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1 | INTRODUCTION

Abstract

In this paper, a compact planar heart-shaped antenna based on
countersink and partial ground plane techniques is proposed to
operate as a multiband device for modern wireless systems. With
a surface area of 28.5 mm?, the countersink technique has been
developed to achieve high electromagnetic antenna performance.
The countersink technique consists of a particular multilayer
configuration that uses two distinct materials where one of them
with a radiating element on its top is placed inside another. In this
paper, a 508 um thick Rogers RO4350B with a radiating patch
designed on its top is thermally embedded into a 1.524 mm thick
FR4 HTG-175. The slits are used to get multiband behavior, and
their combination with the defected ground structure results in
about 79.58% reduction in resonant frequency compared to the
conventional antenna. A mathematical model is developed to
predict the resonant frequency of the proposed antenna
configuration. After modeling the heart-shaped antenna with an
electromagnetic simulator, its prototype was manufactured and
validated through experimental measurements. The countersink
technique considerably improved the antenna’s performance
compared to the use of a single layer technology for the same
antenna configuration. The return loss read from -10 dB shows that
the proposed antenna covers multiple modern wireless
applications, including LTE bands, 5G, WLAN, WiMAX, and
Unlicensed National Information Infrastructure (UNII) radio
bands. Furthermore, the antenna operates as narrowband and
wideband simultaneously on its lower / middle and upper
operating frequency bands. A close agreement is found between
simulated and measured results across all the frequency bands.

KEYWORDS

Heart-shaped antenna, countersink, monopole, miniature antenna,
multiband.

The fifth generation of mobile technologies (5G) is expected to connect people, objects, data, applications,
transportation systems, and cities in smart grid communication environments®. At the same time, it will integrate
and coexist with various existing services such as GPS, GSM, UMTS, Bluetooth, WLAN, WiMAX, 4G/ LTE
and more other wireless applications. In this context, multiple antennas can be used to cover different applications
mentioned above. However, integrating several antennas into a single device is becoming more challenging due
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to the space limitation of wireless mobile terminals 2. So, compact and multiband antenna design has become very
demanding 3.

Owing to their advantages of being low profile, lightweight, easy and low cost of fabrication, ease of
integration within an environment of microwave circuit, planar monopole antennas with various structures are
very popular in multiband applications 3. Recently, multiple works on WLAN, WiMAX, 4G/LTE and 5G antennas
using different methods have been reported in the literature. Material loading with very high permittivity
dielectric, shorting and folding, reshaping or introducing slots, modification of the ground plane, and the use of
metamaterials are among the techniques used for antenna miniaturization and multiband 4. In Reference 5, a low
profile multiband meander antenna was presented for LTE/WiMAX/WLAN and INSAT-C applications. The
antenna has a size of 40x40x1.6 mm? and exhibits narrow bandwidths (70 and 90 MHz) in its first and second
frequency bands. In Reference &, the miniaturization of a 10 x 6 mm? rectangular patch antenna has been achieved
with an inverted 'L' shaped ground plane for 5.2-5.8 GHz WLAN applications. A similar technique was used in
Reference 7 to reduce the antenna size up to 86.72%. In Reference &, a 30x20x0.8 mm? triband planar monopole
antenna for WLAN and WiMAX operations has been designed and investigated. The multiband characteristic
was achieved using a toothbrush-shaped patch, a meander line, and an inverted U-shaped patch, which resulted in
three resonance frequencies.

