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In 5G applications, the antenna system plays a vital role to maintain the efficiency of the signal coverage
during transmission. The millimeter-wave (mm-wave) and sub-6 GHz bands are integrated into the new
antenna system which is suggested for the 5G handheld devices. The suggested antenna is a single antenna
system that covers a 32.4 GHz bandwidth from 5.8 GHz to 38.2 GHz. The intended antenna structure has
been obtained by introducing T-Shaped slots in the patch along with presence of parasitic elements on either
side. The antenna's FR-4 substrate is developed with dimensions of 30 x 28 x 1.6 mm2. The gain varies be-
tween 5 and 32 dBi across the operating frequency. The parasitic components are designed and connected
with the patch to support the patch's ability to radiate with multiple resonances over a wide operating band.
The optimal antenna includes six resonant frequencies 11 GHz, 18.2 GHz, 20.3 GHz, 21.7 GHz, 23.2 GHz,
and 27 GHz. During the entire working frequency, the Voltage Standing Wave Ratio (VSWR) is obtained
below 2, which signifies well impedance matching. The antenna maintains an efficiency of at least 65 %
throughout, making it a strong candidate for 5G devices. The novel antenna geometry with compact size,
wide operating band with multiple fruitful resonant frequencies, high gain, good radiation efficiency, omni-

directional stable radiation patterns are the major findings reported in this article.
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1. INTRODUCTION

Nowadays, the Sub-6 GHz frequencies primarily work in
the wireless system, because there is more lack of a frequency
band to bring out the requirements in the wireless services.
The high-frequency mm-Wave band is perceived as im-
portant for maintaining the effectiveness of bandwidth and
the potential for widespread use of multi-antenna communi-
cations. Nevertheless, mm-Wave communication is inher-
ently unreliable with chances of congestion, high path loss,
and channel scanning. Theoretically, it can increase the ca-
pacity of Enhanced Mobile Broadband (eMBB) network ser-
vice and decreases the transmission delay for quieter opera-
tion. Therefore, it would be ideal to seamlessly combine the
flexibility of the microwave networks with the capacity of
mm-Wave networks to provide Ultra — Reliable and Low La-
tency Communications (URLLC) and high-speed wireless ac-
cess [1]. Millimeter wave (mm-Wave) communications are of
much research interest because of the sheer amount of avail-
able bandwidth, potentially at rates of several gigabits per
second per user [2]. Massive Multiple Input Multiple Output
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(mMIMO) was originally developed for frequencies below 6
GHz and is suitable for millimeter wave frequency bands cov-
ering the 30 to 300 GHz (mm-Wave) range [3]. The efficient
design and utilization of antenna is very crucial for mm-wave
communication. Many antenna structures are proposed in
the literure. The mm-Wave MIMO antenna system reported
in ref. [4] has an in-built bandwidth of 3.8 GHz with high
gains of 5.28 and 8.67 dBi, while the presented study shows
an operating bandwidth of 2.73 GHz. It has the dimensions
of the antenna board as 151 x 72 mm corresponding to the
smartphone dimensions. The combination of 6 GHz and mm-
wave antenna systems are designed by two capacitive corner-
coupled elements (CCEs) and four 28 GHz mm-Wave arrays
[5]. The ultra-wideband (UWB) microstrip is proposed for the
integration of MIMO antenna with a single patch for 5G ap-
plications. It is replaced by two different structures to create
notches in other bands or to create a multi-band structure [6].
A multi-branch driven strip and three parasitic ground strips
form a simple planar antenna for sub-6 GHz applications
without lumped elements or 3D structures. The antenna has
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a small footprint of 40150.8 mm?3 and impedance bandwidth
of 705-965 MHz and 1610-5500 MHz [7]. The antenna has
four 4 x 4 square patches and operates at 3.5 GHz. The an-
tenna has a three-layer structure, and the overall size is 269
mm x 269 mm x 12.5 mm. It is built on a Rogers R0O4003C
substrate with a dielectric constant of 3.55 and a substrate
thickness of 0.8 mm. Results show that the 4 x 4 array has
10 dB bandwidth from 3.3 to 3.8 GHz, 14.9 dB maximum gain
at 3.5 GHz [8]. The antenna with H-shaped slot in the patch,
and E-shaped patch has a minimum port isolation of 28 dB
and resonates at two separate mmWave frequencies, 28 GHz
and 38 GHz. The average efficiency is suggested, and the
measured average gain is 7.1 dBi at 28 GHz and 7.9 dBi at
38 GHz [9]. Any of two sub-6 GHz antennas fed by four
28 GHz mm-Wave arrays with two capacitive corner coupling
components and adjustable radiation pattern (CCE). Two
sub-6 GHz bands, 0.79-0.95 GHz and 1.75 GHz were realized
in a prototype mm-Wave array [10]. In ref. [11], an integrated
antenna design combines dipole and conical slots and it oper-
ates in multiple bands including sub-6 GHz at 3.5 GHz and
mm-Wave at 28 GHz. Compact dual-function antenna for 5G
mobile applications operating at 3.5 GHz and mm-Wave (28
GHz) with frequency reconfiguration technology is reported
in [12]. The desired antenna size is significantly reduced to
15.3 mm x 7.2 mm x 0.508 mm by using meander line. For
mm-Wave applications, an innovative microstrip antenna is
used, the patch consisting of an octagonal annular ring struc-
ture and a degraded ground plane. This antenna has excel-
lent performance at 43.5 GHz with a reflection coefficient of -
26 dB and it is designed to fit in small electronic devices. [13].
A brand new slotted hexagonal patch antenna with a modi-
fied ground plane and overall dimensions of 25 mm x 20 mm
is proposed for use below 3.5 GHz [14]. It can be observed
from the literature survey that both the required sub-6 GHz
and mm -wave bands are not covered by a single antenna el-
ement. Therefore, from the literature, it is inferred that there
is a necessity to suggest an antenna design that can be able
to cover both sub-6 GHz and mm-wave 5G application bands
by using a single antenna. The proposed antenna achieves
good gain when compared with the literature survey covering
both the sub-6 GHz and mm-wave band. This is achieved by
implementing full ground plane.

