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Fig. 2 Schematic of a micropyramid structure filled with liquid crystals producing PNJ
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Fig. 3 Distribution of light fields at different liquid crystal deflection angles
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Table 1 The first and second focal lengths corresponding to different ¢ angles

¢ 0° 20° 40° 50° 60° 80°
f/pum 9.3 9.3 9.3 12.2 12.2 12.3
£/pm 24.4 24.4 24.5 24.6 24.6 24.8

SR A4S ER AT LA B — A 0GR AE I8 B AR 2 |, B =502 A7 i AR IE AR K, 1 9.3 pm 34 0
#12.3 pm, 5 A E S E 244 pm BN 24.8 pm. 3% K W BEE RS 58 ST SR 2 s £
S TE B B T AL, SE R TN 6,14 B 2232 1y 1T IR AR L

W AR TE A o=20°"F1 =407 A {6 F 4 K S 0 W = 07 1) 36 38 A AT X6 BE L AR 5(a) o AANTRTEY o=
Ol @ =80° 7 1= [ ' T G K G I s = 5 1) 5 J3E 43 A1, an 151 5(b) .

- ~
= 3
< <

= =

z z
172} 7]
= =
2 L
= =

= =

z/um z/um

(a) When ¢=20°, p=40°, the light field distributed in the z direction ~ (b) When ¢=0°, ¢p=80°, the light field distributed in the z direction

H5 TRBEREA o FXFAXRHREERZTRKEN TN
Fig. 5 The effect of the different liquid crystal rotation angle ¢ on the focal length and attenuation length of the PNJ
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Fig. 6 Lateral distribution at the focal point of the PNJ corresponding to different ¢ values
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Fig. 7 Result of the light field distribution produced by the microstructure without liquid crystal

JCF ARG T RE 5 PR A A BE LG 22 R i B, HURE T Mie SIS I U B, I i A Bk
KA AR GBI B AR o X T ROEROR T, Mie UM BT EWJ/\E%E%%F%Z‘E?%I

ii=(a,m,0)=1S\[ = |2

,177

i,=(a,m,0)= \S|—|2

A a=2nr / AN RESB G RLT 42,2 jﬂ/\%ﬂél@lﬁ/}}ik) e JRARE T YRR 6 BT B R RIDRE 5 5 i Ak A 5
HIFT A Z L, 0 R HUS A

(a,m,+ b,t,)f (2)

(a,z,+ b,m,)f (3)

5 A pR R Y R B
. :sb,,(a)t/l,’,(ma)*ms//f,(a)slf,,(ma) (0
e (a)gl(ma)— mel(a)g, (ma)
¢u(z):(227c)2j:l+)1(2) (5)
et
fEFPJ 1 2 ) R BB A — 25 DL ZE R 2 ) A HE B B ST AR BRI Y”vl(z)ﬂv¥%§ﬁlm
B SE R PR AL gllﬁﬂg’éj\ﬁliﬁ(ﬂ‘ﬁjé‘]ifﬁﬁﬁo
2n+1 1
T (p)= nn ﬂ,,(/x)/x*nj T, (p) (7)
o, (p)=nm,(p)p—(n+ V), (u) (8)
2R T — TR D IR ' BRIk G R BE 4 A
A i+ i,
I(ﬁ)—E4ﬂ2( 5 ) (9)

FI P Mie 85T B8, T LA A X 47 265 4 B/, 0 3 1 Ol 0 B W (B /N B 2598 5 R S
— 2

1223001-6



PNEEAE 45 UZ G 7 35 S5 R 25 DG R ) 1006 T 40 KSR T 5

3 #ig

ARSCHE T — B S TR RE XUZ f5 4 7 55 25 M R 5 225 (8] D6 981 1 690 0'6 5~ A R S i D27 oo 4 il i FDTD %
(RN, RS R 0 B BE G AR, /N RS H 5 1 ST B R Z LG S B T AR IR R s A R IR . D o
e 45 SRR WY, 21 58 360 Fo 2 U /N X6 S5 JBT A kXU A 48 S B 5 A DI 1 9 DK SR R 1) B W) T B A LA B AL B )
Vi AN R AR CR AR R R EER N BB B S RS OT M Bl 2 AR AR T T . AR B A h 6. 1A A B T 22,30, K
JE KGR F) 36.54, 5 BUZ OERES MR-G5 WA PNTAT LS i 1 1040 Bl BUZS M -5 75 57 A0 B30T 5 3 22 1L i 0
JIN BB U I B A R L RE 1) T A i . MR, 2 v A A O, SR AR IR 0 1R S R RT AR ) 16.9 00~
43.2% o TIUL A Bl TR A X 23 TR G VR ] T B, U2 4 S B A AL ' 1 A K S I S I T R L B R R TS
IR A 9 15 46 < B2, 78 TIORE 38 S0 A H 45800 ST 3R 39 1 7 B 1y o2 P
S % 3k
[1] ZHOU S, LI K, WANG Y. Tunable photonic nanojets from a micro-cylinder with a dielectric nano-layer [J]. Optik,

2020, 225(7): 165878.

