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Design of solid-immersion infrared metalens
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(1. Beijing Information Science and Technology University, Beijing 100192, China;
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Abstract: Infrared focal plane arrays (IR FPAs) play an important role in various infrared imaging systems. In
order to improve the working temperature, quantum efficiency and sensitivity of IR FPAs, microlens arrays are
usually used as light condenser for IR FPAs. Currently, materials of microlens array are usually different from the
material of the infrared detector, so additional process means are required during integration of the two parts,
which is difficult and inefficient. Based on metasurface, a planar solid immersion microlens array can be directly
fabricated on the substrate material of the infrared detector, so that monolithic integration of the two can be
realized. Aiming at the application of antimonide class type Il superlattice infrared detector, a solid immersion

infrared metalens based on GaSb substrate this was designed. The designed metalens worked in the mid-wave
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infrared band and could be applied to all incident polarizations. The designed focal length is 100 pm for all

metalens devices designed here. Theoretically, the highest focusing efficiency at the target wavelength reaches

70.7%, and the numerical aperture (NA) reaches 1.15. This design can promote microlens array to be flat, ultra-

thin and lightweight, simplifying the integration process of microlens array and infrared focal plane array.

Besides, this design is expected to improve the detection efficiency of infrared focal plane device and reduce

manufacturing cost.

Key words: metalens; solid-immersion;
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Fig.1 Design of the metalens. (a) Working principle of the metalens and schematic diagram of the structural unit; (b), (c) Top view and side view of the

structural unit, respectively, where period P, diameter D and height A of the dielectric cylinder is marked

20210360-3



ISk A2

%34

www.irla.cn

o

%51 %

JFRE . T EHET GaSb 9K A 1 4k 45 4 BT AR 7Y
X N ST FEL i e 22 3k J) 4 85 ) B R A 1 A A7 R g
T I% o FEHEATEAB S B o S A BT AR Y TR
Sl J03 1 00 A 2R A, T IR R G T 01 2 MAC PR U8 1 5
FVLHLZE (PML). R U X J7 o] e 41 04 26 Ml 41 ' A
S5, W RIE-Z T5 ) o FEANFFRA PR XS A B A 9
FE H M EAR D #E A7 Z8084, 7T DA 2R [ L 2
BT 2548 5T B A% AR 7 R RE TS 1o 8, 1 40 B
H2EAT R BRI IR S B, RS TAERK T
3 ) 3 ) — ZH AR BB T O0~2m, RE U i% i FL 4
15 I S B B AR A5 AT, J5 20K R FH X LE 25 L
JUHGEE R R T B B AR 2

ETAED A A0 3 um, 4 um A1 5 um AYE LT,
4 ) 18 R A A A 1.5 pm, 2 um 1 2.5 um, XA
FRE R HAS D MR P T S . i B, )
1524 TARE WA T 454 50T AH 6 F1RE It 378 2o 22 Bl A
JRE EHAR DA PR S A O, 45 R A ] 2(a)~
(O Fin . Bl 2(a)~(c) 7 B B IR T 45 k6 550 1Y 1% i A
PEREA A B P AR D Ak . W & BR, 7
EANSHEAR AR A & HE O, e i
0~2m AH v 118 [l 19 A 5 Ak EL 48 D 1 A% Ak 3 B A ] 19
PEUEA . E 2(d)~(f) B/R T 45/ S IuRe s o
RIS R B4R D MR P A k. AT LUK B, A2
FAE E EE HOEE R IE LT, S B RN, BRI %
b R Bl A S5 R T R R AR R, BRI 1 R
BN . TESEHY FRIT A P k2R3 IO it — &
BIE G 2 A JEMHT S R B, E R AR R R
Bok, T 0 A S T kS o

