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ABSTRACT

Here, a magneto-electric dipole-like antenna is developed for Ku-band (12–18GHz) applications. A
low-profile configuration of a magneto-electric dipole antenna has been obtained by the planar
arrangement of four shorted patches and L-shaped coax probe. The antenna shows a broad band-
width response with stable gain and radiation characteristics. The antenna executes an impedance
bandwidthbetween13.3 and16.7 GHzwith two resonances at 13.9 and15.6 GHz frequencies. Finally,
the antenna has been fabricated and its performance experimentally verified which shows a good
agreement with simulated results. The experimental results show−10 dB bandwidth of 11.56%; and
peak gain values of 3.9 and 4.6 dBi at 14 and 15GHz, respectively. On account of the single-layered
printed substrate, the proposed antenna can be easily assimilated with associated circuitry.
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1. INTRODUCTION

Due to the incredible advances in the electronic/digital

transceiver systems, there is an everlasting demand of

antenna technologies with the functional characteristics

of the broadband operating bandwidth with unidirec-

tional radiation profiles and stable gains. The design

of practical low-footprint antennas with broad opera-

tional bandwidth remains a consequential subject of the

investigation since the commencement of wireless radio

transmissions as they have the ability to maneuver a

variety of wireless standards simultaneously. Microstrip

patch antennas have the merits of low-profile, low-cost,

lightweight and easy integration with active circuits.

However, the conventional microstrip path antennas

possess the narrow operating frequency (−10 dB band-

width). Conventionally, the bandwidth performance of

the antenna is improved by using a stacked structure etc.

But, adopting such mechanisms requires a sophisticated

fabrication process, and a high cost structure becomes

quite complex.

Recently, several magneto-electric dipole antennas

(MEDAs) have been investigated and practiced in wire-

less transmissions, particularly in base stations (BS).

They characterize symmetrical radiation patterns, ample

bandwidth, minimal cross-polarization, and, remark-

ably consistent in band radiation gain performance. A

novel broadband antenna is developed in [1], MEDA,

which comprises one-fourth of the wavelength patch

antenna and a half-wavelength electric dipole antenna.

This inspired the development of a sequence of enhanced

bandwidth characteristics of MEDA in the past decades.

The designs of the improved bandwidth ofMEDA anten-

nas have been presented in [2–4]. However, the molding

and assembling of the copper plane is complex.

However, digitally operated electronic handheld devices

need low-profile antennas for planar integration pur-

poses. In [5,6], the printed circuit board (PCB)-based

designs are presented. In [5], the antenna has a

differential-feeding topology, requires two ports to excite

it. The previous designs enhance the functioning band-

width of the MEDA considerably, but they lead to an

intricate structure. Recently, substrate-integrated waveg-

uide (SIW) technology-based antennas have been exten-

sively studied [7–10]. The SIW helps to realize the three-

dimensional structure into planar version [11,12]. It

maintains merits of its planar complements and has infe-

rior unwanted losses than that of the microstrip, and

has been adopted effectively to design high-performance

microwave and millimeter-wave RF circuitry [13–17].

However, these antennas do undergo from the limita-

tions of intricate design, including feeding system and

mostly proposed at millimeter-wave frequency range.

A few advancements on bandwidth enhancement were

suggested in [18–21]. Later on, high-profile wideband

MEDAs were reported in [22–24] with operating frac-

tional bandwidths of 56, 95.2, and 110%, respectively.

But, their 3D volumetric composite metallic structure

makes them unfit for many applications in modern

wireless communications. Low-profile SIW-based anten-

nas for Ku-band application were reported in [25–27].

© 2021 IETE
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However, their backed-cavity resonator engages a quite

large surface area.

