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A new microstrip slot antenna with parasitic elements has been presented in this paper. The proposed antenna is composed of a
microstrip feed line, a ground plane on which some simple slots are etched, and parasitic elements. Simulation results show that
the antenna structure allows for the independent adjustment of each frequency. A two-element array configuration of this antenna
for MIMO application is investigated as well. For comparison between simulation and measurement result both single and array
configurations have been fabricated. The measurement result exhibits good radiation performance in terms of return loss, low
mutual coupling, and compactness.

1. Introduction

Recent researches show that MIMO system can provide
substantial improvement in system capacity with the tradi-
tional SISO communication systems [1]. The recent increase
in demand for high quality wireless communications has
induced the development of various multiantennas systems
for WLAN and WiMAX applications such as diversity and
MIMO systems. Because of the advantages of low manufac-
turing cost, light weight, easy integration, and easy fabrica-
tion, the printed antenna becomes a good candidate for these
applications.

In order tomeet theWLANandWiMAX standards simu-
ltaneously, multiband antennas are required. Many related
researches have been done for such demands. Slot antennas
are often adopted to realize multiband operation owing to
their easy integrating with ground plane, such as inverted U-
shaped slot [2] and triband slot antenna with the pair of T-
shaped strips [3]. Patch antennas for multiband operations
were also presented [4–8]. Coplanar waveguide antennas
(CPW), such as dual-band rhombus slot [9], monopole
antenna employing T-shaped quasi-self-complimentary res-
onators [10], parasitically loaded CPW-fed [11], and planar
monopole [12], are also applied to realize multiband oper-
ation due to their low cost and omni-directional radiation
pattern.

Various printed antennas suitable forMIMO applications
have been proposed as well [13–16].The design of a triband E-
shaped monopole antenna loaded with narrow slots is given
in [13]. A four-element L-shaped slot antenna with L-shaped
slit has been presented in [14]. Also a two-element MIMO
antenna for wireless applications is presented in [16].

In this paper, a new design of planar antenna with para-
sitic strip suitable for MIMO application is presented. Com-
pared to the antennas in [2–12], the proposed antenna in this
paper not only achieves triple bands simultaneously but also
has a rather simple structure that is easy to fabricate. Mean-
while, the proposed antenna structure also allows for the
independent adjustment or tuning of each frequency of
interest within certain limits, which is important aspect for
manufacturing. Also in comparison with [13–15] the pro-
posed array offers an enhanced performance in terms of ope-
ration frequency bandswith better isolation in addition to the
advantage of smaller size. Details of the proposed design are
described. Simulation andmeasurement result for both single
and array antenna is presented. The measured results show
good agreement with the simulated ones.

2. Antenna Geometry and Design Procedure

Figure 1 shows the geometry with design parameters of the
proposed multiband antenna which is printed on a low
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Figure 1: Configuration of an antenna element, (a) front view and (b) back view.

cost FR4 substrate with dielectric 𝜀
𝑟
= 4.4, loss tangent

tan 𝛿 = 0.02, and thickness 1.6mm. The overall dimen-
sion of the antenna is 28 × 28mm2. Figure 2 exhibits the
design evolution of the proposed multiband antenna on
simulated frequency response of return loss. It begins with
a conventional slot antenna 25(a) × 25(a)mm2 (denoted as
Case I) which is about 𝜆/2 = 62mm with respect to the
first operation band. Due to higher resonant mode (second
resonant frequency in this case) in Case I, in addition of
desired frequency at 2.4 GHz, there is another resonant
frequency at the frequency of 4.3 GHz ≅ .085𝜆. As it has been
discussed in [14] at the second resonance, the pattern starts
to undulate.Therefore the second resonant frequency cannot
be used for omni-directional goals.

