thus a suitability of these co
application in the ribbon antenna was

On the bases of the presented resu
network and the complete antenna
CST MWS and now it is fabricated.
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