Moreover, the defected ground structure (DGS) is one of the most significant techniques for achieving
antenna compactness in terms of size or resonant frequency °. With the DGS and parasitic patch technique’s help,
a compact broadband antenna for LTE/WLAN/WiMAX applications has been proposed in Reference . The
antenna was designed on a 1.6 mm-thick square F4B substrate with a footprint of 30x30 mm?. In reference %, a
42.5x42.5x1.6 mm® compact circularly polarized slotted gap coupled semi-circular patch antenna for
WLAN/WIMAX bands and other wireless applications. The antenna bandwidth improvement with better
impedance matching have been achieved by etching slots on the patch and in the ground plane. In Reference 2, a
triangular planar monopole antenna fed by fed by a microstrip gradient line has been proposed. With an overall
size of 30x17x1.6 mm3, the desired performance has been achieved using a partial ground plane along with an
inverted-F shape and a 90° rotated counter-clockwise M-shaped structure. In reference 3, a multi-frequency
antenna fabricated using FR-4 substrate with dimensions of 56x44x1.6 mm? is presented. An inverted T-shaped
stub and two E-shaped stubs are used to generate multiple frequency bands, enabling the antenna to cover 4G
LTE, WiMAX, WLAN, and S/C/X-band applications. A compact triband slotted printed monopole antenna for
WLAN and WiMAX applications showing omnidirectional radiation pattern was presented in 4. The physical
size of the antenna is 27.5x20 mm?. The triple-band operations and the desired antenna performance have been
achieved by using an inverted L slot, Pi-shaped slot and a truncated square patch at its left corner.

Miniaturization can be defined as lowering the antenna's resonance frequency without changing its size 5. At
the same time, it is an art of compromise between radiation efficiency, gain, and bandwidth 4. As planar antennas
are miniaturized, various approaches and technigques are employed to maintain or enhance their performances.
These techniques include the DGS, parasitic elements 6, air gap, slits, slots, metamaterial/metasurface, shorting
pin 1718 frequency-selective surface, electromagnetic band gap (EBG), meander line °, and multilayered
substrates. In most recent antenna designs, each technique’s benefit is exploited and combined with others to get
the desired results. For instance, in Reference 2, the antenna impedance matching and return loss have been
improved using the defected ground structure through two F-shaped slots etched in the ground plane. In Reference
2L triple layers and double U-shaped slots have been used to achieve the multiband behavior and antenna
bandwidth enhancement.

The size of the antenna’s radiating element strongly affects its radiation efficiency and bandwidth 22, Wider
the bandwidth, larger is the size of the antenna . This trade-off relationship between antenna size and bandwidth
can reduce by using multiple layer substrates of different materials 2. In Reference 2°, a multilayer substrate
configuration involving silicon/glass/silicon has been used to improve the far-field antenna parameter, including
gain, directivity, and radiation efficiency. However, one of the drawbacks of the conventional multilayer
configurations is the increased height, which is not desirable for conformal applications 2.
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In this paper, a particular multilayer configuration is employed to improve antenna performance. Contrary to
the conventional multiple substrate configuration, this paper investigates a miniature triband planar monopole
antenna configuration where a Rogers RO4350B is embedded into FR4 HTG-175, leading to the countersink
technique. A comprehensive design procedure is provided, and a mathematical model is developed to predict the
resonant frequency of the antenna structure. The proposed triband heart-shaped planar monopole antenna (HPMA)
covers several wireless communications applications such as Weather Radar, WLAN, WiMAX, 4G Long-Term
Evolution (LTE), UNII radio bands, and 5G applications with a comprehensive design procedure. The HPMA
design details and process are first presented, while the simulated and measured results are discussed later before
highlighting the advantages and disadvantages of the configuration.

2 | ANTENNA CONFIGURATION

The geometry of the proposed antenna is presented in Figure 1. The top surface consists of a radiating patch
made of two circular parts and a 45° rotated square. This yields a heart-shaped patch geometry fed by a microstrip
feed line. The square's edge has been selected to be twice the circular part radius (Figure 1(b)). The antenna has
an overall size of 15x12.5x1.524 mm?3. The structure is based on the countersink technique (CT) and the DGS, as
shown in Figure 1. A single-sided Rogers RO4350B is thermally embedded into a double-sided FR4 HTG175 to
provide a particular multilayer configuration. All the design parameters are listed in Table 1 below.

