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In this study, an inset fed rectangular patch antenna is designed for 5G application. The proposed an-
tenna has been designed by utilizing a U-shaped lot loading technique introduced on ground plane for band-
width improvement. The designed antenna is integrated with parasitic patch as FSS unit cell in order to
obtain gain improvement. FR-4 substrate with (¢, = 4.4 and tand = 0.02) is used to design the antenna. The
bandwidth and gain parameters are improved by altering the length of the ground plane initially and fre-
quency selective surface (FSS) placed at the back of the substrate to enhance the radiation property of the
antenna. Bandwidth improvement of 30 % is obtained for proposed wideband high gain antenna compare to
conventional inset feed patch antenna. Maximum gain obtained for proposed wideband high gain antenna
is 6 dB at 25 GHz. The obtained return loss is also well below 10 dB range from 24.57 GHz to 27.57 GHz.
Bandwidth obtained for the proposed antenna is 3.0 GHz. Slot loading technique with ground optimization
is useful for bandwidth improvement without affecting radiation pattern of the antenna. Further FSS inte-
gration is an efficient approach to improve the gain of convention antennas. The proposed antenna features
good characteristics in terms of return loss, gain and bandwidth which makes it highly suitable for 5G ap-

plications in mm-wave band.

Keywords: 5G, Slot loading, Frequency selective surface, Wideband, High gain.

DOI: 10.21272/jnep.15(4).04013

1. INTRODUCTION

In the development of modern communication era,
the critical issues regarding wireless transmission is to
provide low latency, stable coverage, and high data rate
transmission. To provide all these in 5G technology re-
quires wideband and high gain antenna design (1). It is
well known that traditional planar antenna offers nar-
row bandwidth and low gain [2], Several techniques
have been introduced to improve the antenna parame-
ters such as return loss, bandwidth and radiation pat-
tern in a single antenna using split ring resonator (SRR)
and ground modification (3-4), Further different slot
loading structure and fractal geometry were also sug-
gested for creating the multiple resonances and provid-
ing the wideband response by merging the multiple res-
onances together (5-6). Gain improvement was obtained
using array configuration, use of AMC as ground plane
and several meta-surface structure over the patch an-
tenna [7-8]. The gain is also enhanced by placing a su-
perstrate over a convention micro strip antenna [9] but
bandwidth obtained was quite narrow. Multiple slots
loading and U- shaped FSS were also used to enhance
the antenna gain while maintaining the bandwidth [10].
A circular cross slot AMC were implemented for gain im-
provement of monopole antenna using coplanar wave-
guide feed [11]. Hybrid AMC and FSS were also studied
in single structure to improve the antenna parameters
[12]. To improve the bandwidth CPW-fed printed mono-
pole with a dual SRR pair exhibiting dual-frequency
were investigated and presented [13]. Left-handed met-
amaterial (LHM) structure with combination of the mod-
ified square rectangular Split Ring Resonator and the
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Capacitance Loaded Strip (CLS) was designed to im-
prove the gain of the patch antenna [14]. Gain is en-
hanced by shunting inductive loading shorting pins to
the broadband symmetrical dual-loop antenna [15]. The
suggested technique such as slot loading in radiating el-
ement does not provide the stable radiation pattern and
makes complex structure. AMC integration and use of
meta-surface for gain and bandwidth improvement re-
quires large area. Over the years, different techniques
have been incorporated with micro strip patch antennas
to improve the bandwidth and gain. These techniques
were complex and bulky in size for wireless application.
In this work, we have proposed a simple inset feed an-
tenna with wideband coverage and high stable gain using
U shape slot loading and FSS incorporation with compact
structure. Evaluation stages for return loss and imped-
ance variation is presented to validate the proposed an-
tenna performance. This paper is organized as follows;
Section 1 explains the design and analysis of the inset fed
antenna and its evaluation stages analysis. Section 2 dis-
cusses the effect of F'SS incorporation on bandwidth and
gain performance. Finally, comparison with reported re-
search work is presented with conclusion.

