Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

ET 5T AR BR E R %
etk HEF L& KLY P
Wide—angle method for vortex electromagnetic wave generation using field transformation

Feng Jia-Lin ~ ShiHong-Yu  Wang Yuan  Zhang An-Xue  Xu Zhuo

5] Fi{# B Citation: Acta Physica Sinica, 69, 135201 (2020) DOI: 10.7498/aps.69.20200365
TEZE[R]1E View online: https:/doi.org/10.7498/aps.69.20200365
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

AR R AR AL AR ) iS5 05
Design and application of flat spiral phase plate
YA 2019, 68(5): 054102  https:/doi.org/10.7498/aps.68.20181677

AT SR AR I b 't R PLIE ) Bl 25 A BT 0

Progress of detecting orbital angular momentum states of optical vortices through diffraction gratings

PPz, 2018, 67(3): 034201 https://doi.org/10.7498/aps.67.20171899

TRk B
Millimeter—wave half-waveplate based on field transformation

PrPeEd. 2018, 67(7): 070201  https://doi.org/10.7498/aps.67.20171774

KA Z ST s M shi i il

Modulation of orbital angular momentum in long periodchirally—coupled—cores fiber

P4 2019, 68(6): 064211  https://doi.org/10.7498/aps.68.20182036

—FHGE A SR SR T (R 5

Research of a wide—angle backscattering enhancement metasurface

YrH2Ed. 2018, 67(19): 198101  https://doi.org/10.7498/aps.67.20181053

DUE - DU ZE IR AR P U 73 HH BB AR (37 335 7

Analysis of orbital angular momentum spectra of Hankel-Bessel beams in channels with oceanic turbulence

YrH2E 4. 2018, 67(11): 114201  hitps://doi.org/10.7498/aps.67.20180155


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20200365
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.68.20181677
https://doi.org/10.7498/aps.67.20171899
https://doi.org/10.7498/aps.67.20171774
https://doi.org/10.7498/aps.68.20182036
https://doi.org/10.7498/aps.67.20181053
https://doi.org/10.7498/aps.67.20180155

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 13 (2020) 135201

TH: B

BT THIBICRI K 5 iR nE B RGR ERTT %

TARD %

1) (T9sCii R, ZUREM BG4S

T2

KD Hpay

MEFRE SIS, V9% 710049)

2) (PRSI RF, T 5E B, 1% 710049)
3) (PULACMAE, F P AP E R E A LR E, P 710049)
(2020 4 3 A 12 HE]; 2020 4F 6 A 13 HUEEMEHHR)

Gy AR A — T 55 S R RE T SR A T B L AR e vk AT R F R DA A R B BT R AT A 4 AR SR I T —Fh
BT 3770 46 PR B R AR PR A S0 PR AR D kL R T ZO VR BT T — Rl T e R L 98 A A N B
Jit, i % A S UE T T B A T vk B RN TR 2 R IR AN, R L S AR A 2 B 16 i R R
I HLEAT B B A BERRE P, 78 60°RE A ST TS RE 7™ A= s Jie v 1 7.

KR Pubfshit, YA, RKAEALY, ek

PACS: 52.35.Mw, 42.25.Ja

1 5 =

FEL G AT RE SR A Bl i, Sl T Loy b2
AR S, o AR SR A D iR DR E B H i
fAi 3l & (spin angular momentum, SAM) Fl iy 't
23 [6) 43 A1 P22 19 #1368 1 3 i (orbital angular
momentum, OAM)I. [ Jigf sl it 5 Wik is il Ak
A K. BE S R T T SR RE AL U
e i0) NN AR SR A MRS A i
A M S R R Th, Horh b g O
R, n A W R R, AR TSR T AR
1 OAM A, 1B ] LA TES5 BIIETESS , A ]
1 OAM A EIEZZ PR L NI S 4, #A
[F) 4 £ 5 ) BN R R =X Y O AML i Jig gl | 7T LA
SR [F] — BT A e 55 2 ST Y B0E
fAsh R EE, XX THEE RENFER A E

R R S X R 5 75 3 AT R kS (D A

JELF AR P AR T A B . Ak, OAM IR AE

*ER HRBIERES (S 61871315) W BhAYIRAL
t BfE1E# . E-mail: honyo.shil987@gmail.com
©2020 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.69.20200365

