SR 58 Bl A 5 4k iR (L a5 X Th e o] EA B R A 1T
ANEFY FExVEEARY AEY WEkx
1) (P REHETE R, K¥b 410075)

2) (PR R ERE, KV 410083)
wHE

e R B RT E TO AR T 2 D e ] AR T SO . A
SCETE— BT B 2 D) e AR, R S IR BRI e 5 VR I 5 TR
FHIIRE MR D) M s TE VTl PIN AR SRR T B R T s 3,
B 3 [ L R R AR A S SR s ) R it o ) —
i B R I, B R T Lo X AR A, S N 7 2 T g W e 8 2 T LR g
SEREERT I, XT 4.08 - 9. 12 GHz Sl B2 s - 90%, AR IR AL S B
68. 1%, FIHVE R 10 dB. 1A A48 AR Tt A7) f B B,
FETH B BTN BRIE AR, N F) e R T D e AL e i T BRIRES 7
4.11-9.03 GHz MBI #% (PCR) =T 90%; 7EMFP TAERI
AR A JE R R e PRSI B 60° o AT RE AT EE A AR I E

9%3

B e B B A5 A R AT N AT
KRR BRI, WBRORRE; L, Thig nl =i

an)>



WMIhRER BB RE : WRiB 35 B mT i 5 LR AR AL BE R AT ) 4%

(b) REMRELH (@)

-

et
o, el

-

-

r 4

(c) MERTLEH (HRE)

3,

(d) 2x2 [ %M &%

___awiit N

(@) =#emrEE

"j

IERESHIR
(W)

QVv,=V,
—

@ MBRHK
\ H2: i

dVAVAS

SR AEAEFER

© WiREETE
QVi#V,

@ BRRIHR
(VE-1:114:3: 3

R 3% 358 FEE T 7 1

® 4.08-9.12 GHz
o MKE > 90%

o HXHRE 68.1%
o AiHEE > 10 dB
o i§fili%y 25 dB

o R/ BAREN
A4 60°

4 5 @ T 8 9
3% (GHz)
e

AR AT AE

R4 A (dB) PCR

0.4 & R;=5Q, R;=200Q
~&— R;=5Q, R;=500Q
—A— Ry;=5Q, R;=1000Q

—a— RB (co-pol)
—o— LR (cross-pol) 0.2

40 0.0 L— i
3456 7891 3 4567 8910
$iH (GHz) B (GHz)

©4.11-9.03 GHz
® PCR > 90%
o MMM EL 99%

L o /MR EIATIE 60°

e

W IEPIN R SRR, KIMRRIRE TS AR % {
AR A RER, ERERSSELBEDRERANR.

bt wins () zawe

PACS: 41.20.-q, 42.25.Bs, 78.20.Ci, 78.67.Pt

H&: WA EAPIRH (HHES: 20236K2055) .

T {5 {E# E-mail: denglw@csu.edu.cn
% —1E# .E-mail: liuyuxiao@csu.edu.cn


mailto:aaa@bbb.ccc

TAER, AR B S5 GRS [R] BB ) s R, 1532
BERENIDGE" o VRGBT, PR 2 T 2 F MUK 25 4
T A IEHRN A SRR, REVS R PRI AR L IR AR A L TE AT IR 4%
O MEEERT AR ARG B A RN, Bl e, S
WA, HEkR S . WTEMEES. SRRGET.

W& BRI HOR MR g, B8R 1 1) 2 D fe i RE S A F A 48 H B n
A EE A A RL, AR BT E AL M R 1 S BRI AT S s e AL HL
APEAG T ey E A LR R AL BB AT A LI VA R T
SRR SR e I BCT 2 R BARTTVAT ., (ESEEln) S IR
FEtg. RamtEZE. Stnl AT EAX SIS RO =, AE TR
R Z AR, N RZIR. BT EA R R S PIN ZARE . A&
B OMESEAIRAEES &, L AT A P A RS AT LI IT AR AR
HUREAFIE, AN SEEUNS A 384 . S AR TVAMIEL, W B RA R
PESE L AR, W RLPR. SRR AR, HAT, R A s e ST
1 S 2 D BE S U LT S AR T s

Huang <5 N\l 260 nl S S oot shA SRR A6, Sk
T R SR A Xia S5 AR PIN AR T 1 — Pl T 41
iAot BEL 70 8 25 1 9 5 S P EL SR BE PR R s I MR ™ o Zhang %5 AFE
AR LN PING AR, SEBL 7 OWE AR AL AT SO AL B B A& R 4%,
M= AAR T RS RCS GG 2 Fh B fiThRE™ . Pitilakis %5 A\
R 50 BT, GE DR S A R B G L, RSB SE SR