[2] LIX, CHEN Z, et al. Optical analysis of nanoparticles via enhanced backscattering facilitated by 3-D photonic nanojets [ J].

Optics Express, 2005, 13(2): 526-533.

[3] CHEN Z, TAFLOVE A, BACKMAN V. Photonic nanojet enhancement of backscattering of light by nanoparticles: a

potential novel visible-light ultramicroscopy technique [J]. Optics Express, 2004, 12(7): 1214-1220.

[4] LIU Qian, SHEN Jianqi. Effect of resonant scattering on photonic jet of a microsphere[ J]. Acta Photonica Sinica, 2021, 50

(7):0729002.

XURE, VL IR HUN X RO ORI T BN IR A i [ T]. 06T 244, 2021, 50(7) @ 0729002,

[5] WANG Z B, WEI G, PENA A, et al. Laser micro/nano fabrication in glass with tunable-focus particle lens array [J].

Optics Express, 2008, 16(24): 19706-19711.

[6] KONG S C, ALLEN T, VADIM B. Quasi one-dimensional light beam generated by a graded—index microsphere [J].

Optics Express, 2009, 17(5): 3722-3731.

[7] MATSUI T, OKAJIMA A. Finite-difference time-domain analysis of photonic nanojets from liquid-crystal-containing
microcylinder[ J]. Japanese Journal of Applied Physics, 2013, 53(1S): 01AE04.
[8] LIU C Y. Tunable photonic nanojet achieved using a core-shell microcylinder with nematic liquid crystal [J]. Journal of

Modern Optics, 2013, 60(7): 538-543.

[9] ETIN, GIDEN I H, HAYRAN Z, et al. Manipulation of photonic nanojet using liquid crystals for elliptical and circular

core—shell variations[ J]. Journal of Modern Optics, 2017, 64(15): 1566-1577.

[10] TATSUNOSUKE M, KAZUYA T. Direct imaging of tunable photonic nanojets from a self~assembled liquid crystal
microdroplet[J]. Optics Letters, 2017, 42(22): 4663-4666.

[11] DU B, XIA J, WU J, et al. Switchable photonic nanojet by electro-switching nematic liquid crystals[J]. Nanomaterials,
2019, 9(72): 1-11.

[12] VAHED A, KOUHI M. Temperature effects on liquid crystal-based tunable biosensors[J]. Optik, 2021, 242: 167383.

[13] WANG Wei, LI Guohua, XUE Dong. A study of voltage-dependent electric—control birefringence of liquid crystal[J].
Acta Optica Sinica, 2004, 24(7): 970-972.
LA, AR, BEA WA LTS R S R R BT [T ], Jesi A4, 2004, 24(7): 970-972.

[14] ZHOU Yuan, LI Runze, YU Xianghua, et al. Progress in study and application of optical field modulation technology
based on liquid crystal spatial light modulators(invited)[J]. Acta Photonica Sinica, 2021, 50(11): 1123001.
R, 2R, TR, S LT A RO VR 2 00 0 7 R 4 R Kt T R (R [T]. 4R, 2021, 50(11)
1123001.

[15] LU Yanging. Research progress of liquid crystal optics[J]. Optics & Optoelectronic Technology, 2017, 15(1): 9-12.
Bl SE 75 . L TR AT T R (7], e 5o R, 2017, 15(1): 9-12.

[16] NIU Xiaoling, LIU Weiguo, XI Yingxue. Preparation of LB films of liquid crystal 5CB[J]. Journal of Xi'an Technological
University, 2010, 30(6): 553-556.
LN, X TE, B AR 5CB Langmuir-Blodgett # B A4 i & [J]. P8 4% Tl K2 2%, 2010, 30(6) :
553-556.

[17] GE S, LIU W, ZHANG J, et al. Novel bilayer micropyramid structure photonic nanojet for enhancing a focused optical
field[ J]. Nanomaterials, 2021, 11: 2034.

