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A novel broadband patch antenna

LI Shengzhe, WU Zhe, YUN Yu, MA Lingku
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Abstract: To overcome the inherently narrow bandwidth of conventional microstrip antennas, this work proposes
a wideband microstrip patch antenna using an L-shaped parasitic structure. The antenna consists of a main
radiating patch and L-shaped parasitic elements, with an overall size of 0.8340><0.8310><0.08340, where Ao denotes
the free-space wavelength at the 5 GHz center frequency. The main patch operates in the fundamental transverse
magnetic (TM,,) mode, while multiple resonances are introduced via electromagnetic coupling with the parasitic
elements, thereby significantly extending the bandwidth. A Rogers 5880 substrate with a relative permittivity of
2.2 and a loss tangent of 0.000 9 was used to reduce the quality factor. A 180° out-of-phase differential feeding
scheme was applied to suppress radiation pattern distortion. Simulation results show that the proposed antenna
achieves a voltage standing wave ratio (VSWR) below 2 from 3.6 GHz to 6.6 GHz, corresponding to a 60%

fractional bandwidth—six times wider than that of traditional microstrip designs. The antenna exhibits a peak gain
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of 9.8 dBi at 6.2 GHz, with gain variation within 1.5 dB across the operating band. The main beam remains stable,
with a pointing deviation within 5°, and cross-polarization levels remain below —15 dB over 3.6 GHz to 6.3 GHz,
reaching as low as —38 dB at the center frequency. This single-layer configuration achieves both broadband and
high-gain performance, demonstrating strong potential for broadband wireless applications, including 5G
communication and Wi-Fi systems.
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Fig.1 Antenna model diagram
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Table 1 Specific parameters of the antenna unit

ZH Ul /mm S5 Ul /mm S5 HUH/mm SR BUH /mm
W,y 50.0 Ly 50.000 w 24.0 3 4.0
W, 11.7 L, 8.200 W, 2.0 L, 4.6
W, 0.7 L., 2.100 W, 13.7 Ly 19.8

d 2.0 R, 0.445 R, 1.0 h, 4.0

I, 1.0
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Fig. 2 Unit design process
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Fig.3 Current distribution diagram
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Fig.4 Antenna 1 to 4 simulation results

kDR TE T AL T BRI KRR 405 5 T SCHR[ 17170 Y 180°AH v 22 43 15t ol Jy X 2 43t L AR A
T A% G 2R 5 O O BAE T RS A AN R AR B SR Ak, 48 vo e SR T A T D B R A 6 2% 22 43
A DL Ak di A BT VC BE , 3F — 25 40 R A B8 . e AL S I K2R 4 BE BT 98l 3.6~6.6 GHz, #H Xt 71 it ik 2
60% , WE(E 1 2535 51 9.8 dBi, M4 T KLk 3 it — 27t

IR R SR B G A B D 5] B AR R R AR TG G 25 4 L SR AT DL R
FRE A SEVERE . AL, R EROR TR W AT M S B R R 250 S B AT i — 2 Ak A
TE G Ak 11 o B 1

Il

O

B

=



96 TR K F F IR % 49 %

1.3 Bgigitsan

HY AR SR R B T A R R 2 O T A AR I R B 5T R AR AR W R g RS D R 5 e S G =2 1]
4 R 6 R 2k B e Y BELBT Y 98 LA TR s e o > A AR I R RSk R, AT RE 23 51 AN 2 5 U R L
QTR T TN < 1 A 3% N R T AN I A W P N R DB T N 0 W G D R 0 o 1 - S 1 T R 2
Wt 55 3 S WU = ) 1 B O P T T R S AR R B O W S R R MR A 800 5 T
S g 3 D) AT e A e 1 R 2 B SRRSO T i B D A A O S e K £ 14 DG AR

F2 Tk R 38 S S HCH R B b 6 B AR I R i RUSE DL R 5 2 R I R 2 ) R S AT R G A
Br, 3B IR AR BT S 4, 92 R 2 BT i AT 5 g DE TEC 1 8 A9 XU H A

WA 5Ca) B, 25 42 W R 5 3258 5505 A 22 18] i 1e] B L, % KRR Y|SB vE Bl B & 5. 24 L, 8 0.5 mm
I, # A AR BOAAFAE 24> 28 IR A0, R AW I R BB A SO R B IR . BEE L, 938, &
W W e T I (A RS B, 3 SR p T A A U T R 3 4 5 e 39 R S O AR R R R, DA AR AR T i A
R SR, Y L, 3 — P K & 3.2 mm B R 500 9055, 5 BIOR R i R 8T =GR Ak A8 BEL BT A FE ] G 4 0o
PR, 76 PR IR 98 R v S BT DL B R DAk v, 5 258 B I8 L E RS2 o Gl o S B i R A E L=
2.1 mm SRR E R IH I R 2 BELAT A 95 DG TS R 14 T oK

