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Abstract—In this paper new array element for use in dual band dual
polarized antenna will be introduced that has high efficiency (more
than 95%) and has high isolation in both 900MHz and 1800MHz
bands. Also radiation pattern of this antenna is according to IEC
recommendation.

1. INTRODUCTION

Todays almost all operators use two or more frequency bands for their
communication services and the most usual bands are 900MHz and
1800MHz. In recent years considerable increasing effort on the design
of dual band band and dual polarized antenna has been observed. Some
designs for dual band and dual polarized antennas have been reported
that can be used as array elements in the BTS antenna [1–3]. These
designs are commonly patch antennas and use multilayer substrate
to enhance bandwidth although antenna efficiency will reduces to
60%. Also authors of references designed and tested their antenna
elements with linear vertical and horizontal polarizations while ±45◦

polarizations are needed.
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International Engineering Consortium (IEC) has published a new
standard [4] and according that we need four pattern measurements in
each slant plane to understand radiation characteristics truly.
In this paper new array element with high efficiency (more than

95%) will be introduced that is ideal to use in dual band dual polarized
BTS antennas and according to IEC standard.

2. PROPOSED ANTENNA STRUCTURE

Proposed antenna element in this paper could be divided to two
parts: One part for 900MHz frequency and the other for 1800MHz
frequency and both parts are capable of dual polarized operation.
Fig. 1 illustrates antenna structure. In fact array element in this
paper is formed from classical elements. However dipole antennas
are inseparable part from any antenna textbook but they still form
foundations of the researches of the scientists so that could be found
in recent papers [5–10]. Microstrip and patch antennas have been
presented later than dipoles and there are many discussions and
different analyses in antenna books but we observe them daily with
their novel configurations and new performances in papers [11–20].

Figure 1. Proposed antenna structure.

2.1. Dual Polarized Antenna for 900 MHz

Radiation part of antenna in 900MHz band consists of four printed
dipoles on the FR-4 substrate that are positioned on the rectangle
arms. Dipoles on the same polarization direction are excited in phase.
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So we can write from array theory [21]:

AF = ejk sin θ(−dx cos φ+dy sin φ) + ejk sin θ(dx cos φ−dy sin φ) (1)

Also for each slant dipole in φ = ±45◦ can be written [22]:

E =
cos

(

π
2 cos (φ+ π/4) sin θ

)

√

1− cos2 (φ+ π/4) sin2 θ
sin

(

2π

λ
h cos θ

)

(2)

So antenna radiation pattern can be computed by multiplication of
element factor and array factor. Presence of radiation part of 1800MHz
between dipoles has not been considered in above equations but that’s
necessary to be considered in exact simulations.
Dipoles have 0.4λ length and are positioned 0.381λ above the

ground plane. As Fig. 2 illustrates each dipole has an additional part
to fix it above the ground plane. Additional printed track and coaxial
cable play the role of Balun.

Figure 2. Dual polarized patch and dipoles structure.

2.2. Dual Polarized Antenna for 1800 MHz

L-shaped probe fed circular patch has been designed reradiate in
1800MHz frequency. Obviously thick substrate with low εr is used
to increase bandwidth and conducting walls reduce surface waves.

Field components can be written in regions I and II using Mode
Matching Technique. For region I (under patch) we can write [23]:

Ez =
∞
∑

n=0

Jn(kρ)An cosnφ (3)
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Hρ =
1

jωµ0ρ

∞
∑

n=0

nJn(kρ)An sinnφ (4)

Hφ =
k

jωµ0

∞
∑

n=0

J ′

n(kρ)An cosnφ (5)

Also for region II (between patch and conducting walls) we have:

Ez =
∞
∑

n=0

[BnJn(kρ) + CnYn(kρ)] [Dn cosnφ+ En sinnφ] (6)

Hρ =
1

jωµ0ρ

∞
∑

n=0

n [BnJn(kρ)+CnYn(kρ)] [Dn sinnφ−En cosnφ] (7)

Hφ =
k

jωµ0

∞
∑

n=0

[

BnJ ′

n(kρ) + CnY ′

n(kρ)
]

[Dn cosnφ+ En sinnφ] (8)

Because of boundary conditions in fields in region II Ez equals to
zero in the walls and fields outside of the patch reduce considerably
and patch efficiency increased up to 95% as a result.

