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A method to increase the received power of an aateystem by combining
polarization, space and frequency diversitiesvestigated in this paper. The
antenna system under investigation consisted od@resy of 10 microstrip
antenna elements. Each antenna element is a miprastena with circular
polarization. Two array antennas with circularlylgszed elements have
been designed for receiving eloctromagnetic en@mg§00 MHz and 1800
MHz band. Laboratory measurement has been conductestudy the
increase of antenna received power caused by cambépace, polarizarion
and frequency diversities. Results show that th@gsed method is able to
increase the received power by 12.9 dB at 900 MHitpn8.4 dB at 1800
MHz in an indoor environment; and by 15.8 dB at 818z and by 9.5 dB at

Array 1800|\|/Ith. This in(;rease isfmainlyI contributehd t;y (;ﬂ:e mecg space diversi:]y,

: ; namely the use of array of 10 elements whic id to increase the
Microstrip antenna received power by 10.3 dB in an indoor environmeiithe useof circularly-
polarized element increased the received power .BydB. Of the three
diversities proposed, frequency diversity was foutad have the least
significant contribution becase the received pofs@m 1800 MHz band is
smaller than the 900 MHz band.
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1. INTRODUCTION

Capability to receive high electromagnetic eneigyan important characteristic for an antenna
system to be used for rectifying antennas (rect®nnghe electromagnetic power received by an aatenn
system is determined by both the antenna efficiemaits receive diversity. To increase the reckjewer
of an antenna system, several diversity types eautitized. High received power is crucial for mmbas,
therefore an antenna specifically designed to asméts received power must be used for a recteystam.

Researches on rectifying antennas have been gnge® since the 1960s. At first rectifying antennas
were developed for microwave power transmittersitellite systems [1]. This initial concept hasstiween
developed for other systems namely Radio Frequitenytification [2], where a rectifying antenna idined
as a power supply needed by a smart card to trandemtification data. The trend towards developing
alternative and renewable energy sources has ptityneg antennas in a new light. Several reseaahe
mechanisms to recycle electromagnetic energy ilettirgcal sources have been conducted [3-5].

A method on microwave energy recycling using fgctg antenna system with a broadband
antenna at 2-18 GHz frequency range has been @d8% The received electromagnetic energy can be
increased by expanding the effective aperture®ttitenna, which is done by using array antenna.
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Other attempts to increase the received electrostag energy include the use of polarization
diversity, in the form of a circularly-polarizedtanna [6]. The incident electromagnetic waves wihied
polarizations can be exploited more efficientlyantennas with elliptical or circular polarization.

Investigations have been conducted on rectennarmsgsor particular frequency bands, namely FM
Band [4], ISM Band [6], 900-950 MHz [2] and C bafd. The recyclable energy available at an antenna
system will increase provided that the said antesystem is capable to receive electromagnetic gnerg
originating from different frequency bands.

This research investigated a method to increaserd¢beived power of an antenna system for
rectenna by combining space diversity, polarizatidrersity and frequency diversity. The antennaeys
under investigation consisted of an array of 10rosttip antenna elements. Each antenna element is a
microstrip antenna with circular polarization. Tvaoray antennas with circulary polarized elements ar
designed for receiving eloctromagnetic energy filé®M band, namely 900 MHz and 1800 MHz bands.
Laboratory measurement is conducted to study tbease of antenna received power and the conwibuti
of each diversity mechanism.

2. RESEARCH METHOD

For the experimental study we determined the a@tetement and its construction method to attain
polarization diversity. The next step was to detaarthe array antenna suitable for two GSM freqyenc
bands namely 900 and 1800 MHz. The antenna dimengis determined using (1) to (9). The design was
realized for laboratory measurements and expergnéie received power measurements were taken asing
spectrum analyzer. Based on the experiment resiles,effects of combining space, polarization and
frequency diversities and the contribution of egde of diversity on the increase of received powere
analysed.

2.1 Circularly-Polarized Microstrip Antenna Element

In this research microstrip antenna was used lzasic element of the antenna system. A square
microstrip antenna on axy plane has an omnidirectional transmit patterp airection and a directional
characteristic at anglé direction due to the existence of a ground plarfe @rcular polarization is
attainable by cutting off the diagonal corners sfjaare microstrip or exciting the microstrip using feeds
as shown in Figure 1 [8]. In this research the ostiip antenna was designed so that the polarizasio
nearly circular.

