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A new self-complimentary compact antenna operating at 60GHz within the millimeter wave frequency range has been presented
in this paper. The design is intended for the wireless body-centric network (WBCN). The proposed compact design has a
dimension of 4:5 × 6:03 × 1:59mm3. The antenna was designed with multiple geometrical structures held upon a narrow feed
line with a rectangular slot and parasitic elements to increase bandwidth. Free space simulations of the antenna produced
optimistic results in terms of gain, radiation efficiency, and bandwidth; a maximum gain of 6.7 dB was achieved with an
efficiency of 84.5%. Parametric studies were carried out to better understand its nature by modifying the key design aspects
and comparing the outcomes. A 3D human torso phantom was virtually created with natural human body properties, and the
on-body performance of the design was tested by placing the antenna in its near field. With some slight deviation from their
peak performance, on-body simulations displayed better results in most of the cases. The antenna was positioned five different
gaps from the torso for future investigations. The result of the distance-based study was amazingly good as the antenna
performance was consistent throughout all distances. 10.77GHz of bandwidth is found for the closest distance to the human
torso, while the on-body radiation efficiency is also outstanding; the minimum radiation efficiency recorded is 73.78 when the
antenna is just a couple of millimeters away. Overall, the comparison shows that the antenna worked best when it was placed
only 2mm apart from the body. Investigation indicates the antenna is a promising candidate for BCN applications because of
its wider bandwidth and better on-body efficiency.

1. Introduction

For many good reasons, millimeter wave antennas grab
numerous researchers’ attention worldwide while looking
for a suitable antenna for BCN or wireless body area net-
works (WBAN). Millimeter wave (mmWave) microstrip
patch antennas have smaller physical dimensions; fit well
in small electric devices and equipment; are lightweight, less
power-consuming, and less complicated in structure, [1–3];
and are mostly suitable for short-ranged high speed and
larger amounts of data transmission [4, 5]. Such properties
make mmWave antennas potential candidates for body-
centric networks. The mmWave frequency range extends
from 30GHz to 300GHz, with wavelengths ranging from

10mm to 1mm [6–8]. Within this wide frequency range,
several frequency bands are free for public use, which has
made them more popular among others. Such a popular
frequency is 60GHz within the V-band spectrum, which
was assigned as unlicensed by the FCC [9, 10]. But, there
are certain challenges while using this frequency for commu-
nication, which is the high attenuation for atmospheric
absorption. This limits its usage for long-distance communi-
cations [6, 10, 11]. However, for body-centric network appli-
cations, especially for advanced future healthcare facilities,
60GHz can be implemented.

However, one big question mark still remains after the
creation of a new millimeter wave antenna: will this antenna
perform the same while it is in the near-field of a human
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body? This becomes the more challenging part of designing
a suitable antenna for WBAN or BCN. The performance of
the antenna is influenced by the human body’s capacitive
nature, especially when the antenna is in its near-field. This
effect can be noticed in almost all the antenna parameters,
such as gain, efficiency, return loss, or bandwidth [12–14].
Sometimes, a perfectly tuned antenna behaves so bizarrely
in the near-field of an organic body that it becomes ineligible
to operate for human body near-field applications. The good
news is that, in most circumstances, a few millimeters can
prevent adverse effects on the human body.

Wireless communications find the human body to be an
unwelcoming and frequently hostile environment. Human-
to-human and human-to-self networking using wearable
and embedded wireless sensors is referred to as body-
centric wireless communications. WBAN, wireless sensor
networks (WSNs), and wireless personal area networks
(WPANs) are all included in this topic (WPANs). Advanced
healthcare applications, smart home appliances, entertain-
ment, security and identification systems, even in space
exploration and military applications, all benefit from
body-centric wireless communications [15]. Especially, in
wearable computers, a field that focuses on high amounts
of computer resources embedded with sensors and interfac-
ing devices, connecting wears requires performing real-time
and fast data transfer in the gigabytes per second range.
These tasks could be simplified by implementing wireless
body area networking (WBAN) with high-speed, contactless
wireless data exchange.