The second resonant frequency at 3.5 GHz can be
achieved with introducing a pair of symmetrical horizontal
strips at the middle of wide slot. The strips generate current
flow path at the second resonant frequency, which can be
assumed as [17]

𝑓 =

𝑐

4𝐿
𝑠
⋅ √𝜀

, 𝜀 =

𝜀
𝑟
+ 1

2

, (1)

where 𝐿
𝑠
is the length of horizontal strip, 𝜀 is the effective

dielectric constant, and 𝑐 is the speed of light in free space.
Case II in Figure 2 represents that the second resonant fre-
quency at 3.5 GHz is achieved with little impact on the first
designed frequency. Two-strip patch as parasitic element is
etched on the bottom portion of FR4 substrate in order to
achieve third resonant frequency at 5.8GHz. Case III in Fig-
ure 2 depicts that the third resonant has been achieved while
other frequencies are almost constant. Note that at all three
cases the antennas are fed through a 50 ohmmicrostrip patch
at the bottom side of antenna.

Figure 3 represents surface current distribution at
2.4GHz and 4.3GHz. The difference between 0.5𝜆 and

0.85𝜆 can be clearly seen from the figure. Surface current
distribution at 2.4GHz has two maximum and a minimum
representing half-wave slot antenna (Figures 3(a) and
3(b)) representing 0.85𝜆 (almost two maximum and two
minimum). Note that this figure is related to Case II.

In Figure 4(a), the current flows along the edge of the
strips upward to the upper side of the rectangular slot.There-
fore, the embedded strips in the slotmainly generate themid-
dle frequency. Similarly in Figure 4(b), the current centralizes
in the region nearby the parasitic strip that generates the
highest frequency.

A comprehensive parametric study was carried out to get
insight on the effect of various antenna parameters that enable
optimization of the antenna’s performance.

The return loss characteristics of different 𝐿
𝑠
are demon-

strated in Figure 5. As the length of horizontal strip (𝐿
𝑠
)

increases from 6mm to 9mm, the upper edge frequency of
the antenna shifts down while leaving the lower and upper
edge frequency almost unchanged. The parasitic elements
have a strong effect on the upper frequency characteristic of
the antenna. Figure 6 displays that the upper resonance fre-
quency is mainly determined by the dimension of 𝐿

𝑝
, while

the other resonant frequencies are almost unchanged. The
longer the 𝐿

𝑝
is, the lower the upper resonance frequencywill

be.
By fixing the optimum parameters of the proposed

antenna, good impedance matching through the operation
bands for WLAN andWiMAX applications can be achieved.
The parameters are set as follows: 𝑎 = 25mm, 𝐿

𝑠
= 8.6mm,

𝑊
𝑠
= 0.4mm, 𝐿

𝑝
= 13mm,𝑊

𝑝
= 0.3mm, 𝐿

𝑓
= 11.5mm,

and𝑊
𝑓
= 3mm.

The comparison between the simulated and measured
reflection coefficient characteristic of the proposed antenna
obtained by using CST2010 and the Agilent E8361C vector
network analyzer is shown in Figure 7. Apparently, the mea-
sured return losses below −10 dB bandwidth range between
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Figure 2: Design procedure of the proposed antenna. Case I: single band, Case II: dual-band, and Case III: triband operation.
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Figure 3: Surface current distribution (a) 2.4GHz and (b) 4.3 GHz.
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Figure 4: Surface current distribution (a) 3.5 GHz and (b) 5.8GHz.
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Figure 5: Simulated return loss with different 𝐿
𝑠
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.
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Figure 7: Simulated and measured reflection coefficient characteristic of proposed antenna element.

2.3–2.52GHz, 3.4–3.62GHz, and 5.6–5.95GHz, which show
approximate agreementwith the simulated result. Some slight
discrepancies between them may be attributed to measure-
ment errors, inaccuracies in the fabrication process, and the
effect of the SMA connector.

3. Integration of Two MIMO Element

The antenna element presented in Section 2 shows that it
is suitable for WLAN and WiMAX application and can be
arrayed for use in MIMO application.

The primary aim of MIMO antenna design is to reduce
correlation between received signals. A significant parameter
for the correlation is the mutual coupling. One of the most

critical parameters affecting mutual coupling and correlation
is due to common ground plane, sharing the surface current,
which can be reduced by etching slot into the ground plane
among the slot antenna.The second parameter that affects the
correlation between the received signals is the polarization of
the antennas, polarization diversity.

