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Abstract:

To integrate with the existing communication modules, an electrically small
uniplanar antenna operating at 5G mid-frequency band (3.4 GHz to 3.8 GHz) is
designed. FR4 is the commonly used substrate in printed circuit board and its
thickness may be 0.8 mm or 1.6 mm. The uniplanar antenna designed for 1.6 mm
substrate thickness can be used for 0.8 mm substrate thickness with 0.9 mm
increase in feed length. The overall dimension of the designed antenna is 0.274A x
0.204A mm?, where ‘A’ is the resonant frequency at 3.5 GHz. The proposed antenna
design in two different substrates provide a fractional bandwidth of 11 % with
reasonable gain greater than 2 dBi and radiation efficiency greater than 95 % for the
entire operating 5G mid-frequency band.
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I. INTRODUCTION

FAST growing wireless networking and the need for
high data rates for internet connectivity are eagerly
awaiting the adoption of fifth generation (5G)
technologies. The need for mobile data will increase,
along with increased user mobility. International
Telecommunication Union-Recommendation Sector
(ITU-R) and third generation partnership project
(3GPP) fix the spectrum resources for 5G, which are
allocated for Internet-of-Things (IoT) applications,
cellular communication, short-distance
communication and fixed wireless services [1], [2].
In [2], 3.4 GHz to 3.6 GHz frequency band is
globally suggested for the potential deployment of
5G in mobile communication. As per 3GPP, n77,
n78 and n48 are the spectrum bands for 5G New
Radio (5G-NR) which covers 3.4 GHz to 3.6 GHz
frequency band centered at 3.5 GHz [3].

This paper provides the design studies of antenna
on two different low profile substrate thicknesses of
0.8 mm and 1.6 mm operating at 5G frequency band.
Since the communication system has multiple
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functional units in one board, the built antenna
should be smaller in size by maintaining
performance in terms of bandwidth, efficiency, gain,
etc. The literatures have suggested antennas with
different shapes, different feeding techniques to
operate at 5G frequency band [4], [5], [6], [7], [8],
[9], [10]. For a microstrip patch antenna design, the
dimensions have to be fixed by considering the
fabrication constraints [11], [12]. Microstrip feed,
coaxial feed, coplanar waveguide (CPW) feed,
asymmetric coplanar strip (ACS) feed etc. are the
different feeding techniques used in antenna design
to achieve a certain frequency band of operation
[13]. For CPW and ACS feed, the antenna design
occupies a single side of the substrate. This paves
the way for a uniplanar antenna structure with
compact size with no compromise in required
bandwidth, efficiency and radiation characteristics
[14].

For the miniaturization of the antenna and to have
good radiation efficiency, ACS feeding technique is
considered in this paper. Along with feeding
technique, slot structures are integrated into the
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antenna design to accomplish miniaturization.
Different shapes of slot such as open ended U-slot
[14], E-shape slot [15], L-shape slots [10] are
discussed in the literature. A short ended U-shape
slot is deliberated in this paper. By introducing the
slot in the patch, with electrically small size, the
antenna can operate in 3.4 GHz to 3.8 GHz.

II. 5G MID-FREQUENCY ANTENNA DESIGN

The proposed slotted patch antenna is designed on
a glass epoxy FR4 substrate having relative
permittivity (e;) 4.4 and loss tangent 0.02. A
commonly used substrate in integrated circuits is
FR4, which has a thickness of either 1.6 mm or 0.8
mm. The substrate dielectric constant is invariably
related to the designed antenna radiation efficiency.
The slotted antenna designed for a substrate of
thickness 1.6 mm can be used for a substrate of
thickness 0.8 mm with a change in feed length. Fig.
I(a) and Fig. 1(b) show the antenna designed for a
substrate of thickness 1.6 mm (Antenna;e) and 0.8
mm (Antennao g) respectively.