[18] WU P, LIJ, WEI K, et al. Tunable and ultra-elongated photonic nanojet generated by a liquid-immersed core-shell
dielectric microsphere[ J]. Applied Physics Express, 2015, 8(11): 112001.

[19] DARAFSHEH A, BOLLINGER D. Systematic study of the characteristics of the photonic nanojets formed by dielectric

1223001-7



P/ R 4

microcylinders[ J]. Optics Communications, 2017, 402: 270-275.

[20] GU G, SONG J, LIANG H, et al. Overstepping the upper refractive index limit to form ultra—narrow photonic nanojets
[J]. Scientific Reports, 2017, 7(1): 5635.

[21] LI Qinghuan, CHEN Hengjie, CHENG Xinlu. Effect of spherical particles relative refractive index on the most peak value
of scattered light field intensity [ J]. Journal of Atomic and Molecular Physics, 2007, 24(1): 145-148.
VM, BRAEZR, RRATEE A5 BRIEORL TR X T S 25 X RO O 3 T R R K AE A AR I SE R (1] R T 5 0 T B AR,
2007, 24(1): 145-148.

Study on Photonic Nanojet of Bilayer Micropyramid Structure Coupled
with Spatial Light Modulation

SUN Zehua, LIU Weiguo, GE Shaobo, LIU Bingcai, WU Chunfang, XI Yingxue
(Shaanxi Province Key Labotatory of Thin Films Technology and Optical Test, School of photoelectric Engineering,
Xi'an Technological University, Xi'an 710021, China)

Abstract: When a planar wave illuminates the microstructure of a dielectric material, it will appear in the
shadow surface of the high—intensity energy gathering area and radiate to the far field, which is the photonic
nanojet effect. Due to its strong focusing and ability to break through diffraction limits, the photonic nanojet
has broad application prospects in the field of biological detection and optical characterization. Since the
concept of photonic nanojet was proposed in 2004, researchers have explored the factors influencing the
performance characteristics of photonic nanocrystals by changing various parameters. The results show that
the formation of photonic nanocrystals is related to the microstructure shape, the incident wavelength and
the ratio of the microstructure to the refractive index of the background. Although different photonic
nanojets can be obtained in relevant studies, dynamic regulation can not be achieved. Liquid crystal has
entered the field of scholars studying the phenomenon of photonic nanojet because of its tunable external
field, providing more possibilities for subsequent studies. Subsequently, the method of combining with
liquid crystal to change refractive index contrast and realize tunable photonic nanocrystals is proposed
successively. However, most of the existing liquid crystal photonic nanojet is developed around the
microsphere structure. When considering the microstructure of liquid crystal combined with the gradient
profile of heterogeneous materials, the tunability of its light field deserves further study. This paper
proposes a photonic nanojet optical element coupled with space light modulation of heterogeneous material
bilayer micropyramid structure, which uses the liquid crystal as the background medium, and changes the
rotation angle of the liquid crystal molecule by applying external forces to reduce the ratio of the
microstructure to the refractive index of the background, and to realize the dynamic adjustment of the
photonic nanojet. The Finite Difference Time Domain (FDTD) method is used for simulation. The
fundamental law of photonic nanojet performance characteristics changes when the contrast between the
microstructure and the background refractive index is reduced. The results show that the effect of reducing
refractive index contrast on the photonic nanojet of heterogeneous material bilayer micropyramid structure is
mainly reflected in the lateral width and focusing efficiency at the focal point, the focal length increases, the
energy shifts backwards and the multifocus appear. The focal length of PNJ changes from 6.11 to 22.34,
and the decay length is up to 36.5A. Comparing with the photonic nanojet generated by the bilayer
microsphere structure coupled with liquid crystal, the decay length is improved by 10A. With the reduction
of the ratio of the refractive index of the microstructure to the background medium, the full width at half
maximum increases, and the adjustment range of the focusing efficiency can reach 16.9% to 43.2%, when
the focus gradually moves away from the microstructure, and the energy is transmitted to the far field. By
comparing microstructures without and with liquid crystals, it can be concluded that the intensity and half-
height full width of the microstructure light field without liquid crystal are similar to those with the presence
of liquid crystal, and the focal length and attenuation length are much smaller than those with the presence
of liquid crystal. Moreover, liquid crystal can give diversity to the light field and has the ability to regulate
it. The spherical MIE scattering theory agrees with the results in this paper. With the help of liquid crystal
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as a spatial light modulation method, the bilayer micropyramid structure photonic nanojet realizes a wide
range of focal length adjustment and ultra—long propagation length, providing theoretical support for the
application of photonic nanojet in photoelectric detection and optical capture.
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