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From super-oscillatory lens to super-critical lens:
surpassing the diffraction limit via light field
modulation
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Abstract: Super-oscillatory lens (SOL) and super-critical lens (SCL) are the typical representatives of planar
metalens which could achieve sub-diffractive focusing and imaging in far field by means of light field modulation.
Through precisely modulating the interference effect of each diffractive unit, the electromagnetic wave could be os-
cillated faster than its maximum frequency components in a certain region of the target plane, and then the focal spot
size is controllable in lateral and longitudinal directions. Compared with the traditional optical lens, the planar
metalens is much more attractive in the fields of diffractive optics and nanophotonics due to its distinct advantages of
powerful focusing capabilities, compact configuration, higher design freedom and the integratable properties, etc. In
this review, we briefly introduce the field modulation mechanism and design principle of planar metalens. The re-
search advances of the super-oscillatory lens and super-critical lens, as well as their applications in far-field la-
bel-free super-resolution imaging, are discussed in detail. In addition, a perspective about the future outlook of pla-
nar metalens is summarized. Since the planar metalens has powerful capability in manipulating the light field, the
rapid development in various applications would be gradually realized in the near future.
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Fig. 2 The focal spot size of planar diffractive lens could be divided into three parts by Rayleigh (black) and
super-oscillation (white) criterions, including sub-resolved (orange), super-resolution (cyan) and super-oscillation (dark

blue). The insets in the right side are the field distributions of the focal spots for three typical diffractive lenses'
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Fig. 3 The diffraction effect at a certain plane(z=20A) for a single belt with different widths and numerical apertures. (a)
lllustration of the diffraction effect of a single belt with its radius rp and width Ar. (b) Root-mean-square error (RMSE) between
the diffracting intensity at the target plane and its corresponding zero-order Bessel function for different widths and radius of a
single belt. (c), (d) The line profiles of the diffraction intensities at the positions A and B in Fig. 3(b), with its corresponding
zero-order Bessel function with the same numerical apertures. (e) The dependence of the amplitude modulation coefficient on

the width and radius of the single belt®.
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Fig. 6
distribution for the 640 nm wavelength SOL at the distance of 10.3 ym away from the lens plane. (d) Experimental focal spot with a
FWHM of 185 nm. (e) SEM image of a hole array sample. (f) Simulated imaging result of the hole array sample by the SOL

(a) Photograph of the super-oscillatory microscope. (b) SEM image of the fabricated SOL. (c) The simulated energy

microscopy. (g) Experimental imaging result by the SOL microscopy

BlmAF1ER

2015 4, B E LA E R N R
TCHRIEAF IR I A B e, S0 T X R oo 1Y
FBAT AR BRI 1 o BFTE /NN Tl 45 T TAELE 633 nm
BA AT R IR BB, TEFRIMTA 1 AR e AR S
i 4 £ 18] 4 3% Y6 (azimuthally polarized beam with
vortical phase, APV beam)iik , fE45 S P32 T fi
] ROSF 24 265 nm (0.42) B ATHIAL FREEBE, TAERE S
Kk 2401, ERTIA ARG BB SIS S 1L — 14
Ergon_

MK 7@)~7(c) AT LLER, fEHAR T A5
A, EFEBE S SR . (RIS HAREE T AT AL 7
124 12 BTE R I AR RF 0.424~0.49 AR ] R, JEK
MRS R ARG, WK 7(d)~7(OFR . WK
AT A R AR Ry A I SR B AR IO R 2 0 TRy
B BE A T T A B B AR KRR R,
AT 38 S I S AR B AR Y BT 4 5T BT 2 4 (Stokes
parameters) /BT 1 AEHE DR IR R, M SEES |5
UE T REER APV DGR A IRIRTFE . B ARG e T
1, FLZ B I S5 EAE AP A BT A TR A AN LR

763

[74, 80]

JEHIEC AR S 32 09 B it A B = 3 S 5 A A
F, HYm i ARG R A A I RO R A Ry
Z AT OB ATT AR B %) 2R £ AR B B LU 1) FL Y oy
WRHE, JLPAEE R i MR B AL
ik TR AN 23 R Sy ST A S R AR A T A W e A A
b, AEE AR TG o 2 BB A At DL SR T A
REGE GG IR R Ge P 8 g e

3V K 52425 1 (optical  hollow) 78 %€ Yt B U,
18, He2AA 5 s LA R Aok RS B S5 45 A T
BRI, A R ARG HIR ™ A G2 a5 T 3
WAz —. EFR L CHGE T 2R R A ) ik
oA AR T, AT RE— sz R A
SRR o BTN 7 R 2E AR TAELE 633 nm
P AR I BT T B SR AR A RO, AR )
BB T PR A EFzs ey, TAER 25 A4 AT
W BREE BRI B —F, HAAESLAE 5 095 VL |, O
2o B A TR 2N 0.314, HIE 8(a)~8(c) iR . [l
F, A TAESC g TR AT 1O A TR A Im R, A
S(A)ATLAE Y, A1 e 62 T B I Ui 3 SR AR
TG 23 R e IR S AT SR A f e e, 55 A
FEEFAEREE LA TS A e,



x/um

x/um

20175 , 55444 , 558 Hf

1.0 -

—
)
~

Simulated

0.8 + —— Measured

Normalized intensity

02+

Xx/um

'— Simulated
0.8 H * Measured .

