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Millimeter-wave MIMO antenna applying SRR/CSRR decoupling

Nan Jingchang Su Dongrui  Gao Mingming Wang Yifei

(School of Electronic and Information Engineering, Liaoning Technical University, Huludao 125105, China)

Abstract: According to the current development trend of wireless communication systems, in order to significantly improve the efficiency
of communications. a low coupling multiple-input multiple-output antenna based on split ring resonator and complementary split ring
resonator is designed for Ka-band. The overall dimensions of the antenna are 40 mmx25 mmx 1.2 mm. First, the front side of the
antenna consists of an elliptical radiating patch with a hollow circle, trapezoidal microstrip feedline and split ring resonator, to ensure
that the antenna operates in the Ka-band(26~40 GHz). Second, on the back is a rectangular ground plate with a complementary split
ring resonator, which can effectively achieve the purpose of decoupling. Thus realizing the effect of low coupling. Simulated and
measured results show that, operating bandwidth of 26 ~40 GHz( the relative bandwidth of 50% ) , return loss less than =10 dB, coupling
less than —26 dB, envelope correlation coefficient is less than 0.001, good radiation directional map, stable gain, high radiation
efficiency. As a result, the designed antenna not only has a simple structure, compact size and wide frequency coverage, but also has
superior performance. it can be widely used in 5G millimeter-wave related areas. In summary, the application of SRR/CSRR has led to
the reduction of the mutual coupling of millimeter-wave MIMO antenna, the feasibility and effectiveness of the SRR/CSRR technique as
a novel decoupling technique are verified.

Keywords: SRR; CSRR; high isolation; millimeter wave; MIMO

ki H . 2024-03-25  Received Date: 2024-03-25
* FATH . ERK ARFLAE 4 (61971210) 5 H %8



- 196 - LSRR R e o

38 &

0 5l

il

Bl TP K, Nt emi#E A T B4k
WG, 2B IR (4G) AR &l HI T 12 e B9 R 10
BEOR B HAE R T AW iy F P B @ oK, X
Pt SRAOE T IO H ARG 17155 HAR(56) JoLil i fzg ok
i millimeter-wave) 1. F T4 B3 £ 26 Y
M, DA I R TR 2 oK OB FL N Y 22 e A 2 i
(' multiple-input multiple-output , MIMO) T2k e i = B e
HH KRG AR,

SRR Z K P (30~ 300 GHz) AHXS AL,
TEARXT AR A B L S T A5, PRt VR 22 st
IHE A5 1 MIMO R 287 SCHik [ 61 SR JH Bk [ b 25 44
(defected ground structure, DGS) 24 , 15 MIMO K £k [A]
HOAHSCHERRAR o SCHR[ 7 ] HIANZ - T 2SR AT, R il 12
PR RE /N T - 15 dB SR, SCHK [ 8 ] 2R JH A 7 B
(electromag netic band gap , EBG) Z5#) , K ff B AH & 7] A%
AR FR MIMO RE&MERE R 4, (B2 M5 A
& TE R AR 5Y

XEFRLBR  $2th T — B0 H] SRR/CSRR A1 22
KPE MIMO R, i 3o 4 16 (B 8 6 00l s ol )i, 5
BAIE W 5t 42 A0 2, JF I 20T 138 4k 26 ( split-ring
resonator, SRR) Z5#4) , fifi K2k TAETE Ka PR TEiE
ARE H R0 i — AN B AN O3 3R 25 ( complementary split-
ring resonator, CSRR) 544, TRt K
AR R SF SR 40 mm X 25 mm X 1.2 mm, PC 37 56 26 ~
40 GHz, Fa B /NT-26 dB.,

1 MIMO RZL&EMigZit 50

1.1 MIMO XZi%it

W RN 40 mmx25 mm, H-3EH 50 Q sk
RIHATI , L REIEEIRITE FR4 A B pl - R
WAEN 1.2 mm, REHTRIESRME 1 Pix, iR,
T AR BT A Ay i S5 00 R, 308 o ol A8 R 28 3% THT H U 1) 266
TR FE R Z I T AT 98, HE TR R 42 1Y) St s 44 7
2D G IR A IR RO R L B
B 6 FRIBCE S5 AE T N4 SRR 4544 . BLET A5 31
KREAURHZKTE MIMO K4,

