Modeling and Simulation 515K, 2023, 12(4), 3631-3644 Hans X
Published Online July 2023 in Hans. https://www.hanspub.org/journal/mos
https://doi.org/10.12677/mo0s.2023.124334

E-THFSSHY TN M im O @ P R LAV it

¥ ¥, EAER

MM R RBE S5 B TSR, S 5P
2R RSP SN TR AR, SN BRI

ks H . 202345 H18H; A HEM: 20234F7H10H; kA HM: 20234F7H17H

H E

&1 X8 55 15 (ultra wide band, UWB) £ i A1 ! (multiple-input multiple-output, MIMO) X 2R T 7E & I
BELD, RYBREBEEARSHRNE, YT —FEA RraB N DB RE. RERFAILHE
B4 (co-planar waveguide feed, CPW), HFFRESGH . SREGE AR AL RIA R, TIE
W% 43.06~10.6 GHz. ETMZIFH/MEFEME. —/NERFREEM —XT6ROKCEME, DIREREH
I —x CBIF AN Fr, LI EFEERRMEE N\ BBk (world interoperability for microwave access,
WIMAX)# B (3.3~3.6 GHz). E B3 R4 (IMT-2020 (5G))&ESIK B (4.84~4.98 GHz). WLANES
SRR (5.725~5.825 GHZ) X FATHER(7.25~7.75 GHZ)FIX EAT Bt (7.9~8.4 GHZ)7E N I AP .«
S ESSEMEXT L, RELFEREMBEANFELNEEME, LMEFEIRSISR, BREE. &
#H% Z¥ (envelope correlation coefficient, ECC)f43 41 25 (diversity gain, DG) SR a 7 IRF &
BR,

XKigid
RN, SO, IR, CRERS R&K, REE

Design of a Quad-Port UWB Antenna with
Five Notch on HFSS

Ping Yang!, Daigiang Wang?

'College of Big Date and Information Engineering, Guizhou University, Guiyang Guizhou
>School of Physics and Mechatronic Engineering, Guizhou Minzu University, Guiyang Guizhou

Received: May 18", 2023; accepted: Jul. 10", 2023; published: Jul. 17", 2023

Abstract

A quad-port ultra wide band (UWB) antenna with five notch is proposed. The proposed antenna is
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arranged to solve the defects of a small number of notch, large size, and low isolation in UWB-MIMO
antennas. The antenna is fed by co-planar wave guide (CPW) and composed of a calabash-shaped
radiation patch, a defective ground plane and a decoupling structure. The antenna operates in the
range of 3.06~10.6 GHz. By etching two hat-shaped slots, a round-bottomed-flask-shaped slot, and
a pair of C-shaped slots with notch, as well as adding a pair of C-shaped parasitic patches on both
sides of the feeder, the antenna achieves five notch including the world interoperability for micro-
wave access (WIMAX) band (3.3~3.6 GHz), the international mobile telecommunications (IMT-2020
(5G)) band (4.84~4.98 GHz), some WLAN bands (5.725~5.825 GHz), X-band downlink (7.25~7.75
GHz), and X-band uplink (7.9~8.4 GHz). After comparison between simulation and actual measure-
ment, it was found that there are five notch in the communication frequency band of the antenna,
and frequency deviations in the measured values. However, performance indicators such as isola-
tion, envelope correlation coefficient (ECC), and diversity gain (DG) all meet the requirements.
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1. 51§

ITAESK, B PR (ultra wide band, UWB)RZRFEMEE H il RS ThE, RSRARS M mififg 21
AR 1] BT RoR R S DR, UE A T4 & @5, 1 2 %\ 2 % i (multiple-input multiple-
output, MIMO) RZi1&F+ | B IE A B MEHE E 2, RN 75 K% MIMO BRI Z A=A, A RORE
UWB R4z il S a5 s, FIks UWB AT MIMO R4iMH45 A (2] N T #Hil UWB-MIMO
Rk TAEH 8 A U WIMAX (3.3~3.6 GHz). WLAN % B:(5.725~5.825 GHz). X B FATHI#(7.25~7.75
GHz). X JB EATHIR (7.9~8.4 GHz) S8 W I THR[3] [4], & B SLBIRL M Z EIThEE. £ 0 Rk
5 S R I, R R B S R I O S A BEVA S o F B R b S F (6] SN AT AE R[] A
FL R R 4 A [ 814

RIS SRR A BRI B A0 STHR[O 1R DY AR T8 R R e IEACAT B, R B 28 tH A T R 5N«
T AT AR T RR R . SCHER[101SRBI 1 X A PY gy 1R ZR A 5 S, Jlid U ARG FI—X)
CL RN B, AR SR A b SEEUOE I T EE . SRR E X bR A R B R R B
HINRE, B PGSR L B0 IE A T A R DY iy VBB 967 R 2k o SCHR[12]7ER@ S I i Bz C TEAE, sEIl T
L 11 B R 2 R BRI D Re o SCHRL 13 1KF IS TEAE Sy 565 I S 300 9 T R, 2L RS 7Y i 1 7 5 s R
2o FETRTLL ESCHERI TS, AR IUNT T 22 v 118 T8 5 R R AFAE A P B 350 (1 i /1