140 142 144 146 148 150 152 154 156 158 160
z/um

FWHM(2)

140 142 144 146 148 150 152 154 156 158 160 140 1215 150 1‘55 160
z/lum Z/um

A7 IAEKKAE 633 nm #9RIE BT MR B e A S RIR L R AR L. (@) & 150 um THEJE S
e R AR AEME. (b) FIeREBIRA N, (C) e I L R e — R EATILE. (d) REAXAE
AEILER . () RATRE At Lt R, () £EIEIEE A 140 pm~160 pm 49 X3 K ) EseF 54T Tk
P4y it F 5 gt b,

Fig. 7 Focusing effect of the 633 nm super-critical lens induced by the azimuthally polarized beam with vorticle phase. (a)
Simulated energy distribution at the focal plane of z=150 pm. (b) Experimental recorded focal spot pattern. (c) Line profile of the

intensity distribution for the simulated and measured focal spot. (d), (e) Simulated and experimental recorded optical needle
formed in the range from z=140 um~160 um. (f) FWHM of the optical needle along the propagation direction’®"!.
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zoom-in view of the dashed box region. (c) Line profile of the sub-diffractive focal spot under illumination of 405 nm circular polarized
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Fig. 10 (a) Schematic of the SCL microscopy. (b) The photograph of the SCL microscope system. (c) SEM of the nanoscale

big dipper as the imaging specimen. (d) Imaging result by the normal transmission-mode microscopy. (e) Imaging results by
the laser scanning confocal microscopy. (f) Imaging result by the 405 nm SCL microscopy®’.
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microscope®’.

YRR EedE, AT 28 H T R S5 4 T 3 a8
BB O R A B R SR E (& 10(d),
10(e) ), 455 W I A5 55 1 LIS R 40 1 AR
B 5 A WA BT A HLELA B A3

X R it R — AR A OG22 7 R
JITTHIG (B 2 —, KORSHRE S T R (45 25 FIRE
AR AT R R M52 23 X0 USSR A 1 S S S T
FET I FHBE Y W AUSUR R G XA [l R AL
T—Fhigtt. IR RS R R AR R
R BAGERTR (A2 UG AR i 1 7K PR
AIRKMFEZE . WIS TR SR I g T
3, Wk TGO R R G T LR B S
FEWIENN o TN [ ST 2 E RIS /N R FH AR I SR
55 BN SE A I ST T X 5 2 gk AR TR R R
SRR A9 (13.5 umx13.5 pm)#E 43 FERSAL, W 11 s .
BEAb, KEETGRRRE L R G % B i R R B AR R
—ANMEFRYRE Sy, BT RLE S — R R S P = ST
TRGERE (R KA R

S RIER AR G, 57 AR B A T RS S nT LA
15208 B S R RE A FHACR.. FOmRH R EdE A
SERSERT, Bl ST R, DL M R e oK 2 2

766

20175 , 55444 , 558 Hf

, (a),(c) #& SEM E#. (b),(d) FIA

ANIFFE /IR LA - T 375 55 5 DB AT S A BIR P
AT TR A AR 808 2016 4F, H[ERL
BE G HL BRI B A PR OIS AT A T F 7 2R
BRICAS SRR B N T T 2048 SiaNy i il
w7 oA P B BT, 0 B AR ) f ARG
Fi 1 AROCHEAT IR R, R A B AT SR
BR A SR AR AR BEAD L7230, I 12 frzRtos 06l

5 L5t

AT SCOXH 8 4 125 375 55 IR I S 35 B2 1 A 48 vh el
R, P W BB R B R S 22 T T o

5, DS B E  3 E ORI BE
Xt SR PR S LB A R o — e LA AR B ) B
(FF AL )5 S LB ARG 50 B 2 LURRAE, el
KRB ESEAY R4 RE Mo, HM AR TR
AR o T R S LB A Y
PATEAE = ez ] Y, S HUBE F e S AR 1) A1 )
PS5 1) A2 B RARscE . BrL, AR T
B AN ST R3S 16 R = 25 0 B

LU, IO TR o R 4 A R R R i AR
Jit_E R D e Vi AR AR i R 2



DOI: 10.3969/j.issn.1003-501X.2017.08.001

(a)

(b1)

Hotspot

Radially
polarized beam
b2
(b2) 104 =—VYaxis
- — X axis
Z 081 —comsoL
8 g | FWHM=251nm
= 0.
5 FWHM,=331 nm
2 ]
N
©
£
[*]
z
-3 -2 1 0 1 2 3
n(2)
(63) 3601 * FWHM
- - Diffraction limit
340 - - - -- - o e e R
£ A
§ 320 1 - "
T 300 1 % *
=
L 280 4 * *
260 4 s MG erne it RiniEeg : BT
" \ . . . . -4
240 Super oscillation criterion ~ * #
0 40 80 120 160
Angle/deg

T r
AR . Lt

I Si:N, Glass
(c1)
Optical
Azimuthally hollow
polarized beam
(c2) 5 1164, 1.0]—COMSPL
" 0.8 ~ )
4 0.6{ ~ Theqiigcal
. '] 0.4 ‘
5 o2
S 3 1 FWHM=0.5654 H L
>
= 2
c
Qo
£ 1
0 1 T T T T T T T T T
5 -4 -3 -2-1 01 2 3 4 5
n(4)
(©3) 1.2 =Peak intensity —=Sidelobe ratio 45 —
8 1.0 140 =
g 135 &
[0 . o
o 08 IMacadeau. - Lot o
% 43.0 5
% 06 $-3c-focaaooozs2C oo N 25 2
= 4 8
X 0.4 1 42.0 c
% ’ - = «Super oscillation criterjon’_ | 15 ﬁ
] = = «Diffraction limit o
E 0.2 iffraction limi Y10 &
- - - . - 0.5
597 598 599 600 601 602
2(2)

B 12 (a) —AAER FERBEELEMTER. (b1)~(b3) £ZORIFNIEE T & & BITHIIR LB
(c1)~(c3) & f e AMA T = 4 ik K ok 2 im0 100,
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