Kk rponsttd v S, RAE b aniE 2 Fis, HEl
2 WAL, R 1 AE Ka BB RXT R Y S,, 5 F-10 dB, AT
AR BT, 5 X B HEAT 25 O Ak A BRAS 31) K 28
2,750 I SE TR AR T H I R U 2R B AR I T R TRE
PURRE, B S, AR (RIS R AEAE BT L, R T
T B B R IR PERE 0 B S I TR B S 5

e B

(a) R&1 (b) RER2
(a) Antenna 1 (b) Antenna 2

(c) RER3
(c) Antenna 3

1 R T R

Fig. 1 Antenna element improvement process

(d) R£k4
(d) Antenna 4

LA R B IE Bk, X FEMS 2 T i 7Rk 3, HE7E
28 GHz KLU FAFAERBLIN S . PRl P AT T i —
HIT MIMO KR4, JF7E U N SRR 2544, 15 2R 4k 4,
S, TEEATAEWB ML F-10 dB,

0r

anl —a— R 1 \
O e R /

-35F o R&3 \ /
—— KR4 ")

26 2I8 30 3l2 3I4 3I6 3I8 4I0
$i#/GHz
B2 Whihekitd s, 22 1uE

Fig.2 Variation diagram of S,; during patch improvement

1)SRR 45#4)

SRR [BEAZENG 2 B A48 AN AH S5 48 BURH 25 10
0o S [ FF TR R4 AL " . SRR 25 4 3 () fiTom,
AR 0 S i

YA ATT SRR FrAe -1 0 S G it e, #é
R shZS AL BERNE 15 S 4 T8 3R P 7= A2 OV HL I, 1X —ad
LR iR Sz 2B N B2 i) B B R A3
BN, TR, T R AT 4 A W it B AR R S A (R 1T )
HARBRL BT — 2RI A 25 4, ISR 2%
117 P M0 L J — 6 TR T DA, R R B
G0 IR, SRR AT DA i E 1 LC R o A R
RAERE IR G M, I AT Ak T 0 LR i B 5 5
PR, HESRL LC BHGBHR BB E 3(b) iR,

Horpr € FRERPIAFRES Z [ B S 25, vl LU (1)
TN



59

N SRR/CSRR 24l 22K MIMO K2k 197 -

QARA

Ls

4

C0/2 (= +{ CO2 [

Cs=C0/4

(a) Z5 14 1E
(a) Struture chart

B3 SRR 255 %50 LC = HL i

Fig.3 Structure and equivalent LC resonant circuit of SRR

(b) EMLCIER %

(b) Equivalunt LC resonsant circuit

C, =2wd,C, (1)
K. d, B AHZEBFHKE, 4, WERN
0.75 mm, C,, /R[] 1 B FALAL BE I HL 2

SRR P11 HR I L 8 A e B =X (2) 1T A5

C,=Cu/4 (2)

It HEAKEE d AR HUERT DUT AT L,

SRR YR 2 (3) B W A

I = 1

24./L,C,

K. L, O SRR EHLUE, €, - SRR EHLEE
1.2 MIMO RZ& %45 if

GBS 1) REAUAT A 22 KW IBL , I ASFF A MIMO K
LA A R, A T RS, FE R R 21
il CSRR 4544, MIMO KLk anl& 4 Fis .,

2& HFSS (7 A 20 B 5 , RS 1 1) S 4L
AE) TR TR B S B BN 1 R,

(3)

R1 RELEHR~

Table 1 The dimensions of antenna structure ( mm)

24 Hla 25 gl
L 40.0 W 25.0
L1 3.6 Wi 9.0
R 2.3 a 0.5
RI 2.5 R3 3.5
R2 3.0 R4 4.0

2 EREMITSSH

2.1 EBEZI

MIMO KE& F IR I Ka J B 58 20K H R Hion
IR o BE AR R, AR SRR A, R LRt
WU 5 s, N T BERRS, Insi G 1y, 75 R 2%
MM 5 T AL E ) s — > SRR 451, 28 i — > CSRR

R4

@m
R3 -~ LT

(a) IET

(a) Top view

(b) B
(b) Back view

K4 MIMO K&
Fig. 4 Geometry of MIMO antenna

LR AR BIRL 6 HAHbAR , S B TARFE A ACR .