T SEBRGRAN DA _F SCHR R 22 vy 1R B S R 2R AT AE I PR BB D B IR R . AR T —Fh B TR
FRPER) UWB-MIMO K%k AR SR I THE = B B AR a5 40, e 7E 4 S0 B b e 2] 9 4 i 1~ 2
AN —AME B BB, AR AR 5 2k — X B0 28 ¢ A DL R AEBRER PN — X} C AR
I LI R . A T IR SRR, WU AR T R IEASTCE , FREN R b TP 4
A GIN AT B B o (5 B S SESE R, ZRETINT B, RS ESERE
FFEER.
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Figure 1. Antenna structure diagram. (a) Front; (b) Black
E 1. R&EHE. () E@; b) 5E

REHEMALH FR4, FHUEFEHN 1.6 mm, /rHUHECH 4.4, HFEMIEYIN 0.02. ANSYS HFSS FH
AR IGIEFEM)R A, BN T H/ANRER BT . TE5EMROR G = 4 @i 5, XRZ&H &
B SR T A (Perfect E), HERTZ 102 R & T 1 B R AT T4 (Radiation) . T 3RAF 58 Wi 5
PREGOTERR, BIN SMA #8383 E RS0 B, SRS E Pk iSO B TR %,
R (59
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RE AT AR ARG IIFE ANSYS HFSS P& E#E(T, HSHUE WL 1.

Table 1. Size parameters of ultra-wideband antennas

# 1. BEFRERTSY

ZH Hff/mm ZH HfH/mm ZH HfE/mm

a 52.00 w7 2.01 b7 1.50
b 15.60 w8 1.50 b8 3.50
c 12.64 w9 3.70 b9 5.00
d 10.90 w10 1.00 b10 1.30
e 10.00 wll 4.80 b1l 1.20
f 20° wi2 2.30 sl 1.00
g 0.60 wl3 1.80 s2 5.00
R1 4.50 wl4 5.60 s3 0.50
R2 8.50 bl 5.76 s4 0.30
R3 1.40 b2 4.77 s5 0.20
wl 2.20 b3 6.00 s6 0.40
w2 1.50 b2 4.77 s7 0.50
w3 2.00 b3 6.00 s8 0.30
w4 7.30 b4 4.50 s9 0.20
w5 3.00 b5 3.80 s10 4.60
) 2.40 b6 3.00 sl 0.40
sl2 1.50

T SEIL WIMAX. #9r WLAN F X B AT R M AT IR S5 HAMRBE 5 AT R, TR
R ZIEANE R . — AR BRI TE R Ze M 51N C BYEF ARG Fr DL T b i) T — sk
2 C AU, HER RS MIK S SIEIRIRE R G R T LRI s, 7R R BSR4 1T
CUARR I /N AR T2 T I 7 B PR A, 3N TBRES K, SRBL T IR 2K B 5 7 O AT R
FIVCHE o RS T IR PO B Vs HR A AR 11 28 C AR 8%, I LI 75 B2 R B B st i R 28 A R ST BR il
A i 25 A6 (B BT, e B R R 2 ) ) A L T DR 2 R S T A P B R 1

B2 AN LRGBS MRTIE R Sy SECT LG R . B R A, IRInPEE s, RE-HET
3.33~3.77 GHz. 4.84~4.98 GHz. 5.56~6.02 GHz. 7.26~7.74 GHz Fll 7.99~8.46 GHz iX TL. M AR, [F] I
W 1RSI () 9

BE I 25 W P S R 240 S i 75 A B P O AR X R K B 0 2 — RS TEIZABL P HH I FHATL R T
BEM AR, — M A A A B S S .
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Figure 2. Simulated S-parameters S}; parameters
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Figure 3. Simulated S-parameters of the antenna with or without the decoupling

structure
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Figure 4. Simulation S-parameters S); diagram of the antenna with the
different lengths. (a) 3.5 GHz; (b) 4.8 GHz; (¢) 5.8 GHz; (d) 7.4 GHz; (¢)
8.1 GHz.