kT B M A S RO 25 F TR D) PO B, T
3 pum, 4 um F1 5 pm TAEP KT, 20 51 2 A B
JE R 1.5 pm, 2 pm Al 2.5 um, B4 DAE 0.01 pm 5]
(P-0.01) pm YL B MRk o XFA FAE B R P kAT 5
A, A B0 A TAR BT X R 4549 B IT i AR 67 Fl
e it . B 2(e)~() JB/R T AN AW PHUE T,
I BAE EAR D 7E Fu V3 P9 728 AR i Xof iz i) AR 7 7
0 B AR F- B RE & R T, T AR B, Joig A Y
PWUE, BEfE 6 0~2n A ALy [ 194 BiAE AR D 1Y)
ARG AR AE A P B E N . — 7T, WG T
SIS TR A RE S R, I3 U AT BE K R A (R
Ty —J7 T, JEB B BUE O RE R R, 3 2 PR ok 24 ] 40

KK, AT S Sk B, 2 MR, 7R IE
ASFE LT BUCHIT 55 20 A J 300 B 16 »

p== )
ng

o 2 S AGHBK ng ERA T HTS . ARTEL
A ), HHEH 3 um, 4 pm A1 5 pm TAEW K T LT
SR IR B 45K 0.80 um , 1.08 pum A1 1.35 pm,
XA X R TR 2(d)~(f) s At # % A B T R Y R
WP WUE . BRI, SR FH 0 S S0 A DRI 5 BE UL i
PRI ETHRE TR R, ARG T4 K T O T
SR B A

LG LR, FEARIE R 2(2)~(), 8] T &0k
KM AR E . TAERK R 3 pm B, 4544 500
e AEEW P = 0.7 um, X0 A7 78 55 35 Fl A A 2.6m,
ERET B R T R 0.67; TAEE KN 4 pm B, 2544
TR AL A P =0.9 um, X1 A AR 7 55 70 B Ap K
2.53n, FHRER B LR TR 0.7; TAEW KN S pm B,
SEA A TT AR R P =1 pm, X7 Y R A0 7 25 70
A@h 2.532n, “FIREIIE L HET R 0.725,

Bt Je, 7 TAEP K A0 3 um, 4 um F1 5 pm @915
LT, [ &AM S5 T A B — e
() e A (E, XA ORE (5 B /R4 D AT S 80
i, G5 AN 3(a)~(0) iR . 7T WLE5 F 55T 1 A 47 A
BT 155 1 R A R AR D RN B H A TR AR
fbo b T BEEEAR AL A B R B, FE I 3(a)~(D) T
R BRI b, i E &S E HOR, R YA
FAE B D AE Fu 3 N A8 A i i A 7 7 o 3
AV RE LB 1 2T, 4 R WK 3(g)~() Fras . M
Kl 3(g)~(1) ITLAF Hh, S AR R, A A Bk
JEE ORI, 45 K4 B0 A AR {3 7 25 v PRI R Mk i K. AR
I, Bl 5 A R 5 B A B8 0, SF- 2 BB U 38 i R A S
BN R RSB A R, W
L5 BTG RE S B 55 0~2m YRS 3 BB, (] I 4 IR
W E A WA, N T 5 TN, T R R
MG DL, A A I B RS AT BE /. 25 LR AT
LA B 3(2)~(), 1T LABKIE A8 45 KT A
JEAE R H TAEB KN 3 um B, Fe s ok H =
1.3 pm, X AR A3 35 905 Bl Ay 2.36m, ~F- 14 RE it 17
MR TH 0.673; TARM KN 4 pm 0, B fEm R H=
1.8 pum, Xif 7 A4 A 2 6 98 il Aol 2.44m, - Y BB Ui i

