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Abstract. Besides the electron configuration of the activator, the luminescent properties of a phos-
phor are also influenced by the nephelauxetic effect and crystal field splitting effect that the activator
experiences in a matrix. The degree of the nephelauxetic effect depends on the bonding features be-
tween the activator and the ligands ( the ratio between the ionic bonding content and the covalent
bonding content) as well as the polarizability of the anions, while the degree of the crystal field
splitting effect depends on the coordination number, the average bond length, the distortion, and the
point group symmetry of the coordination polyhedron composed by the nearest coordinating anions
around the activator. Identification of the doping site, which helps analyze the coordination polyhed-
ron, is of great significance in understanding the luminescence properties of the phosphor and devel-
oping new phosphors. This mini-review summarizes the eight methods used to identify the site-occu-
pancy of an activator in a phosphor matrix, which can be classified into three categories, i. e. , the
spectroscopy methods, the structural analysis method, and the theoretical calculation method.

Among them, the spectroscopy methods include five different measurements: (1)excitation
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wavelength dependent emission spectra and emission wavelength dependent excitation spectra, (2)

emission wavelength dependent luminescence decay curves, (3) time-resolved emission spectra,

(4) temperature-dependent emission spectra and/or luminescence decay curves, (5) activator-con-

centration-dependent emission spectra. For clarifying the features of the above methods, some related

. . 3 2 4 .
researches were introduced as examples, which refer to some Ce’*, Eu”*, or Mn" " activated phos-

phors for application in white light emitting diodes. The pros and cons of each method were also

analyzed.
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(a) - (b) Photoluminescence emission spectra of Ca, o5, Bay o Eug o3 P, O,

Fig. 1

phosphor with various excitation wavelengths
at liquid nitrogen temperature(77 K) "', Photoluminescence emission(¢) and excitation (d) spectra of Sty o5 Céq oo -
Na, 4o, Al,O, in the UV-Vis region measured with various excitation wavelengths or various monitoring wavelengths at liq-
uid-helium temperature (15 K) ) Photoluminescence emission(e) and excitation( g) spectra of Sr, o, Ce, ,, AlO,F with
various monitoring wavelengths, and photoluminescence emission () and excitation ( h) spectra of Sr, o Ce, ,, GAdALO;

with various monitoring wavelengths phosphor at liquid nitrogen temperature(8 K) ( For clarity, the peak intensity of the

PLEs monitored at the other emission wavelengths were set to be half of the PLE monitored at the peaking emission) "'’ .
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Fig.2  Photoluminescence emission spectra(EM, T'=4 K) and

the synchrotron radiation VUV-UV excitation spectra

(EX, T=26.5 K) of Ba, g0 Cey o Nay o005 510,
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Tab.1 Fractional atomic coordinates and isotropic displacement parameters of Rb,YSi,0,:0. 02Eu

x ¥ z B,./(107% nm*) Occupancy
Rbl 1/3 2/3 0.100 234(19) 0.998(6) 1
Rb2 0 0 1.160(8) 1
Y 0 0 0.164(6) 0.924 2(8)
Eu 0 0 0.164(6) 0.025 7(8)
Si 2/3 13 0.131 60(5) 0.328(9) 1
01 0.366 39(15) 0.183 20(7) 0.095 33(5) 0.445(14) 1
02 2/3 1/3 0.25 0.83(4) 1
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Tab. 3 Chemical formulas of Ca, , BaEu P,0,, (x =0,
0.01, 0.05, 0.11) samples suggested by Rietveld
refinement’ "’

x Chemical formula with site occupancies

0 [Ca(l)],[Ca(2)],BaP,0,,
0.01  [Ca(1) 097 Eug 03 1[ Cal2) 3 097 Eutg 03 ] (Bag o9 Etig 004 ) P4 Oy
0.05 [Ca(1) o34 Eug 16 11 Cal2) 3 056 Eug 14 ] (Bay g5 Eug ¢, )P, 0y,

0.11 [ Ca(1) 964 Fug o536 1[Ca(2)5 97 Frg g3 ] (Bag o55Fug 45 )P, Oy
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Fig. 13 Schematic diagram for the calculated energies and

relative oscillator strengths of 4f —5d,(i=1-5)

transitions (in order of increasing energy) of Ceg,-

0/ and Ce.,-20, (i =1, 2) centers in Sr,AlO,F.

The experimental excitation spectrum is also included
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for comparison''*.
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(a)Photoluminescence excitation(black line) and emission(red line) spectra of Sr,Al,0,:0.1% Mn**. The calculated en-

ergy levels of Mn*" are shown by the vertical lines (long lines, spin-quartet states. short lines, spin-doublet states). (b)

Schematic of the site occupancy preference of Mn** ions to Al4 and Al5 sites over Al6 sites in AlO, layer of Sr,Al,, 0, ™).
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Tab.4  Pros/cons of the various methods for analyzing the site-occupation and/or occupancy of the activator
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