Here, a magneto-electric dipole-like antenna is proposed

for Ku-band (12-18 GHz) applications. A single-layered

MEDA configuration has been realized with the help of

printing technology, by using an arrangement of shorted

patches and an L-shaped coax probe. Due to the dual

resonance characteristics of design, the antenna dis-

plays an enhanced impedance bandwidth of 11.56%. This

manuscript is structured as follows: the design, configu-

ration, and parametric study of the proposed antenna are

described in Section 2. Section 3 shows the antenna fab-

rication and validation of results. Finally, it concludes in

Section 4.

2. DESIGN, CONFIGURATION, AND ANALYSIS

Figure 1 demonstrates the proposed concept. The radiat-

ing element comprises four printed metallic plates, four

rows of metal posts, feed, and a ground plane. The L-

shaped feed is used to excite the antenna, which consists

of a metal strip connected to 50Ω coaxial line. A pair

of half-wave electric dipoles is molded by printed cop-

per plates. The loaded rows of the metallic posts act as

magneto dipoles. The diameter of the metallic posts and

the pitch distance between the two posts are 0.6 and 0.9,

respectively. The dimension of themetallic post and pitch

distance are opted, as given in [28,29], so that these posts

act effectively as vertical walls without any leakage. As

illustrated in Figure 1, the L-shaped feed excites the hor-

izontal plates and vertically loaded posts simultaneously.

Detailed antenna parameter information is provided in

Table 1.

The development of evolution stages of the proposed

antenna design is illustrated in Figure 2. Their corre-

sponding reflection coefficients (S11) are represented in

Figure 3. The design of the antenna begins with the

horizontally printed four rectangular metallic plates fol-

lowed by truncation of the two diagonally opposite plates.

The S11 parameters evidently show that an expansion of

Table 1: The sizes of the antenna dimensions in millimeters.

Parameters L Wp Lp Wf Lf h

Value 24 4.55 4.1 1.6 7.3 1.6
λ 0.49λ 0.4λ 0.17λ 0.79λ 0.7λ

Parameters Wt Lt p d g1 g2
Value 5.1 2 0.9 0.6 0.7 0.873

0.55λ 0.21λ 0.9λ 0.6λ 0.7λ 0.87λ

λ, guiding wavelength at the center frequency and fc = 15 GHz center freq.

Figure 1: The antenna configuration. (a). The topviewand (b) the
perspective view

impedance bandwidth is realized by tuning the dimen-

sions of the truncated patches. To comprehend the work-

ing principle of the antenna, the current densities on the

radiating horizontal plates and the aperture of the verti-

cally loaded posts are shown in Figure 4. Here, T is the

period of wave cycle at the center frequency of Ku-band



R. KETHAM ET AL.: LOW-PROFILE MAGNETO-ELECTRIC DIPOLE ANTENNA 3

Figure 2: The design evolution of the proposed antenna. (a)
Antenna I:with rectangular patches, (b) Antenna II: with truncated
rectangular patches, and (c) Antenna III: the proposed design

Figure 3: S-parameter response for design evolution

(around 15GHz). At time t = 0, the current is con-

centrated predominantly on the radiating plates, which

signifies the electric dipoles are strongly excited. While,

at time t = T/4, the current is concentrated on the ver-

tical posts, which signifies the magnetic dipoles take the

charge. As a result, the electric and magnetic dipoles are

excited alternately.

A brief design recommendation of the proposed antenna

structure is as follows.

i) Choose the proper thickness of the dielectric sub-

strate, ideally its length should be more than λ/8.

Here, λ is the wavelength at the center frequency of

the operating band.

ii) Design two identical planar dipoles which are

shorted to the ground by means of metallic posts.

Select the sizes of the dipole arm around half of the

operating wavelength. The thickness of the metal

layer on the dielectric substrate was chosen as 0.035

mm.

iii) Implant the shorting metallic posts as close as to the

inner corner of the metallic patches.

iv) Use the L-shaped probe to excite and finely tune Lt,

Wt, Lf , and Wf to maximize the impedance band-

width.