AR



WER I8 B8R P T R RO AOTR A T e et b 1) £ 2 B S LA B
AEL S /A DR 3 5 ) 0 5 A0 49 T e A Bl L T D) P R THT R 5
A G 1 W I B P T R R R T — MR I BRSPS B e, Rl
A AR A SME X A AN AT IR, SEORAEEE E FR
P — RO ORI REE R (F RN, SRR SEWAE IR, B—)
T, o] 5 AN T AR MR A B 40 AR i I o 52 4% 35 46 3 I8 PR A2 BR

ASCBEH— RN PIN AR Ot BRER e T, 3 [ it e 7 o
KA 54 BRAR A 32, i rURRE e, 5 1k w5 B Rl 4
JEFLEE G2 2 g MR P PIN AR SR, M
AR 52 B AH R SR 32 v B P TN, DRI PO AR AN P A IR A 4 i 5 i
I (R R R T LA RAP IR PR RS, FLI I 203 R A PIN W [ 45 A LR
FEARAL, AT SR BB R T o 20 AR 2 B R SR P R, R T
(BT AR REIR , R T A ) b, O R T B BT AR AL
A TRe,  HIE O B R A AR A e AR R BRI T LS AR
] U 55 A L 45 19 0 R T SR L) 4
2 N R EEWRIT SRR
2.1 Ziycit

wert R I A E 1 Fros, R e e il FLRY 7 RSB R Al it
EREESEEER T ORI, SEEEH B33 0 5.8X107 S/m
ko TEDUA MR PIN AR, TR0 B K AR M IE RS 520 —
AN/NHRH . 8 I O R A DR/ MBS PIN AR 7EAS [R) B FEL R IR
B TR SR WSO I, R SR RO — N BB E BN, AT EIARE
TR PIN 85N Skyworks AR 4= SMP1302-079LF, #[#

4



Skyworks B W Z 1501, SR PIN 8 SR BHPLTE 5Q-1000Q (8] A5 4L,
Hh S5 B BT 500Q IR B AT, B4R 0.3 pF ¥/
HLZY

14 i B2 513 FL 2 18] DA KRG ER 1t FL 2k 5 0 FL 2 TA) I u it i gk, # L
WHE )y 52 nH MUK, DARS (3R A2 A M il fLIm A B E BT, Ao
Job JEEAT AR A FRLHE 3 & 9 2.65, FFE IEY) tand 9 0.0013 1) FAB. Hr[A] 2
SRR, TEA LA 1 B O E A SR A . O L R R R R AR T
ey, DA FLES AR BRI H R, B 2 R BRI 2X2 HITh
RV FL 4 ), %405 F AT A A PING AR i A [0 B2 P I , T 6 A AT PIN
TR NN [F O B L, ARSI R I ) 2 ThRE R . ROt &
RS 283 1 Fis

F4B




b

(b) (©

1 Beaifvert: (a)=4E450; (b)REHHE: (I
Fig. 1. Metasurface unit cell design: (a) three-dimensional structure; (b)bottom feed

layer; (c)top view

Vi m

n | |

[ | 1
| |

| | |
[l 1

[ | [ |
1 1

| | |

v,

2 JEEHE 2 X 2 I R ek 4 A

Fig. 2. Distribution of the bottom feeder lines in the 2x2 configuration

® 1 HEERH NS

Table 1. Parameters of metasurface

U5 ZHE (mm) NS ZHUH (mm)
I 20 wi 1




b 20 w2 0.6

I3 7 hy 6
Iy 3.1 hs 1
Is 4.924 r 0.18
ls 1.6

2.2 W3 T VA
R AT IR P REE PIN — BB TR S S BELEL T B S R
A 3 BT AT H A ROTOBREL 4.08-9.12GHz CHIXH 9509

68.1%), HARTAIEEII KT 10dB, WEAE AT IETEEIAR] T 25dB.

[ ]

-10

-15 F

-20

Reflection Coefficient (dB)

25+

30 I I I
4 6 8 10

Frequency (GHz)

3 PIN HRAEFEANRI S AL BT T B R T 1 S R £k
Fig. 3. Reflection Curves of Metasurface with PIN Diodes under Different Equivalent
Impedances
Kl 4 5 PIN ZHESMPADTA 90Q I, P MEHR ST AT S £=4.25,

=825 RIMHEIRHE J REDAE, TR E B A5



Pl e Tk e S 4 st
HE W b
Y _“;1 A( { i i el <ol i
s =~
| ’ A r A
v Z iy <wﬁ e jjmﬂ
4y PL U
l r 2h 871 i y e
,i‘... ) o -
” L % EH
(a) (b)

