Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

ETHE BRI RSB -ER Rt

EIE3E EART KROE OKEH KB FEMW

Design of reflective linear-circular polarization converter based on phase gradient metasurface
Zhuang Ya-Qiang Wang Guang-Ming Zhang Xiao-Kuan Zhang Chen-Xin Cai Tong Li Hai-Peng
5| 15 & Citation: Acta Physica Sinica, 65, 154102 (2016) DOI: 10.7498/aps.65.154102

TE 25 7% 32 View online:  http://dx.doi.org/10.7498/aps.65.154102
23 N 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/115

R /\?LEGEMIE—

Artlcles you may be interested in

BT 27 1 1S S IR AR /o T Ak
Broadband and low-loss left-handed materials based on multi-opening cross shape structures
Yy 242 2016, 65(16): 164101  http://dx.doi.org/10.7498/aps.65.164101

R e A S TR RS o P R A T PR BT S SR B

Design and experimental verification of single-layer high-efficiency transmissive phase-gradient metasur-
face

YyH 24,2016, 65(15): 154101  http://dx.doi.org/10.7498/aps.65.154101

BT R 2 TR 1) S S Y 4% - [ AR AL e 4 2 it
Design of reflective linear-circular polarization converter based on phase gradient metasurface
Y3242 2016, 65(15): 154102  http://dx.doi.org/10.7498/aps.65.154102

SRR R 28 A AR AN A5 38 23 Hr

Atmospheric window characteristic and channel capacity of THz wave propagation
YE = 4.2016, 65(13): 134101  http://dx.doi.org/10.7498/aps.65.134101

IR 24 9 2178 TR 2 ) B 2 B R U 18 23
Sensitivity analysis of terahertz wave passive remote sensing of cirrus microphysical parameters
YyPE2EH%.2016, 65(13): 134102  http://dx.doi.org/10.7498/aps.65.134102


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.154102
http://dx.doi.org/10.7498/aps.65.154102
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I15
http://wulixb.iphy.ac.cn/CN/abstract/abstract67901.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67901.shtml
http://dx.doi.org/10.7498/aps.65.164101
http://wulixb.iphy.ac.cn/CN/abstract/abstract67912.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67912.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67912.shtml
http://dx.doi.org/10.7498/aps.65.154101
http://wulixb.iphy.ac.cn/CN/abstract/abstract67913.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67913.shtml
http://dx.doi.org/10.7498/aps.65.154102
http://wulixb.iphy.ac.cn/CN/abstract/abstract67617.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67617.shtml
http://dx.doi.org/10.7498/aps.65.134101
http://wulixb.iphy.ac.cn/CN/abstract/abstract67618.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67618.shtml
http://dx.doi.org/10.7498/aps.65.134102

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 15 (2016) 154102

AT HEBRENR SRS - ERLE RS

ETiE EAHT KA

KRHT HE FEM

(BELREREY 2RSS, 1% 710051)

(20154 12 A 2 HU&F; 2016 4 6 A 1 HUIEMEHH )

ATV T R AT 2k - B A AT b S0 A 317 T BE P B S AR AR e e % b3 7S S AN [ 45 4 2 B
SCHE R - A DU Gy 22— AR A LB SR R, K MR R i 2 BIAE 2 Ay 7 AT I A, Bt
TR g, SR EE AT U5 FOF SNSRI K, S8 E T IZ AR AL F AR AR 13.8—14.7 GHz S A SEHL T
19 R - T R A A A T S5 S . O SO AR T S S R S A T A L Al R, O A SR AR
SEARM— B R AT, 25 R R EAA R B A TE 13.8—14.7 GHz ST 9 I8 1 [ 5 26/ T+ —10 dB, b/ T

2 dB, T H S R a5 105 BEe 7 A — 2

KBRIE): ANOIORERE R, 26 - R A Fe e, w3 57 St
PACS: 41.20.Jb, 73.20.Mf, 77.22.-d, 84.90.+a

1 5 =

ARALAE LB R TH (phase gradient metasurface,
PGM) & — P ik A [7) A5 #% 1) 37 % K 5870 2 8] HF
A, E TP J7 180 T BSRR 67 66 B2 (1) 2% 1) Jre A 8 2 T
JE s T ) ) B B G SRR S A B AT SIEEGT H
W AR 4R B, DR e A R S /B i sl
R PR A 0L M T U B iz
BN AT B SAR LR (frequency selective
surface, FSS) #H Lk, FSS /& H [F]— Ff B 0 45 74 Ji 4
HEFN T BH, FE BT ) BT B DGV PR A2 0o 32 S e 2
(U, T PGM B JG 1) W T 75 2 [R] B I 48 i FE AT
FAOL, BRI K 280 BSS AE N — P [A] i 23 0 H