2. INTEGRATED MM-WAVE & SUB 6 GHZ
(I-MM W & 6G) ANTENNA

In this work, a single antenna element with a measure-
ment of 30 x 28 x 1.6 mm?3 is proposed. The integrated MIMO
antenna system has been structured, and simulated with
standard tools called High-Frequency Structure Simulator
(HFSS). The compact dimension is compatible with handheld
devices. The FR-4 substrate is used to design the suggested
antenna. Figures 1 (a) and 1 (b) show the patch and ground
structures of the optimized design. In order to resonate the
antenna for the sub-6 GHz frequency, T-shaped slots are in-
stalled in the patch and the center feed is designed into the
antenna. Parasitic elements are constructed and combined
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with the patch which is made of the resonator to work at both
mm-wave and sub-6 GHz frequency ranges. Figures 2 (a) and
2 (b) show the detailed dimensions of the antenna. The whole
ground is retained in the design to prevent back-radiation,
which must be avoided in handheld devices.
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Fig. 1 — Proposed antenna structure (a) front view (b) rear view

()
Fig. 2 — (a) Dimensions of the antenna (b) projected view of incor-
porated slot with dimensions

3. DESIGN STEPS OF THE ANTENNA WITH AN-
ALYTICAL EQUATIONS

The antenna is designed using the following equations

Width of the Patch,

c 2 .
W = ﬁ m, with & = 4.4

Length of the patch,

L = Lgsr — 2AL, Where, w = width of the patch
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C = Velocity (3 x 10''mm), f = Resonant frequency,
L =length of the inner patch and & = Substrate’s
dielectric constant, L.sr = Effective length, and it is given

c
by, Lesy = T

The antenna substrate length and width are formulated
by further,

Ly =L+ 6h=30mm
Wy = W+ 6h =28 mm

Where Lg and Wg are length and width of substrate, and
0.06061

B

Feed length is calculated using (L) = %‘g =16 mm

1

Ereff

The parametric analysis, which includes the develop-

ment stages is shown in Figs. 3 (a-c). An easy microstrip
patch antenna is designed and simulated initially. The
simulated results appeared to radiate at frequencies below
6 GHz and in the C-band. Next, after designing and com-
bining the parasitic parts with the patch, the resonance
frequencies cover mm-wave bands. Slots are added to im-
prove the impedance matching and hence the return losses
at each resonance, which is seen to be greater than 15 dB.
High gains are achieved as 17 dBi at 11 GHz, 20.7 dBi at
18.2 GHz, 23.2 dBi at 20.3 GHz, 29.1 dBi at 21.7 GHz,
13.2 dBi at 23.2 GHz, and 20 dBi at 27 GHz, due to the
suggested modifications in the patch and by implementing
whole ground plane.