B A BRGSO, B A7 i 17 AR A R
K],

HRLE AR OAM FHUE A& TJTEA:
YRTEAANIAR (spiral phase plate, SPP)E-101 g Az 1
THE 4 Bk 12 RERRES) 191 45 B4 25 I Tk B
K RSFER . FrAE R OAM X — sl 35 e fe
BN e S A AR FH R R TR AT DAl e
A AR A8 B R A5 P A OAM I 2 28 W iF 58 44
A o B FE TR RS g e 2 TR O B R
il B4 F T JLART AR o7 3458 114 368 T S R 7= A 19161 1
BE T A% A 7 1 8 8 O R 1T A 7 kL 2016 4R
Yue & U8 R LT AR 49 PR T T —FR LS
ST HEE 100% BRI OAM S H K. Yang
S 9] S TSP TR E AT FIRIAST T OAM U
MY AR, (RS BN, Sy 18°. HRTKRZ
BT ARG T RO B A i OAMIMO-21 JEAR |
HR A ELECE/NA BE AR OAM 3, B RATER
ARG BT 335 55 A2 B OAM % 1) [n) 81 ik 7§
iff5z.

http://wulixb.iphy.ac.cn

135201-1


http://doi.org/10.7498/aps.69.20200365
mailto:honyo.shi1987@gmail.com
mailto:honyo.shi1987@gmail.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 69, No. 13 (2020) 135201

Y28 #e (field transformation, FT) J7 ik & —
T4 B LR i AL AN BB A BRIR T k. B 22 vl
5 7 R AR Y 1 R A TR, BT JEiR
Gy MR AR i PR A 4 (2223 e a0y vk 5 7
JeEE E AN, SO T T R R G DR, 7R
A 00 T 45 r R B AL B BT . (ELAS —$R Y2,
Y B Re M T A B A BE T 4 A R 0y
e FHPTAIRACIRZS . R, 57807k e 2 T
W A2 R AR RO RIR 2kt it BT AE I 5 .

ARSCR 245 3008 5 SO B e, $2 i T
— MR TER A B AR 77 AR i e H A I 5, OF
BT TP A] LAz S 7 £ i e Hh 1 B A N T B
AT EUE T EE TR IR A RSSO
AR BAT B R A SR BE RS E 1, TELL 60°1Y
FEERP AT REAE B 2 B OAM HLREE, X Fh )5 i
W AT DASE AR AT BT OAM i 28,

2 HR AT G BT
2.1 IHTHRIBS
WA IS R BN 1 s, MR PRI AR B

8, X F—ATE woy P LR 19-F 1T, FI A B
AT Wi s R n] A A 2

E, B cos¢p —sing §°> )
iH; | \ sing coso i ()
Xh B, B85 g 2 i, H 97865

W 2o ik, B NG R g i 24
H R G S Baiie g » sk, o WEmsHL.

LCP(RCP) wave R

y="h, ¢ = Pmax
y
y=0,¢=0
X

z RCP(LCP) wave R

M1 R EE
Fig. 1. Schematic diagram of the FT medium.

M(1) ARV, e sesiie 15 A
To, Pk, BRI BT DL R A A A BURR
AT, 4 o AR ZEm, J8 i e e e i) DIAS
ISR NN S G ST s 20 S T

n 0 A, n 0 -4,
5(0 n Ax),u< 0 n Ax),
Ay, —Arz n A, A n

1 09 1 99 . e
Hrp =" = -7 A I ATE
>N 9 Az ko 81'7 Yy ko 8y7 kO EE;EZZ@Z :I:Q

25 18] P D K. AniEl 1 BT, AR RS A
MISHTE 2 I7 EAAR ), A TRAE y 7 1 T N
y=0%]y=nh, B h RRANTIYIER, o FELLAL K
HL G I FE A B AL, ¢ = 0(y = 0) Bl ¢ = max
(y = h) RERIEZEALH), ¢ = dma/h T 2 TR, R
WY Gmax = n/2 (y = h) B, 15 (1) 2, A bt A
SR TE(E0=1, iH,0=0) # Ak, W25 A i
JEHARATM (B, = 0,iH, = 1)B AL, B0 A ST
() TM B AR AT USRSk TE S, terst A i)
DA 0% R, T o U y A5G, WA, =0, 1
A USSR, (2) AL A

n 0 A n 0 —-A
E(On()),,u(o n O),(S)
A 0 n -A 0 n

R A = A, (URAESIER, RAEI 2 (3) Ry
1 F B RO BRI S5 SR, 8 (P A
AT S AE LI I T L (3) skt — A 2029

n? 0 24
e( 0 n%2 0 ),ML (4)
24 0 n?