Table 1 Antenna design parameters

Parameter Value (mm) Parameter Value (mm)
Ls 15 as 1

Ws 125 p 4.422

L 6.242 t 0.035

W 6.828 Lg 2.5

a 2 Ws 0.5

a1 1.67 Lro 6.085

az 1.25 Whko 7

h: 1.524 h, 0.508

LR{')
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L,S'
€472 RO4350B _ih;
Eofl FR4 Ih1
Lx Ground plane
(c) (d)
Figure 1 Proposed Antenna geometry. (a) top view; (b) heart-shaped configuration; (c) bottom view; (d) side

view

The thickness of the copper cladding top and bottom used in the CT mentioned above is 35 um. To reach the
goal, current paths are created through slits etched on the radiating element illustrated in Figure 1(b), whereby
every corresponding resonant paths’ length Li is close to quarter-wavelength at its fundamental resonant
frequency.

L, =10.283a,, i=1,2,3 @)

f, @)

15
10.2833, [z,

A Rogers RO4350B is embedded into the FR4 to create the CT and which is the proposed antenna
configuration. Unlike the traditional multilayer substrate, the proposed countersink technique can be seen as a
particular case of multilayer configuration involving two inhomogeneous materials. Therefore, the two-layer
dielectric can be modeled using each substrate layer’s effective permittivity and simplified into a single equivalent
homogeneous substrate with a thickness of heqand the dielectric constant e, as illustrated in Figure 2.

Patch Patch C] V.
1
—
v &4 C
Equivalent substrate j— B s Gl - S — jE—
e .
Fp —
T G
Ground plane Ground plane
(@) (b)

Figure 2 Simplification of the two-layer substrate into a single layer through parallel plate capacitor. (a) model;
(b) circuit

By using the parallel plate capacitor model presented, the equivalent capacitance C per unit area can be

computed in terms of the electric charge Q per unit area and the electric potential difference V between two plates
27

_Q_
c=g= 3)
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The dielectric constant et and the height heq of the equivalent substrate in equation (3) can be expressed by

Eeff = heq I:Z{ghn J:| (4)

heq:ZZ:hn:hl'th (5)

28

Expanding equation (4) and using equation (5) yields

_ Cait1&ett2 (h1 + hz)

L~ ()
) hzgeffl + hlgeff 2
where the effective permittivity for each layer can be approximated as
gq,+1
Eeff = lT (7)
&, +1
Eefto B ZT (8)

Using the Equations (2), (6)-(8), the three resonant frequencies of the triband are 2.74 GHz, 3.62 GHz, and
4.43 GHz.

To analyze the developed mathematical model for the proposed antenna structure, Maxwell’s equations
through an electromagnetic software were used to evaluate and compare the resonant frequencies obtained
analytically from Equation (2), which mainly depends on the different current path lengths of each heart-shaped
branch. To further characterize the antenna design, a parametric study of the circular part radius “a” of the
radiating element is carried out. To facilitate the parametric analysis, every path’s circular part radius is expressed
in terms of the primary radius “a” and given by

3 =m i=1,2,3. 9

It can be observed from the plots in Figure 3 that by increasing “a”, the resonant frequencies shift downward.
Similarly, the resonant frequencies of the presented antenna increase when the size of the antenna reduces.

T H T H T H T H T H T H T

—— Band | (Using Egs. (2), (6)-(8)) |
Band | (Simulation) |
= Band Il (Using Egs. (2), (6)-(8)) A
—— Band Il (Simulation) I
Band 111 (Using Egs. (2), (6)-(8))]]
Band 111 (Simulation) |

Resonant frequency [GHz]
(651

- — -
10 15 20 25 30 35 40 45 50
Patch circular part radius a [mm]
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Figure 3 Parametric analysis of the proposed antenna

Figure 3 illustrates that by varying the antenna structure dimensions and using Equations (2), (6)-(8), the
analytical and simulated results agree for the three frequency bands. This validates the developed mathematical
model for the proposed heart-shaped planar monopole antenna.

3 |
31 |

RESULTS AND DISCUSSION
COUNTERSINK TECHNIQUE EFFECT

Two triband heart-shaped planar monopole antennas with and without the embedded substrate are analyzed
to evaluate the effect countersink technique on the antenna performance. The return loss simulation results through
an electromagnetic simulator are displayed in Figure 4 below.