AE AL Ao 55 3EE 2 THD AR A8 -2 FH Capasso iR @ ZH T+
2011 AFF IR, It BT EE FET R 1) VR4 R
AREF) ST 7R AL RS BB R T, FRAELLAh ik B RniE
T AR /P EE LT SO R B UL &R
RRZH VLT 1 Ok B ) I s PGM, LEAS [8] ) N5
FRE R 0SB T S IE SO R R T R A
AT IR e T TSI B v KT S S AR 2 THT I A 1Y

* [E R HARIESEG (HHES: 61372034) BEHIFEREL.
T B E1E#E. E-mail: wgming01@sina.com
© 2016 FEYIEF S Chinese Physical Society

DOI: 10.7498 /aps.65.154102

S PGM, 8 R SGIE 1 i 2 THI e 9% = 2
A 2T 45 BT R 2 1) A U i 3 T
FLE S AR AR SR AR, 518 T E Ak
2 R U190 AR VA 2 b e U N S i
A T 2R THT B TC 25 4 11 P A 1 52077 1] ) A TR AR A% R
SEPL. Ma %5 USRI IESS TR S e vt i 7 v
T8 R M, BE W8 S I L AR AL Jie B AN 2% - [ B A0 %
s ZURH IR IV I B e Bt 1 LI 98
AL T Th R R R . LS DTk T
I 35 5y R 2 I AW A e 4 SR T, E 6 S T 9
A e R AR [RIE, SRRk [10] SR F XUE SIH B G 5E
LT LA T e (¥ 55 iy PGM ¥ 7 e S, FRATTER
FRAL T 22 JZ B R B R T, BETH SR B T R
A5 B8 0. Grady 25 2 BT = U@ S K
2R ATRE, BT 1 2R AL e % 7y S 4 SR R T
R DA Y, ATRE K 2 B b A i i R
2 S — (PR AL R R Dy e, 0T [ BN R 42 HE SR 5 1) A
SHB R AL R R T E T, TR, RSO R T
I [R5 AN - [ AW A B 8 T e FR) A Az
Ph AR

TP A B SR R AL S 505 T

http://wulizb.iphy.ac.cn

154102-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.154102
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 15 (2016) 154102

A A ROV E R I A R S S AR o 1 4
Y1 JE T2 A AR SCRI i (AR RS v B R L, AR
SCHR A R - T, A BB L SR AR
ALl T 340° FTRIEVE L. A SCBET TN A
SR SRV 7 2 BT, o O3 TR A AR T
SETRINL 709 —60°, AR T B A 46 - AL B e 2
RE ) —4EAR CLBh LR . P % — 4 e R i S 3
T -BRRAC R RS, AR AL BT IR, T
RS S B e e O IR AL 38, I HLAR ST L 5 75 ) T
LAE e e A AR 7 B AT IR 2

2 RATA LB RS PGM Y3t

2.1 "it[EIE

HI SO HE AT E T 18
Ao de

sin(f,) — sin(6;) = 5o A

(1)

ﬁ*{%%ﬁwxﬁwmwmﬁawdwdﬁ&
0, J I i, ns N2 LA R B S, Ao 9
by 2 D BB K o A D A
T, 0 = 0°, my = 1, MR 0 5 77 1

6, = arcsin (;—i %) (2)
x

R, AR R R R T i DL
g 81 T2 45— 5 1 5 A 93K 3 2 2 (RS T
B/ B LRI 9 A = 21 /n, BEHTEFIIA p,
m&ﬁﬁggﬂ%%%

de B
I = De/p=2m/np. (3)
B (3) AN (2) ATF S T7 17 0,
6, = arcsin(\g/np). (4)

HT (3) AT (4) QAT 2, 2 AR AR A0 870 J] 301
SEJa, SO0, BURT n BBUE, n BN Pt
(RIRH S0 BE B/ 52

2 - [ AR A B ) TARHLEL A {BOE o ik
HLBEI By I —2 J7 NS, SO i o Al 7) &
B SR S RN Ry, y AL B By X R
S R HN Ry, TR EATARAL AR HLR AN

|Erz| = Rux |Ez| ) (5)

|Ery| = Ryﬂc |Ea:| ) (6)
Arg (E,;) — Arg (Ery) = Arg (Ryz) — Arg (Ryx) )
(7)

Y |Rys| = |Rys| H Arg(Ry.) — Arg (Ry,) = £90°
I, S5 R IR A e, Fe b < +90° 7 IS ISR N
AT RAR A, B “—90°7 N A Jié IR AR AL 38