For a better understanding of the operating bandwidth

behavior of the antenna, an extensive parametric analy-

sis of S-parameter has been executed in Figures 5–8. In

each case, only a parameter under consideration is var-

ied, while all others are kept at optimal values, as listed in

Table 1. Overall, it can be concluded that the bandwidth

performance of the antenna in the desired band is suffi-

ciently stable. Figures 5 and 6 show how the length and

width of the rectangular affect the bandwidth matching

characteristics. Both parameters are optimized such that

the antenna yields maximum bandwidth below −10 dB.

Similarly, the parametric study of the length and width

of the truncated patch is also performed in Figures 7 and

8, respectively. These parametric studies essentially help

to tune the bandwidth and resonant frequencies in the

frequency band of interest.

3. FABRICATION AND EXPERIMENTAL STUDY

In order to justify the proposedmodel and results, a sam-

ple of the design was fabricated, as per the dimensions

given in Table 1. A single-layered RO4003C substrate

of the height of 1.6 mm, with a relative permittivity of

3.55, was used. Themanufacturing process of the antenna

is performed with the help of a printing circuit tech-

nique which realizes copper imprints on the dielectric

substrate. The shorting metallic vias are implemented

by using printing the through-hole-process (PTH). The

reflection coefficients |S11| of the antenna are measured

with the help of the Anritsu (Shock-Line MS46122B

series) vector network analyser (VNA). The top and bot-

tom views of the fabricated antenna are displayed in

Figure 9. The measured and simulated reflection coeffi-

cients (S11) are shown in Figure 10. It can be observed

that the measured result follows the simulated counter-

part with minute deviation, which may be instigated by

fabrication/measurement deficits. The proposed design

displays a broadband response in Ku-band, as its mea-

sured impedance bandwidth is 11.56%, ranging from

13.3 to 16.7 GHz with the dual resonances of 13.9 and 15

GHz. The measurement of the gain of the antenna is per-

formed with the help of the standard horn antenna using

the above-mentionedVNA. The simulated andmeasured

frequency-gain characteristics are shown in Figure 11. It

can be obviously understood the simulated gain charac-

teristics of the antenna for the entire operating bandwidth

are uniform (around 5 dBi). The measured gain values

at the frequencies around 14 and 15 GHz are charac-

teristically 3.9 and 5.0 dBi, respectively. The measured

gains have fallen down by around 1 dBi as equated to

the simulated ones. This inconsistency is generally due to

the insertion loss, fabrication andmeasured errors. Addi-

tionally, the simulated versions of total antenna efficiency
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Figure 4: The current density for different time instants

and radiation efficiency are shown in Figure 11, which are

better than 90% in the functioning frequency band. The

far-field radiation pattern measurements are performed

with the help of the test antenna in the anechoic cham-

ber at the distance much more than λ/2π . Figure 12

shows radiation patterns in yz-plane and xz-plane at the

resonant frequencies of around 13.8 and 15GHz, respec-

tively. Over the operating frequencies, the main beam of

the radiation patterns is almost in the broadside direc-

tion. Due to the bottom ground plane, the design shows

unidirectional radiation patterns. The radiation patterns

in the both planes are nearly identical and show a good

agreement with simulated results. However, there is a

slight deviation from broadside direction, which can be

attributed to asymmetry of the antenna around its exci-

tation point or limited substrate thickness. Themeasured

cross-polar radiation levels are better than 10 dB in each

case. The measured front-to-back ratio of the proposed

antenna is above 12 dB at the resonant frequencies. To

highlight the contribution of the present work, a com-

parison table of the electrical parameter of the proposed

antenna with previously works is presented (Table 2).



