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Design and study of plane lens with band discretization

PU Xinxin, HOU Jinyao, GUO Wenhao, SUN Xueping, XIE Yibo,
CHENG Jin, ZHOU Shun, LIU Weiguo
(School of Opto-Electronical Engineering, Xi'an University of Technology, Xi'an 710021, China)

Abstract: Metalenses and multi-diffraction-lenses (MDL) play a crucial role in focusing imaging applications.
However, metalenses have their own limitations in terms of large aperture and processing, and MDL are unable
to achieve truly high transmittance in terms of transmittance. Aiming at the above problems, a single-layer ring
band discretized planar lens was designed by replacing each ring band of a MDL with multiple unit structures
of a metalens, and the ring band discretisation of a MDL was successfully realised by using Si, a high
refractive index material, as the phase modulation unit and the substrate. In addition, the structural properties
and optical performances of the ring-band discretized planar lens, metalens and MDL were compared and
analyzed. The results of simulation show that the ring-band discretized planar lens not only achieves beam
focusing, but also has a high transmittance of 76%, which is 25.3% higher than that of the MDL. The
maximum depth-to-width ratio of the structure is 8.9 : 1, which is 50.5% lower than that of the metalens, and it
has certain advantages in batch processing. The band discretized planar lens has the advantages of both

metalens and MDL, and shows a broad application prospect in optical system integration, infrared imaging,
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optical sensing, and other important fields.

Key words: metalens; multi-diffraction-lenses; phase modulation unit; plane lens
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Fig.1 Phase modulation unit for different lenses
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Table 1 Annular band height of multi-diffraction-lenses

BN 1 2 3 4 5 6 7

Ffum 0 3.2870 3.240 6 3.163 3 3.0554 2.9169 2.748 3

Wiy 8 9 10 11 12 13 14

FAR/um 2,549 6 2.3214 2.064 0 1.7779 1.4635 1.1213 7.5196

WiHEN 15 16 17 18 19 20 21

42/um 3,559 6 3.236 4 2.788 9 2.3167 1.8203 1.3005 7.578 9
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Fig.2 Diagram of local phase modulation unit for discre-
tized planar lens
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Fig.3 Phase distribution of discretized planar lens
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Table 2 Annular band phase of discretized planar lens

WEIN 1 2 3 4 5 6 7

FADL /n 0 1.990 19625 19157 1.8503 1.766 5 1.664 3

HN 8 9 10 11 12 13 14

AABL/T 1.544 0 1.4058 1.2499 1.076 7 0.886 2 0.679 0 0.455 3

W N 15 16 17 18 19 20 21

AHAL/m 02155 1.9599 1.689 0 1.403 0 1.102 4 0.787 6 0.459 0

®3 ERHETIEERRTEE

Table 3 Annular band radii of discretized planar lens

WiEIN 1 2 3 4 5 6 7

A2/um 0.133 4 0.9857 0.969 6 0.947 4 0.924 2 0.904 0 0.888 5

HN 8 9 10 11 12 13 14

42/um 0.875 7 0.860 8 0.837 9 0.802 5 0.753 2 0.688 4 0.595 8

W N 15 16 17 18 19 20 21

42/um 0.427 7 0.968 3 0.891 6 0.860 5 0.808 5 0.723 9 0.597 6
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Fig. 4 Schematic diagram of plane lens
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22 AT ST 38 RS TR S T 3 B ) AR R R
TH A R 58 A VC L, 3% 2 PR oA 78 s B4 Ak i A
G S B 0 i B A A A AN ISR U, DL K
B O B B ST A Z AR A E S 8OR A=
RS, WA 3 FB s x #im LAY
Ve TEAnE 6 BT . MK 6 W LAE H, B s £
AT B BE AR A5 G 0 B O T E A B A R
REEVERE, fF AR EH P = YE (full width at half
maxima, FWHM) 435l & 8.4 ym. 8.16 um, 8.2 um,
FWHM J& DA i i Y6 i o Hvls, 76 38 B FEIK 50%
(4 2 A s Z R0 G PR AR, e TR s, IR
JERE S PR R, R AR BE B ORR EA . AR
SCBEH B0 B U 37 B AR 2 A L, 2 v TE e

T 0.2 pm, FIZHATHE B LLIE N T 0.04 pm, B
BHORLE BR 25 A T AR A 22 AT B A A 1 I B
HAa#er LT ARz sgm . Pk, B SO 7 8 3
TCRAEANIR] 2 BE AT o] LASE BRI RE & B B