=20

Return loss [dB]

-25

-30 -

el N - [——Triband HPMA without CT|

= Triband HPMA with CT

-40 S S S S
0.0 15 3.0 45 6.0 75
Frequency [GHZz]
Figure 4 Simulated return loss comparison

Figure 4 demonstrates that the proposed antenna is well much across all the frequency bands compared to the
same antenna configuration without CT. The other performance parameters for the two antenna configurations
are presented in Table 2.

Table 2 Simulation results comparison for two HPMA configurations

Antenna configuration
Antenna parameter Triband HPMA without CT Triband HPMA with CT
Band!l | BandlIl | Bandlll | Bandl | Band Il | Band Il
Resonant frequency (GHz) 2.56 3.43 4.23 2.74 3.62 4.43
Return Loss (dB) -13.63 -20.79 -33.96 -15.41 -27.46 -27.59
Bandwidth (MHz) (Su<-10 dB) 236 388.6 989.7 347 439.4 786.3
Radiation efficiency (%) 41.16 52.47 60.55 57.8 71.26 40.16
Gain (dB) -2.1 -0.6 -0.2 -0.7 0.4 -2.1
VSWR 1.528 1.201 1.041 1.398 1.095 1.091

From Table 2, it can be observed that except in (Band Il1), embedding the Rogers RO4350B into FR4 and
employing slits along with DGS yield better antenna performance results in the first (Band 1) and second (Band
I1) operating frequency bands. It is observed an offset of about 100 MHz between the resonant frequencies for the
two antenna configurations. This shift increases by 100 MHz at each resonance frequency within each band.
Moreover, the triband HPMA with CT achieves a better matching level through the return loss with a slight
difference of resonant frequency for the third band (Band I1). It is also noticed that apart from the first and the
second frequency bands, the triband HPMA without CT yields wider bandwidth and radiation efficiency in the
third band. However, parameters like antenna gain and radiation efficiency are better when the countersink

6



Received: Added at production | Revised: Added at production | Accepted: Added at production

DOI: XXX/XXXX

technique is used. Finally, the HPMA using the countersink technique seems to be a promising way to improve
an antenna’s performance regarding the results obtained by electromagnetic simulations.

3.2 | ANTENNA RETURN LOSS

From the results detailed above, an HPMA prototype in the countersink technique has been manufactured.
Figure 5 displays the HPMA prototype fabricated using the countersink technique with the two insulators:
RO4350B thermally embedded into FR4 HTG175.

(b) © (d)

Figure 5 Photograph of the fabricated antenna prototype using countersink technique. (a, b, c) to view; (d)
bottom view

The simulated and measured return loss curves for the HPMA are presented in Figure 6. From the measured
frequency response, it can be observed that for |S11) < — 10 dB, the antenna can operate over the bands (2.695 —
2.89 GHz), (3.51 — 3.77 GHz), and (4.92 — 5.46 GHz). The first band is suitable for weather and airport
surveillance radars operating in the 2.7-2.9 GHz range; the second band coverage includes LTE bands 42/43/48,
5G, WiMAX applications, and in the third band, 5 GHz WLAN (5.15 — 5.35 GHz) and UNII Low UNII — 2A/2B
(5.15 — 5.47 GHz) applications are covered.

0

N W4 B

— 10 \\, V \ﬂ‘
3 N
= 1 1
‘_g -15
c |
% -20
g |
25 = Simulation I
= |\leasurement
-30 I
-35 . . . . .
0.0 15 3.0 4.5 6.0 75

Frequency [GHz]

Figure 6 Return loss of the proposed antenna

At -10 dB of the return loss parameter, the HPMA guarantees 195 MHz of bandwidth. Furthermore, the
experimental results demonstrate that the use of slits and the partial ground plane yielded significant antenna
miniaturization. The antenna size reduction has been evaluated using two approaches. The first approach compares

the active patch area of a typical microstrip antenna resonating at the same frequency with the proposed antenna
active patch area as given in Equation (10).
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A (fr)

(fr="o) _Ap ( fr)‘(frzfo)
A ()

where A, is the active patch area of a typical microstrip antenna (rectangular patch, circular patch, elliptical
patch) resonating at the same resonant frequency fo with the proposed antenna having an active patch area of A,.

