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Abstract; Emerging optical devices demand miniaturized, integrated and intelligent optical zoom systems,
thus stimulating development in nano-optoelectronics. Metalenses are two-dimensional planar structures with
lens function composed of arrays arranged specifically to equally focus wavelengths of light. Due to their ultra-
thin and lightweight properties and their ease of integration, it is expected that they will revolutionize optics by
replacing the conventional bulky, curved lenses used that pervade optical devices. However, once the micro/
nano-structures of a metalens are fabricated, their shape and size cannot be modified, which can not realize
the real-time adjustment of focusing and will limit the further development of metalenses’ functions and appli-

cations. Currently, substantial effort is being devoted to solving this problem. One of the most attractive as-
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pects of metalenses is in the way they combine metasurface lenses with smart materials. In this article, we first

provide an overview of novel tunable metalenses. Then, we elaborate and analyze their regulatory principles

and device performance, respectively. Finally, we summarize the current problems and difficulties facing the

development of tunable metalenses and describe the direction of their future development.

Key words: nano — optoelectronics; tunable metalens; smart materials; focusing performance
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Fig. 1 (a)Schematic diagram of dynamic focusing and
multi-point focus switching of electromagnetic
waves by reconfigurable metalens; (b) capaci-
tance-dependent phase and amplitude responses
of polarized electromagnetic waves, respective-
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Fig.2 (a)Schematic of the THz reconfigurable metalens; (b) real part of the graphene permittivity

in THz frequency as a function of E. The aperture length and rotation angle are L =160 pm,

¢ =0; (c)phase of RCP scattering THz wave through one rectangular aperture versus different

aperture lengths L for different E,; (d) electric field intensity distributions of the transmitted

RCP THz wave at different £ FLZM
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Fig.9 (a) Schematic of focusing characteristics of reflective metalens; (b) photograph of the integrated tunable metalens;

(¢) schematic of the three experimental configurations(top) , experimentally measured optical profiles at focal lines

for the three configurations (down) (371

B, 25 EBl22 % Ehsan Arbabi % A\ 3 3F
A TR T ML R SR T E T LAk
(915 nm) B R H A WUA B4 Y

WE 10(a) BN, 1% FR G0 [ 1 B3 5L
R R R AT RS S BT AR R L AR R

A, F SR AR ANIE 10 (a) BT7s . P R I
R AN R RS i, R A AR B A
M B BA — R AR EHAT 55—, T e i
FNBCEEEEAR Z 8] AW 51 g, 3 aed i ol s 50
AT 11T I # 8l LA B2 1 4 2 1T 2 ) ) B



LA U

AT, A TR R S B A S R BUIR

53

Blo BN 10(c) s, S g4 R 3L W K 1 2 8]
FEESH T INVEAL (Ax ~ 1 pm ) - B0 K 1) £ 5
(A ~36 wm) , HFBRA AL T #2% .
T LA R 35 5 1) 46 %o R R AR T 3K 40%
EALATT LIS =AM ik, il fERA Ki
LB IE I E ( ~ 500 wm B 40°) Y % M 5 6
BE( ~1 mm J&) FHT 3D BLAG A Pes i 3948

[A4F, 2 BF2%2 %K Arka Majumdar %8 A |
t PECVD A= K (1 &AL kA R AL, i 4 i 3

b L]
S

(a)

AN F AR T —A TAELEEAE (1 550 nm)
B AT WL (633 nm) I B Y R T R 42 A B AR
EHWERERSE . HRBKA Alvarez 552,
Louis Alvarez 7F 1967 4% 55 — K ik T 45 A 1l 48
JCRERYIE R, TS G RE Al A A T A
JEHITT ] 12 SR SEELR . XA ARG RE S
8PS ] 9 A B BRI T 1) AH X Iz 3 e ot
8 XSG T 255 DB I — N e300
PR R AR A7 B B A AN FDGRE )7 5% .

(b)
151 E 720
b - - - > ! [
[ 4 - ’
. K
) o
13 ,,ﬁ\ 680 g
« . =
AY 3
» :
27d
b=’ " 640
11 v - v
0 40 80
Voltage/V

(©)

K10 (a) AT AEAAEFEATR R (b) HAREH MBS, (o) S8R5 2] A AT AR ¢ Fp
AN 35 5 2 [ BB B P 9 L R Al £

Fig. 10 (a) Schematic illustration of the proposed tunable metalens; (b) microscope image captured by device;

(¢) measured front focal length d and the separation values between the moving and stationary lenses vary

with the applied DC voltage™™’
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(a) Schematic representation of tunable metalens system;(b) a fully etched and cleaved metasurface cu-

bic phase plate; focal length as a function of lateral displacement for the infrared (c¢) and visible (d) for

tunable metalens'™’

3.2 ETFRMRTH MR AEE 8 HEE
AR, R e B R &G T
[ N AN R 230 TR 8 DG T, 2 P72 A AL i
38 H O B g R sl AT R R S Y SRR RS
B A I B A T G, 2016 4F 38 [ BLE R Ho-
Seok Ee Fl Ritesh Agarwal ¥ HAG RAETHEN &0
KBS AE PDMS BB Y v 45 T TAETE AT
DLYEYE Rl (632. 8 nm ) Z2 4 AT 7 fift %) A8 £5 68 7 375
Bl M RUR IR f R AL TR LR IRAS 1

H3 GO AR50 T 28 (10) 5L 4K7%
2u(f = /f 2 +))
A 9

e(x,y) =2mm +

(10)
o m AR AR RE A g AT T
K s (e, y) XTI 2 T80 P R AR AT
TR TFEUEFLIR (NA) B/ N BB B &
G PRECRT LA A »
o(r) = wr'/(2))). (11)



513

AT, A TR R S B A S R BUIR 55

Horr., 2 =47 +y20 Wi Hrd PDMS He A, ] PAek
735 KA S ) 325 5 ) 4 A O I 91) 1 ke i 6 (1)
B , BEBST AR 3 AT pR R

o' (r) = @(r/s) = wr/Q2Af).  (12)
Hor o = §°fF, SOREAE AT DL 22 8 9 % AT, S 80 14

s:Streteh ratio
fFocal length
(a)

BIUIRE, SRMCH A BB PDMS R 25 AE
HAT 4 Al g LA /-7 5 1, 40181 12 (a)
JIt7R , Fe R 1 4 A T0UAA B TR LA e
A, A FATUBRRS 388 2 IR 14 T XA ) 0k 5
OB M2 B 1) SR SR D REREA T4

=150 um

/=200 um

P
/=250 um

| .
Distance from metasurface/um

(b)

B 12 (a) AJHifH PDMS | HYHEHIEE RS ER ; (b) 24 PDMS Fi % s 43518 100% ,115% F
130% I, 28 B M 5 3k 1938 500072 A X 20 o) Y6 T 4 g T4

Fig. 12 (a) Schematic illustration of a metalens on stretched PDMS; (b) measured longitudinal
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