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Table S1 Rietveld refinement data for KCdF;

formula KCdF;
space group Pbnm(62)
a(A) 6.11845(7)
b (A) 6.12981(7)
c(A) 8.68419(9)
a=p=y (°) 90
VA 4
V (R3) 325.700(6)
Rup (%) 7.87
Rp (%) 5.36
7 3.709

Note: The refinements are stable and give low R-factors.

Table S2 CIE chromaticity coordinates for KCdF;:2%Yb3*, 5%Mn?*, xEu3* (x=0-4%)

Serial number Eu3* content (x) CIE (X,Y)
1 0% (0.4669,0.5287)
2 0.01% (0.4670,0.5284)
3 0.1% (0.4881,0.5075)
4 0.5% (0.5448,0.4513)
5 1% (0.5790,0.4179)
6 2% (0.6025,0.3953)
7 3% (0.6105,0.3877)
8 1% (0.6096,0.3875)

Table S3 UC emission lifetimes of Eu3* (monitoring the°D, energy level)

System UC lifetime (ms) Reference
LiNbO;:Er3+,Eu* 0.02 A. H. Li, et.al, 20091
NaGdF,:Yb/Tm@NaGdF,:Eu@NaYF 9.75 Q. Su, et.al, 20122
4
NaYF,: Yb3,Mn2*,Eu3* 3.83
NaYF,: Yb3*,Mn?*, Eu3*@NaYF, 5.96
Z. Wang, et. al, 20143
NaLuF,: Yb3*,Mn2*,Eu3* 3.99
NaLuF,: Yb3*,Mn2*,Eu3*@NalLuF, 5.63
REPO,:Yb3*,Th3*,Eu3*(RE=Y,La,Gd,Lu 1.51-2.36 A. Tyminski, et.al, 2016*
)
CaF,:Yb3* Eu3 1.71 X. Liu, et.al, 20175
CaF,:Yb3*,Eu3* 1.85 N. Rakov, et.al, 20196
KCdF3: Yb3*,Mn2*,Eu3* 26.06 This work




Table S4 Lifetimes of the Dy energy level of Eu3* in other reported materials

System Excitation Lifetime Reference
wavelength (ms)
Y,05:Eu3 266 nm 1.08 X. Wei, et al, 2010.7
ZrO,:Eu3* 394 nm 2.44 S. D. Meeteij, et al, 2014.8
Gd,05:Eut 258 nm 2.20 L. Liu, et al, 2007.°
Y,05:Eu3* 241 nm 2.34
Y,0,50,:Eut 270 nm 1.49 J. Liao, et al, 2015.1°
Y,0,S:Eut 261 nm 0.73
Y,0,S:Eu3* 320 nm 0.16-0.68 J. Thirumalai, et al, 2011.1
Gd,0,S:Eu,Yb 460 nm 0.17-0.55 C. D. Angel-Olarte, et al, 2019.12
Gd,0,S:Eu3* 329 nm 0.95 B. Qjan, et al, 2019.13
CaS0,:Dy3,Eu3* 410 nm 1.90-2.71 S. Das, et al,2012.14
Y;Als045:Eu3t,Yb3* 25450 cm? 4.6 R. Martin-Rodriguez, et al,
Gd3;Gas045:Eut,Yb3t 25450 cm? 4.0 2009.1>
Y5AlsO45:Eudt 393.5 nm 5.36-7.14 I.E. Kolesnikov, et al, 2014.16
CaYAI;05:Eu®* 260 nm 2.16 S. P. Tiwari, et al, 2017.%7
Na,MgSiO,:Eu3* 393.5 1.51-2.15 H. Tang, et al, 2017.18
Y,Mo0SiOg:Eu3* 395 nm 1.06 G. Dong, et al,2019.%°
CazMg;(P0O,)4:Eu?, Eut 325 nm 1.90 G. B. Nair, et al, 2020.2°
Pb;Bi(PO,);:Eu3* 394 nm 2.247 B. Yu, et al, 2020.%¢
La,Ti,O: Eudt,Er3t 393 nm 0.67-0.89 F. Szczepanski, et al, 2020.22
YVO,:Eu3* 300 nm 0.46 N. S. Singh, et al, 2009.23
YNbO,:Eu3* 465 nm 0.68 L. R. Dacanin, et al, 2014.%*
Na,Ca,Nb,0,5:Eu3* 395 nm 0.43-0.74 R. Gao, et al, 2019.%
Ba,LaNbOg:Eu3* 3.04
BaCalLaNbOg:Eu3* 250-300 nm 1.74 R. Phatak, et al, 2020.26
BaMgLaNbOg:Eu3* 1.04
CaMo0O,:Eu3*(,Na*) 275 nm 0.35-0.56 A. |. Becerro, et al, 2018.7
La,Mo0,04:Eu3* 351 nm 0.53 Y. Hua, et al, 2019.28
Sr;MoOQOg:Eut 353 nm 0.28 Y. Hua, et al, 2019.2°
La;GasMO;4:Eu3(M=Zr,Hf,Sn) 300/394 nm 1.10 A. Reinhardt, et al, 2019.30
a-La,W,0q:Eu3* 395 nm 0.64 Q. Cheng, et al, 2019.31
NaGd(WO0.,), 395 nm 0.12-1.11 W. Zhang, et al, 2020.32
Eu3*-doped CdO—-Al,05-Si0, glass 266 nm 1.78-2.52 Y. Cong, et al, 2008.33
Eu3*,Yb3*-doped SiO,-PbO-PbF,-CdF, glass 533 nm 1.55 P. A. Loiko, et al, 2014.34
SiOz-A|203-NaF-YF3-TbF.3-EuF3 glass 393 nm 2.74 D. Chen, et al, 201535
Glass ceramic 3.28
YNbO,:Eu3*,Yb3* doped Li,O-Al,0;-Si0, 0.69
glass 532 nm P. A. Loiko, et al, 2016.3°
Glass ceramics (after heat treatment) 0.14-0.20
Eu3* doped B,03-ZnF,-BaF, glass 393 nm 1.40-2.64 R.J. Amjad, et al, 2017.37
LaF;:Eu3* 396 nm 10.89 P. Huang, et al, 2020.38