1 AxE AR, (4) XA BYBEBRY y SAERE 45°)5 AT
BEATXS fA. BEi, 22 SRR U, Al X O
SER A A BT N BTS2 R 3 o 2 A
PRS00 A 0 g B PRI AR LAAS ] FR) V5 BE ¢4,
to SR Py HE B 1T Y, AN 2 o, 5 A SRR
SERPRAREE, N TSI S 45 b HAT 45 1 S B 6
Vit R R AR AR X S B, ] L
FHRBILE o'y’ A s 28 XTSI o S8 v 6 5

£1€2

-_— 0 0

_ fig2 + faer

€= 0 fie1 + fae2 0 )
0 0 fiea + foer

r=t (5)

t t .

H: - _ 1 - 2 o]

/\EF‘fl t1+t2’ f2 t1+t2

135201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 69, No. 13 (2020) 135201

Bl 2 AT WIS R oyz fhSE v eSS 45°48 i o'y2’
ASHBAE zy PN, 0 9 ASEAT, ko s AR 09 9% %X

Fig. 2. Artificial birefringence medium: The zyz coordin-
ate is twisted along the y -axis by 45° to the x’yz’ coordin-
ate. The incident plane is 2~y plane, 6 is the incident angle,
ko is the wave vector of the incident wave.
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Fig. 7. (a) Main view of dielectric rings, it’s consists of 100 rings with radius of 4 mm and thickness of dielectric rings is 30 mm;

(b) side view of dielectric rings.
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Fig. 8. (a) The transmission wave while incident angle is 0% (b) E-field distribution around dielectric rings; (c¢) amplitude of RCP

wave at 13 GHz ; (d) phase of RCP wave at 13 GHz.
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Table 1. Maximum values of RCP at different fre-

quencies when normal incidence.

Y% /GHz AT e B f oy AR AR/ d B
11 14.70
12 15.80
13 16.90
14 17.30
15 17.50
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Fig. 9. (a) The transmission wave while incident angle is 20°; (b) E-field distribution around dielectric rings; (c¢) amplitude of RCP

wave at 20° oblique incidence; (d) phase of RCP wave at 20° oblique incidence.
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Table 2. Maximum values of RCP at different fre-

quencies when incident angle is 20°.
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Fig. 10. (a) The transmission wave while incident angle is 40°; (b) E-field distribution around dielectric rings; (c) amplitude of RCP

wave at 40° oblique incidence; (d) phase of RCP wave at 40° oblique incidence.
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Table 3.  Maximum values of RCP at different fre-
quencies when incident angle is 40°.
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Table 4. Maximum values of RCP at different fre-

quencies when incident angle is 50°.
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Fig. 11. (a) The transmission wave while incident angle is 50°; (b) E-field distribution around dielectric rings; (c¢) amplitude of RCP

wave at 50° oblique incidence; (d) phase of RCP wave at 50° oblique incidence.
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Fig. 12. (a) The transmission wave while incident angle is 60°; (b) E-field distribution around dielectric rings at 60° oblique incid-
ence; (c¢) amplitude of RCP wave at 60° oblique incidence; (d) phase of RCP wave at 60° oblique incidence.
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Table 5.

quencies when incident angle is 60°.

Maximum values of RCP at different fre-
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Abstract

The Field transformation (FT) is a novel theory for controlling the polarization and impedance of
electromagnetic waves, which is independent on the angle of incidence. Thus, the FT method is superior for
wide-angle devices design. In this paper, we propose a wide-angle method for generating vortex beam based on
the FT theory. According to this method, an artificial media for vortex beam generation is designed and
simulated, which demonstrates the proposed method. The designed artificial media is a multi-layered structure,

which can generate vortex beam of order 2 with an incident angle stability up to 60°.
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