M (%) =

x100 (10)

(fr:fo)

A typical rectangular microstrip antenna resonating at 2.83 GHz has a minimum active patch area of 801.78
mm? (24.9 mm x 32.2 mm). In contrast, a standard circular microstrip patch antenna resonating at the same
frequency (2.83 GHz) has a radius of 14.34 mm with a minimum active patch area of 646 mm?2. Comparing the
proposed HPMA to the typical rectangular and circular microstrip patch antennas mentioned above through the
Equation (10) yields a significant antenna’s active patch size reduction of about 96.4 % and 95.6 %, respectively.

The proposed design structure is simulated with and without slits and a partial ground plane to quantify the
antenna miniaturization in the second and final approach. The results are compared in terms of the lower resonant
frequency, as shown in Figure 7. As it can be observed, the conventional heart-shaped antenna resonates at 13.42
GHz, while the proposed antenna’s lower resonant frequency is 2.74 GHz.

0+

-5 4

-10

-15

-20 4

Return loss [dB]

-25 4

-30 4

™1 A T R R |—— Conventional antenna

| || == Proposed antenna

. . . . —_——

0 2 4 6 8 10 12 14 16
Frequency [GHz]

Figure 7 Comparison between the conventional antenna and the proposed

This clearly illustrates that truncating the ground plane and etching slits on the radiating element after
embedding the rogers RO4350B into FR4 vyields a 79.58% reduction in resonant frequency, which can be
computed using the following formula:

M (%) = Tro= Ty %100 (11)
frO

where fro is the lower resonant frequency of the conventional planar heart-shaped antenna and f.1, the lower
resonant frequency of the proposed antenna design based on countersink technique and partial ground plane along
with open-ended multiple branches through slits.

The simulated and experimental results presented in Figure 8 indicate that the HPMA has good matching
with a Voltage Standing Wave Ratio (VSWR) values less than 1.56 at all its respective resonant frequencies. This
points out a good matching between the feed network and the antenna structure.
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Figure 8 Antenna simulated and measured VSWR

3.3 | SURFACE CURRENT DISTRIBUTION

Figure 9 illustrates the radiating element's surface current distributions at 2.74 GHz, 3.62 GHz, and 4.43 GHz,
with a maximum intensity of 82.3 A/m, 111.6 A/m, and 402.7 A/m, respectively.

Jsurf [A/m] Jsurf [A/m] Jsurf [A/m]
g2, 2936 111, E395 YAz, 7385
. 54, 5@99 . 73,8516 . 243, 346
36, 1843 47, 5816 147. 8366
23,9134 31, 2791 88, 8437
15,8339 2@, 4676 53,6519
19, 4985 15,3930 32,4361
£.9485 &, 7638 19,5983
4. 5323 5. 7348 11,8422
- 3.8433 - 3, 7525 - 7.1554
2.8198 3. 455y 4. 3235
1.3373 1. EBET Z.B124
@, 5857 1.8514 1,5785
@, 5867 a. Gasa @, 9538
@, 3586 @.45@82 A,5763
l @, 2574 l o, 20946 l @, 3482
@, 1785 o @, 1978 4 B, 2184

(@) (b) (©

Figure 9 Simulated surface current distribution. (a) 2.74 GHz; (b) 3.62 GHz; (c) 4.43 GHz

It can be well noticed from Figure 9 (a) that at 2.74 GHz, maximum current is strongly concentrated around
the first open-ended heart-shaped slit followed by the edges of the radiating element. This confirms that that slit
generates the first frequency band. In contrast, a nearly uniform current is distributed on the other part of the
antenna patch surface. At 3.62 GHz, most of the surface current is distributed around the first open-ended slit and
the second open-ended branch, as shown in Figure 9 (b). Hence, the middle resonant frequency can be mainly
controlled by the second heart-shaped open-ended branch. The other parts of the radiating element exhibit similar
behavior to that of 2.74 GHz. Lastly, from Figure 9 (c), it is observed that at 4.43 GHz, the intensity of radiation
current is more concentrated around the second open-ended slit and in the inner strip. It is evident that the third
resonance can be controlled with the inner heart-shaped strip.
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34| RADIATION PATTERN OF THE HPMA