2. DESIGN AND ANALYSIS OF ANTENNA

The proposed antenna is designed using inset feed and
rectangle shaped radiating element. Initially, the reso-
nance frequency selected as 25 GHz which is suitable for
5G application [1]. The length and width of the radiating
element was calculated using equations 1 and 2 [5]:
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where, W— width of the radiating patch, co is the velocity
of electromagnetic wave in free space, f- is the operating
frequency and & is the dielectric constant of the sub-
strate. Fig. 1 shows the compact wideband high gain an-
tenna with dimension. The design parameter with its di-
mension is presented in Table 1.

w

(a)

Fig. 1 — Proposed high gain wideband antenna (a) Front side
View (b) Back side view

2.1 Evolution Stage of the Proposed Antenna

The inset feed antenna using full ground structure
provided the resonance at 24.5 GHz with frequency
ranging from 23.4 GHz to 25 GHz. Bandwidth coverage
was narrow and desired resonance was also at the upper
corner frequency. So, to achieve wideband response
stage 2 antenna was designed with quarter ground
length and further U shape slot was loaded to the ground
plane.

(’). . m. .
(C). .

Fig. 2 — Evolution stages of the proposed antenna (a) Stage 1
(b) Stage 2 (c) Stage 3

Slot loading provided lower frequency resonance and
in turns improves the return loss near 23.5 GHz. The
10 dB impedance bandwidth coverage is from 24.5 to
27.0 GHz (2.5 GHz) as shown in Fig. 3(a). The impedance
variation with frequency is presented in Fig. 3(b) and it is
approximately near to 50 Q for desired band of interest.

It can be observed that slot loading and ground alter-
ation provided wideband response but gain of the an-
tenna was nearly 0.6 dB at 25 GHz. This is very low for
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5G application. So, to enhance the gain of the slot loaded
antenna FSS unit cell is designed and studied. The de-
tailed analysis is presented in the next section.
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Fig. 3 — (a) Return loss variation (b) Impedance variation with
frequency (c) Gain variation with frequency

Table 1 — Design parameter and dimension of the proposed an-
tenna

No Parameter Dimension (mm)
1 L 14.5

2 w 14.5

3 Lp 3.4

4 Wp 4

5 Fr 5.75

6 Fuw 1
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7 St 2.25
8 Sw 3.25
9 GL 2.95
10 g 0.25
11 a 2.25
12 b 2.25

2.2 Design and Integration of FSS

Frequency Selective Surface (F'SS) is a periodic struc-
ture which offers properties of resonance depending on
length of the radiating structure and it acts as parasitic
patch. One can control the reflection phase characteristics
and resonance frequency of the FSS by proper selection of
substrate material and dimension of the unit cell [7].

These properties of unit cell structures are conven-
ient to manipulate the radiation performance of any pla-
nar antennas.
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Fig. 4 — Frequency Selective Surface (FSS) unit cell (a) Top view
(b) Simulation set up (c) Reflection phase variation of the FSS
unit cell

In this work, initially we have designed square
shaped unit cell using FR4 substrate (er is 4.4 and tan-
gent of 0.02) to provide the resonance at 25 GHz. It can
be observed from the Fig. 5(c) that o degree phase is ob-
tained at 25 GHz as per requirement of the unit cell. The

proposed unit-cell structure is shown in Fig. 5(a) and (b).
(a)

Fig. 5 — Proposed antenna integrated with (a) 4 x 1-unit cell
and (b) 4 x 2-unit cell
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Fig. 6 — (a) Return loss versus frequency variation (b) Imped-
ance versus frequency variation (c) gain versus frequency vari-
ation integrated with 4 x 1 and 4 x 2 unit cell of FSS

The square shape radiating element of the unit-cell di-
mension is (2.25 x 2.25) mm? and thickness is 35 um.

