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Supplementary Note S1:

All decay curves of Cr3+ ions can be fitted with a double-exponential function:1

It = I0 + A1exp( - t
τ1

) + A2exp( - t
τ2

)#(S1)

τ * =
A1τ1

2 + A2τ2
2

A1τ1 + A2τ2
#(S2)

where It and I0 are the luminescence intensity and the initial intensity at t = 0, 

respectively; A1 and A2 are constants; 1 and 2 are the decay times for fast and slow 

exponential components, respectively; and τ* is the average fluorescence decay time.

The τ* changes obviously with the monitor wavelength, indicating more than one 

emission centers. The decay curves are well fitted with a double-exponential function, 

indicating that the existence of two emitting centers.

Supplementary Note S2:

The corresponding crystal field parameters for Cr3+ can be calculated by using the 

following formulas proposed by Henry, Tanabe, and Sugano:2-4
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where Dq and B are the crystal field splitting energy and Racah parameter, respectively. 

The values of E (4A2g → 4T1g) and E (4A2g → 4T2g) are calculated from the 

corresponding peak energy of the excitation band, and ∆E represents the energy 

difference between these two energy levels. The stokes shift ∆S is calculated from the 

peak position of the PLE spectrum corresponding to E (4A2g → 4T2g) and the peak 

position in the PL spectrum corresponding to E (4T2g → 4A2g). 
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Selecting the peak energy of 4A2g → 4T2g (15949 cm-1), peak energy of 4A2g → 

4T1g (22989 cm-1) and peak energy of 4T2g → 4A2g (12422 cm-1), ∆E, ∆S and Dq were 

calculated to be 7040 cm-1, 3527 cm-1 and 1418.55 cm-1, respectively. Therefore, the 

value of Dq/B representing the strength of the crystal field was calculated to be 1.82 ＜ 

2.3, which demonstrates Cr3+ locates in a weak crystal field, leading to broadband 

emission. Furthermore, on the basis of negligible change in peak position of 4A2g → 

4T2g and 4A2g → 4T1g under different detection wavelengths (Fig. S2), selecting the peak 

energy of Cr(1):4T2g → 4A2g (12579 cm-1) and the peak energy of Cr(2):4T2g → 4A2g 

(11377 cm-1), the calculated Dq/B values for Cr(1) and Cr(2) were 1.84 and 1.71, 

respectively, supporting the fact that the Cr(2) dodecahedral site has weaker crystal 

field strength than the Cr(1) octahedral site.

Table S1. Comparisons made on luminescence performance parameters of several Cr3+-doped 
garnet-type phosphors (em＞800 nm).5-13
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Table S2. Comparisons made on NIR output power of several NIR pc-LD devices fabricated with 
Cr3+-doped fluorescent conversion materials.14-21

Fig. S1. PL spectrum of CYSAS:0.04Cr3+ phosphor at 77 K.
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Fig. S2. Normalized PLE spectra of CYSAS:0.04Cr3+ phosphor at different detection wavelengths.

Fig. S3. Cr(1) and Cr(2) spectra fitted by a Gaussian function of CYSAS:yCr3+ (y = 0.01-0.08) 

phosphors.
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Fig. S4. Normalized PL spectra (including Cr(1) and Cr(2) spectra fitted by a Gaussian function) of 
CYSAS:yCr3+ (y = 0.01-0.08) phosphors.

Fig. S5. IQE comparisons made on the CYSAS:0.04Cr3+ PiGF-on-SP samples prepared employing 
a rapid infrared firing technique and a conventional thermal annealing method, respectively; the 
inset shows transmittance spectra (400-1100 nm) of bare glass films fabricated by using these two 
sintering processes.
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