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Fig. 1. Schematic of super-oscillation 21 5 super-
oscillation function (solid line) and its highest fre-

quency component (dashed line).
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Fig. 2. An example of super-oscillation focusing field [34]: (a) The amplitude (blue), real part (red) and imag-

inary part (green) of the optical super-oscillation focusing field; (b) the optical intensity (red) and phase (blue)

distribution of the optical super-oscillation focusing field; (c¢) the local spatial frequency distribution of the optical

super-oscillation focusing field; (d) the spatial frequency spectrum of the field amplitude (red) and full optical field

(blue) of the optical super-oscillation focusing field.
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Fig. 3. The major parameters for a super-oscillatory
focusing field (the original figure is modified for con-
sistent description in the whole paper) (221, hotspot
intensity, hotspot width, sideband intensity, field of

view, and sidelobe intensity.
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Fig. 4. The quasi-continuous amplitude modulation super-oscillatory focusing device based on sub-wavelength metal

slit array[loo]: (a) The device structure, where the metal is aluminum, the substrate is sapphire glass, T is the
period, and W; is the width of the i-th slit; (b) the SEM picture of the device; (c) the 2-D intensity distribution of
the focusing optical field obtained with a nano-tip; (d) the intensity curve of the focusing optical field.

144205-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 144205

SR T BN 7 $R3E T BT o SRR PR S R
AR VR 428 1) 02 465 8 6% R R 355 5% 40 B 1) B &
i FIH &R S BAS 2533T % 2 (6
R, BT AEGZES B S I ER, 200582
% JoR B 1) A5 AT S S SR R AT A A b s
P S PR M A 7 (3 ikl BB AR, 1%
FEEAEIEON 20N, BB SN 0.320 (0.64 15T
SEHARBR). [FI4E, 3% DM fh oK 2% Wan 25 181 & -5
AT IR A AR AR AL 7V, X400 nm K
Wit 7RI T ARG AT RS, £
100, 451435\, FEBE: 5 % 9 196 nm (0.80 fi
FTHARBR). 38 K 2% Maklizi 25 99 $2 7 —Fh 3t
TE ARG & B M RS AR R E . &8
R8s T OR R TS B, JaM g1 T R
S5 WOT AT HUR AN EBUR Y6 1 AR 7 45, 2 SR
A D0 RH S8 AR R I8 (TTMD) 482 i 418 ' 110 768 418 35 SR 46
0 I R R OB S 1) (R B 55 2 4, PT LA ]
(AR 24T D04k, LSBT SR B RS 1 R 4. #E
WA ER, HAREE R4 /4. 2016 4, &
PRA AT LB, S A FL (TE) SR, K B
R 4 B 4, I O R A G R, SEI T R
IR (0—1) FRESL A, I8 7 —FE Tk
MR SR P IR I I R v B R R B, A sl T
VB B 240 S R R AR SR A IR S R,
ZIE B AERE N 40,10, FEER S m 495N 0.3790(0.75
EATHT AR IR, T 55 LEAN 10.6%. 75 T R 5
FIYE (0.38N/ N A) KI5, BT Mg e 7 55 3% 1)
P i g 1001, (R4, M AT DA ROE T — Rl T
B PR AN R AR AT R 4 V3 B R 2 R AR R
Bi. I MR AN A o R R, 43 0] A ] A O 1
PRI (0, 1) AL (0, ). BB AL H] 148), £
2R A 9N 0.4060(0.76 5 AT SRR ), S5 LL A
22% 1101 2016 4F, Zheludev F 5t A BA 102 Fi] F —
E AR MR <5 JB B 5% M 41 26 TR AR IR v 13 B, 7E 508
FER T TR TEIRGATN.

6.2 BiRHRRBENILEN

2006 4F, k& B T2 i Stanley 5 [103] 3% -7
T8 AR WS B0, SR FH AR R AR BRI AR T2, StBl T
0.37AME P A 7 HE R T A, 2010 4%, ERF2 B
s LB AR 78 B 2 o DO B2 T — P L T R
S BB OTHIU R 1z R oy MR AR B, BB R
IR T AR A AN IR T SEAAL) . 42 1) (i N 5

