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In this paper, a novel wide band monopole antenna is designed to operate at the millimetric wave (mmW)
frequency band with impedance bandwidth of 26-70 GHz for 5G wireless communication applications. First
of all a conventional antenna is designed on full ground then it designed on partial ground with size 5mm x
10mm but both designs didn’t achieve bandwidth of 50 GHz-55 GHz, The conventional antenna is a simple
rectangular patch antenna with compact size 5 mm x 6.5 mm. In order to generate the wideband width of
26-70 GHz a proposed antenna is designed. The design composed of rectangular patch antenna with edge-
cut technique (making slots at the corner of the patch) and introduced on partial ground plane for an im-
proved impedance matching. The suggested microstrip antenna (proposed antenna) has been designed and
examined on Rogers RT5880 substrate with dimensions 10 mm x 10 mm with dielectric constant 2.2, loss
tangent 0.0009 and thickness of 1.57 mm using computer simulation tool (CST) software 2019. The results
reveal that the antenna shows a return loss under — 10 dB over a range from 26-70 GHz and resonated at
multiple frequencies 29 GHz, 32.8 GHz, 42 GHz, 47 GHz, 56.6 GHz, and 66 GHz. The gain varies from 6 dBi
to 11.9 dBi with maximum obtained value at the frequency of 70 GHz, the antenna exhibits a broadside
radiation pattern at both resonant frequencies 32.8 GHz and 56.6 GHz and realized gain are 7.24 dBi and
8.72 dBi at both frequencies respectively therefore the simulated outcomes of return loss, gain , radiation
pattern and realized gain show the ability of the super wideband antenna to suit 5G mmW applications.
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1. INTRODUCTION

The need for mobile telecommunication devices with
the up-to-date specifications is rising rapidly. Customers
would like to get very fast information and data access
instantaneously [1-3]. The fifth generation (56G) evolu-
tion in wireless mobile telecommunication technology
provides increasing capacity, ease network connection,
high performance and tremendous data rate access [4].
The 5G application was planned to be used in a range
above 6 GHz, such as 28 GHz, 38 GHz, and 60 GHz
[5, 6]. Various researchers have introduced their out-
comes at current mm-wave bands such as 27 GHz and
37 GHz considering that its more probable [7-11]. One of
the most fundamental things in the wireless mobile tel-
ecommunication system would be the antenna structure
[12]. As a result, the antenna structure needs to be
shown with the best design, weightless, and compact
structure to bring out the greatest performance of wire-
less mobile telecommunication. One of the weightless
and compact antennas is the microstrip antenna struc-
ture. Microstrip patch antennas, comparing to conven-
tional antennas, are essentially used in the evolution of
new communication devices as they have the benefits of
keeping minimal profile and having uncomplicated and
achievable fabrication techniques [13-15].

This paper presents a compact mmW slotted mi-
crostrip patch antenna with wideband operation ex-
tended to cover V-band [16]. The input parameter of the
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suggested antenna generally concentrated on 5G princi-
ples, which is successfully hit the target for wireless ac-
cess systems and maximum usage of frequency range
with minimum transmission loss. Simulation and opti-
mization have been performed using CST software. The
coordination of this paper is as follows. In section 2, the
antenna design procedures are shown with its modified
dimensions. The simulation is introduced in section 3.
The return loss, gain, and radiation pattern of the pro-
posed antenna are shown in Section 4. The paper is con-
cluded in Section 5.

2. MMW ANTENNA DESIGN

The proposed patch antenna composed of partial
ground and the edge-cut technique (incorporation of par-
tial ground technique and slots at the corners of the
patch) was used to attain wide bandwidth.

2.1 Microstrip Antenna Design

The front and back views of the suggested patch an-
tenna with their design procedures and respective di-
mensions are introduced in Fig. 1. The antenna is imple-
mented on Rogers Duroid RO 5880 dielectric material
with 1.57 mm thickness, 0.0009 tangent loss, and
2.2 relative permittivity.
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Fig. 1 — Antenna design layout (a) conventional patch.