El 4. S, BHBER~TTHLAHERE.(a) 3.5 GHz; (b) 4.8 GHz; (c) 5.8 GHz;
(d) 7.4 GHz: (e) 8.1 GHz

3.2. RAERDH

K5 R T A AR AR R SR T FRIAT 0 AT o AL S TR, BB — MR ICTO AR 3.5 GHz bR
FLL T B AR AR UG P AN T AR T Ak, B B AIR 4.8 GHz AL R HLI E B
ATAERHL I AT R FT RS C BURERIIT DAL, BB =AM O AER 5.8 GHz AL R I FE IR 32 27 A 7E 4R
S R B AL PR R T 1 Ak, DU AR LR 7.4 GHz A R T LI 0 AT AR SR A U L[
JEBE ARSI 1 Ak, 55 FANFE D P OER 8.1 GHz Ak ()38 T HLJ 3 240 A 7E Rk U ) — %o C T IR
SOALAE . REAE TR G R ER, SBERPURN, EfRREEm %, B .
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Figure 5. The surface current distribution of the antenna
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Figure 6. The physical diagram of the proposed antenna
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X MIMO K4k, sr8EvERe T 22 AL AH ¢ 8 (envelope correlation coefficient, ECC)F173 83 2
(diversity gain, DG)KHRE . HFF P01 MIMO K2k, B R(Q2) 3)KitH ECC F1 DG.

* * 2
$3S, + 53,8,

C — u-y J (2)
(1=lsif <fsi[ - (-fs.f =I5 )

DG =101-|ECC[ ®)
At S0 8 S IIEEE R, SN S, LR,
WS 8, ZRLAE TARHU T ECC B T MY, K/ T 0.006, DG AT 9.999 dB, #iHiHT
e MIMO 2 8 TEHE 5 5 MBS R, FRILT BT MIMO P
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ECC
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Figure 8. (a) ECC and (b) DG of the MIMO antenna
& 8. MIMO R#:H(a) ECC FA(b) DG

9 N RLWSTEIK, MR H R 35 7E 3.06~10.6 GHz i85 N1 25 F4 5E 7E—5~5 dB, ATk
SRB N5 BN RS, AR O 35 % 8-4.86 dB, —0.13 dB, —2.14dB, —0.67 dB —2.14
dB.
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Figure 9. Gain graph of the proposed antenna
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Figure 10. Radiation efficiency of the proposed antenna

10. RGBSR

TARC (total active reflection coefficient)fi = i D Z (1)~ 7 i 5 | NS Dh P 7RI ELAE . TARC
M AR @)Kt 5.

TACR

S,y +86” 485 4 8, [ +]Sy + 86" + 80 + Sy | 4|8y, + S + S0 + S [ +[S,, + 550" + S + S, [
11T 912€ 13€ 14€ 21 TOn€ 23€ 24€ 31 T3¢ 33€ 34€ 41 TO4€ 43€ 44€

2

“

11 JER T REH) TARC Bl il B A h =/ ME 5. 6"« 6", KGHE )\ I TARC

PR . WG MEAFE ST, N\ RHABONRE, HANT 0dB, W] EABEIIR
LAE TARPBLA BA w2 PR RE

m

DOI: 10.12677/mos.2023.124334 3641 e RSE TR


https://doi.org/10.12677/mos.2023.124334

Wi, EACR

TARC/dB

2% ——TARCl - TARCS

-30 — |
6 7
P#/GHz

Figure 11. TARC diagram of the proposed antenna
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Figure 12. CCL diagram of the proposed antenna
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B 12 JE7R T R CCL A, WA & MR T IR BIBL, oAb/ #8<0.2 b's "Hz ', 2/
F 04bs-Hz ' MESR, FEH MIMO &40 LUl Jogk 7 s e i) TAE.

ARSCE HARSCRRR AL R ST BB N3O B 38 S5 D T (1% L 2 B, T DU H A SC I 2
BZ, SHMNEE, ECCESH LA .

Table 2. Comparison of the literature

F= 2. SCEKXTEE
SCHR R R ~F/mm’ i 1 4 R ip £ B B9 )3 /dB ECC DG/dB
[14] 38 x 26 2 3 <226 <0.01 /
[15] 34 x 34 4 3 <15 <0.05 /
[16] 50 x 50 4 3 <=30 <0.00021 9.9
[17] 25 %33 2 0 <17 <0.002 /
[18] 60 x 60 4 1 <21 <0.001 /
A 52 x 52 4 5 <20 <0.006 9.99
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e 7 MRS 52 mm < 52 mm x 1.6 mm,  EA TR K DY S 1 58 R 2. Bk 2 dm R
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FEAN— > B Ge AAE p Z (R S U b, et B2 —XF R 1136 C BRI, [RIIN 7E IR T — %)
C RLERAS . B SEOHIME S, IR EAEEAE I N SEIL 1 AR B4 RAR B BARAF 7E
2, (EFREEEFEREAT & oK. MSEIEE R nl A, Bk RN A LA s8], Al B A i 45
FEA I VBRI 2 AN A BOSOR B0 DY i 11 TR B 11 R 2k, 7 BEAE 07 LI 25 18 19 LW S in T
W2,
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