2.2 BREETEMNZIT

Bl 1AW T o4 niragR, 1E
T BRI H = 2. ok B+ - S5 0 R
TGRS 2 B AR I B 75 B9 AR S gk AT 15 0
(), 38 18 Y 5T B RS 28U A5 i 75 1 AR S
RUBE TR IG [PIE PR AR P A, IX A 4 e B A
VTR OT I R B AR AL, SR A R G B B CST
Microwave Studio #35 3K fif 25 1) 2 £ 5 T e 0T
BOLHHAT R, MR XFREWT: My
Nunit cell A BIVEL A6 A4%, 2 7 1A L1 &A%
Jopen (and space), z Jj A il 5 &4 & N A
MWy —2 J7 M E NS &t B,
AW E R ITTHA M Ap = 6 mm; & _LJE B Sk
Mo e B & B T EARRST 285 0N
a=02mm, b= 04mm; FEZENL =1 mm,
e, = 4.3 tand = 0.003 I AIIEMI; & NEN
R, JEE ¢ = 0.036 mm.

K1 (MTRG) i R ocdiin gl

Fig. 1. (color online) Schematic of the metasurface

unit cell.
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Fig. 2. (color online) Reflection phases against dimension .
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Table 1. The values of the dimension parameters for different unit cells.

BILF S 1 2 3 4 5 6
w/mm 2.10 3.77 3.97 4.10 4.24 4.63
[/mm 3.90 4.03 4.17 4.37 5.65 3.50

Arg(Rqz)/(°) 88.96 28.85 —29.38 —89.72 —145.06 —209.22
Arg(Ryz)/(°) —1.01 —61.14 —119.67 —179.66 —235.01 —299.24
Mag(Ruzz) 0.48 0.51 0.49 0.50 0.51 0.49
Mag(Ryz) 0.52 0.49 0.51 0.50 0.49 0.51

Yy
2—}:1:
1 2 3 4 5 6
B3 (TR — YA Aok 5 0 2R T )k 5 e IE L R

Fig. 3. (color online) Front view of supercell of the one-dimensional PGM.
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Fig. 4. (color online) Schematic diagram of anomalous

reflection and polarization conversion.
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Fig. 5. The simulated and measured results of mirror

reflectivity.
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Fig. 6. (color online) The reflective power intensity spectra

at xoz plane for xz-polarized wave normal incidence.
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Fig. 8. (color online) (a) The measurement sample;

(b) the measurement setup.
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Fig. 9. (color online) The measured results of reflective

power intensity spectra.
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Abstract

Manipulating the propagating direction and polarization state of electromagnetic wave is always fascinating and
used in a wide field. One of the approaches to achieving this aim is typically based on steering the propagation phase
of wave traveling inside an optical medium, such as dielectric lens. Nevertheless, this approach creates new problems,
such as high loss, bulky volume and fabrication difficulty. Recently, metasurface was found to be a two-dimensional
equivalence of metamaterial, which attracted a great deal of attention because of its unique properties and capability of
manipulating and controlling electromagnetic waves on a sub-wavelength scale. So metasurface serves as an alternative
approach to dealing with the loss and fabrication issues, and opens a door for bridging the gap between the fundamental
research of the artificial structures and their device applications.

A reflective phase gradient metasurface (PGM) achieving the linear-to-circular (LTC) polarization conversion and
anomalous reflection simultaneously is designed in this paper. Firstly, the conventional cross-shaped structure is modified
for enlarging the phase range. Then, six modified cross-shaped structures are designed cautiously to serve as quarter
wave-plates, and achieve 60° phase difference between adjacent structures. The reflection phase difference between z-
and y-direction components is 90°, and their magnitudes are both equal to 0.5. Secondly, a one-dimensional PGM is
constructed by distributing six modified cross-shaped quarter wave-plates one by one. Furthermore, an LTC polarization
converter with an area of 216 mm x 216 mm is designed by placing 36 x 6 one-dimensional PGMs periodically. The mirror
reflectivity and axial ratio are simulated and measured to verify the performances of LTC polarization conversion and
anomalous reflection. The measured sample is fabricated by printing circuit board technique through using FR4 substrate,
and a free space method is adopted in measurement in the anechoic chamber. In addition, the operating bandwidth
can be evaluated from the reflective power density spectra. The measured results of mirror reflectivity, reflective power
density spectra and axial ratio characteristic are in good agreement with the corresponding simulations, which shows
that the mirror reflectivity is lower than —10 dB; the axial ration is lower than 2 dB within the frequency band of
13.8—14.7 GHz. Meanwhile, the theoretical reflection angles from the generalized Snell law are consistent with the CST
microwave studio simulated results and measured results. Compared with the reported LTC polarization converters,
the proposed LTC polarization converter not only achieves polarization conversion, but also can manipulate the output
wave direction, thereby it has an important promising application value for microwave engineering and communication

system.
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