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Abstract—This letter reports on a compact planar dual-band
Multiple-Input and Multiple-Output (MIMO) antenna for
Wireless Local Area Network (WLAN) applications. The pro-
posed antenna primarily consists of two meandered monopole
radiators that are decoupled by introducing a folded Y-shape
isolator element and it is shown that the edge coupling between
the radiators and isolator introduces the resonance at the lower
band. The miniaturization is achieved by passing the signal on to
the bottom layer where a meandered line conductor introduces
a broadside coupling with the radiator, originating the higher
band resonance. The antenna operates between 2.4 GHz to
2.5 GHz and 5.45 GHz to 5.65 GHz with an isolation of more
than 25 dB and 15 dB, respectively. The antenna measures only

mm .

Index Terms—Diversity, envelope correlation co-efficient (ECC),
multiple-input multiple-output (MIMO), wireless local area net-
work (WLAN).

I. INTRODUCTION

H IGH DATA RATES with a large signal-to-noise ratio
in Wireless Local Area Networks (WLAN)s can be

achieved by using multiple-input multiple-output (MIMO)
antenna systems [1]. MIMO systems enhance data reliability by
using multiple radiators at the transmitting and receiving ends.
In order to ensure a minimum correlation in a rich scattering
environment, the antenna elements must be kept isolated from
the radiation of neighboring elements. On the other hand, it
is very challenging to achieve high isolation and keep small
antenna dimensions because of strong electromagnetic mutual
coupling.
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Significant research work has been conducted to enhance the
port-to-port isolation in order to improve the diversity perfor-
mance of antenna systems [2]–[10]. Generally the isolation is
achieved by modifying the ground plane by inserting slits and
slots, hence modifying the current path [2][3]. Alternatively,
Electromagnetic Band Gap (EBG) cells can be introduced to
suppress coupling [4]. Defective ground structures [5][6], var-
ious neutralization methods [7][8], orthogonal feeding modes
[9] and orthogonal elements [10] have also been investigated to
achieve the optimum performance of a MIMO system.
The applications of MIMO systems are not limited to narrow

band communications, a number of dual-band and ultra wide-
band diversity antenna systems have been proposed. The dual
band or wide-band operation does not allow the conventional
resonant elements to be incorporated to suppress the surface
waves and space waves, therefore alternative techniques such
as multiple resonant decoupling structures or modified radiating
elements have been used [11]–[13]. More specifically, in [12]
a decoupling structure has been proposed on the back side of
radiators which captures the coupling fields and converts them
in to surface currents to reduce the mutual coupling between
the antenna elements. But, the decoupling structure was not
electrically connected to the antenna. Miniaturized antenna sys-
tems are the key to device compactness. More specifically for
portable devices and for WLAN dongle applications, antenna
footprints are very crucial due to limited room. In recent years
a number of antenna designs have been proposed for wireless
dongle applications [14]–[16]. However, the proposed antennas
have either non-planar construction or they are large in size.
In this work, the highly miniaturized dual band diversity an-

tenna in Fig. 1 is proposed, which is suitable for integration
in handheld devices as well as in USB dongles. The proposed
design consists of two printed meander-line antenna elements
which are placed close to each other. Dual band operation of the
proposed system is achieved by exploiting the edge and broad-
side coupling generated in the system as a result of introducing
the folded Y-shape isolator and the meander line conductor on
the bottom side of the substrate.

II. TWO ELEMENT MIMO ANTENNA DESIGN

The antenna in Fig. 1 consists of two meandered monopole
radiators. A foldedY-shape isolator attached to the ground plane
is placed between the radiators on the top side (as shown in
the Fig. 1(a)) and the bottom side of the substrate consists of
two meandered lines strips connected to the respective radia-
tors through via holes to introduce broadside coupling with the
radiators (as shown in Fig. 1(b)). The resonance at the higher
band is achieved by passing the current to the meander line on
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Fig. 1. Layout of final proposed design: (a) top view (b) bottom view (
mm, mm, mm and mm).

