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Design and fabrication of pixel-level infrared metalens arrays for
light field control
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Abstract: Metalenses, with their unique optical field modulation characteristics and remarkable advantages of high inte-
gration and miniaturization, have broad applications in the integrated imaging system of lightweight and small-sized op-
toelectronic chips. In this paper, a metalens structure for pixel-level integrated infrared focal plane applications was de-
signed. The preparation of the structure adopted a method combining stepper lithography technology and Inductively
Coupled Plasma (ICP) etching process. Through a systematic optimization of etching parameters, including gas flow
rate, working pressure, and power, the loading effect was effectively suppressed and the standard deviation of the etch-
ing rate was decreased from 0. 205% to 0. 073%. Finally, a highly uniform metalens array was fabricated, with a pixel
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center distance of 30 pm, an array of 640x512, and a maximum aspect ratio of 3. 42 of Si pillars. The focusing distance

for 4. 3 um wavelength infrared light is 35 pm. The measured optical field convergence efficiencies, within radial rang-

es of 10 um and 20 pm in the centra area at the focal length, are 66. 4% and 84. 9%, respectively. The optical field ener-

gy is increased by 5. 98 times and 1. 91 times, respectively, compared with that without the integrated metalens within

the same area range. This study will provide the structural design and processing foundation for the integration of pixel-

level metalens arrays with infrared chips.

Key words: Metalenses, All-dielectric, Loading effect, Etching uniformity, Light convergence efficiency
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Fig. 1

Schematic diagram of the pixel-level metalens structure: (a) 3D structure diagram, (b) x-y cross-sectional structure dia-

gram, (c) x-z cross-sectional structure diagram light field distribution diagram at wavelengths of 3. 7 um, 4.3 um, and 4. 8 um,

(d) x-z cross-section (y=15 um), (e) x-y cross-section (z=34 pm, 36 um, 39 um), and (f) light field intensity distribution dia-

gram (y=15 pm)
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Fig. 2 (a) Microscope image, (b) schematic diagram of the preparation process, (¢) scanning electron microscope image of the

metalens

&1 VIEXBESH
Table 1 Initial experimental parameters
Wy gy R/
W W mTorr
400 25 10 SF/CF,/Ar = 11:105: 10 20

AR scem R C

BRI TR T 2S8R, mEE AR
BE RN A A v B A AS 35 50 #0 1T BE 2 5 ) 21 35 R
H G PERE . AR B B 1 ] £ 7 oK, R EE DL
Byog e HE RS BE R LL A% 1) S R R 0 ok R A A
J T EVFHFIRRE . RTHISC B 45 5 rf & R, 2 ik
PP S AEAE R T ROV 55 B R FE R 5 R 1 Z)
LT N (i A K N RS N B i - S g I
(Loading effect) . ZIih i 58 5 34 5 P 2 AL AL i 4%
il 5 T2 rh i o EHE PT80S A Z1 1k
Je REAE TR (R AR AL B0 ) sk 25 50 0 RATTAE LRSI A T
Z 8 S FE A A . A B BEIRCHAS A, A ik
BRI HIFRIC N V. Voo Voo VRV, 0 20 f ok 2 )
Vi+V,+V,+V, + Vi

S KV = s 5 2]l 3 5% 1Y)
7 i #* N o=
/(VI_V) +(V2—V4)+---+(V5—V);ﬁ¥ﬁ§;§

Kﬁ@fﬁ(ﬁ%tb)%)‘(j@w(%):/vx100%;
1 NI SRS U B> B = S
—%x 100%. SCHy b, 2% % %

BOBUE AN PN 22 3 i 5 RERE AN BE B P A

WO LA ANTE 3 TR o AR RE SO 1) 21 P s R
FAN 8 H 0 I ] — AR AL Y LR P LA o e
3 S0 e X = A7 A AT Y TERE A A
T ) 552 s 5 2 -5 2 by 2 5 22 22 R LA 20 el
(6], A9 AE AR A1 — A RO RSE 1) 220 Pl i 5 o [t
TR 22 P 2 5] JBE ) o ORI %) ph S5 2R B AT A5 51 %)
bR P BE L E A R o