W, Il Radiating Patch Ground Plane

<

S <——> —>
W W W,
(a) (b)

Fig. 1. Antenna with Substrate Thickness (a)
1.6 mm (b) 0.8mm

By tuning the feed length, the designed antennas
are made to operate at 5G mid frequency
communication band 3.4 GHz to 3.8 GHz, centered
at 3.5 GHz. Fig. 2 shows the U-shape slot structure
with dimensions. The overall dimension of the
designed antenna is (0.274A x 0.2041) mm?, where
‘A’ is considered as the resonant frequency at 3.5
GHz.

Initially, the patch dimensions are considered
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based on the design of microstrip antenna described
by Balanis [16]. The patch width and length obtained
for substrate of thickness 1.6 mm are 26.08 mm and
18.519 mm respectively at the resonant frequency
3.5 GHz. Considering ACS feed and slot in the
patch, dimensions of the designed patch is reduced
almost by 30 % and is given by L, x W, mm?.

S 1

Fig. 2. Slot Structure with dimensions in
millimeters (mm)

TABLE 1
Dimensions of antenna in millimeters (mm)
La Wa Lr Wp Ls
235 | 175 | 13 14 9
Ws Lc Wg Wr1 | Wr2
33 4 4.6 2.4 33

To easily integrate with the existing monolithic
microwave integrated circuit, a uniplanar design is
considered. An L-shape ACS feed is provided to the
antenna. As antennai¢ feed length increases by
0.9mm, antennao g functions at the 5G mid frequency
band. The width of the feedline (W) considered is
same for both the antennas. Since the substrate
thickness (h) is different, the characteristics
impedance obtained based on Eq. (1) is 77.826Q2 and
57.77Q2 for antennai¢ and antennapg respectively
[17].

60 8h w w
\/eeffln(W+E)' w < 1
Zo = 377 w
4 W C >1
JEerf|H+1393+0.667n(7+1.444)]
(1)

For antenna; ¢, the ratio width of feedline to height
of the substrate is less than one and the antennag g has
a W/h ratio greater than one. Also, the antenna
proposed to the requirements of electrically small
antennas. For an electrically small antenna, the
electrical length of the antenna (kr) should be less
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than one [14], where k is the free-space wave
. 21 s ..
number, given by - and ‘r’ represents the minimum

radius of an imaginary sphere which encloses the
designed antenna including the radiating patch and
the ground plane [18]. Here La represents the
maximum dimension of the antenna. From La, the
approximate minimum radius which covers the
entire antenna is given by 0.55La. The electrical
length of the designed antenna for the resonant
frequency is kr = 0.9474 < 1, thus by definition
the proposed antennas are electrically small.
Relation between size of the antenna and the lower
bound radiation quality factor (Qrg) is given in Eq.
(2). Qup obtained is 2.231. As Qup increases, the
antenna operating bandwidth decreases.

1 1
QLB - E + (kT)3 (2)

Fractional bandwidth of 11 % is obtained for the
operating frequency range 3.4 GHz to 3.8 GHz. A
U-shape short-ended slot is introduced in the
radiating patch, along the feed line to achieve the
desired operating frequency band. Total length of the
slot structure is 16 mm. Without a slot structure, the
antenna operates at a frequency band higher than the
desired band. When the slot structure is introduced
near the feed line, the amount of fringing from the
slot influences the resonant frequency of the
antenna. Also, the current distribution of the antenna
is altered.

More comprehension and study of the functioning
of the proposed antenna is achieved by portraying
surface current distributions at 3.5 GHz as shown in
Fig. 3 and Fig. 4. The figures show the current
distribution of antennagg and antenna;¢ with and
without a slot structure. Therefore, the appropriate
5G mid frequency band is obtained by the
incorporation of a slot structure. An electrically
small antenna size is also obtained by the use of the
slot structure. Table. 1 provides the dimensions of
the designed antenna. Using parametric analysis, the
optimum width and length for the patch, slot and
ground structure are decided.
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Fig. 3. Current Distribution of Antennao g without
and with slot structure
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Fig. 4. Current Distribution of Antenna; ¢ without
and with slot structure

III. RESULTS AND DISCUSSIONS

The proposed antenna simulations are carried out

using Ansys HFSS software.