The unit cell was analyzed using periodic boundary
condition (PBC) set up to get the resonance frequency
and reflection phase characteristics [6] variation with
frequency. The reflection phase (Si1) response covered
the frequency range from 21.7 to 27.25 GHz with + 90°
phase shift as shown in the Fig. 4(c).

The FSS unit cell is integrated with the convention
inset feed antenna to enhance the gain. Initially (4 x 1)
unit cell was integrated with the antenna as shown in
Fig. 4(a) and with (4 x 2) unit cell in Fig. 4(b) respec-
tively. The array of 4 x 1 F'SS unit-cell integration at the
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back of the substrate improved the gain approximately
3 dB compare to convention U-shape slot loaded antenna
without FSS integration.
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Fig. 7— (a) Return loss plot (b) Impedance plot and (c) gain plot
of the proposed antenna with and without FSS

Further 4 x 2-unit cell array was studied and it was
observed that marginal gain improvement obtained near
23 GHz and approximately 2.6 dB gain improvement at
28 GHz. Return loss improvements was more significant
for (4 x 2) unit cell at lower frequency. So, we have se-
lected 4 x 2-unit cell integration with conventional an-
tenna. The bandwidth improvement obtained was from
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2.5 GHz to 3.1 GHz. It can be seen from the Fig. 6(a) that
return loss is well below 10 dB for entire band of interest
(24.57 GHz to 27.67 GHz) and Fig. 6(b) depicts the im-
pedance variation for high gain wideband antenna and
it is close to 50 Q for the entire band of interest. The gain
versus frequency variation is also presented in Fig. 6(c)
for the proposed antenna with integration of FSS unit
cell (4 x 1) and (4 x 2).

Fig. 7(a-b) and (c) shows the return loss, impedance
and gain variation with respect to frequency for FSS
loaded antenna and conventional antenna without FSS
loading. It is clearly evident that wideband coverage,
better return loss and high gain were obtained for the
proposed antenna using FSS and slot loading.
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Fig. 8 — Radiation plot of the proposed antenna integrated with
FSS at 25 GHz (a) E-Plane (b) H-plane

The radiation pattern at 25 GHz for E-field and
H-field is plotted and shown in Fig. 8(a) E-plane and (b)
H-Plane. It is observed that a stable radiation pattern is
obtained for proposed antenna with bidirectional char-
acteristics.

3. COMPARATIVE ANALYSIS

Table 2 shows the comparison of proposed inset feed
high gain antenna with recently reported work for 5G
application. It is evident from the gain and bandwidth
parameter that proposed high gain wideband antenna
offers better bandwidth and stable gain compare to sim-
ilar work for 5G application.

Table 2 — Comparison table

Ref. No | Size Substrate / (er) | Fre- Band | Gain
(mm?) quency |width |(dB)
(GHz) |(GHz)

10 14x12 | Rogers 28 ~1.1 |6.1
TC600/6.15

12 5x5.26 | Rogers Rt/ 28 2.1 5.2
Duroid 5880/2.2

13 8.5x8.5| Rogers Rt/ 28 1.062|5.4
Duroid 5880/2.2

Proposed| 14.5x | FR4/4.4 25 3.1 6

Antenna [14.5

4. CONCLUSION

In this work slot loading on ground and FSS as (par-
asitic patch) incorporated high gain wideband antenna
for 5G applications is designed. Ground length reduction
to quarter wavelength provided 1.5 GHz bandwidth and
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creating symmetrical U-shaped slot over the ground fur-
ther improves the bandwidth to 2.5 GHz. Further gain
is improved 3 dB using FSS on ground plane. Low pro-
file, wideband and high gain solution can be provided
compare to AMC and meta-surface approach. The band-
width is improved from 2.5 GHz to 3.1 GHz and the gain

REFERENCES

1. W.C. Hsiao, H.S. Huang, C.Y. Ho, S.C. Hsieh, C.C. Wang,
Proceedings of Technical Papers - International Microsys-
tems, Packaging, Assembly, and Circuits Technology Con-
ference, IMPACT, 2022 (IEEE Computer Society: 2022).