A
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Input port
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(a (b)

Figure 1. Methods to yield circularly/ellipticallyolarized square microstrip antenna (a) Cuttirigod
Corners (b) Double Feeding

The resonance frequengyis a function of the effective length of the antenwhich can be determined
using the following:
1 Vo
fr = = (1)
2L et/ progoGeri  2(L + AL Ger

Therefore the length of the antenna can be deaged
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L=—Y° oAl @)

2f; A/ Ereff

Right triangles at the diagonal corners of the mmdeare cut off, where the lengtlof the two sides of the
triangle is equal, andis calculated using [9]

c=JAS 3)

AS is the area of the triangle, which can be stased

AS 1
== )
S 20
where :
S is the area of the antenna patch
Q is the quality factor of the antenna patch

To determine the quality factor of the ante@ahe effective loss tangeby; as stated below is
needed [4]

Osff = 1 (5)

Q

3 effCan be determined using

ar=o+24 P
h  2aowe

(6)

WhereA denotes skin depth and defined by

A =503 //prr %

The electrical energwe at resonance is
go&abVo?
We = —— (8)
8h

p = conductor resistivity
f. = resonance frequency
i, = medium permeability

whereV, = antenna output voltage

The radiated powd?, can be calculated using [10]

P :m{(l— B)(l—A +ﬁj+§(2—é+ﬁﬂ 9)

R0192 15 420) 5 7 189
whereR, = intrinsic impedance of free-space

with A= [ﬂ(a+ 20a)/ /10]2 andB = [ﬂ(b + 2Ab)//1o]2 and since a square antenna is used,
a=b=L.

2.2. Antenna Array and Frequency Diversity

To increase the received electromagnetic poweculeirly-polarized microstrip array antenna is
used. Based on Pointing theorem, the receive p@fi¢he antenna can be increased by expanding the
aperture of the antenna. The array configuratiagivien in Figure 2. The elements are distancex4atx
direction andA/2 aty direction. The distance in each direction is deteed on the basis of minimum
coupled impedance between elements, so that eaatest can be considered independent. Based on this
assumption, an array afantenna will theoretically increase the antenna gg a factor of 10og n[8]. In
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our experiment the number of antenna elements @reolthat antenna is expected to increase theveecei
power by 10 dB.

Figure 2. Array of 10 circularly-polarized squanerostrip antenna elements

To attain frequency diversity, 2 microstrip antaralements with circular polarization at frequeacie
900 and 1800 MHz were used. If each antenna retieéseame power level then the total receive pavir
increase by 3 dB. The proposed element is givefigare 3 and the dimension of each element isngine
Table 1. Using (1) to (9) the dimensions of thepmsed antenna can be calculated. The antenna was
designed using FR4 epoxy dielectric substrate wjti4.4 and heighth) 0.8 mm. Table 1 shows the
calculated dimensions of the antenna.

Table 1. Dimension of a circularly-polarized squanierostrip antenna

Frequency Band 900 MHz Frequency Band 1800 MHz
AS 4.27 mm 3.17 mm
L 75.47 mm 38.78 mm

(@)

| | (b)
Dielectric Substrate h ¢

Ground plane

Figure 3. Structure of circularly-polarized squamerostrip antenna (a) Top view (b)Side view

3. RESULTSAND ANALYSIS

Microstrip antenna element for frequency band 900zNas been designed for 947 MHz. The axial
ratio measurement was done by comparing the retgigerer from the dipole antenna in Figure 4 whih i
connected to a signal generator and orientea aody directions. The result of axial ratio measuremnagnt

IJECE Vol. 2, No. 2, April 2012 : 207 — 213



IJECE ISSN: 2088-8708 a 211

the antenna main lobe direction shows that thenaatdias an axial ratio of 0.9 dB, which is categgtias
nearly circular polarization. The result of polatibn measurement is given in Table 2.

Microstrip antenna element for 1800 MHz band wasigied for 1844 MHz. Axial ratio
measurement result at the direction of the antemaia lobe shows that the antenna possesses arratiial
of 1 dB, which can be categorized as nearly circpddarization. The result of the polarization maasnent
is given in Table 2. To investigate the effect ofgpization diversity of a circular antenna to iease the
received power, the received power was comparedh& of a printed dipole linear antenna. The
measurement result is given in Table 3. The redepeevers of a linear and circular antenna diffe2t6/ dB
in an indoor environment, whereas in an outdoolirenment the difference is 3.9 dB. This shows that
circularly-polarized antenna will increase the reed power by 2.6 dB in an indoor environment, &yd.9
dB in an outdoor environment.