In low-frequency operations, electromagnetic waves
have greater penetration depth on human bodies [16–18].
But, for millimeter waves, the penetration depth is very
low. The popular 60GHz frequency of V-band has only a
0.5 millimeters of penetration depth on human body which
cannot pass through the skin layer of the human body on
most of the cases. But, it does not mean only half of a milli-
meter of the external part of the human body will affect an
antenna’s performance. Besides, the presence of the human
body in close proximity to an antenna works as a catalyst
and deviates the antenna’s natural performance.

One of the most common fields of BCN or WBAN is the
healthcare department, where a patient’s vital physical signs
are collected with wearable nodes with included antennas.
These nodes, placed on different parts of the human body,
keep them connected with each other and the master nodes
connected with external data servers and online clouds. So,
antennas in these systems must withstand their operability
while in the near field of a human body. Other short-ranged
communication may include connection between multiple
devices within the indoor environments of hospital wards.

Few antennas for body-centric networks operating at fre-
quencies lower than mmWave [19–25], i.e., ultra wideband,
demonstrated promising results, but had larger physical
dimensions. Among the recent research made on millimeter
wave designs, few of them performed notably well. Chahat
et al. presented and analyzed two printed antenna designs
with the RT Duroid 5880 substrate with different techniques
[26]; one of them is a linearly polarized antenna, and the
other is a linearly polarized aperture coupled patch antenna.

The antennas are made with a square-shaped substrate with
a 10mm × 10mm dimension. Both the designs were tested
on an artificially made torso phantom and performed well
in terms of gain, efficiency, and SAR analysis.

A disc-shaped wearable antenna for body area networks
was presented by Puskely et al. [27] and achieved a gain of
5.2 dB with at least 25% efficiency when positioned close to
the human body. An antenna with a 14mm × 10:5mm
physical size was presented by Wu et al., claimed to be more
suitable for body-centric networks with higher gain [19] and
a maximum of 63% on-body efficiency. A textile-mounted
PIFA antenna was presented by Vilas S. Ubale and Lamba,
which was innovative and comfortable for BAN applica-
tions and had an operating frequency of 2.45GHz [28].
Jiang et al. proposed a circularly polarized flexible design
for wireless body area network (WBAN) which they
claimed to be highly efficient with a maximum efficiency
of 79% and 5.2 dB of gain [29]. Brizzi et al. presented two
antennas with electromagnetic band gaps with two different
structures: cylindrical structures and woodpile planar
designs for body area networks operating at 60GHz fre-
quency [30]. The antennas showed directivity of 7.55 dBi
and 6.72 dBi, respectively. According to the authors, the
first antenna is better suited for on-body applications.
Alibakhshikenari et al. have presented several millimeter
wave antenna and array designs [2, 31–36] with unique
design methods and techniques. In one research authors
proposed a beam scanning leaky wave antenna (LWA)
which operates on 55GHz to 65GHz. The antenna was
designed by the authors using metamaterials and a compos-
ite right/left handed transmission line (CRLH-TL).

Except for those mentioned above, a little other research
on millimeter wave body area network antennas like [6,
37–39] also produced promising results. This paper proposes
a millimeter wave patch antenna design intended for the
body-centric network (BCN). Antenna design, free space
simulation, parametric study, on-body simulation, distance-
based study, and conclusion are the other aspects of the work.
The work is divided into seven pieces altogether. The first
section discusses on millimeter wave, BCN, and BAN with
a few related recent works. The antenna construction is pre-
sented and explained in Section 2. Sections 3 and 4 present,
respectively, the results of the parametric investigation and
the free space simulation. On-body simulation results are
evaluated at a distance in Sections 5 and 6. The simulations
are used to establish a conclusion in the last portion.

