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Abstract: The stable and reliable red phosphor with high-photon energy emission (620—650 nm) is critical for the
fabrication of the phosphor-converted white light-emitting diode (WLED) with low correlated color temperature and
high color rendering index. Mn**-activated phosphor is an emerging kind of red-emitting phosphor for WLED. Herein,
the energy levels transition and photoluminescence characteristics of the Mn*" ion were introduced; then, the prepara-
tion, crystal structure and luminescent properties of as-far reported seven kinds of Mn*"-doped oxyfluoride red phos-
phors (such as Na,WO,F,:Mn*") containing d°, d'° or s° cations were reviewed. Currently, only in quite rare case of
oxyfluoride, Mn*" was found to exhibit strong R-line emission, with local coordination remaining as either [MnF] or
[MnOg]. The studies on the chemical stability and quantum efficiency of Mn*"-doped oxyfluoride phosphors are still
insufficient. Finally, we prospected the future development of Mn**-doped oxyfluoride phosphor.
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Fig. 1

Energy levels arising from a d* configuration for a free transition metal ion (C=4.5B) (a), Tanabe-Sugano diagram

for the d* electron configuration in an octahedral crystal field (C=4.5B) (b), orientation of the five d-orbitals with
respect to the ligands of an octahedral complex (black dots showing the ligands around the transition metal ion) (c),
and crystal field splitting for the d-orbitals in an octahedral crystal field (d)!'”
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Fig. 2 Regular octahedron coordination and distorted octahe-
dra coordination

(a) Point symmetry of Op; (b) Central cation shifting to a vertex, Ca,;
(c) Central cation shifting to an edge, C,,; (d) Central cation shifting to
a face, Cs,
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Table 1 The reported Mn*" activated oxyfluoride phosphors
Cation Phosphor host Peaking wavelength/nm (R-line/vg intensity ratio)/% Ts00/K Ref.
Na,WO,F, 619 125 340 [21-22]
Cs,WO,F, 632 5 350 [23]
& Cs,NbOF; 632 10 - [24-25]
BaNbOF; 629 10 - [26]
Sr,ScOzF 690 - 320 [27]
BaTiOF, 632 5 - [28]
d' MgysGer.5503:F 15,04 657 - 700 [29]
s LiAl,O4F 662 5-10 - [30]
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Fig. 3 Unit cell of Na,WO,F, (a), highly-distorted [WO,F4]

octahedra (b), and emission spectrum of Na,WO,F,:Mn*" (c) ?!

with inset showing phosphor image under 460 nm light
Na: yellow; W: blue; O: red; F: gray
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Fig. 4 (a) Unit cell of Cs,WO,F, which contains slightly-
distorted [W(O,F)s] octahedra, with the bottom-right showing
the local coordination of Mn*" in K,MnFg; (b) Excitation and
emission spectra of Cs,WO,F,:Mn*" with inset showing the
phosphor image under 365 nm light!**!
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Fig. 5 PLE and DRS spectra of the Cs,NbOFs:Mn*" phosphor (a)
and temperature-dependent emission spectra of Cs,NbOFs:Mn*"
(b)2* with the inset showing the intensity evolution of the integrated
emission (/,), the stokes emission (/) and the anti-stokes em-
mission (/,)
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Fig. 6 The PLE (a) and PL (b) spectra of the BaNbOFs:Mn**
phosphor at temperature of 78 and 298 K with insets showing
the phosphor images under natural or UV light!*%)
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