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Abstract. A compact, dual-band 1 X 2 coupled monopole printed antenna array
design is proposed in this paper for indoor loT-based smart home devices and
sensors. With an overall dimension of 30 x 70 x 1.5 mm?, the presented design
is operational at two frequency bands ranging from 3.6 to 4.3 GHz and from 5.6
to 6.6 GHz with stable impedance matching. The coupled planar monopole con-
figuration ensures a consistent radiation performance over a wide bandwidth.
To verify the practical implementation of the antenna on an IoT platform’s de-
vice, the effects of dielectric height and ground plane variation on impedance
matching over a wide frequency of operation are also discussed.

Keywords: Coupled Monopole, Printed Antenna, Mutual Coupling, Ground
Plane Configuration, IoT, Smart Home.

1 Introduction

When multiple sensors, objects, nodes or devices connects wirelessly to each other as
well as to an internet-enabled network, their online accessibility for a user becomes
possible. Such devices are then known as the Internet of Things (IoT) [1, 2]. The mul-
ti-layer service which allows users to manage, monitor, and automate [oT is called
IoT platform [3, 4]. Through IoT platforms, multiple devices collaborate and interact
with each other [5] to collect and analyze data; to optimize and predict patterns [6].
Within the next 2 years, there will be more than 80 billion IoT connections [7] result-
ing in a better-connected world. Millions of these connections will originate from
smart home devices and with many IoT-based wireless hardware systems; integrated
sensors and antennas become an integral element for optimum performance.

Printed antennas have been extensively used in wireless communication systems.
They are simple in structure, small, easy to fabricate, economical to produce, exhibit
reasonable gain & have reliable radiation performance, generally for a wide band-
width [8-10]. Implementation of multiband printed antennas in smart home devices is
always preferred in order to support 5G, LTE, Wi-Fi, Bluetooth, and Zigbee technol-



ogies simultaneously [11, 12]. On the other hand, due to their compact size; smart
home devices has limited space for antenna installation. This proximity of the antenna
with electronic circuitry results in cross-coupling and degradation of performance. It
is desired to reduce this coupling effect and subsequently reduce the co-channel inter-
ferences [13]. Multiple antenna configurations have been proposed to fulfill the de-
mands of higher data rates over multiple wireless technologies [14-16], however, the
stability of antenna elements in the presence of other electronic components and rela-
tively high mutual coupling between the radiating surfaces is still one of the major
issues revolving around IoT services and applications [17, 18]. Also, co-channel inter-
ferences has direct impact on communication system data rate performance because
multiple radiating elements operates over adjacent frequencies [19].

In this paper, a dual-band 1 x 2 MIMO printed antenna is presented. The proposed
antenna is relatively small and has sufficient bandwidth and gain over the entire oper-
ating band which is achieved using coupled monopole technique. Two planar radiat-
ing strips (monopoles) facing each other are simultaneously excited via a transmission
line, making antenna structure. The coupling is prominent along the vertical axis.
When two copies of the same antennas are replicated in the horizontal axis, reduction
in cross-coupling between the antennas is realized. Implementation of the proposed
antenna array structure in an IoT device is also verified by detailed full-wave electro-
magnetic analysis.

2 Antenna Design

The design of the printed antenna is shown in Fig. 1. The quasi-rectangular antenna
structure is fed by a 50 Q microstrip feed line backed by a partial ground plane struc-
ture. Two matched radiation strips of lengths 22 mm and varying widths are excited
by the transmission line, while the impedance of the planar monopole is controlled for
simultaneous matching in two frequency bands. The planar monopole and transmis-
sion line is devised on an FR4 substrate, widely used in smart home hardware, mak-
ing the antenna easy-to-mounted.
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Fig. 1. Antenna Geometry



3 Analysis and Results

3.1 Effect of Substrate Dimensions

Height of substrate (H = 1.5) is added ~5 times with the length and width of the patch
to have the length and width of substrate respectively [20]. We have modified this
assumption for our analysis and halved it for length, as given below:

Substrate Length = Patch Length + 3.3 xH (1)
Substrate Width = Patch Width + 6.6 xH )