2. Antenna Design

The popular electromagnetic element design and simulation
program computer simulation technology (CST) Microwave
Studio Suite, which runs on Microsoft Windows, was used to
build and simulate the proposed antenna. The antenna is
made with a self-complementary design. The radiator patch
of the antenna consists of two “U”-shaped bricks placed
face-to-face with a chain-like arrangement within a square
slot inside a circle. This shape on the top of the antenna
has been chosen due to the impedance matching and wider
impedance bandwidth of the antenna. There is a slot on
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the ground plane of the antenna, and this was done to obtain
the impedance matching and wider bandwidth. Having a
ground plane on the backside of the antenna will provide a
shield between the antenna and the human body, which will
have less effect on the antenna parameters from the human
lossy body tissues.

The antenna with the substrate is 9.42mm long and
4mm wide. The electrical size of the antenna over the length
and width of the substrate of the antenna is 0.53λ and 1.25λ,
respectively. The circular patch of the radiator has a radius
of 1.5mm. The square slot has a side length of 4.5mm on
each side. The U bricks have a width of 0.28mm. The main
circular shape is connected to the waveguide port with a feed
line. The length of the feed line is 2.57mm, which is denoted
as “fl” in Figure 1, and the width of the feed is f = 0:8mm.
The impedance matching of the antenna can be varied by
changing the width of the feedline of the antenna. The fre-
quency shifting is possible by changing the size of the circu-
lar shape of the radiating element of the proposed antenna.

Table 1 shows the dimensions of the different parts of
the antenna, where “x” and “y” are the length and width of
the antenna, respectively. Values for the other parameters
of Figure 1 can also be found in the table.

Similarly, in Table 2, the thickness of the different layers
of the antenna, their materials, and their corresponding per-
mittivity are shown. The material used for the ground and
the patch radiator is PEC (perfect electric conductor). Both
the layers have a similar thickness of 0.035mm. The antenna
substrate is made of Rogers RT6002 with a dielectric con-
stant of 2.94. Rogers RT6002 has an excellent dimensional
stability, and, due to its low-loss property, it is suitable for
getting resonant point at higher frequency ranges. Because
of this, RT6002 was selected as the substrate material
[40–42]. 1.52mm thick is the substrate layer. Since the
ground and the radiator patches are made of perfect electric
conductors, their relative permittivity could not be defined.

Figure 2 depicts views of the antenna taken from var-
ious angles. Figures 2(a) and 2(b) show the antenna as
seen from the front and back, respectively. The antenna’s
right view and left view are shown in Figures 2(c) and

2(d), respectively. Figures 2(e) and 2(f) depict the antenna
from the front and back in three dimensions, with the var-
ious layers denoted.

3. Free Space Simulations

A waveguide fed port was used to excite the antenna for sim-
ulations. The port is attached to the bottom surface of the
antenna structure, touching the feedline of the radiator and
the substrate. The dimension of the port is 3:84 × 2:305
mm2. Before starting simulation, open space boundary has
been selected with λ/4mm of added space from the structure
on each surface. For far field simulation, 10mm of space was
accounted for on each surface.

X

Y

r
c

 l

fl

f

Figure 1: Antenna dimensions.

Table 1: Dimensions of the antenna.

S. no. Parameter Value (mm)

1 x 4.50

2 y 6.03

3 l 2.00

4 c 1.20

5 r 1.50

6 f 0.80

7 fl 2.57

Table 2: Materials for antenna.

Parameter
Thickness
(mm)

Material Epsilon

Ground 0.035 PEC —

Substrate 1.52
Rogers RT6002 (loss

free)
2.94

Patch
radiator

0.035 PEC —
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3.1. Return Loss. Within the frequency range of 50GHz to
70GHz, the antenna was modelled in free space. The fre-
quency response is provided below. Figure 3 displays the
antenna’s return loss performance across the simulated fre-
quency range. At 60GHz, the resonance can be observed.
The antenna becomes operational with less than -10 dB
return loss from 57.5GHz and remains under -10 dB line
up to the upper simulated frequency limit. The return loss
was found to be -31.45 dB at 60GHz.

3.2. 3D Radiation Patterns. Figure 4 shows the 3D radiation
pattern of the antenna with the transparent pattern and
visible antenna structure on the left image and without the
structure on the right. The antenna shows maximum gain
along the direction of the Y axis with a value of 6.71 dB.

