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Fig. 1. Characteristics of PNJ.
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Table 1.  Comparison of different patchy models.
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Fig. 2. Simulation diagram of patchy microspheres.
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Bl 3 HAEMAERME R E R (a) B E (b) SR m AL R 27%; (o) SEEE AR & ol 48%; (d) B8 I AL N H R 69%
Fig. 3. Schematic diagram of patchy microspheres: (a) Cross sectional view; (b) the patchy area is 27%; (c) the patchy area is 48%;
(d) the patchy area is 69%.
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Fig. 4. Characteristics of PNJ when the coating area ratio is 27%: (a) Cross-sectional view of electric field intensity when the angle
of oblique illumination is 30°; (b) the variety of the focal length and FWHM of PNJ with the change of oblique illumination angle;

(c) intensity distribution at focal point with y when oblique illumination is —17.46°.
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Fig. 5. Characteristics of PNJ when the coating area ratio is 48%: (a) Cross-sectional view of electric field intensity when the ob-
lique illumination angle is —5.74°; (b) the variation of the focal length and FWHM with the oblique illumination angle; (c) the in-
tensity distribution at focal point with y when the oblique illumination angle is —0°; (d) the cross-sectional view of electric field in-
tensity when the oblique illumination angle is 30° and —30°; (e) the intensity distribution at focal point with y when the oblique illu-

mination angle is 11.54°.

(a) 2.6 400
(b) —e— Focal length
251 —a FWHM 1360
. 24
1320
§ 2.3F E
g T 2.2F 1280 E
Z g z
= = 2.1F 4240 g
<
O 20+ =
2 4200
1.9}
sl {160
1.7 1 1 1 1 1 1 1 120
—-30 —20 -—-10 0 10 20 30
z/pm Incident angle/(°)
Intensity profile at 2.00 pm (max) Intensity profile at 2.00 pm (max)
1.0 1 1.0 1
(c) Intensity profile at 2.00 pm (d) Intensity profile at 2.00 pm
0.9} (right 0.003 pm) 0.9 F (max)
08k sl 0sl 0.56 J{ | ] \
0.7 £ 0.50 0.7r 2z ozt \ /
Z 06} Z 206} g0 v
x5 £ 045 z £ ouf
§ 0.5 o0 E 0.5 ool \
5 04Ff R R R 5 04} 0.36 by R R R L
03l —0.20 —0.10 0 0.0 0.20 0.3L —0.20-0.10 0 0.0 0.20
’ y/um ) y/nm
0.2} 0.2
0.1p y/\ m\/\/\/ 0.1 \/\/\_/\ //\/»\M
0 . . o’ . A \/ . . 0 . . T 0 . M . .
-5 —4 -3 -2 -1 0 1 2 3 4 5 -5 —4 -3 -2 -1 0 1 2 3 4 5
y/nm y/nm

Bl 6 Ao i IR sk B S T AR 5 L 69% I PN BOHRAE  (a) —5. 74N B4 B 3758 B R AR 1 1515 (b) PN B9 B AT FWHM Fifi {6 1
R B AE AL () BRI ] A B2 DA OO 45 A 58 B2 3 A B o 19284k s (d) B4R B ) A0 32 O — 5. 7400 £5 ml b 58 B8 3 A B o 19784k

Fig. 6. Characteristics of PNJ when the coating area ratio is 48%: (a) Cross-sectional view of electric field intensity when the ob-
lique illumination angle is —5.74°%; (b) the variation of the focal length and FWHM with the oblique illumination angle; (c) the in-
tensity distribution at focal point with y when the oblique illumination angle is 0% (d) the intensity distribution at focal point with

y when the oblique illumination angle is —5.74°.
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Fig. 10. PNJ’s electric field intensity distribution: (a) Field intensity distribution when the refractive index ratio is 1.34; (b) field in-
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(h) partial enlargement when the refractive index ratio is 1.44.
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Abstract

Photonic nanojet (PNJ) has gradually attracted the attention of researchers in the recent years. PNJ has
unique properties, such as high intensity, high localization and subwavelength scale focusing ability, making it a
narrow beam with wavelength scale. The full-width at half maximum (FWHM) of PNJ at the focus can exceed
the diffraction limit while maintaining high intensity with a long distance, which can significantly enhance the
imaging resolution. In this work, the characteristics of PNJ are explored through numerical simulation, with a
focus on studying the patchy microspheres under various conditions, including coverage area, incident angle,
and the refractive index of the immersion medium. The findings reveal that when the microsphere size is fixed
and the coverage area accounts for 69%, the performance of PNJ is optimal. Under this condition, adjusting the
incident angle to —5.74° can accurately position the PNJ focal point on the microsphere surface. Furthermore, at
this specific angle, the patchy microspheres can generated PNJ with “S”-typed and “Y”-typed field intensity
distribution, and the FWHM is reduced to 180 nm, significantly exceeding the traditional diffraction limit. This
optimization strategy not only facilitates super-resolution focusing, but also greatly enhances both the intensity
and efficiency of the PNJ. Additionally, this study demonstrates that the PNJ performance improves when the
refractive index ratio between the patchy microsphere and the immersion medium approaches 1.4. Notably, a

resonance effect occurs when the refractive index ratio reaches 1.48, resulting in enhanced PNJ performance. In

* Project supported by Key Laboratory Foundation of Chinese Academy of Sciences (Grant No. CXJJ-225008).
1 Corresponding author. E-mail: yzktst@163.com
1 Corresponding author. E-mail: phiqi@163.com

094202-10


https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1364/OE.23.024484
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1016/j.optcom.2017.04.047
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1021/acs.jpcc.9b07285
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.1063/1.5144944
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.3390/photonics7040084
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1117/12.2642931
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.1364/JOSA.68.000763
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.3788/AOS20092905.1296
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1364/OE.16.014200
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1103/PhysRev.126.1935
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1016/j.snb.2010.08.006
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1476068
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1063/1.1760221
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1038/nphoton.2010.186
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1186/1471-2121-15-35
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1021/nl501695c
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
https://doi.org/10.1016/j.optlastec.2018.07.032
mailto:yzktst@163.com
mailto:yzktst@163.com
mailto:phiqi@163.com
mailto:phiqi@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 3R Acta Phys. Sin. Vol. 74, No. 9 (2025) 094202

this case, the PNJ focal point remains on the surface of the microsphere, with an FWHM of 180 nm, while the
light intensity is further amplified to approximately three times the intensity of the PNJ generated by the
microspheres without resonance effect. This research provides theoretical support for the application of patchy

microspheres in fields such as super-resolution imaging.
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