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Metalens for polarization-switchable multi-functions multiplexing
in multiple channels
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Abstract: Metasurface provide a new platform for studying planar and ultrathin optical components. The traditional
geometric-phase-based metalens are limited to the polarization locking, which inevitably hinders its function in multi-
plexing of multiple functions. Herein, an approach based on the geometric phase is proposed to realize polarization de-
coupling of metalens. This method can be applied to design metalens that enables functionalities of polarization switch-
able multi-functions (focusing and vortex beam etc. . . ) multiplexing in the longitudinal direction or both the longitudi-
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nal and transverse directions. The results provide a new avenue for multifunctional integrated planar components.
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Fig. 1 (a) Geometric-phase-based metalens in this paper: (a)Geometric-phase-based metasurface realizing polarization-switch-
able wavefront controlling and multi-functions multiplexing in the longitudinal direction; (b) Geometric-phase-based metasurface
realizing polarization-switchable wavefront controlling and multi-functions multiplexing in both longitudinal and transverse direc-
tions; (c)Polarization conversion efficiency of anisotropic metrasurface unit; (d) Phase difference between the long and short axes

of anisotropic metasurface units, where the insertion chart is a schematic of single metasurface unit.
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Fig2 (a)-(e) Distribution of electric field intensity and phase of the metalens under left-handed circularly-polarized (LCP) inci-
dence; (f)-(j) Distribution of electric field intensity and phase of the metalens under right-handed circularly-polarized (RCP) inci-
dence; (a) Distribution of electric field intensity in the x-z plane under left-handed circularly-polarized (LCP) incidence; (b), (d)
Distribution of electric field intensity in the x-z plane at z=28. 5 um (b) and z=65 um (d) ; (c), (e) Distribution of electric field
phase in the x-z plane at z=28. 5 um (c) and z=65 pm (e) ; (f) Distribution of electric field intensity in the x-z plane under right-

handed circularly-polarized (RCP) incidence; (g), (i) Distribution of electric field intensity in the x-z plane at z=28. 5 um (g) and

z=65 pum (i); (h), (j)Distribution of electric field phase in the x-z plane at z=28. 5 um (h) and z=65 pm (j) ;

ATRVE TR BT BB O, R B A R AR
Bt Hoh — AR LSRR AL E (0, 0, 28.5
pwm) , 15— RECBEALE N (0, 0, 65 wm) .
A B BB T AR BE 23 51 2 30 wm F1 70 wm s B
WHEUE T B n RN A N RS . R AT
Z: 5RUE AT B S5 B (2 T 5 B B IR
il , A SR T 200%200 4~ 45 100 53 1 45 4 BT iE 4T
B0 B R Z I S 2 Wl 23, iR A 25
22 1045 T S I 45 4 BT B Y S5 A B0 T e g5
Z (M) I o B e BE AR ) . B 2(b), 2
() g T EAE T B B TE x—y F- 18 (2=28. 5 pum Fll 2=
65 wm) A4 L 37 J32 0 3 o0 A o Al LAY MRS 7 21

A 1) 5 £ 6 BE 43 1) B LA R ) 2R A OF T
s MR ARDE A an L 2(e) , 2(e) iR 2 AT
FEL A0 00 1) Ml B 285 kg A T B i I A R, R 3 % 1Y) J
J7 4% H B A 40 B 1 B AR IR e (AN 181 2(6) Jiras ) 5 4
V7 1A G 1) R £ 10 T 11 R AR Rl 30, 23%: Horh—
AR BERIALE K (0, 0, 28.5 pm), 15—
IR BERI AL E K (0,0,65 pm) o K& 2(g),20) 55
A FE ST (2=28. 5 m 1 z=65 wm) &b Y B, 3 8
JEE 4 A7, T LAYE BT 0 7 B A 3 A IR0 5 AR R 1
M Ao +1, +1 CanE 2(h), 2(G)FR) . PhE
JER DI RE R W, FIris v A 68 3 1T 325 5 BE 18 S B I
PR O] V)4 0 T RE 5 [R) s, AH R A9 A S 26 i 53 A e