‘h’ is given by h =

Where 1, is wavelength and it is given by, 5=

(a) (b)

()

Fig. 3 — Development stages of the intended antenna: (a) 1st stage
(b) 2nd stage (c) Final stage (proposed)
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4. RESULTS AND DISCUSSION

We need to examine the improvements in major char-
acteristics parameters such as return loss, gain, and radi-
ation efficiency along with radiation patterns due to the
prescribed changes in the antenna geometry. The antenna
suffers from poor impedance matching without the pres-
ence of any slots within it, while with slots included, it is
seen to be much higher than — 15 dB at each resonance.
The visual depiction of Si1 (dB) vs frequency (GHz) is
shown in Fig. 4. It can be seen that the radiator operates
from 5.8 GHz to 38.2 GHz with multiple resonance at 11
GHz, 18.2 GHz, 20.3 GHz, 21.7 GHz, 23.2 GHz, and 27
GHz and the impedance bandwidth under at — 10 dB level
is recorded as 32.4 GHz, which measures 147.27 % frac-
tional bandwidth. The gain and radiation characteristics
are displayed in Figs. 5 and 6, respectively. The maximum
gains are noted as 17 dBiat 11 GHz, 20.7 dBi at 18.2 GHz,
23.2 dBi at 20.3 GHz, 29.1 dBi at 21.7 GHz, 13.2 dBi at
23.2 GHz, and 20 dBi at 27 GHz. As per Fig. 6, the an-
tenna maintains radiation efficiency of above than 60 %
throughout the entire band of operation [5.8 to 34.2 GHz].
The radiation patterns at different resonant frequencies
are omnidirectional as shown in Fig. 7 (a-b).
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Fig. 6 — Radiation efficiency parameter of antenna

5. CONCLUSION

An integrated mm-wave and sub-6 GHz antenna is de-
signed which operates at multiple frequencies with (11, 18.2,
20.3,21.7, 23.2, and 27 GHz) covering a huge 32.4 GHz band-
width from 5.8 to 38.2 GHz. The VSWR is maintained < 2 and
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(a)
Fig. 7 — Radiation patterns at (a) 11, 18.2, and 20.3 GHz (b) 21.7, 23.2, and 27 GHz
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V¥ momarkax 5G aHTeHHA cuCTeMa Biirpae BasKJIHBY POJIb JJIS MIATPUMKHN e(PeKTUBHOCTI IIOKPUTTS CH-
rHaJTy mig yac nepenadi. Jliamasonu mismimerpoBoro giamasoHy 1 cy6-6 I'T'ir iHTerpoBaHi B HOBY aHTEHHY
CHCTEMY, SIKA IIPOIIOHYETHCS JJIsI IOPTATHBHUX IPUCTPOIiB 5G. 3ampornoHoBaHa KOHCTPYKITSA 3 OJHIEH aHTe-
HOI0, sKa oxorutioe cmyry yactor 32,4 I'Trt Bix 5,8 I'T mo 38,2 T, Ilepenbauysana cTrpyxrypa aHTeHH
Oysia oTpuMaHa IIISXOM BBeJeHHs T-MogiOHMX IIPOpisiB y HAKJIAAKY PAa3oM 13 IPHUCYTHICTIO Iapa3UTHHUX
esieMeHTIB 3 000x OokiB. [linkmanka FR-4 anrenu pospobiena 3 poamipamu 30 x 28 x 1,6 mm2. Koedirient
mijicriIeHHs 3MiHeTbesa Big 5 1o 32 nBi Ha pobouiit uyacrori. [TapasuTHi KoMoHeHTH po3pobieHi Ta 3'ex-
HAHI 3 MaTYeM JJIS MMATPUMKN 3JaTHOCTI ITaT4a BHUIIPOMIHIOBATH 3 KLIIBKOMAa PE30HAHCAMH B IIHPOKOMY
poGouomy miamasoni. OmruMaJsibHA aHTeHA BKJIOYAe IIicTh pesoHaHcHux uvacror 11 I'Tm, 18,2 I'Tm,
20,3 I'T'r, 21,7 I'T'ry, 23,2 [T 1 27 I'T'm. ITpotsirom yeiei po6o4oi acTotu KoedilleHT cTOsTI01 XBUJIL HATIPYTH
(KCXB) crasoBUTH MeHIIe 2, II0 03HAYAE J00pe Y3TOIKeHHs iMIeqaHcy. AHTeHa Mae e(PeKTUBHICTD IIO-
HaiMenIe 65 %, 110 POOKUTH Jae 3MOTY BUKOPUCTOBYBATH 1i 1 mpuctpoiB 5G. Hosa reomerpis antenu 3
KOMIIAKTHUM PO3MIpOM, IIMPOKA poboua cMyra 3 KiJabkoMa eeKTUBHUMU Pe30HAHCHUMU YaCTOTAMHU, BH-
COKMI KOe(IIlieHT miICUIeHHs, X0poIla e)eKTUBHICTh BUIIPOMIHIOBAHHS, BCeHAIIpaBJIeHa cTa0lIbHA miar-
paMa CIpsiMOBAHOCT] € OCHOBHUMM IIePeBaraMy JaHOI KOHCTPYKIIIL, 1[I0 IIPeJICTABJIeHA B Iiil po0OTi.

Kmiouosi ciosa: Mimmerposa xsuisa, SUB-6 I'T, 5G, Mo6iisai mpuctpoi, MIMO anrtena, Illupokocmy-
TOBHH T1aIIa30H.
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