The antenna radiated field consists of near-field and far-field regions from the antenna. For this work, the far-
field radiation pattern measurement has been conducted in an anechoic chamber in the presence of a horn receiving
antenna as a reference device. The results are presented in Figure 10. The antenna exhibits an omnidirectional
radiation pattern in the elevation plane, and a deviating quasi-bidirectional pattern in the azimuth plane in the
entire operating frequency range with maximum radiation in the azimuth plane found at $=0°. This satisfies the

radiation performance characteristics of monopole antennas.

204

20 Azimuth Plane —Azlmuth Plane

s 2 |— Elevation Plane 154 —Elevanon Plane|

154 > h— — N

0] /,/ //,' N \ 10

54 L / \ % 51

04 N s A—— | 0 ‘

Q 180 == 0 Q S—k— 0 o 180 0
0 04 AR AR wa gl N 04
* F- ®] ANEIRVA YA Y 5
07 a0 330 7] N\ [T 330 104
15 15 A\ —1 /

154

207 240 300 2] . —

270 270 70

@) (b) ©)

Figure 10 Antenna measured radiation pattern. (a) 2.83 GHz; (b) 3.67 GHz; (c) 5.22 GHz
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The simulated antenna efficiency against frequency for the proposed antenna across the three bands is shown
in Figure 11. It can be observed a radiation efficiency of about 57.8 %, 71.26 %, and 40.16 % obtained at 2.74
GHz, 3.62 GHz, and 4.43 GHz, respectively.

1.00
0.80 +

S 07T |
0.60 o
0.40 — = 040]
0.20 o
0.00 T T T T | T T T T T T T T T T T T T T T T T T T T T T T

0.10 125 250 375 5.00 6.25 7.50
Freq [GHz]
B oss—|
3.62 081 ——

4

Figure 11. Simulated efficiency versus frequency of the proposed antenna

35| GAIN OF THE HPMA

The antenna gain is one of the essential parameters that predicts its effective transmission or reception ability.
The antenna gain is determined from the Two - Antenna Method 2 based on the Friis' formula given below

2
C
S — 12
| 21| ref [472’df0] ( )

where d is the distance between both antennas, G: and Gres the gain of the transmitting and receiving antenna, fo
the operating frequency, and S the transmission coefficient between both antennas. Using two identical antennas
and applying the Friis principle, Equation (12) becomes in decibel as:

10
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i _ 1[ B
G E[sﬂ +32.54 20 Iog( foon )+ 2010g(dpy )} (13)

By placing the transmitting and receiving antennas at a distance d=135 mm from each other and using
Equation (13), the measured results show that the proposed antenna achieves a maximum gain of 0.18 dBi at 3.78
GHz, whereas 0.56 dBi maximum gain is found at 3.76 GHz from the simulation.

The simulated antenna gain is displayed in Figure 12 below. At the first resonant frequency (2.74 GHz), the
simulated gain is about -0.7 dB. For the medium band, the simulated antenna gain is about 0.4 dB at 3.62 GHz,
and at 4.43 GHz, the simulated gain is -2.1 dB for the higher band of operation.

dB(GainTotal)

i 5
glheta (deg) I
0

dB(GainTotal)

dB(GainTotal)
Orheta (deg)
e

Min: 21.0 Min: 7.4

(a) (b) (©)
Figure 12 Simulated gain. (a) 2.74 GHz; (b) 3.62 GHz; (c) 4.43 GHz

When miniaturizing an antenna, its gain, radiation efficiency, bandwidth, and polarization purity are affected
%0, Moreover, an Electrically Small Antenna 3! can have a negative gain, even lower than -10 dB, without
accounting for impedance mismatch loss 2. This follows directly from the fact that using DGS in the HPMA is
responsible for low radiated power that yielded low antenna gains and efficiencies. Table 3 summarizes the
simulated and experimental results for the HPMA.

