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Fig. S1. X-ray diffraction patterns of BTF with different dopant

concentrations from 0.5 mol% to 6 mol%.
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Fig. S2. The local symmetry of Mn** in BaTaF; was obtained after the M3,

M4 and M5 models were optimized.
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Fig. S3. Tanabe-Sugano energy-level diagram of Mn** ions in an

octahedral crystal field;
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Fig.S4. Normalized PL spectra of BTF phosphors with different Mn**

doping concentrations.
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Fig. SS. PL spectra of BTF(3%) and the reference sample measured using an

integrating sphere for IQE, AE and EQE.
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of

BaTaF;:3%Mn*". (a) Decay curves at 627 nm with increasing temperature. (b) Bi-

exponential fitting of the decay curves to extract the lifetimes 1, and 1, at 627 nm.
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Fig. S7 PL integrated intensity of BTF (3%) at 300 K and 400 K during heating-cooling

cycles.

Tables

Table S1 Schemes of different ratios of K,;MnFg4 to Ta,Os for the experimental of
BaTaF;:Mn*" phosphor and actual doping amount of Mn** from ICP test results.

Sample Experimental ratio of Actual doping concentration of Mn
K>MnFg to BaTaF; (mol %) to Ta (mol %)
1 0.5 0.19
2 1 0.46
3 2 0.86
4 3 1.22
. 4 1.51

Table S2. The Refined structure parameters of BaTaF;:Mn*" sample.

Atom X Y Z Occ. B Site

Ta 0.22374 0.22374 0.22374 0.9975 0.200 8c
Mnl 0.22374 0.22374 0.22374 0.0025 0.200 8¢
Bal 0.00000 0.00000 0.00000 0.9975 0.518 4a
Mn2 0.00000 0.00000 0.00000 0.0025 0.518 4a
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Ba2 0.50000
F1 0.25800
F2 0.36420
F3 0.33590

0.00000

0.05590

0.27910

0.33590

0.00000
0.11680
0.10250

0.33590

1.000

1.000

1.000

1.000

0.722 4b
0.200 24d
0.200 24d
1.650 8c

Table S3. Crystallographic data of BaTaF;:Mn*" (derived from the Rietveld structure analysis of

XRD pattern)

Formula

BaTaF; : Mn*"

Crystal system

Space group

a(A)

b(A)

¢ (A)
a
p

Y
Vcell (A3)

Cubic
Pa3
9.92864(6)
9.92864(6)
9.92864(6)
90.0000
90.0000
90.0000
978.744794(168)
4
8.318 %
6.590%

1.845

Table S4. The calculated formation energy (Ef) for four possible charge
compensation models of Mn** in BaTaF.

Model Compounds Replacement forms Defects Formation
energy (eV)

Ml BaTaF, Mn*" — Ta’>* F; 7.05
Mn4+ _)Ba2+

M2 BaTaF, Mn*" — Ta’>* F; 9.47
Mn4+ —>Ba2+

M3 BaTaF, Mn*" — Ta>* VE. 11.93

M4 BaTaF, Mn*" —Ba?* Vi 21.02

M5 BaTaF; 2Mn*" —2Ta>* / 27.61

Mn4+ —B a2+
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