T T R R AR T A5 B OT, TR MG 2R A B
WOGCHUN =R B 60 55 1 PR R4 ) e, 71T
W REE. B BRI, MEE N 0.57A
I, A2 BT v 4 e AT IR B 0.40N. 1Z Tkt — 25
HET IR0 AR 7 W R B B R 100 JRAE s
55 B3RS T AT N 0410 IFERE. 2011 4E, £
] I B % K2 Liu 2 1100] 7 SR £F ity T L 92 1 1
[ O MR 5 1) ) 3R T 45 B oG B, I R T 45 3 3
JC R RERE TM SR REME, 77 AR A2 Im) AR HE 5O
Y. FERI A TM A A 7] T8 FE B 48 b A& 7R 1 €4
BURRME, 455 P T E B AR A7 25 18] 40 A, S 1 5
SR I R 637 R 7 P B £, AR B =y A i ik
F| 7 0.55)\ (0.62 5 AT 4 HFR). 2012 4, Zheludev
HIF 72 BN (8] 4508 7 —Fh — {8 4R 18 784 1) 4 8 AR A O
IR IRZ B, TAEKRKNA = 640 nm. 5%
KR ZBEAER N 10.3 um, EREE SN
0.29X(0.52 AT SR ), (H SRR HIE S F 0
FEBE. 20134, AL B AR A <+ 7 & )8 fLFE
T SR AL T 4% G0 R AR B B A AL 4 A, KK
800 nm NS ESEIL T REIR Y AR, SLIG R B
FEHAERE N 147, PR AT R T 0.280 107,
2014 4F, N 8 37 k2 vy BT IR R R IE T —
o 35 - B IR M AR AR AR R 48 D [ 00 B 5 4
P REFEG ML R, ERrmanEs T
0.34X. SR, 7EHAEBE .0 15X FE B AMEAE B K
A 5. 2015 4F, 7H 22 A8 I K A5 108 4
THT AH RO B IRG B R T, JF
USRI T — R T T AE PRI I 2R m ARG R
W, H TR K N 532.4 nm, BEFEN60.7N, HERE
e T4 T TS E N 036, SIS (R AR BT 2 v 4
B 21750.450(0.86 f5 AT AR FR). [RI4FE, &5 WiHH 7t
P A (1090 3@ 5 4% 2 4 4 e 5 BT 0 ) 1) J L AT ARG
SEBL T 5 B ' A A ) T S 4%, B IRAE SE SR
RIS T R R (405784 nm) BIRY R HEE
i, EEAMEALE N 0.24, FEBERSF/ANT 0.7 5475
PR, SRT, ZIEBRAAERCR . 2016 4F, &
R K 2 A 7 A BA L7 4 T — Fh 3 T H IR (0,
1) A B AR AT (0, o) A [ 0 PR 45 4 i SR 4B e
KI5 85 T 2B G TAE BB, B S5 BB X
THE5 AL MRS B 1% B B RIROG Sl T
IR AR, R N 399.5)\, FEBE 4 TN 0.454
B (0.71 fE5 AT AR PR, 55 9 LL ik 31 26%.  £E S5
HEHR R AR F I, Bar ] TS AR, 1%
HF 72 B RIS 1 — 3T —E AR (0, =) i 58

144205-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 14 (2017) 144205

K R AR B Wi, it Rl 6 fr
7N, E 630680 nm AT Bl Y SEEL T B AT S 0
KR, R m A5/ T 288 nm(£ 0.86 £ fiT 4t
PR ) DO SR, 5 2 B4R (5 T MO S 7
(14 70 5 5 R R 5 TR AR B B L, X PR T A AH
AL R B AR E PR I A 22, B X P 1
BB 22 A R, B R 7 A (0 8 R P 4
A € BRORT AR €0 ORI T B (0 22 I O 1%, BER
() A A7 AR Ak 5 9 K 110 3fe RRE HEAS 284 Y [ 3 D
K, AT S IR BE  9 € 2 P T DG AR . SR, X
Foltof AT 2 A1 R RF IR R, BRI v M DA, FH T 4R
BB, 2017 4, PEAL Tl K% Li 2 112 i
TR AR E A 4 0 2 £ SR 0

WBLTE, X T ARG SR IR ', 78Rl 1A SEBL T
Z R REE, AR RT3, BT EiREET3R
T 45 125 ¥ (R ER I 37 18 B AN B T I8 A AR
PR EBL LASL, 2016 48, HIn [F 57 K 2 ik B R AT
FORIBN DT RGE T — Pk R R AR IE . 1
DR BN S i oL 15 B 3 O AR FEL 4530 el ' oA
SCHUBR IR O6 22 B AR, JF AT DL B2 R R
RO TARFR B AR RS, SeiR 3R 9, Xt 633
nm # K KL IROL, RESCH A maigiss
0.387\. ZIBHIHIA L 2 Abfe TR B BE, 2
PERGH/INTAT S AR BRI, e AR BB N T AL H5 53
& AR B /N TR, R s
6.