the bottom side through a via. A strong broadside coupling is
generated between the meander line and the monopole radiator.
The radiators are slightly modified at their edges towards the
middle of the substrate by increasing the strip width (as encir-
cled in the Fig. 1(a)) and the length of each meander line on the
bottom layer is chosen to be between and , where is
the wavelength of the 5.5 GHz operating band. This modifica-
tion supports stronger broadside coupling with the meander line
on the bottom side and optimum inductance between the lines
of the radiator to achieve impedance matching.
For the lower band, the edge coupling between the monopole

radiator and folded Y-shape isolator is utilized. The coupling
can be controlled by varying the separation distance between the
radiator and isolator. Furthermore, the length of the folded
arm modifies the coupling coefficient by varying the length of
the coupled section [17]. The folded Y-shape isolator is also
introducing the additional coupling path between the radiators
resulting in the cancellation of mutual coupling between the ra-
diators [18].

A. Effects of the Meander Line Conductor

The parametric study of the length was conducted to first
analyze the effects of varying the length on the resonant fre-
quency. The results of the parametric analysis are shown in
Figs. 2(a) and (b). The length of the meander line was varied
from 6.4 mm to 7.2 mm. For smaller values of length, the reso-
nance shifts to higher frequencies and for larger values of length
the resonance shifts to lower frequencies. The length was op-
timized at 6.8 mm to achieve the optimum radiating band of
5.55 GHz with an of better than 20 dB and an isolation
better than 15 dB. The dimensions of the folded Y-shape iso-
lator were kept constant, as shown in Fig. 1(a), during the para-
metric analysis. Finally, it should be noted that the lower band
was unaffected for various values of .

B. Effect of Folded Y Isolator

Next, to achieve resonance at the lower frequency band, the
dimensions of the folded Y-shape isolator were optimized. The
length of the folded section of the isolator and gap can
be adjusted to achieve the desired response by varying the edge
coupling between the radiator edges and isolator. The gap
was kept constant and the length of the folded arm was

Fig. 2. Effect of the meander line conductor in the higher frequency band on
(a) and (b) mutual coupling; and effect of the Y-shape folded stub in the
lower frequency on (c) and (d) mutual coupling.

varied from 3.5 mm to 7.5 mm. The results of these variations
are shown in Figs. 2(c) and (d). The folded Y-shape structure
also acts as an isolator which provides an extra path for cou-
pling fields to introduce current with opposite phase. The port
isolation is strongly dependent on the total length of the folded
Y-shape isolator which was kept at . Since the gap be-
tween the two arms of the folded Y-shape isolator effects the
electrical length of the isolator by producing mutual coupling
between the arms; as a result the stub is slightly larger in length.
Finally, it should be mentioned that the upper band was fixed for
this parametric study, indicating the introduction of the lower
band by the folded Y-shape isolator.

III. EXPERIMENTAL AND SIMULATED RESULTS

A. Scattering Parameters

The proposed design in Fig. 1 was simulated in HFSS along
with the SMA connector model. The prototype was designed
on a Rogers TMM4 substrate. The thickness of the substrate
was 0.8 mm with a dielectric constant of 4.5 and a loss tangent
of 0.002. The photograph of the fabricated prototype is shown
in Fig. 3 and the measured and simulated results are plotted in
Fig. 4. It should be noted that semi-rigid cables were connected
to the bottom side of the prototype formeasurements. It is shown
that the isolation is better than 25 dB and 15 dB in the lower and
higher bands, respectively. It can be observed from Fig. 4(a)
that is less than 10 dB around 2.1 GHz but the structure
is non-radiating in the region which was shown by measuring
the gain at those frequency points. Although simulations were
carried out with the SMA connector model, the compactness of
the design makes it vulnerable to fabrication imperfections. Fur-
thermore, the design involves vias which were soldered instead
of platting so there was a change in inductance, hence this re-
sults in a slight resonant shift. Overall though, good agreement
between simulation and measurements is shown, validating the
HFSS model.
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Fig. 3. Photograph of proposed dual band MIMO antenna: (a) top side and
(b) bottom side.

Fig. 4. Simulated and measured S-parameters of the dual band MIMO antenna
array. (a) in the lower band, (b) in the higher band, (c) mutual cou-
pling in the lower band and (d) mutual coupling in the higher band.

