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Design of ferrite-based broadband high gain microstrip antenna

CHEN Pan, LI Gaosheng'

College of Electrical and Information Engineering, Hunan University, Changsha 410082, China

Abstract: [ Objectives ] In order to effectively improve the gain and bandwidth of antennae, a low-cost and
tunable stacked microstrip antenna based on ferrite is proposed for WLAN. [ Methods | By adopting magnet-
ic ferrite as the substrate of the microstrip antenna, its performance and response to external electromagnetic
fields can be adjusted. Its directional characteristics can also be tuned via a laminated substrate structure to im-
prove the gain. By arranging elliptical parasitic patches in a clockwise direction around the metal patch, the
bandwidth characteristics of the antenna can be effectively improved. [ Results ] The measured data and simu-
lation results are in good agreement, covering the entire frequency band range of 5.15-5.35 GHz in the WLAN
system. According to the test results, the relative bandwidth of the antenna in the C-band is 19% and its highest
gain is 9.15 dBi. [ Conclusions ] The results of this study can provide references for the design of miniatur-
ized and magnetically tunable antennas.

Key words: microstrip antenna; adjustable tunable antenna; ferrite; parasitic patch

v 2 A] EE Y R 2 i I T ME
0 51 &

f A R ERHUH T X

RN B R Wi AR B4 AL U i P G, 8 T SR )

Wit 257 308 1 B A B DR e g, B X 2 HnT
P PERE T AL BT R R 2R BEOK H 4, B0 R 2%
WA PR REAALRY IR . HAT, K2Ry
CIN G ECRo TG iR P cbiin > 4 2w A LI 3 R B
P R AR B T o S 0 O PR U T DA S B, BR TR R
2 FMBEAT VT Z 81, 30 5 A B HL R
2R FHAS R 2 P BB 52 Wi 58 /0 119 VAL O B P B, X

s B E: 2021-11-05 f&EE B H:2022-05-17
ELWB: BE AR FEE I HE (62073130)

T 8 R AR TLRE W 1 5N 3 BEAT Bk S8 MR Bl 2 00
P2, DA BSE 2 At e 1 R ke T AR ) A, HG P AR
WRL P RBUN B AR SF e 552
TR, AR A A7 AT AT L 3 R A L R AR AR B
Moo NI, SR T 2R R LB BRI N
T RE B9 98, Bl antn U A= HIZE BT | 1]
R PR SR SR A A R AT AR R P A

MEE&KRE: 2022-08—16 14:52

YEE B A BREE, B, 1998 4R 4L, Wit-A:, WF5E 5 K& 54K . E-mail: chenpan@hnu.edu.cn
ZERTE 55, 1980 4FA:, i, #d%, Wl RESSHHA, rRAE SPiHR . E-mail gaosheng7070@163.com

“BIEEE: R


https://kns.cnki.net/kcms/detail/42.1755.TJ.20220816.0841.001.html
http:www.ship-research.com
http://dx.doi.org/10.19693/j.issn.1673-3185.02582

i 4 1)

WREE S L Tk AR A i veg 38 i Pl KRBT 135

BERBRL M 2B A X T2 ol K2R
T, X R LR i 5 M A R R T2 A S AR i
T 2 A J5T 35 A K08 A 1 5 e U] A X6 28805 [
B, 24 5R FH 4% 1l (6] 0 A ) B, oy R 4k 1) 0% o 9
JE 5 0 2 R b, BIVAS B[] B f e 38 45 R0 9 i
WY HESR, Fir DAAS SCKE A 45 1) S 1 4k A4
VE R R ) T2 A ot He A, IR 2k S8 AR b BHLE
HMINHE G PREE T 545 ) S Pk R T, kAU
g TR A TR LA R ZMERE I 40 /N R AT S