- SUINAR 26 B FETHT A B T D101 2238321y 5 73

it 4 285 P R g ) S B 22 1 3 1Y) D e a7 S
AT R E) o
2.2 #HEEFMNERERTIHRNSEESH

JIT U T %) 6 2% 1T 37 5 AN (R 8 S IR 1) i A
Al Y)Y 220 18 B FH DI 68, 18 BE A% SRR 1) A2 1)
) P A T U096 Y 22 3 08 2 D RE o FH N7 YRR 7 15
RHBG)HO) ;S SHREN v, =2, =y, =
Y, =0,y =9%=0,x, =2, =y,=y,=0,f =/, =
S0um, f, =30um,f, =70 pm, Ly, =2, Ly, = 1,A=
B=C=1, D=1.15, 4Nl 3 7 A AH W 5 B 37 FAH 37
3 An o B 3(a) by e e 5 g 4 2 H R U 5 BT i Y
A TR S B R 5 B S A, AT AR B T
PR R ) X R A 1 2R A B (L3 ) 67 o (15
pm, 0, 47.5 pm) F1 (=15 pm, 0, 47.5 pum) ) ; ¥
B SR AERCR N 30. 24% ., AH IV A A T8 L 3756
AL A0 3(h) A 3 () s o 24 A B B ji 0% 11
s B 25 2 Ry A T 88 A1 22, L B ) 3R THT I AR AE

hIa1 7 1) b AR T PSR 43 A ) 3R AR IR E (4[]
3(d) 7R ) s FHA A SR AE R R 30. 25% . A2 1)
O3 R T SR AR B 5351 (0, 0, 27.5 um) F1(O,
0, 65 wm) o HH R A £E - T L 37 5 5 F0AH 037 43 A
Kl 3(e), 3(g)M3(f), 3 (h)Frz~:a] WLAkF (0, 0,
27.5 wm) AR AR IR E 0 s S +25 i 4k (0, 0,
65 wm) R AEIRTE A FH M R+ 1. DA BB TR
Yoy A 20 - FAT T A0 88 2% 1 155 B IR A S B RS
[ia] PP 0 3 R A, L RE S 1) v A PR 5 TR
T o AR ST R 0 P R A, BT LS EEA  A
i 1) 2238 8 D) RE A D4

3 it

RSO T — 2 2 T O O i A 1) T U
— IV 3E 2ok [0 Pt o 2 A S 22 G 158 R A e I3 v I 25 R
T 2 ) D S R4 R A, S IR R T 37 5 114 v I
DA BTt ry R A e S E T B ESe B T
1 17) 22 308 3 23 RE AY AT U] 4 45 LA B A i) A 1] 2

225 Mi
10 22.5 35 47.5 60 72.5 85 _
Zpm EN X

225 I N
-25-12.50.0 125 25
X/pm

Max

Tin

Max

lin 25 -
-25-12.50.0 12.5 25
Xpm

K3 (a)-(c) Ze it [ i ik A1 B0 T 75325 552 777 B R 320 5 B AR 82 2341 5 (d) - Ch) A5 e 9 i 4 A SR 0 7R 55 J7 i L 3%

SR AR AL 530 o () PEIB a5 5 x-z 181 b (8 B 37 B B2 437 5 () X A - 18T (2=47. 5 pm) b1 B 3758 B2 4341 5 (o) % I £ 7 1
(z=47.5 um) ) _EBARGI 53 40 o 5 (D) FEBBEIG T7 x-z V10 L 09 B A58 B 5341 5 (e) , (@) X A5 - 11 (2=28. 5 pm (b) I z=65 pm
(d)) FA R 5347 5 (F), (h) P A2 10 (2=28. 5 um (b) 1 z=65 pm (d)) FAHINL 3

Fig3 (a)-(c) Distribution of electric field intensity and phase of the metalens under left-handed circularly-polarization(LCP) inci-
dence; (d)-(h) Distribution of electric field intensity and phase of the metalens under right-handed circularly-polarization(RCP) in-
cidence; (a) Distribution of electric field intensity in the x-z plane under left-handed circularly-polarization (LCP) incidence; (b)
Distribution of electric field intensity in the x-z plane at z=47. 5 um; (c) Distribution of electric field phase in the x-z plane at z=
47.5 um; (d) Distribution of electric field intensity in the x-z plane under right-handed circularly-polarization (RCP) incidence;
(e), (g)Distribution of electric field intensity in the x-z plane at z=28. 5 um (e) Fll z=65 pm (g) ; (f), (h) Distribution of electric
field phase in the x-z plane at z=28. 5 um (f) 1 z=65 pm (h) ;
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