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Fig. 1. Model schematic diagram of micro/nanocrystals up-conversion (UC) emission via core-shell (CS) structure.
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Table 1.  Detailed parameters of medicines for the preparation of microcrystals by hydrothermal method.
R (¥ /57) AR /mL  m(EDTA-2Na)/g  V(RE(NOj;);)/mL  V(NaF)/mL
NaYF,:Yb*/Tm?* — 0.282 1.5 11.0
NaYF;Yb*/Tm** @NaYF :Yb* /Er** 5.0 0.282 1.5 11.0
NaYF,;Yb* /Tm* @NaYF ;:Yb** /Er3*@NaYbF, 5.0 0.282 1.5 11.0

1:: RE(NO3)3FINaFiE 3 470.5 mol /LK.
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Fig. 2. The XRD patterns of NaYF:20%Yb*" /2% Tm3" mi-
crocrystals and their coating with different CS structures.
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Fig. 3. The SEM images and element mappings of NaYF;:20%YDb?* /2% Tm?*+ microcrystals with corresponding CS structures: (a) NaYF
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Fig. 4. Schematic diagram of the confocal microscope spectroscopic test system.
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Fig. 5. (a) The UC emission spectra (The insert is corresponding optical micrographs at different excitation positions), (b) the peak
area of the bule, green and red emission intensity, (c) enhancement and (d) R/G ratio and R/B ratio of the single NaYF,;:20%Yb**+/
2% Tm**@ NaYF,;:20%Yb**/2%Er** CS microdisk at different excitation positions under the excitation of a 980 nm near-infrared
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Fig. 6. (a) The UC emission spectra (The insert is corresponding optical micrographs at different excitation positions), (b) the peak
area of the bule, green and red emission intensity, (c) enhancement and (d) R/G ratio and R/B ratio of the single NaYF,;:20%Yb**+/
2% Tm** @ NaYF:20%Yb* /2%Er**@NaYbF, core-shell-shell (CSS) microdisk at different excitation positions under the excitation

of a 980 nm NIR laser.
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3.3 LHEMEZFEEHGIE
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Fig. 7. The corresponding energy level diagrams and transition mechanism diagrams of Yb3*, Tm?* and Er®* ions between different
CS systems in a single NaYF:220%Yb* /2% Tm* @ NaYF,;:20%Yb*" /2%Er**@NaYbF, CSS microdisk under the excitation of a
980 nm NIR laser. (The inset is a model of a CSS microdisk, and the white, green, blue, and purple dots represent Yb** ions, Er*

ions, Tm?** ions, and surface quenching points, respectively.).
s 5 > y
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Fig. 8. The UC emission spectra of a single (a) NaYF;:20%Yb**/2%Tm?*" and (c) NaYF,:20%Yb** /2% Tm**@NaYF,:20%Yb**/

2%Er** microdisk at excitation position d under different excitation powers of a 980 nm NIR laser (The insert is corresponding op-

tical micrographs); (b), (d) the dependence of its blue, green and red emission intensity on pump power.
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Fig. 9. (a)—(d) The Luminescence patterns and optical waveguide models of a single NaYF:20%Yb*t /2% Tm?**@NaYF :20%Yb?*/
2%Er**@NaYbF, CSS microdisk at excitation positions a, b, ¢, d respectively under the excitation of a 980 nm NIR laser.
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Energy transfer characteristics of single-particle
NaYF, core-shell structure”

Gao Weif  Zhang Jing-Jing  Han Shan-Shan  Xing Yu  Shao Lin
Chen Bin-Hui  Han Qing-Yan  Yan Xue-Wen
Zhang Cheng-Yun  Dong Jun'

(School of Electronic Engineering, Xi’an University of Posts & Telecommunications, Xi’an 710121, China)

( Received 20 July 2022; revised manuscript received 26 August 2022 )

Abstract

The rare-earth doped micro/nano core-shell structure not only is beneficial to enhancing the upconversion
emission intensity, but also can realize the fine control of luminescence color through the spatial separation
of ions. In this work, a series of NaYF,@NaYF, core-shell (CS) microcrystals doped with different ion
concentrations is constructed by using the epitaxial growth technology. The structure and morphology for each
of the prepared microcrystals are characterized by X-ray diffractometer (XRD) and scanning electron
microscope (SEM). The experimental results show that the prepared CS structures each have a pure hexagonal-
phase crystal structure, and exhibit a disk-like shape. Under the excitation of 980 nm laser, the energy transfer
characteristics of doped ions in single CS microcrystal are carefully studied by using a confocal microscope
spectroscopy test system and changing the excitation position. The study shows that the ions doped in different
regions of the CS microdisks exhibit different spectral characteristics when the excitation position is changed,
which is mainly due to the different directions of excitation energy transfer in the CS structure. Based on the
emission spectra of different positions and power variation spectra, it is proved that the excitation energy of the
micron CS is mainly transmitted from outside to inside. Meanwhile, the colorful emission pattern of the CS
microdisk is revealed by the corresponding optical waveguide model, which is mainly due to the optical
waveguide effect. Therefore, by constructing different micron core-shell structures, the luminescence
characteristics of microcrystals can be controlled and adjusted, which can provide important experimental

reference for the applications of microcrystals in optoelectronic devices, optical coding and multicolor display.

Keywords: single particle, micron core-shell structure, upconversion luminescence regulation, energy transfer,

optical waveguide effect
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