MM EMTs 800AV WD= 47mm Megs J000KX SignaiAsinlens  Dale- 19.Jan 2024

PI3 AR AR ) S8 DN B R (]I 2n 2 _Z5SRIAHT

Fig. 3 Example diagram of silicon pillar’s lateral width mea-

surement

TE R 2 G 20 phad R b, SR SRR 220 0h T 20
S Itk 1) 87 AN B R 220 e X3 (R TR ) 11
20 b ARAT I T /N 220 et X3 (/N VA R ) e ) o s
FARFRE N 3k — B G 32 2R fhy T 220 i v SO <
AR (48 R85 T 2 1] AP A AL A B3 T Al T 3 2
N G AHAR BN RS Z i A SR B R R, — 75 T 2 S e
WRE A R A B S B TR, 5 — 7, Al RAAE S
A RO A By O AR B R &) S5 88 1A, i
THECZS ZGEVERE , IR A5 1R 1 S F 2 k™



XX ] gk AAE T DA R R R RSN B S BT S 5

FBRAE . AN TCP 2k Z2 4 rh 52 Wi 20 o 3K 252 R RE A4
Z i) S S B SR D) R R R
ARG AE . RN B R ASON Xk 25 4 5 5
BYSZR , A SCE T T = 4R R A8 B S8, R T
AN [R] AR 556 220 ol ) A0 B T 5 5 220 ol R 2 S0 1Y
N
n 2. 1 ST ZE 0

SR T e 2 b ok AR ke 2 OCEEVE T
T B SR BE R W 2 SR . S,
TER 1 e SHORAS (R SETE 5 545 2 543 ) %
EH15.25.50 F175 W, BRALI AT, RANTE
DG MRS, R4 T TR 50 W
Bf A =R SC B 45 A 46 Z0 DR 2 b v 22 A
HEZE ARSI B B KA 5 e # LU I 15
B DA SRR R (R R 250 . AR TP AT LU
=R G S AR MG 22 2 /N T 0. 012, BERH T %)
TR EE M,

F2 HSANEA S0 WERHZRZIMERSirERE
Table 2 The results of the three etching processes
and the standard deviation under 50 W RF

power

& S T AT
S a SEIG b SEHR ¢

Frifi
7
6.60 6.55 6.58 0.012
Z) PR bR fE 22/ (% ) 0. 0850. 087 0. 086 0. 001
FREZEAIY I (% ) 1.33 1.31 1.30 0.012
RA SN %) 3.34 3.33 3.34 0.005

PEFE LM 2.58 2.59 2.60 0.008

Z R/ (nm-s™")

TIGHH T AR PR D RITHTE LR
M AT LTS H, 200 okl =30 24 (L B S A 0 23R A 4 K
T3 K, 20 ol 14 e RN 2 20 AR 2 A D/, 220 s
AR S VEAEN I8 R o X T S R R AR R
I, A B M Y S i R AR O, B IR ] DY AR
[iEra i Il WNTTENTE LSSt NS il i e
R RINIUE S i PN U L N R SRS U

R3 FREGHMMETHZIMER
Table 3 Etching results with different RF power
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Fig. 4 Etching rate non-uniformity of silicon pillar sidewalls
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Table 4 Etching results of different gas flow rates
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Fig. 6  Etching rate non-uniformity of silicon pillar sidewalls
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Fig. 7 (a) SEM images before optimizing parameters; (b) SEM images after optimizing parameters
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Fig. 8 (a) Etching rate comparison before and after optimization parameters, (b) Comparison between the designed silicon pillar di-

ameter and the actual one after etching with optimized parameters
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Fig. 9 (a) Actual photo of the meta-lens array sample and (b)-(f) the tested light field distribution diagram at a wavelength of

4.26 um: (b) 10x10 array x-y cross section (z=35 um), (c¢) single pixel x-z cross section, (d) single pixel x-z cross section (z=

35 um, white dotted line position in Figure ¢), (e) single pixel light field intensity distribution diagram (white dotted line position

in (d)) and (f) corresponding relationship between light field convergence efficiency and area size.
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