Kl 5(b) N W, AH B 22 AR R BH BT 9520 o AT A5 Rl DUE L 24 W, 8 0.1 mm IR, R Z A58 1 fH
Pl 8 HEAS W R BT oK LA R T R N R AR AR W R B TRIEE /0N 7E SE RN T R v e] A8 IR S 25
BORLMERE T R, EL B VE ORI o PR, o 20080 2 38 X wr, DARRGE RECI N T 28 22 o SR, B w7, O 1
T, v AT IR A BEL T DS I 8 M AL R R E 6 GHz T, 2 B0 O RS R RO R L i, 2 w1 =
1.3 mm i, 5.94~6.12 GHz 4 BL (9 I 5 R0 T-10 dB, i — 238 K % 1.9 mm i, 5.74~6.27 GHz Sl B (1 BHL bt
VCRCE— 25 Ak o R, #E 25 G B BB A 9 5 BRI DT S i AR Ak 7 2805 L 2 8 W, =0.7 mm fE H R A Wit S5
B, LA OR Sl R RE 09 TR I, DR 4 R4 i BELC DR AT, O 4 T R 2 9 i 1 72 28 3 oy

IS,,/dB

30 35 40 45 50 55 60 65 70 30 35 40 45 50 55 60 65 70

fIGHz fIGHz
(a) L JT|Sy,|REme (b) W, X|S,, | IR

5 MELERS, MR
Fig.5 Effect of coupling gaps on |||

WA 6(a) BT 7R, L, T ) 728 AL X TR Y BB AT 587 A2 — € YR W o MR8 S5 R0 AT A U() 13, 4
Lo VBN IR 25 2R M ) A58 200 HL 8 ARG, 0 45 000 W B AR 4 L, R BGI R BUR IS B BB o MR, M L0 TR
N, 2 A O P A A5 200 A R A5 A K BE BN e R AT A T T RS o S L0 R VIR 5 ) 52 0 A S
B0 (ELEL X R 2 B BELE DG I MRS i e 2 AR L 2R S O AR A 2R, i R L, =19.8 mm AN 1T
BTt 28, LURH OR K26 A BRI DT B0 554 5 45 PR 2k B4



%2 B — AR AL TR R T R A& 97

PR e AR BUH R, WO A AW R ) SEBE  h oA IR AR YRR R o Dy B AR W R A G
Z (8] Y [ B

_ etV

Caa 60

lnd 4

4, 1+(4—h) ) (4)

W 6(0) FIT 7R L W, (72 AR KR B BT DR E 7 A 1 I 2552 ), (H X BT 98 19 b R I 2 ma 8/,
TR 7T N UCECTE 00 o MBS B UF, A AR I I B SERE W, 7 P 2 ORI e B A ORT ATT Ek
A8 JF 5 200 FRL AR R DA X 2 A I 5 R R 2 TR B R R R AR R o 2 W0 M 13.7 mm I R GR B
A A4 BT S, IO PP R IR AL T AU B VEBCOIRAS o B W0 T O, 1 91 DX IS8 PA 384 558 Y R

sitic

B RN A A5 o AU R a1 DE TBC 388 20 A3 1T AIUAH P 465 2 S T AR U o AR 00 5 1) A% 2y, S SO IR 2 1 iR R

Be Py H BB VT B AR B B, o102 w8 16.7 mm B, 5.23~6.23 GHz A5 B 1 2 5 22 501 & F-10 dB.
LR SR AR R B W, A8 R 13.7 mm , DU K 28 7F B AN TR A P B A R o B AR A9 BHL 3T
DL C 0 S 1R RE

0r 0r
— Wharasitic=13.7 mm
* Wparasiic=14.7 mm
-5 -5 = = Wpric=15.7 mm ‘
= Woerais=16.7mm .-~ .
-0 : -
-10 ‘
8 g
o s -15F '
—-15 d
M
20 | |
-20 )
I
1.
=25 .
_25 1 1 1 1 1 1 1 ] 1 1 1 1 1 1 .1 1]
30 35 40 45 50 55 60 65 70 30 35 40 45 50 55 60 65 70
fIGHz fIGHz
(a) meﬁﬁlsulﬂ‘l%"ﬁl (b) mesiﬁcﬁlslllﬁg%nﬁ'

6 FEMNFXS, MM
Fig. 6 Effect of parasitic patch size on |§,|

bR AT TSR R, 22 SR B S AR XA e R B T AR . B R 1 R 2 R
28 300 1 22 0 5l SR , 5 A BT HEAT X L, 50 UE 22 4345 i X LT M i A R R SOR .