3.3. 2D Radiation Patterns. Two-dimensional radiation pat-
terns on the XY plane and the YZ plane, correspondingly,
are shown in Figures 5(a) and 5(b) at 60GHz. The principal

(a) (b) (c) (d)

Substrate
Radiator

(e)

Ground

(f)

Figure 2: Antenna design: (a) frontage view, (b) rear view, (c) right view, (d) left view, (e) perspective frontage view, and (f) perspective
rear view.
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Figure 3: Return loss for free-space.
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lobe orientation of the antenna’s radiation pattern in the XY
plane is 90 degrees. In the YZ plane pattern, the major lobe
orientation is about 60 degrees.

3.4. Analysis of the Surface Current. When the antenna is
engaged at a 60GHz frequency using “port 1,” Figure 6
shows the surface current distribution. In the area
between the ground plane and the radiator patch, the
peak density was 148 amps per meter. At the resonant
frequency, Quasi TEM mode propagation was detected at
the waveguide excitation.

3.5. VSWR. The antenna’s voltage standing wave ratio
(VSWR) is shown in Figure 7. At the resonant frequency,
the VSWR value is less than 1.1, which is very near to the
optimum value.
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Figure 4: 60GHz free space 3D radiation pattern.
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Figure 5: The XY plane and the YZ plane in free space: a 2D radiation pattern for 60GHz.
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Figure 6: For 60GHz, the available surface current.
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3.6. Efficiency vs. Frequency. Figure 8 shows how the radia-
tion efficiency changes with respect to frequency. Although
higher efficiencies can be noticed in other frequencies
around 60GHz, yet it shows more than 84 percent of
efficiency in our desired frequency.

3.7. Gain vs. Frequency. Figure 9 presents the maximum gain
vs. frequency curve. The gain has gradually increased from
52.5GHz to 57GHz but has slightly decreased around
61GHz before reaching its maximum. Although slightly
higher gains can be seen in other frequencies, it still pro-
duces 6.7 dBi of gain at our selected frequency of 60GHz.

4. Parametric Study

The parametric research was conducted after the free space
simulations with the previously mentioned dimensions in
order to understand the nature of the design and how it
affects the output results. The measurements were changed,
the simulation was run again, and the results were compared
to the base results. The parametric study was done based on
the changes in their corresponding return loss response
curves. To achieve this, the antenna dimension was altered
by varying the antenna substrate’s width, which also altered
the antenna’s overall size.

In Figure 10, return losses are plotted for changing the
width of the substrate by first decreasing and then increasing
by 0.5mm. When the substrate’s length was reduced to
4mm, the resonance frequency was slightly displaced to
the right, and the green curve shows the antenna’s return
loss at that point. Similarly, increasing it to 5mm (blue
curve) tilts it to the right. In both cases, return loss values
increased more than the original curve found for the original
design. When the design is reverted back to the original
design, the length of the substrate is varied in a similar man-
ner. The length of the substrate “y” is first decreased to 6mm
and then increased to 6.05mm.

In the above, Figure 11 presents the return loss responses
when the antenna substrate length is changed. The green

curve represents the return loss when the length is reduced
by 0.03mm. In this case, the return loss curve is slightly
right-shifted with respect to the resonant point. The RL
value at 60GHz remains almost identical to the original
design’s plot. When the length is increased by 0.02mm (blue
curve), the resonant point is slightly left-shifted. The RL
value is also reduced for this scenario.

The antenna’s feed width, “fw,” is changed after the pre-
ceding alteration is made in order to see how it affects the
return loss curve. The original feed width was 0.8mm wide.
It was first reduced to 0.6 and the simulation result was plot-
ted. The green line in the above figure (Figure 12) represents
the return loss curve for the reduced feed width design,
which degrades the RL value and shifts the curve to the right.
Then, the feed width is made wider and kept at 1mm. The
blue curve in the figure shows the return loss for this sce-
nario, where the resonant point is slightly left-shifted. The
RL value at the selected frequency is somewhat similar to
the original design.