Table 3 Simulation and experimental results comparison for the HPMA

Results Band | Band Il Band 111
fr (GHz) 2.74 3.62 4.43
S11 (dB) -15.41 -27.46 -27.59
Simulation Bandwidth (MHz) 347 439.4 786.3
Efficiency (%) 57.8 71.26 40.16
Gain (dB) -0.7 0.4 -2.1
fr (GH2) 2.83 3.66 5.21
Measurement Su (dB) -22.84 -32.65 -13.25
Bandwidth (MHz) 195 260 530
Gain (dBi) -0.77 -0.84 -2.48

It can be observed that the antenna performs as a narrowband in its lower and middle operating frequency
bands and exhibits wideband behavior in its upper bands with a minimum bandwidth of 500 MHz. The proposed
antennas find their application in mobile phones and consumer electronics products whose efficiency range is
20% - 70% . Table 4 compares the performance of the proposed antenna to the other existing antennas in the
literature.

11
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Table 4 Comparison with previously reported antennas

Ref. Electrical size | Physical  size | Patch area | Substrate | Method Application
(mm) (mm?)
34 0.176A0x0.144 | 18x22x1 195.75 FR4 Multiple WLAN,
20%0.008%o branchesand | WiMAX, X-
DGS band
application
% 0.15020x0.150 | 15x15x1.6 105 FR4 Slots/Slits WLAN,
20%0.016X0 and DGS WIMAX, ITU
% 0.220A0x 34x29x0.8 238 FR4 Slits and WLAN,
0.258%0.006\0 DGS WIMAX
37 0.193%,x0.204 | 17x18x0.8 100.53 FR4 Slots and WLAN,
20%0.009%0 DGS WIMAX
38 0.23500x0.267 | 30x34x1.6 520 FR4 DGS WLAN,
20%0.013%0 WIMAX
39 0.4172%0.292 | 50x35x1.6 935 FR4 DGS, L-and | WLAN,
h0%0.0133%0 U-shaped WIMAX
strip-loaded
Open-ended WLAN,
multiple WIMAX, LTE,
HPMA 0.127X0%0.105 | 15x12.5%1.524 28.5 FR4+RO | branches, 5G, UNII,
0x0.013%0 4350B | DGS, and Weather
countersink radars, Airport
technique surveillance
radars

As it can be read from Table 3, the HPMA can be used in more than three applications. Also, with a physical
size of 15x12.5x1.524 mm® and an electrical size of 0.127Xx0.10540x0.013X, at its lowest operating frequency
(2.53GHz), this HPMA is the smallest antenna device compared to the other triband designs.

4 | CONCLUSION

In this paper, a new configuration of a miniaturized triband heart-shaped planar monopole antenna (HPMA)
has been investigated. The antenna design is based on the countersink technique (CT) to improve certain specific
electromagnetic performance parameters with microstrip technology. A mathematical model has been developed
to predict the resonant frequencies of the proposed antenna structure configuration. Furthermore, the HPMA,
proposed with further details, guarantees a minimum bandwidth of 195 MHz and achieves wideband operation in
its upper band. The embedded substrate plays a key role in improving antenna performance without increasing
the antenna surface area or the structure volume. In contrast, the defected ground structure and slits resulted in a
79.58% reduction in resonant frequency while preserving the fidelity of other performance parameters within an
acceptable range for the targeted wireless applications. The measurement results demonstrate that the proposed
HPMA achieves a minimum return loss of -32.65 dB and a maximum of -13.25 dB. The countersink technique
complexity makes the structure challenging to manufacture, yielding high fabrication costs. Its measured and
computer-simulated results well-agreed in the operating frequency range. The proposed antenna configuration
covers WLAN, WiMAX, LTE, 5G, UNII, Weather radars, and Airport surveillance radars applications. Besides
its simple design methodology, the HPMA is compact and meets the requirement of 2:1 VSWR, which are the
key features that make it a potential candidate for handheld wireless devices.
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