BT IR T RER 1 R Zk 2 FI R R 378 R Nk 5 2k 22 40 0t b 25 P N 0918 | LS S . Rk L fE R4k 2
G35 B IS R 4 98 R 5.1~5.6 GHz, Jin 3% 22 40 15t i J5 , AEAIRAI BB 3 T — S I R A, {70 96 40 8 & 2.2~3.9 GHz
F14.95~5.7 GHz 2 P Bt s K2k 2 B JF 4R 47 55 M 5.1~5.85 GHz, I A 22 70 it fa 5 47 ) 2 3.4~6 GHz, #H X 45 58
AN T 249 38% 5 K E& 3 1 IR IR Y 96 M 5.12~6.25 GHz, Nk 22 53 5 L5 97 & 3.6~6.6 GHz, X 4y v $ T+ T 24
39.4% .

25 BT AT WL FE R 2R 1~3 A 25 Rk b U0 L AR 2 AR WG BE 8 35 T BT B, B 25 40 1L R
HE— 2P R T IR AT 8 B 2 AR A 25 K 5 L AE I TS PR S, AT AR T T R R A e N RE . R, 22
S L 5 R A SR I 45 B A AU BE T R BRI Al SE YR .



o8 % 49 %
0 —
5k
-10
>
"\U
=-15r
i
-20 -
=25
_3 1 1 1 1 1 1 1 1 1 ]
20 25 30 35 40 45 50 55 60 65 7.0
fIGHz
B7 ZNHREBATIILER
Fig.7 Comparison results of differential feed units
2 RS

15 BB 5 FLA AT Ansys HESS WX BT 8 th /9 R EAT 05 1L, 40 GE LA T YERESS A5 <l i S S 800 M s
KB ITHY BT 58 (VSWR<2) 3t b 38 £ B A5 48 718 44 18T 90 11E K 6 70 8 > S8 P9 A 38 25 38 B0 5 3 o 2% M Ik
PR 2R TP 4 A T D R 3R T L A 5 B R 43 AT K R R 5 T AR L g BEL T AT S AR e R A Y
D5 1] L 360 R R AR AN )AL PA) 1) i S35 A A 0 1) 42
21 MEImFEEHEHE

K 8(a) KLY S, [ £ WLEEAS, 70 BITE 4.2.5.5.6.4 GHz AL 3L T 228 4IR o5, Ul W 7 136 26 41 B K 28 5
BT B A BEPT U AC o DA 22 3 R Y 20 Al AT A HE BT, R 2k A A5 AR 43 S A AR A SR G 5 R A PL
i, F W7 AR W R 45 R BT TE 3 el i O T R R T AE T . RZDL TR F 9 -10 dB 1R i i br i, 7T LA
H I RLLTE 3.6~6.6 GHz HJ il /247 58 B2 K , BEAR AR A 5835 3] 17 60% ., 3% F 5 2l 5 M AN AL RE %3 1V 5G . Wi-Fi
S 22 WA T8 (R 00 T SR TR] B B8 78 JIT 5 0B oA DR AR5 5 - 1 DR JE AR

WL 8(b) 45, REAE 3~6 GHz X [H] P PR 435 46 AH X B2 i 1Y 19 25 7K, 116 6 GHz 26 47 3K BT P 1Y U (L
B35 9.8 dBi. 1425 ik B WA J5 T 45 4 BIF T e, 16 6.5 GHz Ab F B 2 7 dBi, Bifl 5 44 25 DR 5 28 a0, i3 b 30 42 19 1
BT BB SR R T R R I A PR SO B 9 TR, R T FRIT N 5.5~7 GHz A B i B U AR . ZEAIR

IS,,/dB

30 35 40 45 50 55 60 65 70 % 35 40 45 50 55 60 65 70
fIGHz fIGHz
(a) |SyIFEER (b) 325 BEST AL

8 BRIHELZR

Fig.8 Cell simulation results



%28 R, — AT R SR B 5 A R & 99

T 5.6 GHz F #8551 00 i B2 38 3 (L, 3 S B S e o, SR W SR T e I AR 7R R B IR T v, B
W, MRS 2 32 0 5 O B AR R . PR BB IR T R A B A ST R AR TN R BN R
Wi A A3 A B 384 O, R R Y ) v, RO S5 0088 T, R A A B ) U v o A g o B 0 e S ke A AR A

1.0
0.8

0.6

Mag

0.4

0.2

1
0 56 5.8 6.0 6.2 6.4 6.6 6.8 7.0
fIGHz

B9 R&EHR—WUEKXSH

Fig. 9 Antenna mode normalization analysis
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Fig. 12 Patterns of antennas in different frequency bands
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Table 2 Propose a comparison of the parameters of the design with similar designs

2% SCHR N /N FRLHL T B /% 5 /dBi
SCHR[11] 1.5X 1X0.043 72.1 2.4
SCHK[12] 1X1X0.193 38.0 9.0
CHK[13] 0.6X0.6X0.12 27.7 8.4
Hk[20] 0.76 X 0.63 X 0.02 3.14 7.6
XHk[21] 1.68x1.68 X 0.054 58.6 12.1
ik [22] 1.86X1.86X0.124 39.6 9.9
Hk[23] 1.39X1.08%0.07 27.6 6.8
AR 0.830.83X0.083 60.0 9.8
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