(b) proposed patch

Table 1 — Optimized dimensions of the conventional and sug-
gested antenna

Conven-
Parame- |tional an- Suggested ..
ters tenna Antenna Description
(mm) (mm)
Substrate width
SW 10 10 RT5880
Substrate length
SL 10 10 RT5880
Substrate thickness
SH 1.57 1.57 RT5880
MT 0.035 0.035 Copper thickness
GW 10 10 Ground plane width
GL 5 5 Ground plane length
PW 6.5 6.5 Patch width
PL 5 5 Patch length
FwW 0.8 0.8 Feedline width
FL 3.5 3.5 Feedline length
CW - 1.75 Edge Cut width
CL1 - 1.5 Edge cut 1 length
CL2 - 1 Edge cut2 length

3. SIMULATION

The proposed antenna has been simulated using soft-
ware CST Microwave Studio 2019. The antenna has
been stimulated with microstrip feedline instead of co-
axial probe feed. Design procedures have been estab-
lished in Fig. 1 to carry out the suggested antenna. The
return loss characteristics comparison between conven-
tional antenna on full ground, conventional antenna on
partial ground and proposed antenna on partial ground
is depicted in Fig. 2. The figure shows that conventional
antenna on full ground & partial ground didn’t achieve
bandwidth from (50-55) GHz, while when the edge cut
technique & partial ground have been introduced ‘pro-
posed antenna’ leads to achievement of a wide imped-
ance bandwidth (26-70) GHz.
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Fig. 2 — Simulated S11 outcomes of the conventional antenna
on full ground, conventional antenna on partial ground and the
suggested antenna on partial ground

4. RESULTS AND DISCUSSION

This section introduces the impedance and radiation
characteristics of the suggested antenna. The proposed
antenna is having the ability to perform at super wide-
band ranging from 26 GHz-70 GHz which make it ap-
propriate for mmW applications.

4.1 Return Loss

Fig. 3 shows the simulated return loss vs. frequency.
It has been noticed that the suggested antenna provides
wideband characteristics which covers a — 10 dB from
26-70 GHz and resonated at frequencies of 29 GHz,
32.8 GHz, 42 GHz, 47 GHz, 56.6 GHz, and 66 GHz. Fur-
thermore, Fig. 3 depicts that the S11 values at the afore-
mentioned resonance frequencies are — 21.53 dB,
— 34.94 dB, — 27 dB, — 27.25 dB, — 27.74 dB and
— 39.1 dB, respectively.

s11 /dB
288885
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Fig. 3 — Simulated return loss of the proposed antenna

4.2 Gain Verses Frequency

The gain verses frequency for the proposed antenna is
presented in Fig. 4. The figure reveals that gain values at
resonant frequencies 29, 32.8, 42, 47, 56.6, and 66 GHz
are 6.7, 7.3, 8.7, 8, 7.2 and 10 dBi, respectively. Moreover,
the gain varies from 6 dBi to 11.9 dBi with a maximum
obtained value of 11.9 dBi at the frequency of 70 GHz.
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Fig. 4 — Simulated result of a gain vs frequency.
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Farfield Realized Gain Abs (Phi=90)

4.3 Radiation Pattern of Proposed Antenna

The radiation pattern of the suggested antenna at
both frequencies 32.8 GHz & 56.6 GHz are presented in
figure 5, 6, 8, and 9. The antenna exhibits a broadside
radiation pattern at E-plane (¢ = 90) & H-plane (¢ = 0)
which means the appropriate radiation in all directions.

Farfield Realized Gain Abs (Phi=90)
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Fig. 8 — E-Plane of proposed antenna at 56.6 GHz
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Fig. 5 — E-Plane of proposed antenna at 32.8 GHz
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Fig. 9 — H-Plane of proposed antenna at 56.6 GHz
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Fig. 6 — H-Plane of proposed antenna at 32.8 GHz
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Fig. 10 — Realized gain (3D) of proposed antenna at 56.6 GHz

bandwidth from 26-70 GHz. The simulated result of pro-
ﬁ posed antenna gives return loss 21.53 dB, 34.94 dB,
e=>x 27 dB, 27.25 dB, 27.74 dB and 39.1 dB at 29 GHz,
32.8 GHz, 42 GHz, 47 GHz, 56.5 and 66 GHz respec-
tively. The gain performance has reached 11.9 dBi at the

Fig. 7 — Realized gain (3D) of proposed antenna at 32.8 GHz frequency of 70 GHz. The suggested antenna satisfied
the conditions of mmW to perform at the bandwidth

5. CONCLUSION (26-70 GHz). Moreover, the obtained results of the pro-
posed antennas confirmed its highly preferability for