R. KETHAM ET AL.: LOW-PROFILE MAGNETO-ELECTRIC DIPOLE ANTENNA 5

Figure 5: The S-parameters: variation in parameter “Lp”

Figure 6: The S-parameters: variation in parameter “Wp”

Figure 7: The S-parameters: variation in parameter “Lt”

It can be clearly pragmatic that the performance of the

proposed work is quite significant while it maintains a

quite low profile. It can be perceived that this design

Figure 8: The S-parameters: variation in parameter “Wt”

Figure 9: The top and bottom view of the fabricated antenna
prototype

Figure 10: Simulated and measured reflection coefficients (S11)

keeps relatively smaller printed circuits in terms of over-

all volume with good radiation performance. The radi-

ation characteristics of the proposed antenna are quite

stable. The proposed design possesses a simple config-

uration and low-heightened substrate (1.57mm), which
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Figure 11: The antenna efficiencies and radiation gain
performance

Figure 12: Radiation Profiles at: (a) 13.8 GHz: (i) yz-plane and (ii) xz-plane and (b) 15 GHz: (i) yz-plane and (ii) xz-plane.

makes it more suitable for a compact and unified digital

communication system. Besides, most of the previously

reported works emphasize on the millimeter-wave range.

The proposed design has a modest arrangement and low

profile which makes it better applicant in the microwave

frequency range of Ku-band (12–18 GHz) for wireless

transmissions, particularly satellite (Ku-band) commu-

nications/transmissions. The planar magneto-dielectric

dipole antenna can find potential applications in dif-

ferent types of wireless communications such as BS for

mobile communications, ultra-wideband systems and

millimeter-wave radio.
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Table 2: Performance comparison of electrical parameters with previously reported antennas

Ref.

Center freq. and
operating frequency

band (GHz)
Bandwidth

(%) Height (mm) Size (in terms of λ) Gain (dBi)
Dielectric
material/air

Configuration type
and feed

Here, 15, 13.3–16.7 11.56 1.57 2.2λ × 2.2λ 3.9, 4.6 3.55 Single-layered planar structure,
L-shaped probe

[18] 5.5, 4.98–6.01 18.74 1.5 1.07λ × 1.07λ 6.8 2.65 Four-layered structure, complex,
L-shaped probe

[19] 14.95, 11.4–18.5 32 3 1.75λ× 1.75λ 11.1 2.2 Planar, high thickness, L-shaped
probe

[20] 11.51, 5.63–5.88 4.3 2.4-3.3 2.55λ × 0.459λ 2.4-3.3 2.2 Planar, high thickness, L-shaped
probe

[21] 5.52, 5.07–5.95 16 11 1.57λ × 1.57λ 8.2 2.33 Complex, 3D metallic structure,
microstrip line

[22] 2.24, 1.62–2.87 56 45.7 2.18 λ × 2.18 λ 5.8–8.9 1, Air Complex, 3D metallic structure,
microstrip line

[23] 3.15, 1.65–4.65 95.2 23 1.26λ × 1.26λ 7.9 1, Air Complex, 3D metallic structure,
microstrip line

[24] 6.84, 3.08–10.6 110 12.4 2.193λ × 1.68λ 8.7± 1.9 2.2 Complex, 3D metallic structure,
microstrip line

[25] 13.65, 12.7–14.6 11.0 1.57 1.2 λ × 1.63λ 6.0 2.2 SIW-based planar structure,
microstrip line

[26] 16.02, 15.55–16.50 5.9 1.57 0.8λ × 2.0λ 6.1 2.2 SIW-based planar structure,
microstrip line

[27] 15.46, 14.43–16.49 13.53 1.57 0.77λ × 1.63λ 4.5 2.2 SIW-based planar structure,
microstrip line

4. CONCLUSION

A planarMEDA is proposed using a single-layered struc-

ture. The design is fabricated and the measured results

agree well with the simulations. The antenna shows a

wideband response of 11.56% as it operates between 13.5

and 16.18 GHz. The maximum and average gain val-

ues in the operating frequency band are around 5.2 and

4.01 dBi, respectively. Moreover, the antenna has the

advantages of low-cost manufacturing, lightweight, and

compact structure. The design has a single feed and a

modest structure which can be scaled for any anticipated

frequency. Also, the simulated efficiency is around 90%.

With these featured characteristics, the proposed antenna

will be appropriate for Ku-band applications.
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