(a) RS
(a) Antenna 5

K5 REEMBT R EE
Fig.5 Antenna decoupling design diagram

(b) R&ko
(b) Antenna 6

KGRI RE 4 56 R SRS 4 0 & T ni g T AR
b 8S,, 7E Ka BB NANAF G 2K, S, MR fL Z01R B
AN 6 B, BEHURCA AR, P BA T 2 [R] A S gk
WS, K T - 15 dB; B3t CSRR 2544 )5, 7= A= 8%
P5, B UK HE 4 PR AR, o K2 76 Ka I BCN R B8 /)
F-26 dB,

2.2 ERBEESW
1) CSRR 4514

CSRR 7EN SRR AIH 4", CSRR 5 SRR A4
P AN, SR B, 7E SR A B AR L, 2 il
WA SRR 4544, 5 n] LIF3 5 CSRR Z5# &, anE 7(a)
FiR .,



198 - OB R 38 %
or L, =Ly/4 (6)
HETTAS S B4 FAS,, MOBRIR £ it (7) B,
e 1)

-50F — 3&& 5
—— Rk 6
-60 1 1 L L L L )
26 28 30 32 34 36 38 40
$0#%/GHz

K6 s, Bk
Fig. 6 Variation diagram of S,,

| ce |

I

L,/4

é

Ly/2
(b) ZRLCIEIR B
(b) Equivalunt LC resonsant circuit
K17 CSRR 45th 55540 LC iR %

Fig. 7  Structure and equivalent LC resonant circuit of CSRR

(a) &M
(a) Struture chart

MUEEE i, 2B R T & CSRR £k B i sl i, CSRR
Vi) 50 R JER 2 ) & A L R A B . CSRR 5 340 B AR H
B RE TR T IR HRAT 3R BT (0 R B R B8, 24 it Jin oh
TR E T, SRR W] LLVERE AL T, I H 2S5t i 408 s
Yk, CSRR AT DA HAE A, HLAFRL LC IR ISR
BN 7(b) B

TR 0 B R R CSRR Y R /N B2 A 06 it
CSRR B KT A (4) Fm,

A c e, +1
L=—= n=1’2’3’... geﬂ,z

2 fm/é?ﬁ 2

Hrr, e B (3x10° m/s) | e, RAHHE4. 4,6,
SRR B L CSRR K BE . CSRR AR
B AT LIRS DRSS s R AL S, MR R, T
& BELAT 00 A4 250, AN I 10 1 ) K N i A e 2 8
ik,

3 5 HR R A I R O T ORI g (28
(5) ) AR ERER LA AR, AT LU X R B CSRR KRR
H LC RS

L, =2md,L,, (5)

Horb R R EE R L, F78, CSRR PR HiHk
HLZAS R X (6) A2 .

(4)

2m./L.C,
K. L, CSRR SHLEK, €, 24 CSRR EHLE
SRR Hl CSRR 1 Z i 2 ¢ &2 = (8) ~ (9)
BN o

c =421, (8)
M

C, =41, 9)
M

& Flp 40 BRI B B S
T IRERW B AL, HUR AT 51~ CSRR 4544, AT LA
Ve R —FPuEd &5, PHAS W K £k BT a) 95 & Tt , A1
AN T AR B 2 (R AR RS SR s DA e b | iS B 2R
Hiw e & 6 AT 40, in A CSRR 45 #4 )5 18 Ka #5i Bt N
SCERT PR S B AR T
TE 33 GHz SR, & 8 JB/R T KLk R 4510 HL I /0 A
Tk, IR 8 ATAL, M KL LI F CSRR 454 I H 3t 5
ERAGE A R BB S R R, LT
CSRR #5951 A Bl T K 28 5o ] 19 36 1 9 1%
PG THR R s, WL, KL A AH TS DIREAR,
YSUE T CSRR 25 A6 7 FRAR I L IR 4 0 Tl A Rk
Jsurf[A/m]
50.000 0
I454OOOO
40.000 0
35.000 0
- 30.000 0
25.000 0

