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Multi-Order Refractive Index Thin-Film Flat Lens Based on Phase Change

Materials
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Abstract Phase change materials have good photothermal stability and are rewritable. As their optical properties change
significantly after phase change, and the crystallization states of phase change materials can be precisely controlled by
applying laser excitation with different parameters. Therefore, on the basis of different optical parameters of phase change
materials in different crystallization states, a thin-film flat lens with a multi-order refractive index design is proposed. The
typical phase change material Ge,Sb,Te; is used as the optical modulation medium, and the crystallization state of the
dielectric film is controlled discretely in multi-order and multi-region according to the phase constraints required by the
focusing lens. Flat lenses with different numerical apertures are designed, and the focusing parameters of lenses are

simulated by the finite-difference time-domain method and Zemax separately to verify the imaging performance of the

lenses.
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Fig. 1 Multi-order refractive index thin-film flat lens based on phase change material. (a) Schematic diagram of lens focusing;

(b) structural diagram of lens; (c) principle diagram of lens focusing; (d) refractive index of GST material in infrared band;

(e) extinction coefficient of GST material in infrared band
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Table 1 Refractive index and extinction coefficient of GST

material with different crystallization degree

Crystallization degree Extinction

Refractive index

No. coefficient
1 4.7 0.2
2 5.3 0.5
3 5.8 0.8
4 6.4 1.1
5 6.9 1.4
6 7.5 1.7
7 8.0 1.9
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Fig. 2 Flow chart of multi-order refractive index thin-film flat lens design
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Fig. 3

FDTD simulation results of focusing properties of multi-order refractive index thin-film flat lens. (a) Field intensity distribution

curve of focal plane of lens with NA=0.60; (b) field intensity distribution of focal plane of lens with NA=0.60; (c) field

intensity distribution curve along normal direction when NA=0. 60; (d) field intensity distribution along normal direction when

NA=0.60; (e) field intensity distribution curve of focal plane of lens with NA=0.53; (f) field intensity distribution of focal

plane of lens with NA=0. 53; (g) field intensity distribution curve along normal direction when NA=0. 53; (h) field intensity

distribution along normal direction when NA=0. 53

BE A, 30 X 3 45 0 R R R O B AT T PR AL L £
Zemax OpticStudio 5 I #CAE X5 I 045 vk R #E 47 1 1F
Al | BCAG AR B AT UE 43 B R AR, S A SCIRE T Y AT
MBI, T FIAS A Pl BO(E LA 38 B 1 AR 45 21, 1%k
AP 4(a) iR o 1 4(b) A NA=0. 60 s} i Z B 1 5
R IR P L 375 45 TE e =1005 pm Ak 4 A5 45 5 L 18 4(d)
i NA=0.53 i (1) 2 By 7 5 330 6 S i35 55 7 2=
1207 pm Ab B AR 25 5 . PEERA -0 Ltk e 3230 0. 73519
XTI B B R oy HE R & 4 (o) L (e) Biw , Horp
£ HE DY SRy T 36 2 ) 1) JRy 38 ke A BT, DL vy B 2R A7
EECBCECE o WERR A BE ) 2 R 4 B 4,18 pm A
6.32 pm,

IE WA SCT IR AR SO B 7 AR RS
19 GST M RHE Sy 6 18 i A 2 3 1 I3 7 1 9 A [
NA W) 5% 5%, % 20 3E 55 0 MR e AR JL-F ik 8 7 % 3t
BEOR T UE B T B £ G AT I 3 T A B R 1 T
5 BT A B B B esArERE . SR, i
15 EL 45 B AT P& B GST ARk Ak By £ i A 2 BR
T ARASE B DGV A R 5 B0 B SR AR AL B A E 0 D

# R WA RETE Tk B BLIS AT SR o PRIk, AR SCIA
i) L3 sk 2k 2 T Ak 1 O T G bl B 55 A 67 IX
[ AR 20 3k b 4 111 25

J T B R S X T 3,5,7, 16 B
AN TRV 5 538 B B o B 22 B 3 S 25 T A s 4 1) 3R
B, BRRITSEHIYE N NA=0.60, LR
/=1000 pm, ¥.7C 58 FE R w=1 pm. A [F 37 5 B %
Ve Y 3 B 0 B AR IR 5 U b A IR A R 22 4N 5] 5(a) Bt
7N, TEBY B 3 R B 16 I (945 22 43 91 & 35. 3 pm
2.9 pm, AT ULFE B B0 0 00 3 B2 v 37 B 1Y) £ B A
VT H AR AR RE A . B Ah B T TS R T S R B
BT i 8 G A P g 4 v, A A it Ze an 1] 5(b)
Jr 7, AE B R 3 B E ok 16 B9 2 06 4 98 43 51 ol
2.12 pm M1 1. 69 pm, i L AT LLAS Y, Bl 2 B B0 384
FEBE ) 0 4 GEXE AR /N BV R BRSO T aefE . ik,
Wit 5 FH AE BRI S S B0 3, 35 B Y £ I R AR A
[ 2f I 42 58 SR RE S BCER 3RS T 1 B 1 i3 L ;X 5 AR
SC B P 2 A — 2K

1916002-4



£ 42% F 19 #1/2022 £ 10 B/RFZFR

@

collimating lens object

multi-order refractive
index thin-film flat lens

real image

S
= o

(e) L0
208

5 0.6
8
04

bW

| i
11 -
s=m Ill="1

NA=0.53

I
nsi

g 02 \

Int

11 22
X /pm

4 BT S AR R i B AR 4G R L (a) IO R TR (b) NA =0. 60 I B9 B AR 45 5 5 (¢) NA=0. 60 I n 23 3% 1 4 2 /N ek
X Ko FL 0 — ks B A A i 25 (d) NA=0. 53 W (il UL 25 5 s (e) NA=0. 53 I T 43 3% 1 114 B /N8 X6 2 HL 05— b o B 4 A il 2%

Fig. 4

Imaging results of multi-order refractive index thin-film flat lens. (a) Schematic diagram of imaging optical path; (b) imaging

result of lens with NA=0. 60; (c) discernible minimum line pairs and their normalized intensity distribution curves when NA=

0. 60; (d) imaging result of lens with NA=0. 53; (e) discernible minimum line pairs and their normalized intensity distribution
curves when NA=0. 53
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Comparison of focusing performance of lens designed with different refractive index orders. (a) Error between simulated and

designed focal lengths; (b) FWHMSs of focal points
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