To investigate the effect of using antenna arrantoease the received power, we used an array
antenna comprising of 10 circularly-polarized mgtrip elements as shown in Figure 4 and 5. The
measurement result is given in Table 4. Theordyicatcularly-polarized elements have the same iveck
levels at two orthogonal directions (x and y ) &mel total received power increases by 3dB comptardiaiat
of linearly-polarized elements. Experiments withrcalarly-polarized microstrip antenna indicates a
relatively same result with theoretical. Considgritne theoretical and experimental results, padion
diversity attained by circularly-polarized anterelaments will increase the received power by aBalB.

Table 2. Polarization Measurement Results At Andeliain Lobe for 900 and 1800 MHz

Frequency Reception gpidirection Reception atdirection Axial Ratio
900 MHz Antenna
925 -16.4 dBm -17.6 dBm 1.2dB
930 -16.6 dBm -17.3dBm 0.7 dB
947 -16.6 dBm -17.3 dBm 0.7dB
950 -16.5 dBm -17.4 dBm 0.9dB
955 -16.4 dBm -17.5dBm 1.1dB
925 -16.4 dBm -17.6 dBm 1.2dB
1800 MHz Antenna
935 -14.6 dBm -15.6 dBm 1dB
1830 -14.6 dBm -15.5dBm 0.9dB
1844 -14.5 dBm -15.5dBm 1dB
1850 -14.5 dBm -15.5dBm 1dB
1855 -14.7 dBm -15.8 dBm 1.1dB

Table 3. Received Power Measurement Result ofdtipeand Circularly-Polarized Antennas

Linear Antenna (printed dipole) Circular Antengadular microstrip antenna)
Received power, indoor -98.6 dBm -81.2dBm
environment
Received power, outdoor -99.5 dBm -83.4 dBm
environment

Table 4. Received Power Measurement Results ofaul@rly-Polarized Array Microstrip Antenna

900 MHz Band Single Element Array of 10 Elements
Received Power, Indoor environment -81.2 dBm -6t
Received Power, Outdoor Environment -83.4 dBm -6B6/

1800 MHz Band Single Element Array of 10 Elements
Received Power, Indoor environment -91.4 dBm -8Bm
Received Power, Outdoor Environment -91 dBm -8B/

The measurement results show that an array ofrtQlarly-polarized microstrip elements will increathe
received power by 12.9 dB at 900 MHz and by 8.4adB.800 MHz in an indoor environment. For an
outdoor environment, the array of 10 circularlygtded microstrip elements will increase the reediv
power by 15.8 dB at 900 MHz and by 9.5 dB at 1808z2M

Circular polarization has been shown to increase réceived power by 2.6 dB in an indoor
environment. Since the use of 10 circularly-polkedizmicrostrip elements show an increase of received
power by 12.9 dB, it can be concluded that theyacmtributes to increase the received power bg HB.
The contribution of an array antenna to increaserditeived power in an outdoor environment is HB9
Theoretically, the use of 10 antenna elements indtease the received power by 10 dB. The discigpan
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between the theoretical and the experimental esale due to imperfections in the measurement
environment. Received power can be increased bgasig the number of array element.

Frequency diversity was attained by combining theeived power of the array at 900 and 1800
MHz. However as the received power of 1800 MHz yaisarelatively lower than 900 MHz array, the
combination of the two will not significantly affethe increase of the received power in dB.

Figure 5. Measurement of Circularly-Polarized Mairip Array Antenna at 1800 MHz

4. CONCLUSION

Laboratory experiments showed that the combinatiopolarization diversity and the use of both
antenna array and frequency diversity into oneesyswill increase the received electromagnetic pafem
antenna. In an array of ten circularly-polarize¢tnostrip antenna, the array is the main contribofathe
increase of the received electromagnetic powere [Elast contribution to the received power is aédi
through frequency diversity. Experiments showed tha use of circularly-polarized square microstipay
antenna can increase the received power by 12.9rdB) which 2.6 dB was contributed by polarization
diversity and 10.3 dB was contributed by the aonh¥0 antenna elements.
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