PRI, A SCARL 38 T — i fin 28 42k AL 4 R 1 T
PAPE S IO R, 2 S U Rk 4 &
B 5 FUOR™, IR B I AF £ W R i 07 vk ok 4R
JEAlr 55 o A T RN AR S A7 0 BR 1] 45
) B, 1% 2 & 2R kIS 2 A S ARORE 1
RT/D 5880 A4 #}, T J23 A Jox 5 A fiff FH 42k S 4 44 L
FEM =z T FH I S0 A A it e, DAOR B AN N 3
KLk RE 0 IR 5 T BE o 38 I 7R kAR AR AR 1R
T4 A 24 g AU B 25 A= 05 R, DT S 80— Fofod H
T IC 4 5 38 N (wireless local area network, WLAN)
()R R S R

1 R&kixil

1.1 R&kixilhiag

REBHA 2 A KRl — BRI R Y
AR, )R &R LIS e
AR SR A b B A5 4% D (91, 4 A 7 07 1) 5
TP 0 ELIN, POk AR B G R oy i, B

M M O
p=| M1 M O (1)
0 0 s
/\EFl:
WeWp,
Hii = fin =#0(1+ o zc_wz)
. Wy (2)
Hi2 = —H21 :Jﬂom
M33 = Ho

it':’jiﬂn,#lz’#znﬂzz’ﬂ% ﬁjjjé'{{ﬁ‘uﬁ’ﬂﬁj\ﬁ, ,uoﬂ»j
BT w, = yuoHo, WHLE AR, Hrfy
Ao (L H CRIV H, 5 H 7 2 1) 4 0B 5 L B 2 1Y 1
{8, Hy N REHMINEEG W05 18 5 wn = yuoMs,
W55 LRI R A R B B O L B AR AR R, b M
AR B A BE AR BE 5 § 9 HEHG w FR

A INRE S 7 1) BB, BT AR K A b g, F
o B4 TSN BE I, wn =0, Wi, = pyy =0,
M1 = Moz = M33, ﬁtﬁ#%%%ﬂ@ﬁzﬁ%%ﬁﬁ%, B4
tg [l P o AL, ) Ak 4 A AN Tl 1 37 B 05 1)

A S AN ) B A, TR R SR S e R
2R A o R AR, e S AN (R 5 B S g
BV AT A R A AR R A ) P B2, DA T S B AR
WA KRBT . oh T30 Bk bR R D
T, A 5 S B BE S R AL, O T RO 2K
0 A B, TR R R R B O R B U
B BRSO J2= B sUE AR B TOUZ S A, LR
UER LR Al R o % T HA AL 5 AR A Bk
AR, AT LIRS B A LR RO ) A 1 AR
e, DT AT ARA SR figp 3 2B ARy RS

1.2 Kek&h

KL BRI . A6 1527 A 0 R 2 BBl
R R, Qs 1 s o T0UZ AR T SR A R
A HLUE R 1501, ARG SR 0 1200 Oe. K2R
SN #E H,y 3 E ) L, R Ak SR B R 0~
1250 Oe. [RIJE U J i) [ .Co Shy T )22 8 Al 1) v o
4 A 2 AR 0 R Rl S SR R K L e A o)
Wk 45°,135°, 2250, 315°, H & AN 2F 42 W | 5 3k

AN R

BRAIA

RT/D5880 #1 4}
GND
(a) REAIY = LR

L

w
(b) TR R
L
- §
L
v
(c) e 2T pLE
B R

Fig. 1 Antenna model



136 W RalfE . S e T

B r O A 5 B A A, DU R R R R Al B .
AR 2 AL 2 S Al 3 T 14 5 2 E AT R A B
i, JiS )2 3 AR RT/D 5880 41 Kk A Hi % %k 2.2,
PAFEAM IEDI R 0.000 9 Bl 1 H: by, by, by 53 500K
JES 2 M A JRE B L 2 B e A =2 1] S KR Y R
R AR A 1 JREJEE 5 W7 Sk DI )2 R AR Ak 4 M S A
(49 58 BE 5 a R b 43 590 S A0 T80 25 A 00 R ) A il I
S WIS AR s AR R S EE
W R A s L T W 200 R A FL R B K B N B B

2 R&SH

SR R LA IR A DR 3R A 45 [ R
FERGE | A AR5 B W R R s DL RSk
TN 0 RE A S8 JEE Hy o 38 3 45 BEA% 1 R s, BRI
BEEE Gl PN E S 30: RNSRN CIRI N L ANTTE 6]
JR R T AT 98 o 18 2 Jir 7n ol K £k [l gl i 4
Sy BEFLES s AR 00, B B RS s A3, KLk
TR A AR T 1 5 AL Bl ELOC S B I 2 S
YR SRS