20.0000
15.000 0 |

10.0000 | =
50000 |

0.000 0

Fig. 8 Current distribution of the antenna at 33 GHz

3 KMEHEERST

3.1 SBH

K MIMO KRS nE 9 s, S sE4 kA5 i
W, 5 S SE S5, 5 HEFSS f B85 Rk 17 1T XF
Fear T, AN 10 Fion, M 10 sra] DU W PR g 1T
ANGEE—FE, ] B8 KL ME 3 SMA 423k 0, A FlL
TR BB A, B —2eiR 2 (HAR - AL, X
KRR S BRI FH A 52
3.2 EHAEE

REAR I 7 1) 2 R S 7R RERAEAN TR J5 ) b %o H



59

N SRR/CSRR 24l 22K MIMO K2k 199 -

(a) IETH

(a) Top view

(b) Back view

K9 KA
Fig.9 Physical diagram of the antenna

—104
_20’W
4

830
e
8 -40
) N
—o— S M
k) —o— 5,5
-60 —— S

—h— S, 5
L L

_70 L 1 L L ]
26 28 30 32 34 36 38 40

BF/GHz
B 10 S S5 B 5 502

Fig. 10 The simulation and measurement results of S-parameter

WG S RO & 26 IORLRE i1 2 TIE R R FFE
Bl N RSt @ E TR H 1, KZR4E 30 GHz,
34 GHz 38 GHz AL E T H 5 [ RANE 11 fras, M

Gain/dB

(a) 30 GHz Effii
(a) 30 GHz E plane

Gain/dB

(c) 34 GHz ETH
(¢) 34 GHz E plane

11 AT LA BEAIR A T, 7 ) ] AR B AR XA 2
R P R AR —1H
3.3 GLKHEEXRH(ECC)

AR AL (ECC) AF /R MIMO F 40k & 5 1Y —
A CEESE, T REL MIMO K£8 1 B AT Mefie, T 8 1%
TR KRR AR SEME, PR B0 R ECC {HR 0, (H i T
KRR TI, E ECC H/NT 0.5 BIA], MIMO K
LR ECC {E AT LAIE o i 5 31 5 52 AR S S B AR
A (10) 75455

ECC =

| S5S, + 858,12

(1 =18, 12 =18, 1)(1 =1 S,1*=15,1%
X S o8 S, MIEEEME; S, R S, MSEREMETY

MIMO KZi) ECC W& 12 fras, NE H Al A, R4k
HIALLE A R B ECC) /T 0. 001, ZEHLE L 2 19
3.4 BmSEMYE

TR )14 £ FIER S 25052 W R R BB R Y T2
SR, 13 MR B 35 RN 5 SRR R, N R AR FE
Ka #91B N R 25 580, (R IR A LTS, 5 -
T2 9 dBi Zify ., R ETSCR S 1  0 AR ke A — 3 7E
Ka I BE AR 3R R 15% A2 A7
3.5 MEEEXTEE

BT R HAh (9 R AT L8, 3k 2 Fiow
HRAE R 26 B A I Sl , 55 SCHR[ 11,19-22 1A B, RER T AE
FE Ka STUBL N, [R] A 6 44 0 LB = 1) FR4 A RHE R A

(10)