400

FWHM=8.4 um
100
0 re " 1 A I\ J
—-100 —60 20 0 20 60 100
x/pum
(a) M BEF 5



- 274 - AP S 55 46 4 5 2 )
°r B (A Z G B BB R AU 56.77%, B R
60 | R F2n R v S . - p

- T 375 5 437 2o AT LUK B 76%, iE G R T T
50 F
~ 25.3%.
£ 40
z -
=30 x4 BRE.SETHER ERLTEBRERSH
) FWHM=8.16 um
20 Table 4 Performance parameters of metasurface, MDL and
10r discrete planar lenses
0 il . 1 I T J
-100 —60 =20 0 20 60 100 e f/um FWHM hid %
X/pum R ]
(6) ZORTIE L i 20 84 I8ED 8
400 - LY BB 120.8 8.16 1L06:1 5677
EECTIES 118 8.2 8911 76
300

|EP/(V*m™?)
13
(=2
S

FWHM=8.2 ym
100 |

0 . . . ;
—100 —60 -20 0 20 60 100

x/pum
(c) BRI Bl 5 58

Eo AREBEMNFEEREE
Fig. 6 Schematic diagram of FWHM of different lenses

3FEBE R PERESEON LR 4 s . K 4
AR, 3 P B 7 LB B (IR A Y 5, H B
BORE G ™ A TR G, BHIRZEN 2 ypm, )™
A IR ZE WY S 2 — D7 T, o T AR 4 SR 2
) B o, 7 AR S AR, A R R B . AR
FATCEAE R AN AL 7 s o AR SOR S B 8 5
FHAR 4 A AROL IR ST HERT T A S 05 B oA, A
JEI W — 5 B 260, AR BI04 1 2 18] R i /),
22 A AR R 45 H =2 18] 32 21 1 8 1 5 R R i 5
A LRV R, 7 AR A A, AT S iR
ZHAE S5 K Z 1B HEAT R B, S e B Y R,
SEER G LA /NS A R AR
AR, ] LU i AR A BoC iR AR L A
155 2 Rt — B e Ak, 38 B A 1 RS B
o o5 — 5T, T 2 AT 5 B BT B R A SE R R
S PSSR — A 2 BT, B U 1 T A
AR T 559 A S T 1.7 B AR 6 8 55, 36 1
RIS B AR LR 2 08 DR o AT LA o 49 O i 2
B RSE, A I B 9 B — A SR T A e
i, AT/ IR 74 R AR 22, R ERAE LG

Sl E B L, AR T B R A
FAET, B RS G TR O LE W] /), i 2 RTAY
18+ 1TFFIRZE 8.9 ¢ 1, BEAR T 50.5%. il &5
5 ZRATH B BAR L, PIRR % BT 0 5 v LA )

z/pm
S =N Wk WO 2 0

x/pum

(o) AEHE AR TS D R R A1
B7 #AMETEATER

Fig. 7 Structure diagram of adjacent units

3 Ffds B 4 REAS SC DU R AR TN RE, M B A 2 9
759 125 B ) R R R TR AT S G B RN o RS HE
A FR) AR 2 3 2 BT 3R s BRATT , A [ AR TR BE LE 1Y [7)
ST i AR T o B AR AT A B i
AR R AR R 90 2 B0 10 45 A P R BT 254 22 [ Y A
HAER, A B —BR AR i B A A R 2 800 AR AL
PRI . R, AR IR TG b A — E T
L FRAR N TR RE, St A AR B RT B

3 i
ARSCBET T Al i B 2 A 53



REHGE: 2025, 46(2)

O, S B B B B B B S

275

DL S A B2 B RO AT AT B B . 1B B AR A 5L (A
DR G S B N T R i 1193 N I AN SR R VA L
PEROT TR, TER B B R I, Rl T
BB B ST R M Z BT EBL S N TR &
A THDE B, IR 08 LR 8.9 ¢ 1, i B Y
A R A T KA, ESCBLR DA Rl
T A - T 2 5 7 T R B B R g, OF B AE
A R AE 2R AR (118 pm) Fg id R (76%) 75 T B 2
T ZHAaGES, 5 . WERIOLE R4,
LT A AR A B 0 T s A AU B A R A
{FAIERS

5 2% Uk

[1] LALANNE P, CHAVEL P. Metalenses at visible wavel-
engths: past, present, rmperspectives[J]. Laser & Photon-
ics Reviews, 2017, 11(3): 1-11.

[2] HUANGK, QINF, LIU H, et al. Planar diffractive lenses:

fundamentals, functionalities, and applications[J]. Ad-

vanced Materials, 2018, 30(26): e1704556.

[3] WAN X, SHEN B, MENON R. Diffractive lens design for

optimized focusing[J]. Journal of the Optical Society of

America A, Optics, Image Science, and Vision, 2014,

31(12): B27-33.

[4] KEDEMR O, OPATOVSKI N, XIAO D, et al. Near in-

dex matching enables solid diffractive optical element

fabrication via additive manufacturing[J]. Light: Science

& Applications, 2023, 12(10): 2187-2198.

[5] LIQT,DONG F, WANG B, et al. Polarization-independ-

ent and high-efficiency dielectric metasurfaces for visible

light[J]. Optics Express, 2016, 24(15): 16309.