2. 2018 International Conference on Microwave and Millime-
ter Wave Technology (ICMMT2018)(Chengdu, China:
2018).

3. J.Y. Siddiqui, C. Saha, Y.M.M. Antar, IEEE Antenn. Wire-
less Propag. Lett. 14, 100 (2015).

4. R.P.Dwivedi, U.K. Kommuri,Veeramani, 2nd International
Conference on Signal Processing and Integrated Networks,
SPIN 2015, 15 IEEE: 2015).

5. N. Bahari, M.F. Jamlos, M.M. Isa, Bull. Electrical Eng. In-
form. 8, 166 (2019).

6. R.P. Dwivedi, U.K. Kommuri, Microw. Opt. Technol. Lett.
61, 787 (2019).

7. R.P. Dwivedi, M.Z. Khan, UK. Kommuri, AEU — Int. J.
Electron. Commun. 117, 153092 (2020).

8. J. Evanovich, L. King, Hardcore Twenty-Four: A Stephanie

JJ. NANO- ELECTRON. PHYS. 15, 04013 (2023)

improvement of 3dB was obtained using FSS compare to
conventional U- shape slot loaded antenna. Proposed an-
tenna covers the band (24.57- 27.67) GHz that is suitable
for FR2 5G NR millimeter wave application, defined as
n258 band for 5G application.

Plum Novel (Penguin Audio: 2018).

9. R.Fakhte, I. Aryanian, IEEE Antenn. Wireless Propag. Lett.
19, 1326 (2020).

10. K.A. Alblaihed, Q.H. Abbasi, M.A. Imran, L. Mohjazi, 2022
IEEE International Symposium on Antennas and Propaga-
tion and USNC-URSI Radio Science Meeting, AP-S/URSI
2022 — Proceedings, 57 (IEEE: 2022).

11. O. Darboe, F. Manene, D. Konditi, D. Bernard, O. Konditi,
International Journal of Engineering Research and Tech-
nology 12 No 6, 854 (2019).

12. Prachi, V. Gupta, S. Vijay, International Journal of Innova-
tive Technology and Exploring Engineering 9, 3696 (2020).

13. K.A. Fante, M.T. Gemeda, International Journal of Electri-
cal and Computer Engineering 11, 2238 (2021).

14. H.A. Majid, M.K.A. Rahim, T. Masri, Prog. Electromag. Res.
M 8, 235 (2009).

15. J. Liu, Z. Tang, Z. Wang, H. Li, Y. Yin, IEEE Antenn. Wire-
less Propag. Lett. 17, 1369 (2018).

IITupoxocmyroea aHTeHa 3 BUCOKMM KoediieHTOM migCHuIeHHs,
AKA BUKOPHUCTOBY€ 3aBaHTaskeHHd ciaora ta FSS nna sacrocysanua 5G

Kalaiarasi M, Ravi Prakash Dwivedi

Vellore Institute of Technology — VIT Chennai, Kelambakkam — Vandalur Rd, Rajan Nagar, Chennai, Tamil Nadu
600127 India