(b) 30 GHz HT
(b) 30 GHz H plane

(d) 34 GHz Hf|
(d) 34 GHz H plane



- 200 - S 1[I I IV = 3

38 &

Gain/dB

(e) 38 GHz ETH
(e) 38 GHzE plane

Gain/dB

(f) 38 GHz HI
(f) 38 GHz H plane

BT REHRSH T

Fig. 11

0.001 6
0.001 4
0.001 2
0.001 0
0.000 8

CC

= 0.000 6
0.000 4
0.000 2

0.000 0

-0.000 2 ) . I . L ) )
26 28 30 32 34 36 38 40

HZ/GHz
E 12 ECC PjE 55 it

Fig. 12 The simulation and measurement results of ECC

A ARG IR L ATT 1%, SOCHKL 6,14 ,23-24 B ik
B b 2ty | P Ty Bt A B IR IR A A 1L, SR T CSRR 4544
ZHE, AR REALTARTE Ka BN, I8 A7 HEARAIHE

Radiation patterns of the antenna

: *
k&
k23 &
B
1 e 3 1o
—— &
0 1 1 1 1 1 1 O
26 28 30 32 34 36 38 40
$i%/GHz

F13 RERI 5 SR TReR

Fig. 13 Gain and radiation efficiency of antenna

FRENIEEHR R R, —RIIMILZ T, LR
ORI, ZSRACR 35, D9 22K B MIMO K2k
B T S E IR,

R2 REMEESHILL

Table 2 Comparison of antenna performance parameters

Sk i RF/mm TAEH 98/ GHz b/ dB ECC Wik
[11] Rogers RO 4003 15x15%0. 3 26~40 -30 0. 001 SRR
[19] Rogers RO 4003 47x25.25%0. 3 24~32 -15 0.1 CSRR
[20] Rogers RT 5880 30%x35%0. 787 27.5~28.5 -40 0. 000 3 DGS
[21] Rogers RT 5880 12x25. 4%0. 8 26.5~38.2 -15 0.03 DGS/CSRR
[22] Rogers RT 5880 28.3x28. 3x 0. 508 26.5~30. 4 -40 0. 000 1 DGS/CSRR
[23] FR4 47x38%0. 8 2~11 -25 0. 003 EBG
[24] FR4 20%34x1 2.46~13.98 -21 0. 003 SRR
[14] FR4 30x30%1. 6 2.8~18 -18 0.02 CSRR
[6] FR4 18x22x1 2.75~10. 64 -22 0.015 DGS
[ A3C] FR4 40%x25%1.2 26~40 -26 0. 001 SRR/CSRR
MIMO KRZE, HiHs A 250 B B 48 56 W BG4
4 7 B SRR S5 MR, S B T 22 K 3 P i Ka 451 B¢; CSRR 4544

A SCHR T — 200 ] SRR/CSRR 2= #8 B Z K ik

P, AR R LB IT ] RS B . e IR R
S} M40 mmx25 mmx 1. 2 mm, TAETE Ka $EE, #86/D T



59 1

N SRR/CSRR R A9 22K 3 MIMO K4k - 201 -

=26 dB, ELZE AR R KO/, 1 45 LEBARSE , B AT R R

ﬁ?o -

ZINLERIAESE T SRR/CSRR H AR TE =48 J7 T 1)

At Pk, iR EOR I B T 56 2K
G

(1]

[2]

[3]

[4]

[5]

[6]

(7]

[8]

IMRAN M K, SARMADULLAH K, HASSAN S K, et al.
A compact mm wave MIMO antenna for future wireless
networks[ J ]. Electronics, 2022, 11(15) :2450.

AP, KR, KO B, A — BT BN R Sl 22
Kz MIMO K28 [J]. L L T3 k27 2 4, 2021,
37(1) :89-93.

LI K J, DU CH ZH, ZHENG W Q, et al.

hexagon wideband millimeter wave MIMO antenna [ J].

A new

Journal of Shanghai University of Electric Power, 2021,
37(1) :89-93.

ARk, #BEFE. 39. 5 GHz =5 P78 BR BR 38 2 2K % MIMO
fRIEFFERTTE[J]. T AR 2019,42(18) ¢ 1-7.
SHAO B, ZHENG G SH. Investigation of 39. 5 GHz mm-
wave MIMO
environment [ J ]. Electronic Measurement Technology,
2019,42(18) :1-7.

CHEN Z, SONG W, WANG W. Wideband millimeter-

wave MIMO antenna with a loaded dielectric cover for

channel characterization for a corridor

high-gain broadside radiation [ J ]. Electronics, 2023,
12(21) :4384.