[6] KHORASANINEJAD M, CHEN W T, DEVLIN R C,

et al. Metalenses at visible wavelengths: diffraction-lim-

ited focusing and subwavelength resolution imaging[J].

Science, 2016, 352(6290): 1190-1194.

[7] ENGELBERG J, LEVY U. The advantages of metalenses

over diffractive lenses [J]. Nature Communications, 2020,

11(1): 323320.

IR, JR, ¥ AR, 46 S 21 A MR T G 5 S o2

(7], 1% FDE2#, 2020, 41(3): 591-596.

PU Xinxin, ZHOU Shun, XIAO Xiangguo, et al. Re-

[8]

search on near-infrared polarization- independent metal-
ens[J]. Journal of Applied Optics, 2020, 41(3): 591-596.

[9] YANJ, GUO Y H, PUM B, et al. High-efficiency multi-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

wavelength metasurface with complete independent phase
control [J]. Chinese Optics Letters, 2018, 16(5): 05003.
PRESUTTI F, MONTICONE F. Focusing on bandwidth:
achromatic metalens limits[J]. Optica, 2020, 7(6): 624-
631.

PUEri, Rk, EI. LAMNRE ST 564 ], 6
JE2#, 2021, 42(6): 1102-1106.

QIU Gongrun, ZHAO Feng, WANG Kun. Design and
fabrication of near-infrared metalens[J]. Journal of Ap-
plied Optics, 2021, 42(6): 1102-1106.

Wrzest, 75, fTpbnl, 5. JE TR mADRH B AT ST
ek ] D, 2019, 40(2): 306-310.

CHEN Kuixian, WANG Yu, HE Taotao, et al. Metasur-
face fan-out diffractive optical elements[J]. Journal of
Applied Optics, 2019, 40(2): 306-310.

LIANG H, LIN Q, XIE X, et al. Ultrahigh numerical aper-
ture metalens at visible wavelengths[J]. Nano Letters,
2018, 18(7): 4460-4466.

YOON G, JANG J, MUN J, et al. Metasurface zone plate
for light manipulation in vectorial regime[J]. Communic-
ations Physics, 2019, 2(1): 156.

KHORASANINEJAD M, CAPASSO F. Metalenses: ver-
satile multifunctional photonic components[J]. Science,
2017, 358(6367): 8100.

SWEENEY D W, SOMMARGREN G E. Harmonic dif-
fractive lenses[J]. Applied Optics, 1995, 34(14): 2469-
2475.

LEVY U, MAROM E, MENDLOVIC D. Thin element
approximation for the analysis of blazed gratings: simpli-
fied model and validity limits[J]. Optics Communica-
tions, 2004, 229(1-6): 11-21.

HE Q, SUN S, XIAO S, et al. High-efficiency metasur-
faces: principles, realizations, and applications[J]. Ad-
vanced Optical Materials, 2018, 6(19): 1800415.

oG, FHF, fl—2, % —Fh TAEAELLAMNIE B R
WA B 5 BT 77 6 CN114624877B [P, 2023-
03-31.

ZHENG Yidi, LEI Baiping, HE Yiwei, et al. A design
method of large field diffractive lens working in infrared
band: CN114624877B [P]. 2023-03-31.

FU X, LIANG H, LI J. Metalenses: from design prin-
ciples to functional applications. Front[J]. Optoelectron,

2021, 14(2): 170-186.


https://doi.org/10.1002/adma.201704556
https://doi.org/10.1002/adma.201704556
https://doi.org/10.1364/JOSAA.31.000B27
https://doi.org/10.1364/JOSAA.31.000B27
https://doi.org/10.1364/OE.24.016309
https://doi.org/10.1126/science.aaf6644
https://doi.org/10.5768/JAO202041.0305001
https://doi.org/10.5768/JAO202041.0305001
https://doi.org/10.1364/OPTICA.389404
https://doi.org/10.5768/JAO202142.0604002
https://doi.org/10.5768/JAO202142.0604002
https://doi.org/10.5768/JAO202142.0604002
https://doi.org/10.5768/JAO202142.0604002
https://doi.org/10.5768/JAO202142.0604002
https://doi.org/10.1021/acs.nanolett.8b01570
https://doi.org/10.1038/s42005-019-0258-x
https://doi.org/10.1038/s42005-019-0258-x
https://doi.org/10.1126/science.aam8100
https://doi.org/10.1364/AO.34.002469
https://doi.org/10.1016/j.optcom.2003.10.017
https://doi.org/10.1016/j.optcom.2003.10.017
https://doi.org/10.1016/j.optcom.2003.10.017

	引言
	1 透镜相位调控单元设计
	1.1 超表面相位调控单元设计
	1.2 多级衍射透镜相位调控单元设计
	1.3 离散型透镜相位调控单元设计

	2 透镜设计及聚焦性能
	3 结论
	参考文献