V 1poMy mocoipKeHH] IPSIMOKYTHA HAaT4Y-aHTeHA 3 BOYIOBAHUM SKMBJIEHHAM PO3PO0JIeHA IS 3aCTOCY-
BauHA B 5G 3 Buropucranusam U-momi0HOT TeXHIKM HABAHTAMKEHHS HA IUIOMIMHY 3eMJI JJIs TOKPAIIeHHS
cMyru nporyckaHHs. Po3po0OiieHa aHTeHa 1HTerpoBaHA 3 TAPA3UTHUM IIATYEM SIK €JIEMEHTAPHO KOMIPKO
FSS nna nmoxkpamenus migcuienss. J[yist po3pobky aHTeHM BUKOPHUCTOBYETHCS migkIanka FR-4 3 (e, = 4.4 1
tand = 0.02). [lapameTrpu cMyTH IIPOILyCKAHHS Ta IIiICUJIEHHS MOKPAILYIOTHCS IIJITXOM IIOYATKOBOI 3MIHH J0-
BYKMHH 323eMJICHOI IIOBEPXHI Ta YaCTOTHO-cesIeKTUBHOI moBepxHi (FSS), posmimenoi 3a miakIagxo0 A1 361-
JIBIIIEHHS] BUIIPOMIHIOBAJIBHOI 34aTHOCTI aHTeHu. JJIsi 3aIIpOOHOBAHOI IIIMPOKOCMYTOBOI AHTEHH 3 BUCOKUM
KOeIIIeHTOM MIJCUJIEHHS JOCATHYTO MOKPAIIEHH CMYTH MpormycKauus Ha 30 % IMOPIBHIHO 31 3BHYANHOI0
BCTABHOWO (PifiepHO0 aHTeHow. MakcumanbHe mincuiieHHs cTaHoBUTh 6 1B Ha 25 [T, Orpumani 3BopoTHL
BTpATHU TAKOK 3HauHO Hrzkde 10 1B B miamasowi i 24,57 no 27,57 I'T. Orpumana cmyra mporyckasss - 3,0
I'Tn. Texmika saBaHTaKEHHS IIUIMH 3 ONITUMI3AINE0 3eMJIl KOPUCHA JIJIS TOKPAIIEHHSA CMYTH IIPOILYCKAHHS
0e3 BILIMBY HA JiarpaMy CIPAMOBAHOCTI aHTeH!. 3aIIPOIIOHOBAHA aHTEeHA MA€E XOPOIIll XapAKTePUCTUKH III0/10
3BOPOTHHX BTPAT, IIJICAJIEHHS Ta MPOITYCKHOI 3JaTHOCTI, 10 POOUTH Ii JIy’ke MPUIATHO I gomaTkie 5G y

MM-JiaIIa30H1 XBUJIb.

Kirouosi cioBa: 5G, CnoroBe saBanTaskenHs, YacToTHo-cesekTrBHA ToBepxHd, IIImpokocMyToBuIii TiamasoH,

Bucoxnit KoedilieHT MICHICHHS.

04013-5


https://doi.org/10.1109/LAWP.2014.2356135
https://doi.org/10.1109/LAWP.2014.2356135
https://doi.org/10.1109/SPIN.2015.7095300
https://doi.org/10.1109/SPIN.2015.7095300
https://doi.org/10.1109/SPIN.2015.7095300
https://doi.org/10.1002/mop.31602
https://doi.org/10.1002/mop.31602
https://doi.org/10.1016/j.aeue.2020.153092
https://doi.org/10.1016/j.aeue.2020.153092
https://doi.org/10.1109/LAWP.2020.2999745
https://doi.org/10.1109/LAWP.2020.2999745
https://www.researchgate.net/profile/Omar-Darboe-3/publication/334170529_A_28_GHz_Rectangular_Microstrip_Patch_Antenna_for_5G_Applications/links/5d1b5d5fa6fdcc2462b863d4/A-28-GHz-Rectangular-Microstrip-Patch-Antenna-for-5G-Applications.pdf
https://www.researchgate.net/profile/Omar-Darboe-3/publication/334170529_A_28_GHz_Rectangular_Microstrip_Patch_Antenna_for_5G_Applications/links/5d1b5d5fa6fdcc2462b863d4/A-28-GHz-Rectangular-Microstrip-Patch-Antenna-for-5G-Applications.pdf
https://doi.org/10.35940/ijitee.C9011.019320
https://doi.org/10.35940/ijitee.C9011.019320
https://doi.org/10.11591/ijece.v11i3.pp2238-2244
https://doi.org/10.11591/ijece.v11i3.pp2238-2244
https://doi.org/10.2528/PIERM09071301
https://doi.org/10.2528/PIERM09071301
https://doi.org/10.1109/LAWP.2018.2844293
https://doi.org/10.1109/LAWP.2018.2844293

