%50 5% 14 BRESY & 2021 % 1 A
Vol.50 No.1 Infrared and Laser Engineering Jan. 2021

BREBRENETHBENR )
LRI, A, AU, R, LA, £ &

(1. EHE IR HEE B PR, )& 7 M 510641;
2.7 Rdh BCRAECA RG], TR &R E 523808)

B OB BE L AW T kK E A ARt e s, /\xﬂa%‘?w@ﬁau%%%&%wﬂ
ERARZE, R EAIKBFE ., 5 R R RBEFR S, B F IR THAAR T 2GR %@
AR SHELT AT Tk K ET R EEL R SRR EE, ANmRH T EE S EKRE

AP REANER ., BREGERL S F@LEMIINTH A GE, EXTE L6905 ERILT #7695 fyo
XFIRIET SR RE G & 2B B4R ALY & 2 RN, SFT I 60 & 248 E SR %] k&
ERBITT ok, dext B K FortiE Gk Ko HE EZREBER, BH X TAIEEEX L5 £
HRA T B RGBT REREIN LR LY BAR LR TR E 2 24 LogaT .,
KR BEE; BEH; HOEZRELEE

FESES: 0436 XRAFRERS: A DOI: 10.3788/IRLA20211005

Broadband achromatic imaging with metalens (I/nvited)
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Abstract: Metalens, the specific type of lens designed with the surfaces mading of two dimensional array at the
subwavelength scale, has shown great flexibilities to control the light field, including the arbitrary modulation
abilities of amplitude, phase and polarization at the subwavelength scale. Moreover, the metalens possesses the
unique advantages of low loss, integratable and conformable design and ultrathin, therefore attracts immense
attentions in recent years. However, in most cases, the metalens designed for a specific wavelength may penetrate
through the large chromatic aberration, which limits their usefulness in multi-wavelength or broadband
applications. On the other hand, the metalens has renewed new degrees of freedom due to its two-dimensional
planar structure, which has the potential in the elimination of chromatic aberration. Some different typical
achromatic metalens designs and their achromatic modulation mechanism were reviewed, the existing achromatic
metalens were classified from the types of modulated light bands, such as the achromatic matelens for discrete
and continuous wavelength respectively, and the latter can be classified as transmissive and reflective from the
working mode. Finally, the application of metalenses array in imaging and their prospect of broadband achromatic
devices of large depth of field were introduced.
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Fig.1 (a) Dispersion in conventional lens, metalens and achromatic
metalens™; (b) Schematic diagram of the o-Si coupler™; (c) Com-
posite achromatic metalens®; (d) Three-layer subwavelength

structure containing metal Al, Ag and Au®*”

B BOREF o I — A H B, FE VTR R 1T
2125 BN R P 9 E 2 9 R, SRR P ot A0 1 sk
Frabes . X Fh )5 i B Capasso A1 BA S H 338 i 5
B UE T2, e o TR 5 B9 A A OB IR 43 D 220
KRBT . g P 2RI A OB IR 5 i A A
BAL, ENRE I ES, QU T — S IR RS R
Gt o AT R N AR A8 SR IR AR O R S
3T DT SO R A 2R 0 IO ) B e £ A
Yo B o TA)BROR/INFISL AT LAAE S B B BE R
HH S IR R AR Z , %8 G AR ST AE R AT 1(b) BT
7, TR I B 00 2 AR AL B, BERAR TR, 1B
BAICEAF B AERRS SR A S A E N Z Y
[ Bt B g, ol L0 A T oK

Pulx, ;) = —%(\/x2+fz—f), i=1.23 ()

Capasso BN 7 5280 T I 40031024 1300 nm,
1550 nm A1 1800 nm fY = i & I Az 8 35 5%, HLAEHE
fH 7.5 mm, BB A D A 600 pm, FEARA R TR
ik (Si0,), FIE I HR & MR R AR ik (a-Si), HLIUAS
HBRIY WA 15%, 10% F1 21%.

AR R B O K A AR S BT € 22
35 B R 9 [ RE A AR K B E € . Arbabi [ BAFA 22
THAE A REG R A I RB B, i s (R 22 R R ik
SEPL T XF 915 nm F1 1550 nm W5 B B0 K Y IR I A
18, HB AR N 22 % F 65 %, B L1 N

0.46%, Z A BAIR BT 1 — b AT S8 5 4 oK A 6 4
()R 325, B ST 45 1 WA B I 38 D i 1 AN [] i 4
AGPERARNL, E x Ly B4R T8 Kl 780 nm
1915 nm AL R LRI F] — 1, HRERORTE 65% %
90% LA L, BfE LA ATk 0.7%, 78 7] WLyB 3% B, Lin
A NGE 1 # A 3 HIX% 480 nm, 550 nm 1 620 nm X =
AN A A B e 7 % T R 2R TR A, 1531 T RE
WX =R O REAN —-EH LN E R HOER
B, A 1(c) Fim .