Fig. 2 shows effect of substrate dimensions on impedance bandwidth when H is var-
ied with a step size of 1 mm. It was observed that resonating bands in lower frequen-
cies were negatively affected when H increased from 1.5, whereas the higher frequen-
cy resonant bands started shifting towards lower frequencies with an overall reduced
operating bandwidth but with improved return loss.
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Fig. 2. Frequency responses for different / values

3.2 2 x1 Array Configuration

The proposed antenna shows reasonable characteristics to be employed as an array
antenna. The major issue in multi-antenna configurations is the mutual coupling. With
high coupling values, communication between IoT hardware and the remote access
point becomes weaker since radiating elements would have more interference.
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Fig. 3. Antenna Array Geometry



Therefore, the distance at which radiating patches are placed is critical, increasing the
distance rectifies the coupling problem but introduces issues related to required foot-
print since portable devices always have limited space to fit antenna into. To cater this
dilemma, the distance (in terms of A, i.e., wavelength at the highest frequency of op-
eration) between the transmission lines is kept constant to 35 mm. Three ground plane
configurations namely, Connected ground, Extended ground and Separated ground
shown in Fig. 4 are applied to investigate low-complexity mutual-coupling reduction
options selectable depending upon the IoT platform. From Fig. 4 it can be deduced
that in connected and extended ground configurations, array behavior in terms of
resonating frequency was similar to single antenna element but return loss for 2nd
band improved in connected ground structure. Whereas, in separated ground configu-
ration, return loss improved for both frequency bands.

Return loss (dB)

20k R |
1 Connested Ground L
(a) Connected Ground ~ — ~$22 Connected Ground P
12 Connected Ground

25L I I R I I (B I I ; I 04
15 2 25 3 35 4 45 5 55 6 65 7
Frequency (GHz)

S parameters variation with (a)

Return loss (dB)

o0t

11 Extended Ground

22 Extended Ground

12 Extended Ground
1 I3

(b) Extended Ground

Il I H I Il I Il
15 2 25 3 35 4 45 5 55 6 65 7
Frequency (GHz)

S parameters variation with (b)

Return loss (dB)

20 11 Sepa;ated Ground

(c) Separated Ground — — - 522 Separated Ground
12 Separated Ground ; 1
25 N n n 1 A i 4

L :
15 2 25 3 35 4 4.5 5 8.5 6 6.5 7
Frequency (GHz)

S parameters variation with (c)

Fig. 4. Ground Plane Configurations and their corresponding S parameters variation



Note that MIMO configuration is also implementable if separate ground structure is
used (Fig. 4 (¢)); low coupling of the order of <—12 dB can be expected.

Radiation Efficiency, 3dB Beamwidth, Gain and Isotropic Sensitivity of the antennas
in array configuration are illustrated in Fig. 5. First, each radiating patch element was
excited separately while the second patch was terminated to 50 Q2 load, and then both
were excited simultaneously to confirm that the proposed design is radiating with
reasonable radiation efficiency. 3dB Beamwidth and Gain are also adequate over the
entire operational frequency range. Total Isotropic Sensitivity (TIS) is receiving an-
tenna’s average sensitivity when measured across an entire 360° spherical coverage.
The simulated TIS in both azimuth and elevation is favorable enough for the IoT de-
vices to operate in any orientation.
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Fig. 5. Radiation Efficiency, 3dB Width, Gain, Isotropic Sensitivity
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Fig. 6. E-field at 2 mm above the ground floor. Color scale mapped from 0 - 5000 V/m.

Finally, the operational resilience of the antenna can be affirmed by observing the
involvement of the coupled planar monopoles in maintaining high radiation efficiency
of the antenna. The E-field was analyzed to validate the surface current density as
shown in Fig. 6. Here, it can be observed that for the lower frequency band, entire




coupling monopole structure is assisting in radiation, while smaller footprint of cou-
pling monopoles is radiating at higher frequencies.

4 CONCLUSION

In this work, we proposed a microstrip line fed, coupled monopole printed antenna
array operating over two bands which are suitable for almost all applications func-
tional in C-band (4-8 GHz); making this design a good solution to be integrated in an
IoT-based smart home devices and sensors. The mutual coupling was also analyzed,
while three operations to reduce coupling are provided based on the IoT platform that
the antenna is expected to be mounted on.
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