A few other tests on the antenna were performed to jus-
tify its basic design, such as when the “U”-shaped parasitic
elements were not present or when there was no slot at all
on the radiator patch. This test also includes the justification
of the ground plane’s role. The following table presents the
test results.

Table 3 shows the antenna parameters when the radiator
patch is missing the “U”-shaped parasitic elements and the
ground plane. It also shows the change in antenna behavior
if the patch remains unslotted. All the parameters are com-
pared with the free space. In all the scenarios, the resonant
point deviates from the desired 60GHz. However, the origi-
nal design produces more optimized gain and efficiency
while keeping the resonant point at 60GHz.

4.1. Comparison. The table given below summarizes the
results of all the parametric studies done above. The results
were compared in terms of gains, efficiencies, bandwidths,
and return losses. The above parametric study produces
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Figure 7: VSWR for free space 60GHz.
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the results shown in Table 4. The results are compared with
the free space simulation findings. In the case of changing
the substrate dimensions, it could not produce better results
than the original design. In one case, the feed width modifi-

cation made the return loss lower than the original but
shifted the resonant frequency from the desired point.
Therefore, the original design produces more appropriate
and acceptable results for the 60GHz frequency.
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Table 3: Justification of the basic model.

Parameter Original design Without parasitic elements Without slot (solid patch) Without ground plane

Center frequency (GHz) 60 61.52 59 70

Bandwidth (GHz) — — — —

Gain (dBi) 6.712 5.081 7.958 6.566

Radiation efficiency (%) 84.48 86.10 87.85 92.02
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5. On-Body Performance Test

The antenna was tested on a computer-generated, three-
dimensional human torso phantom because it is meant to
be used in a WBAN. The muscles, fat, and skin that make
up the human body’s top three layers made up the phantom.
Three layers are layered on top of each other; the muscle
layer is the thickest, measuring 4 millimeters in thickness.
The fat layer, with a thickness of 3 millimeters, is next put
between the muscle and the skin. The skin is the outermost
layer, positioned above the muscle. This is the thinnest layer
among the others. The average layer thickness of the human
body was used to choose these thicknesses at random. They
are created by taking use of the layers’ electromagnetic prop-
erties. These three layers together form the torso phantom,
which measures 12mm in length and 10mm in width. The
torso is depicted graphically in Figure 10. Then, the torso
phantom was mounted with the novel antenna design that
was previously shown, and its performance was evaluated
by duplicating all of the findings. The results were next con-
trasted with those found in a free-space simulation. The
dimensions and electromagnetic properties of the torso
phantom’s three levels are presented in the table below. In
Table 5, the dimensions of the different layers are given
one by one. The relative permittivity of the materials used
for skin, fat, and the muscle layers is 7.96, 3.13, and 12.86,
respectively. The conductivity of the material is also given
in siemens per meter.

Figure 13 depicts the side view of the virtually created
human torso model where the three different layers of skin,
fat, and muscle are shown.

5.1. Overbody Return Loss. The antenna’s on-body return loss
is depicted in Figure 14 in the figure above. A 4-millimeter dis-
tance to the body was taken into account to replicate this. The
bandwidth and return loss have both decreased as a result of
the human body effect, although the RL value is still signifi-
cantly below -10dB. The on-body bandwidth was found to
be around 10dB for a distance of 4mm.

5.2. On-Body VSWR. The antenna’s on-body voltage stand-
ing wave ratio is shown in Figure 15, while the antenna is

kept 4mm away from the torso. The VSWR value at the
desired 60GHz frequency was found to be below 1.7 for
the on-body simulation, which stays in the acceptable region
as long as it is below 2.

5.3. Pattern of On-Body Radiation. The original model for
the antenna’s on-body performance used 4mm as the
standard distance from the human torso. Figure 16 shows
a simulated 3D far-field radiation pattern with and without
the structure when the proposed antenna is placed 4mm
from the torso phantom. The maximum increase on the x
-axis was measured at 6.67 dBi.