KUMAR A D, KALLOLLU N N, VIVEK S, et al. UWB-
MIMO DGS loaded patch antenna with low profile for
millimeter-wave applications [ J]. Journal of Electrical
Engineering,2022,73( 1) ;28-35.

FAARE , 5 RR, = BB, 48 3T DGS 1y B AL
UWB-MIMO REHYBETH[T]. oI B 5 AR 27412
2022,36(5) :89-95.

NAN J CH, HAN X X, GAO M M, et al. Design of
miniaturized UWB-MIMO antenna based on DGS[]].
Journal of Electronic Measurement and Instrummentation ,
2022,36(5) :89-95.

U, TS BEAE S —F SR =R UWB-
MIMO REMBET[J]. AL D045 {27 4l , 2022,
36(6) :144-151.

GAO M M, WANG J Y,NAN J CH, et al. Design of a
compact triple-notch UWB-MIMO antenna[ J]. Journal of
Electronic Measurement and Instrummentation, 2022,
36(6) :144-151.

EWIW, R, RS 5. BB AL e MIMO K £k
ARFSE [ ], A 00 5 A& 2 4l 2022,36 (1)
149-156.

GAO M M,SONG Y,NAN J CH, et al. Research of a
compact UWB-MIMO antenna[ J]. Journal of Electronic

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

Measurement and Instrummentation, 2022, 36 (1):
149-156.

PR, A5 MARAR 45, TS R L R 1Y Ka D%
B R BROR S B IT [T, 41, 2024, 40(3)
12-16.

CUIL L, LI J, WU H D, et al. Design of Ka-band
millimeter-wave  slot substrate-

antenna based on

integrated wave guide[ J]. Journal of Microwaves,2024,
40(3) :12-16.

WANG F, DUAN Z, WANG X, et al.
wideband  MIMO
communication[ J . International Journal of Antennas and
Propagation, 2019; 1-12.

VERMA U, SINGH M P, GHOSH S. Dual band
millimeter wave MIMO antenna loaded with SRRs for 5G
applications [ C ]. 2022 IEEE Wireless Antenna and
Microwave Symposium ( WAMS). IEEE, 2022.
FAALE , KR, = BT, AR — A K BB/ AL B
MIMO REBEIH[T]. i FoofF 548, 2022,41(10) -
1085-1092.

NAN J CH,HAN X X,GAO M M, et al. Design of a K-
band miniaturized MIMO antenna [ J ].
Components and Materials, 2022,41(10) ;1085-1092.
. T U 22 TF H I IR PR E5 4 14 KB 22 I i K
B[ D] BB B TR, 2019.

YANG J. Design of THz-wave microstrip antenna based-

High isolation

millimeter-wave antenna for 5G

Electronic

on dual-surfaced multiple split-ring resonators [ D ].
Wuhan: Wuhan University of Technology,2019.

KESHRI P K, SAHU S K, CHANDEL R. CSRR-loaded
compact quad port MIMO diversity antenna for UWB
applications [ J |. IETE Journal of Research, 2023,
69(10) : 6709-6719.

NURHAYATI N, ZULKIFLI F Y, SETIJADI E, et al.
notched-band
frequency of SWB wave coplanar vivaldi antenna using
CSRR[J]. IEEE Access, 2024.

MUHAMMAD B, IFFAT S N, NIAMAT H, et al. High-

Bandwidth, gain  improvement and

isolation MIMO antenna for 5G millimeter-wave
communication Systems [ J ]. Electronics, 2022,
11(6) : 962.

FEAGZL. B B B L A 0 MIMO KRR IFR S
WA D]. VU PO 3 T K%, 2020.

DU ZH H. Research and design of ultra-wideband MIMO
antenna with high isolation[ D ].
of Technology,2020.

RIS W R I, = BB, A5 HLA e B B R B SR A
“ A UWB-MIMO K Z& Bt [ T]. ML 2= 4,
2023,38(6) :1105-1114.