K 4 BERRAFRBBIR2M: (a) f=4.25GHz; (b) f=8.25GHz

Fig. 4. Metasurface surface current distribution (a) fi=4.25GHz (b) f;=8.25GHz

2 THT PR 5 A JERASE P AR S LU Be, 2,65, 100 A1 1Y 1and790.0013
HIF4B, SRMENFAMEHEEL, F4B #HEATAZERTHER IR E T, #ifk
FESENGT VU A, R I R PE RE DR AGE o T T IR B
FEAAF BRI AER™, ENRRA B RuE e, RO SR
FERNIS I A i RS HIAR 2, PRI BCPIN — A 8 4 2% HL B D 90Q2.

s Ca) Firos, E60° KRNI A I i 2 R B ML e T3 AR S E « 15
(b) AT, TEMALS TMARAL S FE N NS I SO R AR B, e R A

SR — EZE S

0 0
. i\ F | ﬂu
-10 -10 = a
\ /

—=— TM 5°

ent (dB)

—e— M 50°
—— TM 60°

Reflection Coefficient (dB)
a

Reflection Coefficil
. K
S

30k

4 6 8 10 4 6 8 10
Frequency (GHz) Frequency (GHz)

(a) (b
5 KNSRI RS 225 (a) TE #th; (b) T™M b

Fig. 5. Reflection coefficient of the metasurface at large incident angles: (a)TE.

8



polarization; (b) TM polarization
2.3 LA RE

2y ZVoIN, RE AL A AR BT R, Roy BEIN R THI
BEGUN RPN, B 21 B AR AR X e W vl R e A il A ety i . AR
PR TFMELRI=5Q, R=500Q, {FAH48 M5B HIT R AR AZE R . IhhS
HERHI7E4-9GHZ $7B A FR) S A 28 BOP 2 ) [543 P 2 P16 P 7 -

0
—~ '5 B
m
Z
*g 10 .
2
=
8 -15}
Q
=
.2
8 -20 —&— XX
% —— Xy
# st
=30 1 1 1
4 6 8 10
Frequency (GHz)

B 6 A XAk R A S S 2 Bt 25
Fig. 6. Cross-polarization and co-polarization reflection coefficient curves

£ 4-9 GHz JulH W, 2 XA B 2 5o |4EFFAE-5dB (HEEZ) 0.56) LA
i E AR A S R B B A0 T-10dB (TR1E LS 0.32)LAR, RISl ik,
P e O SEIL Ry R AL 7 B R e i

VE N PPAR 2o B A 3 1 BEAZ o F B AR I B AL 35 3% (Polarization
Conversion Ratio, PCR) , AEIRAE XM AK ST RE = 4 S ST e I el A]
KRN



|rxy|2

PCR = .
|rxx|2+|rxy| (1)

Kl7f~ PCR MSizketE. W, 4-9 GHZIEW, B SEr 5
Vor ik — 5 SEBUHARPIN R 8] S5 R T 2 e, SETAR AL e 4 3w i
WA B e 2P B = T 0.9, WEAB AR AL B 0 3% 35 99%, B IE 1 12 2R THT HL 4%
LA B e 1 o T 4

1.0
0.8 F
0.6 -
=
O
-
0.4+
—=— R1=5Q, R2=200Q
—o— RI=5Q, R2=500Q
02l —— R1=5Q, R2=1000Q
00 1 1 1 .
4 6 8 10
Frequency (GHz)

7 WAL i 2
Fig. 7. Polarization Conversion Ratio curve
KI8%5 th 1 R/=5Q, Ro=500QN 3 1 f1) K 1T HEL AL 25 SR B AT 1], R LK
BTN, SO BRI 2 8 iR, S5 R0 BHPT R W9 B R 53 52 1) J
i T A DU R PR, DRI ™ A 1) 25 1) S VAR HL L & AR B ¥ D g, 3
AR Y, 5 T HE— 25 SEEAR AR PIN A 2 19 ) S5 R BEL T 2 5, M 412 1 A

(RS

10



JJJJJJ

[Am] 5 Jsurf [A/m] [}
Max. 264 854 o * Max: 270 608 " 1 4

200 L [ 200 v
. o~y
B: 77 A Bl e S
Y i Y -y
' 4 14 iy |
80 l“ » > ‘4
Y Ll 7Y Jlaw
II 0 ‘:’ '*i‘ II . W X
i ccjsa i ’§ A o > : 3l IP“ ‘i“ » ’Y
V.
“ 4 ; ‘V r ;‘ od \' "‘ y
P\ SN, - ‘\ "m —
L ® ~ LY
(a) (b)