5.4. On-Body 2D Radiation Patterns. In Figure 17, 2D radia-
tion patterns of the antenna are presented when the antenna
is placed 4mm close to the human torso phantom.
Figure 17(a) is the pattern on the XY plane, where the on-
body radiation pattern looks very much similar to the free
space pattern. There is almost no change in lobe directions
and gains. In Figure 17(b), the on-body pattern was slightly
deviated from the free space result which is expected.

6. Distance-Based Study

To further understand the antenna’s performance on the
human body, it was put over the torso at five different dis-
tances and simulated to see how its performance changed.
The torso phantom is separated by 2mm, 4mm, 6mm,
8mm, and 10mm.

Figure 18 shows the antenna’s placement above the chest
at different heights. Antenna parameters were investigated
for each distance using different simulations, and they were

Table 4: Analytical study.

Parameters Free-space x = 4 x = 5 y = 6 y = 6:05 f = 0:6 f = 1
Return loss (dB) -31.45 -26.63 -28.18 -31.47 -30.10 -21.56 -31.77

Bandwidth (GHz) — — — — — — —

Gain (dBi) 6.712 6.675 7.006 6.744 6.690 6.806 6.644

Radiation efficiency (%) 84.48 87.57 84.97 84.64 84.50 84.24 85.09

Table 5: Torso phantom dimension values.

Parameter Length (mm) Width (mm) Thickness (mm) Relative permittivity Conductivity (S/m)

Skin 12 10 2 7.9753 36.397

Fat 12 10 3 3.1324 2.8152

Muscle 12 10 4 12.856 52.825

Skin

Fat

Muscle

Figure 13: Torso phantom.
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then compared with one another and the results from the
earlier simulations of empty space.

For the return loss results, an antenna kept 8mm apart
from the human body exhibits the lowest return loss, which

is slightly below-13 dB. For all the other cases, the return loss
value oscillates between -12 dB and -14 dB, which can be
seen in the Return Loss comparison plot displayed above
(Figure 19). Bandwidths stay almost similar for all the
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Figure 17: Comparison of the free-space and on-body 2D radiation patterns at 4mm (a) on the XY plane and (b) on the YZ plane.
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Figure 18: Views looking to the right showing placements of on-body antennas at various distances, including (a) from 2mm, (b) from
4mm, (c) from 6mm, (d) from 8mm, and (e) from 10mm.
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different on-body simulation scenarios, which vary from
9GHz to 11GHz (2mm). Though the on-body return loss
curves show performance differently compared to the free
space S11 plot, antenna parameters are still good enough
to perform in a body-centric network.

In Figure 20, voltage standing wave ratios were com-
pared for on-body placements of the antenna at different
distances. For different distances, on-body VSWR curves
show very similar results, but the changes are noticeable
when compared to the free-space data. However, for all
scenarios, VSWR stayed within 1.5 to 1.7.

Figure 21 depicts how the radiation patterns change as
the antenna’s distance from the human body increases. In
terms of primary lobes, maximum gains, and lobe orienta-
tions, it is obvious that the radiation patterns are extremely
similar. Figure 19(a) shows the 2D radiation patterns (on
the XY plane) of the antenna when it is placed in close prox-

imity to the human torso phantom by varying the distance
between them. Patterns are very consistent, even when the
on-body distances are varied. Lobe directions remained
almost identical while maximum gain values were changed
a little bit. Figure 19(b), on the other hand, shows the pat-
terns for YZ planes, which deviate from free space in some
specific orientations.

Table 6 contrasts simulations conducted in free-space
and on-body. In several on-body simulations, the antenna
is positioned at distances of 2mm, 4mm, 6mm, 8mm, and
10mm from the torso phantom. Return loss, gain, radiation
efficiency, and bandwidth are all taken into account in the
comparison. For the return loss comparison, a 2mm dis-
tance from the torso phantom produces a minimum return
loss of -44.9 dB. A -32 dB RL was found when the antenna
was 6mm away from the torso, which is the second closest
value to the free space simulation. The highest gain was
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Figure 19: S-parameter comparison for varying on-body distances.
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Figure 20: VSWR comparison for various distance on-body.
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achieved when the antenna was placed at a distance of 6mm
from the body model. Radiation efficiencies increase gradu-
ally as the antenna is taken far from the human body. The
widest bandwidth was found at a 2mm distance.