silica glass ceramics containing LaF;:Eu3* 6.48
BaGe;0q:Eu3* 394 nm 2.25 C.Ji, et al,2019.%
NaGdF,:Yb,Tm,Eu 4.50 .
273 nm B. Y. Liu, et al, 2010.40
NaGdF,:Yb,Tm@NaGdF4:Eu 5.70
GdF;:Eudt 396 nm 4.80-11.80 X. Zhang, et al, 2011.%
REOF:Eu3*(RE=Y,La,Gd) 266 nm 0.88-1.23 T. Grzyb, et al, 2013.%2
Sr,LnF;(Lh=La,Gd) 392/272 nm 3.90-7.60 M. Runowski, et al, 2014.43
(G F,Eu 466.1/526/525.2  6.90/7.70/9. Y. Qi et al, 2016.4
nm 80
NaBiF,:Eu3* 394 nm 1.61-4.96 P. Du, et al,2018.45
Nas;GaFg:Eu3* 395 nm 0.06 D. Yang, et al, 2018.%¢
KCdF5: Yb3,Mn%t,Eu3* 256 nm 34.47 This work




Table S5 Pump power dependent CIE chromaticity coordinates for KCdF;:2%Yb3*, 5%Mn?*, 0.5%Eu3*

Serial number Power (mW) CIE (X,Y)
1 94 (0.5460,0.4518)
2 153 (0.5459,0.4519)
3 212 (0.5471,0.4507)
4 270 (0.5437,0.4540)
5 329 (0.5420,0.4556)
6 387 (0.5407,0.4568)
7 446 (0.5399,0.4575)

Table S6 Temperature dependent CIE chromaticity coordinates for KCdF;:2%Yb3*, 5%Mn?2*, 0.5%Eu3*

Serial number Temperature (K) CIE (X,Y)
1 RT (0.5542,0.4436)
2 323 (0.5523,0.4453)
3 348 (0.5486,0.4487)
4 373 (0.5443,0.4527)
5 398 (0.5382,0.4583)
6 423 (0.5325,0.4633)
7 448 (0.5255,0.4696)
8 473 (0.5249,0.4695)
9 498 (0.5204,0.4727)
10 523 (0.5137,0.4770)
11 548 (0.5119,0.4769)
12 573 (0.5070,0.4779)
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Fig. S1 The UC rising edges of sample KCdF3: 2%Yb3*,5%Mn?*,0.5%Eu3*.



o
(=]

A

Chromaticity shift (AE)(I()'B)S

~
-}
N’

— 9% mW

Intensity (a.u.)

~
o
=}

500 550 600 650 700 150 200 250 300 350 400 450
Wavelength (nm) Power (mW)

Fig. S2 (a) Pump power dependent UC emission spectra of KCdF;:2%Yb3*, 5%Mn?*, 0.5%Eu3*. (b)
Chromaticity shift (AE) of KCdF;:2%Yb3*, 5%Mn?*, 0.5%Eu3* in the power range of 94-446 mW. The
inset is the CIE chromaticity coordinates.

The chromaticity shift (AE) used to describe the color stability is:

AE = J(u, =)+, =) + (W], = wf)’
Where ulRl=4x/(3-2x+12y), vB=9y/(3-2x+12y) and wi@l=1-ul-vE. x and y are the chromaticity coordinates in
CIE
1931, ul@l and Vi are the chromaticity coordinates in the uRlvE uniform color space. 0 and P represent the
initial power of 93 mW and given power, respectively.
The small chromaticity shift (AE) values indicate the as-prepared sample KCdF;:2%Yb3*, 5%Mn?*,

0.5%Eu3* have excellent chromaticity stability with varying pump power.
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Fig. S3 TG-DSC curves of KCdF;:2%Yb**,5%Mn?".
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Fig. S4 Temperature dependent CIE chromaticity coordinates for KCdF;:2%Yb3*, 5%Mn?*, 0.5%Eu3*. The

serial numbers “1-12” represent the increasing temperature.
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