Xi"an: Xi"an University



202 - S 1[I I IV = 3

38 &

NAN J CH, PAN J R, GAO M M, et al. Compact triple
trap UWB-MIMO antenna design with high isolation[ J].
Chinese Journal of Radio Science, 2023, 38 (6):
1105-1114.

[19] MISHRA P, SINGH M P, GHOSH S. A compact dual
band millimeter-wave CSRR loaded MIMO antenna array
system for 5G applications| C ]. 2022 IEEE Microwaves,
Antennas, and Propagation Conference ( MAPCON ).
IEEE, 2022.

[20] BILAT M, NAQVI S I, HUSSAIN N, et al. High-

isolation MIMO antenna for 5G  millimeter-wave
communication systems[ J]. Electronics, 2022, 11(6):
962.

[21] VENKATESWARA RAO M, MADHAV B T P,
KRISHNA J, et al. CSRR-loaded T-shaped MIMO
antenna for 5G  cellular networks and vehicular

communications [ J ]. International Journal of RF and

Computer-Aided 2019,
29(8) :€21799.

[22] GHOSH S, BAGHEL G S, SWATI M V. Design of a

MIMO

antenna loaded with CSRR and DGS for millimeter wave

Microwave Engineering,

highly-isolated,  high-gain, compact 4-port
5G communications [ J ]. AEU-International Journal of
Electronics and Communications, 2023,169.154721.

[23] KAPURE V R, RATHOD S S. A two element EBG-
inspired UWB MIMO antenna with triple band notched
characteristics and high isolation [ J ]. Sadhana, 2023,
48(1) 7.

[24] SEDIQ, H T. Miniaturized MIMO antenna design based

on octagonal-shaped SRR metamaterial for UWB

applications[ J]. AEU-International Journal of Electronics
and Communications, 2023,172;154946.

EEE N

B8, 7E 1993 4F 2003 4F T 7 TH#
FEARR F AT 4 2 KA+ 2% 47, 2007
AEF AR KA 25 A, BRI T
TR AR R ZE YR, FELATST 7 10 Ry 5401
B S AR GBS R A A,

E-mail ; nanjc886@ sina. com

Nan Jingchang received his B. Sc. and M. Sc. degrees both
from Liaoning Technical University in 1993 and 2003, Ph. D.
degree from Beijing University of Posts and Telecommunications
in 2007, respectively. Now he is a professor in Liaoning
Technical University. His main research interests include RF
circuities and devices, and communication system simulation.

B CRIEEH) 2022 4F L7 B
HeEBeak Ao E 2 E 0, NI T TR AR K
SRR S AR, F2 BT T 1) O B R
& ZEAZHINRE AP RLS,
E-mail; 1752366094@ qq. com

Su Dongrui ( Corresponding author )
received a B. Sc. degree from Liaoning Institute of Science and
Technology in 2022. Now she is a M. Sc. candidate at Liaoning
Technical University. Her main research interests include ultra-
wideband antennas, multiple-input, multiple-output antennas and
Millimeter-wave antennas.

= BARA, 7E 2003 4F- 2009 4 F1 2015 4F
TALT TR K APAGF 7 Lo Ao
RERT A0 BN IL T TR AR K7 Rl 2
B, EBFETT N BRI
E-mail ; gaomingming2080@ 163. com

Gao Mingming received her B. Sec.,
M. Sc. and Ph. D. degrees all from Liaoning Technical University
in Liaoning Technical University in 2003, 2009 and 2015,
respectively. Now she is an associate professor in Liaoning
Technical University. Her main research interest includes
intelligent RF technology.

EZEE,E 2019 4 TIL TR A= B gk

ﬂ Fiop b i, 2022 4F FILT TR K
FEU R, BT T TR AR K2
Uit =B SET [6) S T E R A KL R 2

E-mail ; 1052932573@ qq. com

Wang Yifei received his B. Sc. degree from Liaoning
Institute of Science and Technology in 2019, M. Sc. degree from
Liaoning Technical University in 2022, respectively. Now he is a
teacher in Liaoning Technical University. His main research
interests include reconfigurable ultra-wideband antennas and

multi-frequency antennas.