7. Comparison with Other Designs

Here is the comparison table comparing the presented
antenna’s on-body performance with a few similar antennas

designed for BAN/BCN applications operating at 60GHz.
For comparison purposes, a standard 4mm distance was
measured from the human body torso phantom.

In Table 7, the parameters of the proposed antenna for
on-body testing were compared with some similar antenna
designs. Design 1 presents a partial ground plane and a nar-
row ‘Q’-shaped slot and has a wide bandwidth. Design 2 is a
quasiself-complementary antenna with parasitic elements
and multiple rectangular slots. For on-body simulations,
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Figure 21: Comparison of the 2D radiation pattern for different on-body distances on the XY plane (a) and the YZ plane (b).

Table 6: Comparison parameters and results.

Parameters Free-space On-body 2mm On-body 4mm On-body 6mm On-body 8mm On-body 10m

Return loss(dB) -31.45 -13.15 -11.99 -12.48 -13.35 -13.17

Bandwidth (GHz) — 10.77 10.23 9.33 9.54 9.72

Gain (dBi) 6.712 6.293 6.674 6.743 6.400 6.677

Radiation efficiency (%) 84.48 73.78 77.51 76.92 77.41 79.54

Table 7: Comparison with other designs.

Physical
dimension (mm2)

Return loss
(dB)

Gain
(dB)

Efficiency
Bandwidth
(GHz)

Applied design method
Design

complexity

Design 1 [43] 14 × 12:9 -24 8.66 67.79% 30.068
Slotted patch antenna with partial

ground
Q-shaped slot

Design 2 [6] 5:12 × 8 -32.42 6.071 62.12% 55≤ Multislot
Patch antenna

Parasitic
element

Design 3 [1]∗ 3:06 × 2:28 -13.89 7.13 93% 1.16
Multislot

Patch antenna

Multi-
dimensional

slot

Design 4 [44] 24 × 17 -14∗∗ 4.4 62% 5.8
Substrate-integrated waveguide

(SIW) horn antenna
Parallel plate

horn

Design 5
(proposed)

6:03 × 4:5 -12 6.674 77.51% 10.23 Self-complementary patch antenna
Parasitic
elements

∗Resonant frequency is 60.8 GHz. ∗∗Approximate value.
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both designs used a normal 4mm spacing from the human
body. Design 1 and 2 have used FR4 in their substrates while
other designs used RT Duroids (substrate material of design
3 undetermined with a dielectric constant of 2.2). It is clearly
visible that the proposed antenna has better radiation effi-
ciency than the other models, except for design3, which
has its resonant point slightly above the 60GHz. However,
the presented antenna has a larger bandwidth than designs
3 and 4. Also, from the other parameters, it can be said that
the antenna shows better results than average designs.

8. Conclusion

A novel design and study of a self-complimentary miniatur-
ized millimeter wave antenna for wearable applications has
been presented. While the proposed antenna design
performed significantly well in free-space simulations, the
on-body performance of the antenna was good, too. The
notable quality of the antenna is that it shows very consistent
results for the on-body tests, even though the distances vary,
which makes it a potential candidate for the body-centric
network (BCN) or wireless body area network (WBAN).
Many existing antennas fail to sustain better radiation effi-
ciency while in the near field of a human body, whereas this
proposed antenna’s recorded minimum on-body efficiency
was around 74% for the closest distance. In addition to this,
the on-body gain of the antenna shows much wider band-
widths, which is greater than 10GHz with a gain of
-6.674 dB. Aside from that, the antenna performed well in
free space simulations, with a gain of more than 6.7 dB and
an efficiency of more than 84 percent. All the simulations
indicate excellent performance of the antenna throughout
the simulation.

This research work is actually based on simulations done
in virtual environments due to a lack of opportunities. Sim-
ulations done in the CST studio suite have a good reputation
in terms of accuracy, which was proven by the countless
research done worldwide. Though the antenna was, further
parametric improvements could be made in the future by
making smaller order arrays with this design.
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