202103604



i E ok A2

www.irla.cn % 51 %

3.0

2.5
£ 20 zE z £ 3
2 &3 g3 z
8 Sl Sl el
1.5
1.0
A~3 pm A~4 pm AF~5 pm
. 0 0 0
0.1 02 03 04 05 06 0.2 0.4 0.6 0.8 0.1 0.3 0.5 0.7 0.9
Diameter/pum Diameter/um Diameter/um
3.0 1 3.0 1 3.0 1
25 25 25
= = =
g g g g g g
2.0 Z z 2 2
2 5 220 EREE) 2
. g " g~ &
1.5 s
1.0
1.0
: - 0 0 1.0 0
0.1 02 03 04 05 06 0.2 0.4 0.6 0.8 0.1 0.3 0.5 0.7 0.9
Diameter/pm Diameter/um Diameter/um
(g) 473 pm (h) 474 pm (@) AFS pm
075 1.30 0.75 11.30 0.75
1
|
_____________ z 1 £ 1
I~ 0.65 | 1.25 ’S I~ 0.65 1 4 1.25 /-S I~ 0.65 !
I 3 ! &) |
t 2 | 2
I ! 1
I ! t
| ! .
0.55 : - Transmittance 1.20 0.55 : -+ Transmittance 1120 0.55 | - Transmittance 1.20
1 1
: -s- Phase/2n : = Phase/2n : -s- Phase/2n
|
05 06 07 08 09 10 1.1 12 07 0.8 09 1.0 12 13 14 08 09 1.1 1.0 12 13 14 15
Period/pum Period/pum Period/pum

%2 (a) 3 pm. (b) 4 pm Fl (c) 5 pm TAERAK T 45 M S TCHIALBE A W] P A A B 72 D B97284k; (d) 3 pm. (e) 4 pm A1 () 5 pm TAEBAK T AEWR
B RBER P AN B AR D #7254k (2) 3 um. (h) 4 pm #1 (i) 5 pm TAEK T, BORFRY AL P, 241542 D 15 R VG BINASL, %1

FY 45 ) TCAN LB S U A AR RE TR B R T

Fig.2 Phase response of the structural unit as a function of period P and diameter D of the dielectric cylinder at the operating wavelengths of

(a) 3 um, (b) 4 pm and (c) 5 pm, respectively. Transmittance of energy flow as a function of period P and diameter D of the dielectric cylinder at

the operating wavelengths of (d) 3 um, (¢) 4 um and (f) 5 pum, respectively. Phase coverage A¢ and average transmittance of energy flow T at

(g) 3 um, (h) 4 um and (i) 5 pm operating wavelengths, respectively, when the diameter D changes within the allowable range under different

period P of the structural unit
TRT 8 0.702; TAERAK A 5 um B Sef BN H=2.6 um,
Xt 187 A4 A 7 7 55 V0 L Aol 2.82m, ¥ Rl R 5 0t R
T4 0.725,

e 2438 0 Y SR RS A FROTC R AT S 0~2m YA 32
I A RS MBI B R, 3 pm, 4 pm 1 5 pm
T AR K T B A A AR DAL [ 4 5N
0.11~0.68 pm, 0.11~0.86 pm F1 0.11~0.90 um, ¥ fi
WiB T 243 51 0.69, 0.72 F1 0.75, &l 4(a)-(c) Bow
TAE 3 um, 4 pm Al 5 um TAEP A T L4544 5Tt

7 14 B AL 125 3k 5 IR (52 M) ROE T2, LA B o 7 ) e 25
Fy BT LA RS o AR A d(a)~(c), & B RE I 28 it
B AR BAR D AR R S AW R, a3 55— i
(EJR & — AT, RO ARG T 454
(Y L AR IR IRD Y AR D gt — 2D IR B R
P EIUE T I, 76 RS54 AR 28 5 P B
2 (6] {4 T2 AR /AN, AT A Jo A ) ) 016 2 1 5 78
5, FEUL BRI REVE T R AR, BLi ek
PR 2R A T FHATA VT EC B S BB B 5

