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Table S1. The position (x, y, z) and site occupancy factor (SOF) of atoms derived via Rietveld refinement for Sr3Y0.88(PO4)3:0.10Yb3+,0.02Er3+.
	Atom
	Valence
	Wyckoff symbol
	x
	y
	z
	SOF

	Sr
	+2
	16c
	0.0646 (1)
	0.0646 (1)
	0.0646 (1)
	0.7463

	Y
	+3
	16c
	0.0646 (1)
	0.0646 (1)
	0.0646 (1)
	0.2267

	Yb
	+3
	16c
	0.0646 (1)
	0.0646 (1)
	0.0646 (1)
	0.0233

	Er
	+3
	16c
	0.0646 (1)
	0.0646 (1)
	0.0646 (1)
	0.0037

	P
	+5
	12a
	0.375
	0.000
	0.25
	1

	O1
	-2
	48e
	0.1223(2)
	0.1217(2)
	0.3417(2)
	0.3442

	O2
	-2
	48e
	0.9784(2)
	0.0820(2)
	0.2933(2)
	0.4644

	O3
	-2
	48e
	0.0496(1)
	0.2912(1)
	0.4859(1)
	0.1914
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Element Weight% Atomic%

’ Sr-L 40.56 15.73
Y-L 12.05 4.60
Yb-M 2.65 0.54
Er-M 0.54 0.11

P-K 14.44 15.81
O-K 29.76 63.21
Totals 100.00 100.00

P 0





Figure S1. FE-SEM morphology (a) and the results of EDS composition analysis (b) of the Sr3Y0.88(PO4)3:0.10Yb3+,0.02Er3+ sample.
[image: image3.png]"-------------------

H

0.5-




Figure S2. The determination of bandgap energy for Sr3Y0.88 (PO4)3:0.10Yb3+,0.02Ln3+.
Table S2. CIE chromaticity coordinates (x, y) for the upconversion luminescence of Sr3Y0.88(PO4)3:0.10Yb3+,0.02Ln3+ (Ln=Er, Ho and Tm) under varying excitation power.
	Excitation power (W)
	Er
	Ho
	Tm

	1.00 
	(0.3288,0.5102)
	(0.5503,0.4318)
	(0.1764,0.1781)

	1.25
	(0.3235,0.5388)
	(0.5678,0.4167)
	(0.1622,0.1602)

	1.50 
	(0.315,0.5574)
	(0.5804,0.4055)
	(0.1512,0.1466)

	1.75
	(0.3025,0.5748)
	(0.5964,0.3912)
	(0.1469,0.1395)

	2.00
	(0.2956,0.5848)
	(0.6015,0.3868)
	(0.1412,0.1334)

	2.25
	(0.2892,0.5953)
	(0.6070,0.3818)
	(0.1385,0.1291)

	2.50
	(0.2795,0.611)
	(0.6171,0.373)
	(0.1362,0.1256)

	2.75
	(0.2716,0.6206)
	(0.6226,0.368)
	(0.1336,0.1209)

	3.00
	(0.2671,0.6276)
	(0.6235,0.3676)
	(0.1323,0.1194)
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Figure S3. Intensity ratio of the characteristic UC emissions of Sr3Y0.88(PO4)3:0.10Yb3+,0.02Ln3+ under varying excitation power, where Ln=Er (a), Ho (b) and Tm (c). The solid lines are the results of linear fitting.
Table S3. The results of fluorescence lifetime analysis for the Sr3Y0.88(PO4)3:0.10Yb3+,0.02Ln3+ phosphors (Ln=Er, Ho and Tm).
	Ln
	Er
	Ho
	Tm

	λem (nm)
	524
	657
	476

	Lifetime τ1 (μs)
	21±2
	29.6±0.6
	41.7±0.6

	Weight of τ1 (%)
	19.53
	16.44
	46.07

	Lifetime τ2 (μs)
	59.8±1.3
	306.1±1.1
	181.4±1.5

	Weight of τ2 (%)
	80.47
	83.56
	53.93

	Chi-square
	1.03
	1.73
	1.16

	Lifetime τ* (μs)
	52±2
	260.6±0.7
	117±1
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