This paper, based on orthogonal polarization diversity
and separated common ground plane, introduces a new low
profile two-element MIMO antenna with good isolation and
simple to fabricate.

3.1. Impedance Performance. Figure 8 depicts a photograph
of the fabricated proposed array antenna. The antenna
elements are orthogonal to each other in order to make



International Journal of Antennas and Propagation 5

(a)

(b)

Figure 8: Prototype of fabricated MIMO antenna, (a) front view and (b) bottom view.

2 2.5 3 3.5 4 4.5 5 5.5 6
−40

−30

−20

−10

0

Frequency (GHz)

S11 simulation
S21 simulation
S22 simulation

S11 measurement
S21 measurement
S22 measurement

Sc
at

te
rin

g 
pa

ra
m

et
er

s (
dB

)

Figure 9: Comparison between simulated and measured scattering parameters for the proposed MIMO array.

polarization diversity. A rectangular slot with the width
of less than 0.1𝜆 (𝜆 is the wavelength of lowest resonant
frequency) has been etched on ground plane of the antenna
array to separate the common ground plane. The simulated
and measured 𝑆-parameters are in a good agreement as
observed in Figure 9. An E8361C vector network analyzer
was used to measure the scattering parameters characteristic
of the fabricated MIMO array in an anechoic chamber. In
this measurement one port is excited and the other port was
terminated by a 50Ω matching load. Mutual coupling better
than −22 dB has been achieved for the antenna spacing less
than 0.1𝜆 (10mm). In comparison with [13], this antenna
array configuration improved isolation more than 8 dB with
the advantage of compact size.

3.2. Radiation Performance. Measured radiation pattern for
three principal planes and for three resonant frequencies,
when one element was excited and the other antenna element
was matched by a standard 50Ω matching load, has been
demonstrated in Figure 10. The orientation of the antenna
with respect to coordinate system is clarified in Figure 1. One
can see that nearly omnidirectional pattern has been achieved
at all three frequencies (Table 1). There are no deep nulls in
any direction. This is an important factor when antenna has
been used for MIMO application [14].

Table 1: Simulated peak gain and radiation efficiency results.

Frequency (GHz) 2.4 3.5 5.2
Gain (dBi) 1.98 3.1 1.6
Efficiency (%) 75 87 64

3.3. Diversity Performance. Envelope correlation coefficient
is an important parameter to measure the diversity gain of
a MIMO system. Generally, low envelope correlation always
leads to high diversity gain [14]. For a two-antenna system, a
simple formula can be used to calculate envelope correlation
coefficient [18] as follows:
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The calculated result of the proposed antenna is exhibited
in Figure 11. It shows that the desired operation band of the
proposed antenna has an envelope correlation coefficient less
than 0.04, which is practically acceptable.

Low mutual coupling, good impedance matching, low
envelope correlation, and stable radiation patterns in three
principal planes confirm that the proposed MIMO array is
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Figure 10: Measured radiation pattern for three principle planes (a) 2.4GHz, (b) 3.5 GHz and (c) 5.8 GHz.

a good candidate for use in WLAN and WiMAX MIMO
systems.

4. Conclusion

A compact planar multiband antenna is developed in this
work. The proposed antenna utilized a pair of horizontal
strips and a pair of vertical strips patch as parasitic element

to achieve second and third resonant frequency, while
the wideband slot provides the first resonant frequency at
2.4GHz. The current distributions excited at resonant fre-
quency reveals that the proposed antenna operates at half-
wave guided length mode. Parametric study shows that
the proposed antenna structure allows for the independent
adjustment or tuning of each frequency of interest within
certain limits. A particular combination of two such elements
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Figure 11: Measured envelope correlation of the proposed multi-
band antenna.

has been used for MIMO application. The measured return
loss complies with the frequency of WLAN and WiMAX
application. The MIMO antenna array provides better than
−22 dB mutual coupling, envelope correlation of lower than
0.01, and stable omnidirectional patterns at all three frequen-
cies.
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