B. Radiation Pattern, Gain, and Efficiency
The radiation patterns of the proposed dual band MIMO an-

tenna system were measured in the XZ, YZ and XY-planes in a
fully calibrated anechoic chamber at 2.45 GHz and 5.55 GHz.
The results were taken by driving port 1 and terminating port
2 with a load and are shown in Fig. 5. Since the resonant
frequency was shifted at the lower band, the measured results at
2.45 GHz were compared with the simulated results at 2.4 GHz.
The simulated and measured radiation patterns are in agreement
and a slight variation at certain angles are associated to imper-
fections in the realization of the prototype. The Omnidirectional
behavior of the antenna is visible from the radiation patterns in
Fig. 5. Next, the peak gain in the lower and higher bands of the
antenna system are plotted in Figs. 6(a) and 6(b), respectively.
Then, the total efficiency of the antenna was simulated and mea-
sured using the wheeler cap method [19]. The simulated total
efficiency was computed to be 73% and 85% in the lower and
higher bands, respectively; while the measured total efficiency
was determined to be 64% and 71% in the lower and higher
bands, respectively. The reduction in the total efficiency is due
to the leakage of ground currents, the losses of the cap used for
calculation and fabrication imperfections. As described earlier,
the lower resonant band was shifted and the simulation results
from 2.35 to 2.45 GHz are plotted in Fig. 6(a) along with the
measured results from 2.4 to 2.5 GHz.

C. Diversity Analysis on Different Environments
The diversity performance of the proposedMIMO system has

been carried out in different environments. The Envelope Corre-
lation Coefficient (ECC) in the isotropic environment was mea-

Fig. 5. Radiation pattern (a) XZ-plane at 2.45 GHz, (b) XZ-plane at 5.5 GHz,
(c) YZ-plane at 2.45 GHz, (d) YZ-plane at 5.55 GHz, (e) XY-plane at 2.45 GHz
and (f) XY-plane at 5.5 GHz.

Fig. 6. Peak gain and total antenna efficiency: (a) lower band and (b) higher
band.
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TABLE I
PERFORMANCE COMPARISON WITH PREVIOUS PUBLISHED LITERATURE

sured using the S-parameters method proposed by Blanch et al.
[20]. The measured ECC was less than 0.003 in both radiating
bands. To further expand the analysis, the ECC was numeri-
cally calculated for indoor and outdoor environments using the
far-field patterns [21]. For the lower band, the ECCwas found to
be less than 0.35 and 0.55 for indoor and outdoor environments,
respectively. For the higher band, the values were less than 0.25
and 0.6 for indoor and outdoor environments, respectively. The
multiplexing efficiency matrix, , defines the difference in
the power required for a MIMO antenna under-test (AUT) to
obtain a given capacity relative to an ideal reference MIMO an-
tenna of zero correlation and 100% total efficiency. Assuming
a uniform 3D power spectrum and a high signal to noise ratio
(SNR), is given as [22]:
where is a complex correlation coefficient which is the same
as calculated from eqn. (1) in [12] for the isotropic case and it
can also be approximated by from the s-parameters

. Since and the total efficiencies of both elements
are the same, the calculated value of remains above 95%
indicating good MIMO performance of the proposed antenna
design. Also, in Table I, a comparison of the overall perfor-
mance of the proposed antenna system to previously published
literature is presented. The area of the proposed antenna is much
smaller and the overall performance is comparable or better than
previous work with smaller dimensions.

IV. CONCLUSION

In this letter, a highly miniaturized dual band MIMO antenna
is proposed for WLAN applications. The antenna operates from
2.4 GHz to 2.5 GHz and 5.45 GHz to 5.65 GHz. The resonances
at these bands have been achieved by introducing the broadside
and edge coupling in the structure. The measured and iso-
lation is better than 10 dB and 15 dB in the lower and higher
bands, respectively. Diversity analysis has also been carried out
to check the performance of the proposed system in different
environments. The antenna only measures , hence
the planar geometry and small footprint of the antenna makes it
suitable for compact devices as well as for USB dongle appli-
cations.
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