Circular patch has 0.36λ radius and height. L-shaped probe
consists of printed part and rods. Microstrip feeding network is under
the ground plane and excites two L-shaped probes with 180◦ phase
difference. Impedance seen from each probe is 50Ω and simply a 1
to 2 divider with 0.5λ length difference has been used to excite equal
amplitude and out of phase each of dual arms. Electrical walls in
addition to efficiency enhancement have effects on the radiation pattern
so that fine tuning of half power beamwidth in horizontal plane has
been done by tuning of length of wall.

3. TEST AND MEASUREMENT TECHNIQUE

According to IEC recommendation we need four pattern measurements
to understand slant antenna performance appropriately. Polarizations
of +45◦ reference antenna and +45◦ antenna under test do not remain
actually same at entire antenna rotation and at φ = 180◦ antennas
are cross polarized while they were co-polarized at φ = 0◦. So when
antenna under test has been positioned in +45◦ related to horizon;
reference antenna should be positioned in the following four directions
+45 degree (co-polarized pattern measurement), −45 degree (cross
polarized pattern measurement), horizontal direction and vertical
direction. Although this measurement technique does not satisfy co-
polar and cross-polar definitions correctly but often is called in this
way.
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4. TEST AND MEASUREMENT RESULTS

This section presents results of test and measurement of proposed
antenna. Since antenna has four ports results are presented separately
to prevent confusion of reader. Also because antenna is symmetrical
about ±45◦ polarizations just +45◦ polarization results will be
presented.
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Figure 3. Co & cross polarized
patterns at 900MHz.
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Figure 4. Patterns at 900MHz
with transmitter in horizontal
and vertical directions.
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Figure 5. Co & cross polarized
patterns at 1800MHz.
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Figure 6. Patterns at 1800MHz
with transmitter in horizontal
and vertical directions.

Figure 3 illustrates co-polarized and cross polarized patterns
for +45◦ polarization with 900MHz frequency. Acceptable and
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Figure 7. Measured pattern in
y-z plane and 900MHz.
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Figure 8. Measured pattern in
y-z plane and 1800MHz.
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Figure 9. Measured RL and isolation between positive and negative
ports at 900MHz.

suitable cross polarization level can be noted. Fig. 4 shows pattern
measurement when transmitter is in horizontal and vertical directions.
As seen in Fig. 4, difference of horizontal and vertical levels is less
than 0.75 dB in all directions. Similarly Fig. 5 and Fig. 6 illustrate
measured co-polarized, cross polarized patterns and reference antenna
in all horizontal and vertical directions in 1800MHz frequency. As seen
in Fig. 6 difference of horizontal and vertical polarization levels is less
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Figure 10. Measured RL and isolation between positive and negative
ports at 1800MHz.

than 3 dB in all directions and is exactly according to IEC standard.
Linear arrays on vertical axes are used achieve higher gain and

narrow beamwidth. Fig. 7 and Fig. 8 illustrate measured patterns of
antenna in vertical plane in 900MHz and 1800MHz frequencies.
Measured results of return loss and isolation for ±45◦ ports are

presented in Fig. 9 for 900MHz band and in Fig. 10 for 1800MHz
band. As results show all four ports are well matched and have a good
isolation from each other.

5. CONCLUSION

New dual band dual polarized antenna element has been proposed that
has appropriate performance in 900MHz and 1800MHz band and is
low cost, easy to manufacture, suitable for mass production. Proposed
antenna in addition to high efficiency (more than 95%) has a desirable
isolation characteristic and its radiation pattern is according to IEC
standard.
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