—i— Antennaos —f— Antennals

-zim LI LI LI LI LI
3.00 1] 3.-|10 S.Jiﬂ S.éﬂ 4.00
Freq [GHz]
Fig. 5. Reflection Coefficient of the proposed
antenna

Simulated reflection coefficient (S11) for the

designed antennapg and antennaj¢ are shown in
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Fig.5. The structure designed for the two antennas is
the same, except for the feed length. The antennag g
operates at the frequency range from 3.4 GHz to
3.81 GHz and antenna; ¢ has the operating frequency
range 3.38 GHz to 3.8GHz. The frequency range is
determined at S11 = -10dB, this indicates that almost
90 percent of the signal fed to the antenna is
transmitted without reflection. S11 is related to
voltage standing wave ratio (VSWR) as (1+S11) /
(1-S11). Fig. 6 depicts the VSWR versus frequency
characteristics for the designed antennas. The
prerequisite bandwidth 400 MHz proposed for
global 5G mid-frequency band is achieved without
any constraint in the FR4 substrate thickness.

—a-Antennacs —f— Antennai s

9.00

7.00 -
== ]
ﬁ |
= 500 ]

3.00

1.00

300 320 340 3.60 4.00

IFreq [GI-IIz]
Fig. 6. VSWR of the proposed antenna

A. Gain and Efficiency

Gain is another useful parameter describing the
performance of the designed antenna. It indicates
how much input signal given to the antenna is
radiated as radio waves. The designed antennas have
reasonable gain from 2.02 dBi to 2.18 dBi for the
entire 3.4 GHz to 3.8 GHz operating range, and are
shown in Fig. 7. Gain of the antenna is directly
related to directivity and radiation efficiency of the
antenna. Radiation efficiency also deals with the
ratio of the amount of power radiated to the accepted
power from the transmission circuit. The radiation
efficiency attained for the entire operating band is
depicted in Fig. 8. For antennagg and antenna ¢, the
achieved radiation efficiency is between 95 % and
99 %. This proves that the designed antennas
transmit the signal with minimum loss at 5G mid-
frequency band.
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Fig. 7. Gain Vs Frequency
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Fig. 8. Efficiency Vs Frequency

B. Radiation Pattern

The simulated two dimensional radiation patterns
of antennagp g and antenna;e in both principal planes
at 3.5 GHz are shown in Fig. 9 and Fig. 10
respectively. At ¢ = 90° (XZ- plane), both the
antennas show the omnidirectional radiation pattern.
A figure of ‘8 pattern is presented at ¢ = 0° (YZ -
plane). The three dimensional gain plots at 3.5 GHz
are shown in Fig. 11for antennaos and antenna; s.

7120
y V— ¢=00
~ 150 @~ »=90°

-180
Fig. 9. Radiation Pattern of Antennaos at 3.5 GHz
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Fig. 10. Radiation Pattern of Antenna; ¢ at 3.5
GHz

(a) (b)
Fig. 11. 3D Polar plot at 3.5 GHz (a) Antennag g
(b) Antenna ¢

The proposed antenna performance is compared
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IV. CONCLUSION

An electrically compact, ACS-fed uniplanar
antenna is developed for mobile handheld
devices, which can operate at 5G mid-frequency
band. The antenna design structure opted is
effectively used for FR4 substrate with thickness
0.8 mm and 1.6mm with change in feed length.
Antennaog and antenna;s have the fractional
bandwidth 11 %, gain greater than 2 dBi and
radiation efficiency greater than 95 % for the
entire operating frequency range 3.4 GHz to 3.8
GHz. In both azimuth and elevation planes, stable
radiation pattern is obtained. This paper unravels
the barrier in using different substrate thickness
for the similar antenna dimensions and design
considered.
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