-
in

. 1.0
0.59

Intensity/10?

0
=2

401

Amplitude

201 R

Al

= Si,N, Glass

5 [ R RR % R AR e (67)

=
RiA -\';g
E
0 = 158 16 162 164 166
Y/ pm
= 100
£ 80{ FWHM=270nm ()
£ 60]
s 40
z 201
g o
= -8 4 0 4 8
i Y/ pm
£ 100 hni=304
s 80 T
£ 60
o
= 401
z 20
= 0
JC 0 4 8
X/pm

(a) B R A 35 T8 R 5 P () -0 BRI BB e 3 P M R B (P A T

[ R 54 ) — P WL B R T ), b 30 (BR) D i AR TRAK (50 SigNy IR ORI £ A BB RIE; (o) BIRGDOLZ HIL
TR IR A (L), e RIAAL (L0 6) FRIE (K1) 240 (F), fEDYREE REE DA (d) B iR IR R E4
PR B A (o) RIMAUKIREN SR I " Ye R A0 IR0 A5, (F) £ P _EORsRENT Y Hih (1) Rl X B () B2 A

Fig. 5. Super-oscillatory focusing device for circularly polarized wave 1671, (a) The focusing of circularly polarized plane

wave; (b) the structure of the lens, where metal ring (blue) is aluminum, the dialectical ring (deep gray) is SizNy4, and

the substrate (light gray) is sapphire glass; (c) the theoretical design result of the super-oscillation focal spot: optical

intensity distribution (top), the phase (red line) and amplitude (purple line) distribution (bottom), and the inset is the

local spatial frequency; (d) the SEM picture of the device; (e) the 2-D focusing optical field intensity obtained with the

nano-tip; (f) the optical intensity distribution along the Y-axis and X-axis on the focal plane.
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Fig. 6. The theoretical design result of the broad-band super-oscillatory focusing device [119]: (a)~(f) The 2-D optical
intensity distribution on the focal plane under illumination of different wavelengths of 632.8, 640, 650, 660, 670, 680 nm;

(g)—(i) the optical intensity and transverse FWHM and sidelobe ratio (the ratio of maximum sidelobe intensity to peak

intensity) along the optical axis.
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Fig. 7. The focusing device for azimuthally polarized wave and the generation of super-oscillatory hollow optical field

[69),

(a) The phase distribution of the focusing device for azimuthally polarized wave along the radial direction; (b) the optical

intensity (red) and phase (black) distribution of the azimuthally polarized super-oscillation hollow spot; (c), (d) the SEM

picture of the focusing device; (e), (f) The 2-D focusing optical field intensity obtained with a nano-tip.
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Fig. 8. The focusing device for radially polarized wave and the generation of longitudinally polarized focusing optical

field [701 (a) The theoretically designed optical intensity and phase distribution of the radially polarized component and

longditudinally polarized component on the focal plane; (b) the theoretically designed peak optical intensity, transverse
FWHM and sidelobe ratio along the optical axis; (c¢) the SEM picture of the device; (d), (e) the 2-D focusing optical field

intensity on the focal plane and the propagation plane obtained with the nano-tip; (f) the comparison of peak optical

intensity (red) and transverse FWHM (blue) between the theoretical (solid line) and experimental (open markers) results.
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SPECIAL ISSUE—Diffraction limit of electromagnetic waves

Optical super-oscillation and super-oscillatory
optical devices”
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Abstract

The diffraction limit of traditional optical device greatly restricts the further development of optical super-resolution
systems. It is a great challenge to overcome the diffraction limit at a device level, and achieve label-free far-field super-
resolution imaging. Optical super-oscillation provides a new way to realize super-resolution since it allows the generation
of arbitrary small structures in optical fields in the absence of evanescent waves. The researches of optical super-oscillation
and super-oscillatory optical devices have grown rapidly in recent decades. Optical super-oscillation and super-oscillatory
optical devices have been demonstrated theoretically and experimentally to show great potential applications in label-
free far-field optical microscopy, far-field imaging and high-density data storage. In this paper, we gives a broad review
of recent development in optical super-oscillation and super-oscillatory optical devices, including basic concepts, design

tools and methods, testing techniques for super-oscillatory optical field, and their applications.

Keywords: super-oscillation, super-resolution, diffractive devices, sub-wavelength
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