B T LA LR A B I R 0 5 2241, Avayu
SN T —FR BB IE B 1) = )2 Bt B2 551
A AL Ag Rl Au S5 OR[R 42 8 bR AR % K 25
a1, 3 AN [+ 1 B 1) Jea ¥4 2 1T 46 B8 e AL AR R 47 g
R, I TE 8 T FE 450 nm, 550 nm F1 650 nm =% B
AR T 22 U, IRl 1(d) TR,

DL LSS 2 P K 22 RN ITA L 2
W T 1) B — P K A TR B B B A — B
BefRrh, BRI RLSCIL T i S B T 025 BL1R
AR RS S F 25 SR AL 0 L B, P23 )R
B T J5 S 5 s oAl S 0 . 7E 98 B AR e
E I B o A5 B A5 T A A B B AR R
N, X B R AR A AL TAEM . 2 TR KW
BH AT, X2 22 B B IR E R B R
W T o HCAR S5 PR 2 1 S A 3 T 1) 45 ) B e il
PRI (% 2 B0 ) LA e L G IO 45 09 AR 467 M
PR AR T 5 (4 25 AR LA A3, 80 2 0 TAE B A
B, Ml DA B B RS AR A R T . 3 e fi B B
TSI 3 5 — D A T IR R I 822 USRI
FH, 3R TR R 7 A 380 D BN v o 2 T
0,22 ] 75 B O 1 S R RCHE S8 I R

2 EZEERKNERHREBER

21 RHEENEFHEEZBER

RS TH AR ST 5 22 BOR B T B TR A T Y
SERGUEITEO, b R TSR A A Bl A 2 AT £
AR by TARPES T, MO W i 2 % R X
ABET . T A LA A, R IR A4 AL
{10 7 2 1M 2 7 A B R AR RE I AR T R sk
ARSIk, WFFEE AR Z 5 BETE bR A T A Bk
B ek, A PR AR e R I IR A, B

20211005-3



i E ok A2

%14

www.irla.cn

% 50 A

TR SR, AN I X R G 2R R T AT AR A
—E TR LHESD TR Y TE A 0 2 B Y
KIE,

Capasso MIBAP 311 T —Fh 56 T — A b ER G KA
14 B S 7 3% S0 €8 25 i B . ALK (TiO,) A i
B A R B AT S R RN A T A BR O, B A AE AT A
i B S BRH €4 22 B R 09T ) o A AR AR IR
J2 ) AR A R RS IR, DL R HLA I T 8 T A 4
KRAEAE Ry A B4 a4, 2los 75 8 A 1) 5 5 m] LA 4%
HORH AV e S0, 3 2o R LA AN [ 94 KA Yy HES, AT R
AEAS [ (4 R A ELHGIE, N ITTPE B AR 153
THBR 021 R, ZFNE L RI/R T 1F 490~550 nm
WK N G 95 R 60 nm) AT 3 15 4E S By B BE Y
FE i o

Arbabi 55 AP U FEBE RS T A AL AR IR JZ AR R
SR AR S REGUORAEAE A Bk R, Bt se il 1
HAE, ZR @ HUSO i R AR 228 5. %K
BT A HGEBETELL 1520 nm gLk, 4 58
R 140 nm (93 Bey I NS 3] 1 T fe e iy AR

Wavelength/nm
25002000 1500 1 000

40%

30%

Y
[N
L2
XX

20%

(o)/oseyd

Efficiency
Efficienc

10%

0% 0 ™ /|
4x10* 6x10* 8x10™* 1x107

Wavenumber/nm™!

Wavelength/nm
25002000 1500

4x10* 6x10*  8x10* 1x1073

Wavenumber/nm™!

B AR AU T B 1 AT BA 5 5 7 S F 52 B 1
PR DB - B A AP S A, TR SR 50T
ZE AR T TR . s 3) Froi, %M
BABRE HH D 2 A 5 A A (S0 20 P AR A, — A4
JEG PR TCRAYZERANL, 75— 2 S PR KA
BEAIAL . B AT L oot 3 1T BT A9 e A 2, (B
(i PR MR S B i 2 00 mT Ly 25 o 2 SR T A 25
Fey 28 B A) HE AR B TTAT B o 3 1 Rl AR X g S
A AR 7= AL, AT L2030 6 A2 Sty 1 0 22 i Ay A
oI 5 ) AL 20 A P ) SR T B 2R (BEAS L)
ARV Z 1] AR 87 22 57 (€ 22 3000 ) X 14 7o A %
SEETH BB o

Prens(R, D) = O(R, Auax) + A@(R, 1) 3)

T T3 AR S A AR TR B AR A, 1% A
BB A FC L PR R i B LA <6 A B HE S A
Jie#e 77 3, TR E AT TR 545 B B iR 25 H A RIS
W L AR AR A2 A A DX, A 2(2) BT/, 25 HG A2
LA B OB AR L A2 IR, 12 F) R ot
AT LA RO 4

Wavelength/nm
1000 25002000 1500 1 000

400
40%|

s
%)
(=3
(=]

30%}

s
%Y
(=3
(=]

(o)/oseyd

Efficiency
)
S
5N

L
(=3
(=]

To 10%}

—100  0%“=== .
4x10™  6x10* 8x10* 1x107°

Wavenumber/nm™!

€2 (a) ANEl4JBAIKEELE T RCP-to-LCP fi iR HusicR (L (<) FARGLINZL (EEILZL); (b) TR BDLE RHIRA () RURRHECRH

FRHEERA ()P

Fig.2 (a) RCP-to-LCP polarization conversion efficiency (red curves) and phase profile(blue curves) with different nanorods; (b) Otical micrograph

(left) and the partial enlarged electron micrsograph (right) of the samples””
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Fig.3 (a) Schematic diagram of the broadband achromatic metalens in the visible band; (b) Phase profile(blue curve) and efficiency(red curve)
corresponding to the solid and inverse nanostructures; (c) Normalized magnetic energy at different incident wavelengths in the metalens unit
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