L - —s=13.5mm
20+ —-—s=14.5 mm
b s=15.5 mm

4?5 5?0 5..5 6..0
Hi#/GHz
B2 BEES s XKLL S, M
Fig.2 The influence of the distance s on the S, of antenna

F 1] 2 TR, R £ [l e 453 RE ) Rz il £k AE A
2 NIRRT N, 8 SEE I BN, S IR
F B R U 7 A AR A 1 AR A ) A AR G
A B3 R R S, BRI WA SR BE H, 1Y
AR L, 2 R LR B AR AE SN IR 0, 8 IR
AR 5.15 GHz; >4 il BIAEAE SN R ), RE )
TR AT S B H, P 1S 0 T 328 ) 55 AR B, {H 448
XF il e AR RS

&l 4 ffr 7R RETEA R SMM#E 5 5 T 19 J5
] &, BEE Hy 07284k, RE D7 MoK 2 A= W1 i AR
b, AN e i 36 25 B T BN AR X 1 B A R
VAN SR R Jr1a . Kl 4 v E T RH TH
G300 R R R ) e R T 1) 5 R T 1) L WG T
Tia) JIT 2 B 1)~ 1T o

&l 5 7R o KRG R 7RI IR A0 s 5.15 GHz B
1) 2% THT FEL I 43 A L, AT RNAE R [RVAR AL, 25 A2
Ji LA 1A (] R far 1 R, XU BH A AR U T

17 %
0 B =
/’/
s
\\ //
/1
-5 ‘\\ ﬂ
N i
%i \\ /’//
Y 10 prrrmmr ey \-\ --------------- Ff===mmmmmmmmm—-
H=0A/m \\{ i
—-—H=100A/m Wy ,//' >~\\ /!
N o
5| - - HF10°A/Mm V3
45 5.0 5.5 6.0
M /GHz

3 AFESMNEIAIAE T S,
Fig.3 S|, under different applied magnetic fields

0 ——H,=0 A/m

0 —— H=0A/m

H,=10° A/m
300 60

270

240 120

180
(b) H T

4 ANFESMIMEEBHIREL T HIRELTT

Fig. 4 Patterns of antenna under different applied magnetic fields

ARG T RS A LR AT, #1 58 RE YAl 9
A G O B AR BEAT I R A AL, &G
BN 1 FR R LRRL R S8

3 MRS

52 B R LM R SF 28, A SOT R
TSN T HIE, I Keysight 23 7 A ES063A
R 5 48 43 T ASCHEA T 04X, 03451 B R 4 ~8 GHz.
o A T KRG AR S KR 2 R A R, BRSO
2R AN 3 0 W A 5 BE, A 2% S CH-1600 75
Wit B 6 s R KRS 5 R ER 5T



94 PR S, TR AR Y T e 1 A O Rzt 137
B AT A T8 19%, BV SC I 47 58 i K T 0 By
f;' f;» E-:S;S:‘} :\’ e, FUHIE A, AT AL K LR 4 I Ay BOAE R AL,
&7 * LA s Y . YOI e .
8 g{.ﬁ; . - ,:,% M R 2 2 J2 Sl 2 [a] 1 25 <R AR 5, R AR 1Y
o (e oy SO L O, 5 B T PR A 0 Wi,
Urrn) o5y o - S3 RN N . \
SR OB ) I AR ] 25 KU B9 B 2400 0.7 mm,
KM LA JhE e 2 25 i 22 P S 309 b J2 B AR B/ i R
(o) M0 (o) Fifi=90 AT 2 J52 4 2 A 52 00 W 6, 3, 0 2 5
E QS N R = K g
g”}.} Gf}
£ Ny Or
'j,.ﬁ“f‘“ fw -5t
Eeais
(o, ¥y 10
| 4r) S ¢ 5 o —15} :
= TOUH
% 20t vl —— H=0 A/m
(c) Hilfi=180° (d) Hifiz=270° s L
- N - H=10*A/m
K5 RERMIMER DA 30l —-—H=10° A/m
Fig. 5 Current distribution on antenna surface 35 ) ) ) ) )
4 5 6 7 8
i 2%
%1 REHDSY /Gt
Table 1 Dimensions of antenna model 7 LT AFSMIHEAASL T S, SR
Fig. 7 Measured data of S, in different external magnetic fields
ZH B {H/mm ZH Bl /mm
I 1.575 r 6.5 Kl 8 it i R AE E T -5 H T N A 5200 5[]
I 0.7 a 6 B R ZSEI Ty ) B 2 A KGR BR8] — 50
hy 1 b 4 W I A B AR Ak, K27 )
L 508 L 25 TR W ARk o 3 AT Ak 1Y i R 4 R AR
w 50.8 W, 1 T 9 dBi, H KL EH /5 5.15 GHz B9 25 i1 8 T
s 14.5 9.15dBi. Kith, {5 FLA5 R 5 5025 REIE 7% K