20210360-5



ash gk
%34 www.irla.cn % 51 %

2.5 25

20

g - £ 20 < § ~
=1 g3 g5 g
5 () () é
21 ¥E s 2 s ol
1.0 1.0
Ag3pm 0 0.5 | Acdpm 0 0.5 0
01 02 03 04 05 06 0.2 0.4 0.6 0.8 0.1 0.3 0.5 0.7 0.9
Diameter/pm Diameter/um Diameter/pm
3.0 - . 1 3.0 — 1 - 1
A
2.5 25 ¢
= = =
£ 20 E £ 20 5 E é
z gz g = E
=y 5 .90 .2 £3
1S ZZ 15 g2 ]
a a a
1.0 1.0
0.5 0 0.5 0 0
0.1 02 03 04 05 06 0.2 0.4 0.6 0.8 0.1 0.3 0.5 0.7 0.9
Diameter/um Diameter/pm Diameter/um
© 1,73 pm (h) A4 pm 6] 4,75 pm
0.70 0.71 0.73
|
£ :
I~ 0.68 I~ 0.70 } S & 072 1
I a 1
| ]
| | 1
! | '
B B ]
-+ Transmittance 1 = Transmittance ! - Transmittance i
0.66 H 0.50 0.69 } 0.50 0.71 1 0.50
=+ Phase/2n |l =+ Phase/2n | -+ Phase/2n ]
| 1
0.7 0.9 1.1 13 1.5 1.2 1.4 1.6 1.8 2.0 1.8 20 22 24 26 28
Height/pm Height/pm Height/um

3 (2) 3 pm, (b) 4 pm 1 () 5 pm TAEBR T G54 B0 A6 (AR AL A STH: 55 B H FIEAR D 1978 4k; (d) 3 pm., (e) 4 pm 1 (f) 5 pm TAERK
TRETE A R BEA BURE B HORIELAS D AZEAL; (@) 3 . (h) 4 pm A1 (D) 5 pm TARSKT, BORRIR A BAE B BE H, 24 H AR D ARG
PASARIRS, X0 R (Y 25 KA BATCAR (L8 353 TRl A PP RE B 2 T

Fig.3 Phase response of the structural unit as a function of height H and diameter D of the dielectric cylinder at the operating wavelengths of (a) 3 pm,

(b) 4 um and (c) 5 pum, respectively. Transmittance of energy flow as a function of height A and diameter D of the dielectric cylinder at the operating
wavelengths of (d) 3 um, (¢) 4 um and (f) 5 pm, respectively. Phase coverage Ag and average transmittance of energy flow T at(g) 3 um, (h) 4 pm and

(i) 5 um operating wavelengths, respectively, when the diameter D changes within the allowable range under different height A of the structural unit
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(The size of the optimal structural unit at corresponding design wavelengths are marked in the insets)
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Fig.5 The focusing performance of the metalens in the x-z plane at operating wavelengths of 3 um, 4 ym and 5 pm. (a) 4, = 3 um, f'= 98.4 um, the

focusing efficiency is 70.7%; (b) 4, = 4 pum, f= 97.7 um, the focusing efficiency is 70.5%; (c) 4; = 5 pm, f'= 97 um, the focusing efficiency is

70.4%; (d)-(f) Normalized energy flow distribution along the x direction at the focal plane (white dotted line in the figure) at the operating

wavelengths of 3 pum, 4 ym and 5 pm, and the full width at half-maximum (FWHM) of the focus is marked
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Fig.6 Dispersion characteristics of the metalens within £0.5 pm of the design wavelength. The metalens with a design wavelength of 3 um within the

2.5-3.5 pm wavelength range: (a) Normalized energy flow of the light field along the z-axis direction (x = 0), (b) the relationship between the focal

position and the incident wavelength. The metalens with a design wavelength of 4 um within the wavelength range of 3.5-4.5 pm: (c) Normalized

energy flow of the light field along the z-axis direction (x = 0), (d) the relationship between the focal position and the incident wavelength. The

metalens with a design wavelength of 5 pm within the 4.5-5.5 um wavelength range: (e) Normalized energy flow of the light field along the z-axis

direction (x = 0), (f) the relationship between the focal position and the incident wavelength
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