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Design and characteristic analysis of off-axis meta-lens
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Abstract: We propose a design method for off-axis meta-lens and analyze the effects of numerical aperture,
off-axis angle, and incident wavelength on the simulation deviation, resolution and focusing efficiency of off-
axis meta-lenses. Several off-axis meta-lenses with parameters NA=0.408 a=13°, NA=0.180 a=13°,
NA=0.408 a=20° were simulated by Lumerical, respectively. The simulation results indicate that the off-axis
angle is directly proportional to the spectral resolution. As the angle increases, the spectral resolution be-
comes better, but the focusing efficiency decreases. A smaller numerical aperture result in a smaller cover-
age of the phase distribution, leading to a larger deviation between the simulation and theory. Designers need
to reasonably balance parameters such as numerical aperture and off-axis angle according to the require-
ments to finally achieve the desired effect. This study has an important reference value for theoretical analys-

is and parameter design of off-axis meta-lens in practical application.
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Fig. 2 Design flowchart of off-axis mate-lens
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Tab.1 Designed parameters of off-axis meta-lens
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and (b) simulated structure diagram of off-axis

mate-lens

B Wi AR TR B BS54 0.1 AL B AL, Jfad i
PP EE x-z P S B A, BRAT D5
SRR 5 CREIE WA 7RO B

|E]? (x-z plane)

137.0
-5
114.0
-10
-15 91.3
E -20
= 68.5
-25
%0 45.6
-35 228
-40
-15 -10 -5 0 5 10 15 Mg52e-06

x/ym

B 5 BHHBHIESLR Lumerical 1 H 45 R
Fig. 5 Simulation results of off-axis mate-lens by Lume-

rical

FRHEFE 1 vP Y B Bl £ B AR IR AT DL
A I B PRI R AR AR BR N (7.420, 0, 32.141)

(P2 um) o WA 5 iR, 22 Lumerical 15 B J5 25
i R AR 375 B K O R R £E HE (7,100, 0, 31.200) (R
Bz pm) 2b, 5HES TR AR 2 7E 5% LN, IEWTE
AW REI
32 WAESHEHBIERNEINSHT
32,1 ARBALILZAAG ARG Y a

1 BRI A BB 5K AN B, BUE LR
NA=sin(8/2). AL, MEBEWSERNER DS
BV AR o [ I, AR SRR, KA B U,
BI NA 8N, AR NA 23 B0 E AR A 10
B . K 6CRE W I F ki) > D=30 pm,
o=13°, AFFIE K 2=1.550 um, £ H £=32.986 pm
B} 25 Al A 375 5% 1) B AH A 435 A1 Lumerical {)5
HA5R, IR NA=0.408.

15 Phase/rad
6
10 5
5 4
1S
0
S E
-5 : : 2
-15 . 0
-15 -10 -5 0 5 10 15
X/um
(@)
(a) Phase distribution
E|? (x-z plane
[EJ* (x-z plane) 1370
114.0
91.3
68.5
45.6
22.8
-15 -10 -5 0 5 10 15 B8 6.52¢-06

X/um

(b)
(b) Simulation result diagram

E 6 D=30 um, a=13°, 1,=1.550 pm, £=32.986 pum I} {4
(D& ERST i EERAE S e
Fig. 6 Phase distributions and simulation results for D=
30 um, a=13°, 4;=1.550 um, /=32.986 pm



56 HEDE

(330

17 %

& 7CEE WA /) 2 D=30 um, a=13°,
AHFIER 2=1.550 pum, F2H A-80 um A 25 il 44
175 55 1 LS AE 8 4 A L Lumerical £5 B.45 5%, it
i N4=0.180.

Phase/rad

Y/um

@

(a) Phase distribution

|EJ? (x-z plane)

36.9
-10
-20 30.7
_30 B
40 24.6

g _

3 0 18.4
-60
-70 L 123
_80 ]
_90 6.14
-100

-20 -10 0 10 20 951607

X/um

(b)

(b) Simulation result diagram
&7 D=30 um, 0=13°, 4=1.550 pm, /=80 pm B F& AH {7 43
A S BAEAE
Fig. 7 Phase distribution and simulation results for D=
30 um, 0=13°, 1=1.550 pm, /=80 um

ML 6(a) MIE] 7(a) /] LI ), X T 2l
BB, 2 NA BN, AR AL o0 A 5 1 4 70N, 4
B 7Ca) AL AT i BB T . X EER 2 R
[R] NA (9 BEVE T 5 A0 7 R AR B 22, mI A,
NA U, BETH S 05 B A R 22O . i 22 K/
R AR LRI FR I RN

ERAE O T4 D AR B A o AT,
BUBEREE £, TSR] NA. 51048 D SRR
SIEE R, BUR B E o, FRES il NA e A7
ke, BRI o B, NA B

*2 FENA (FREEE H HEMBHIERELITE
S5HAREMEL
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