This paper includes a microstrip patch antenna with mmW applications and 5G technology systems. Conse-
edge cut technique used for 5G mmW applications. The quently, this model is applicable for 5G mobile applica-
suggested antenna has the ability to perform at super tions with high performance and low cost of fabrication.
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Hagmupoxocmyrosa (26-70 I'T'i;) mikpocMmyrosa nmary-aHTeHa OJid JOSATKIB
MOOGiBHOrO 38’a3Ky 5G

Heidi M. Mohammed, Wael A.E. Ali, Darwish A.E. Mohamed

Electronics & Comm. Engineering Department, College of Engineering, Arab Academy for Science, Technology and
Maritime Transport (AASTMT), Alexandria, Egypt

¥ crarTi 3amrpormoHoBaHa PO3POOYR HOBOI IMMTMPOKOCMYTOBOI MOHOIIOJIFHA aHTEHAa PO3pobJieHa JIst poOOTH
B Jlamas3oHl 4acToT MIJIIMETPOBUX XBHJIb (MMBT) 13 cmyroto mporyckauss omopy 26-70 'y must mporpam 6es-
nporosoro 38’sa3Ky 5G. Ilepur 3a Bce, 3Buuaiina aHTeHa po3pobJIeHa Ha TOBHIHM 3eMJIi, IIOTIM BOHA PO3podJieHa
HA YACTKOBIY MOBEPXHI 3 po3MipoM 5 MM x 10 MM, ajie 00MIBI KOHCTPYKIIII He JOCATJIN CMYTH ITPOILYCKAHHS
50 I'T1i-55 I'T1r. 3Buuaiina anTeHa — 1@ MPOCTa TPAMOKYTHA aHTeHa 3 KOMITAKTHAM PO3MIipoM 5 MM X 6,5 MM
Jnst crBopenHsi mmporocmyroBol mmpuau 26-70 T 3anporonoBana amTena po3pobiena. Komcrpyxriris
CKJIAAETHCA 3 IPAMOKYTHOI IaTY-aHTeHHU 3 TeXHIKO0I0 00pidaHHA KpaiB (pobJIeHH IIpopisiB y KyTi ImaTda) Ta
PO3MIIIEHOI Ha YaCTKOBIH ILIOIIMHI 3a3€MJI€HHS. JJIsI TIOKPAIIEHOT0 Y3T0PKeHHS IMITeTIaHCy. 3aIporOHOBAHA
MIKPOCMYSKKOBa aHTeHa (IIPOIIOHOBAHA aHTeHa) Oysja po3pobsieHa Ta IepeBipeHa Ha migkJgamm Rogers
RT5880 3 poamipamu 10 MM x 10 MM 3 Ji€JIEKTPHUYHOI0 MPOHUKHICTO 2,2, Taurerncom Brpat 0,0009 1 TOBIIHHO©O
1,57 MM 3a JOIIOMOTOI0 ITPOTPAMHOT0 3a6e3IeUeHHs IHCTPYMeHTyY KoMmITtorepHoro mogesoBanusa (CST) 2019.
PesyspraTé mokasyrors, 1110 aHTEeHA JeMOHCTpPYe 3BOPOTHI Brpatu Huskde — 10 1B y miamasoni Bix 26-70 I'Tig
1 pe3oHyBaJia Ha KUIbKOX dacrorax 29; 32,8; 42; 47; 56,6 1 66 I'T'ir. [Tincumenus amiioerbes Bixg 6 mo 11,9 nb
3 MaKCUMAaJIbHUM OTprMaHuM 3HauyeHHAM Ha dactoTi 70 [T, anTeHa memMoHCTpye MIMPOKY Aiarpamy CIIpsmo-
BaHOCTI Ha 000X pe3oHAaHCHUX 4dacTtoTax 32,8 i 56,6 I'T, a peasizoBaHe IMOCHMJIEHHS CTAHOBUTDL 7,24 nb Ta
8,72 nb Ha 000x yacToTax BiIOBIIHO, OT:KE, 3MOJEJILOBAHI Pe3yJIbTATH 3BOPOTHUX BTPAT, mocuieHHs, Jliar-
paMa CIpsIMOBAHOCTI BUIIPOMIHIOBAHHS Ta Peai30BaHe MOCUJIEHHS MOKA3YITh 3[aTHICTh CYIIePITUPOKOCMY-

TOBOI aHTeHHU Bianosimaru nomatkam 5G MmmBT.

Kmiouosi cimosa: Mikpocmyrosa mat4-anrena, MMmBr, 5G,

Iligcunenns, liarpamMa cIpaAMOBaHOCTI.
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