8 HAFRMMRMEHBER O : (a) /i=4.25GHz; (b) f,=8.25GHz

Fig. 8. Metasurface surface current distribution: (a) fi=4.25GHz; (b) f=8.25GHz

R R Z A5 PIN RS S R Y8 Bl A AR B PR e AR e 1, B
Ri=5Q, R=500Q; MLIN R Jy45° HUIa] B % [0 S5 48, FENS A1 2960°
I, HARACFA AR N9 () Fon. BERTEN BRI T R HE
PG, BRI R A2 — R 2SR, IR R F AR
BRI GRS, i) KA, A FBAER MR AL IR, RN
WHRA I A& WO A RS IR, [ = ARBE BTVL e PR R AL, | 3L
PCR {EBSHUI SR ZLE )Y, 7260° KNS AEHLN, XML G Lg% .
{H AR T ) AR AR IR AR 2, BEIRKE H AR BB R O RE o

HI1E9 (b) AIAL, TEMALS TMBRAL T /NN S F B A e A 2 il 2o Je AR —
Bl MAE RN A A —EZ 57

(T x
[ e AR
08+ 0.8 s o I \
\
/ \
| ‘ | W \‘ \ “
0.6 \ 0.6 |
& | 4 / \
o O { \
4 &
041 I 04r ‘ ‘
—=— TE,RI=5Q, R2=500Q, 0=0°
02 e TERIZ5Q, R2-500Q, 0 =60° 02r
i —=— TM RI=5Q) R2=5000, 0=0°
) / —e— TV RI55Q, R2=500Q, 0=60°
0.0 . . . i 0.0 . A f
4 6 8 10 4 6 8 10
Frequency (GHz) Frequency (GHz)
(a) (b)

11



B9 RS TR ISR, (@) TE Hik: (b) T™ Hifk
Fig. 9. Polarization conversion ratio of the metasurface at large incident angles: (a) TE
polarization; (b) TM polarization
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Table 2. Performances comparison between the designed metasurface and those of the
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Fig. 11. (a) Corresponding relationship between the top layer and the equivalent circuit;
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Table 3. Parameters of the equivalent circuit

AT S ZHUA (pF) i) ZHUE (nH)
G 0.128 L, 27.86
C 0.041 L, 17.92
Cs 0.082 L;s 9.14
Cy 0.207 Ly 4.38
Cs 0.097 Ls 12.47

TS 0 1 4 R 2 T R 0 S SRR L 120 7
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Fig. 12. Comparison between the results of the equivalent circuit and the electromagnetic

simulation.
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cross-polarization and co-polarization reflection coefficients under TE and TM

polarization at incident angle of 60°
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Design of a Dual-Functional Reconfigurable
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f . . . . *
Switchable Linear Polarization Conversion
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Abstract

Reconfigurable metasurfaces integrated with tunable active
devices have become a prominent research hotspot in
electromagnetic engineering, enabling dynamic and flexible
manipulation of electromagnetic waves. However, many of the
reported reconfigurable metasurfaces can only achieve single
function, and a few multifunctional designs also face bottlenecks
such as narrow operating bandwidth, poor angular stability, and
complex bias control networks, which limit the practical
applications in smart electromagnetic systems. To solve these
problems, this paper proposes one compact and highly integrated
reconfigurable metasurface, realizing integration and reversible
switch of dynamically tunable microwave absorption and
high-efficiency linear polarization conversion.

In the design, four SMP1302-079LF PIN diodes are embedded
into the centrosymmetric metasurface unit, and a coaxial feeding
structure with 52 nH choke inductor is adopted to independently
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control the working state of the diodes. The electromagnetic
characteristics and working mechanism of the designed
metasurface are systematically analyzed by full-wave simulation
and theoretical calculation. When the same bias voltage is applied
to all PIN diodes, the metasurface maintains a centrosymmetric
structure and operates in the tunable absorption mode. The
simulation results show that the absorptivity is larger than 90% in
4.08-9.12 GHz, with the relative bandwidth of 68.1%, and the
absorption intensity can be tuned over 10 dB with a peak tuning
range of 25 dB. When different bias voltages are applied to
adjacent PIN diodes, the impedance symmetry of the metasurface
1s broken, and the metasurface switches to the linear polarization
conversion mode. In this mode, the polarization conversion ratio
(PCR) exceeds 90% in 4.11-9.03 GHz, and the peak PCR reaches
99%. The physical mechanism reveals that the polarization
conversion relies on the electrically controlled asymmetric
electromagnetic response, which is more flexible than the
traditional geometric asymmetry design. In addition, the
metasurface maintains stable performance with incident angles up
to 60° for both TE and TM polarizations in two working modes,
showing excellent angular and polarization stability.

A prototype with 9%x9 units (180%180 mm?) is fabricated and

measured by the arch method following GJB2038A-2011 standard.

25



The measured results agree well with the simulation data,
verifying effectiveness of the design. The proposed metasurface
has the advantages of compact structure, flexible function switch,
wide bandwidth and strong angular stability, showing extensive
application prospect in intelligent stealth, adaptive camouflage and
anti-interference wireless communication systems.

Keywords: metasurface, absorption strength, linear polarization conversion,

reconfigurable
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