e
Bl K& SIS
Fig. 6 Antenna object and test environment
K7 B R R SRR AN IG5 30 85 F
1 Sy, B Akt 26, 4 8 A TR SN NG S g, K2k
(S R A9 5 R 5.15 GHz, HLIEHR M 5 4 Bt %5 SM in
il L R A e %) Y54 T i 28 0 1 v AR RS Bl ]
DL, RS Wy i i 5 ECRE 400 T 2 B0 A A 1 —
H. HEXHEHAET, S, /D F-10 dB RYBHHTHF 5%
4 4.75 ~5.73 GHz, 45 % 71 & 41 980 MHz, 7 C %

Zeon] DU R Sl | R A AR SR R EOR, B
UESE T ARSCREI7 L T AT

2 R AR ICE 7 R AR [ AR SCHRAE
Vit R 25 TR B W T R R B B R
A (HAB AL 5 R DR Z L), T4
FETARTEA RSB R R 28, 2 IR &
JUSE CRSE 7 ) L g Ay B AT R0k . AL
PO R AR 9L . 3G 4% . NS5 07 1 B A
(/0

4 o5 5

AL T — B TR SRR Y AT O )
A Rk, 5 A STER b 5 58 48 1o R 4R
AL, BT A a5 L T/ B R BRI T B
AIPERE o AN FH R A0 A riL o 50 18 e e Dl
INT KRR SE(SEFR R SF 4 0.050 8 mx0.050 8 mx
0.003 275 m) , i F| Bk S8 AR 3 R AE WL S PR 8 T
25 1) S AR oS S B T R R G AT R, ] A R T
WP RL MR IR LS % . f i B2,
H 045 R 4 A2 il F A1 B Rk, PR TR —
2 [A) R O R, 3K A 2 4R R 2 Y Jm R BT 7E



138

iy P AE . AL E

K43 /dBi
[RRRN
D= =W RANRWNI— =)
SOoOSSSSTSSSoooS

(e) Ji%=53 GHz, H7=0A/m

(f) #%=5.3 GHz, H,=10*A/m

8  SLMERETT I

Fig. 8 Measured patterns of antenna

20 -
10 +
0F
710 L
=
S i
SE 0 [
=
_20 L
—10 +
0F
10 +
20 -
(d) #i%=5.15 GHz, H,=10*A/m
R2 REMREMILER
Table 2 Comparison results of antenna performance
LD KL /m BELLHT 9E/MHz  f5e K £6/dBi
SCHR[S]  1.232,%1.362,x0.058., 640 7.92
SCHR9]  0.7420%0.742,%0.14, 1944 9
SCER[10]  1.182,%1.18.0,%0.028.4, 970 10
SCHR[11] 1.292,%1.0129%0.044, 2360 5.26
SCHR[12]  0.844,%0.682,%0.064, 2330 6.2
SCHR[14]  0.432,x0.432,%0.214, 1 680 9.36
HR[17]  0.682,%0.681,%0.0254, 620 7.9
V. '8 0.871yx0.871¢x0.056 1, 980 9.15
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