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Supplementary Note S1:

All decay curves of Cr** ions can be fitted with a double-exponential function:!
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where [, and [, are the luminescence intensity and the initial intensity at ¢ = 0,
respectively; 4, and A, are constants; 7; and 7, are the decay times for fast and slow
exponential components, respectively; and 7* is the average fluorescence decay time.
The 7* 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:>*
10D, = E(*A,,—"T, ) - AS/2#(S3)
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where D and B are the crystal field splitting energy and Racah parameter, respectively.
The values of E (*Ay, — *Ty,) and E (*A;; — “T,,) are calculated from the
corresponding peak energy of the excitation band, and AE represents the energy
difference between these two energy levels. The stokes shift AS is calculated from the
peak position of the PLE spectrum corresponding to E (*A,, — 4T5,) and the peak

position in the PL spectrum corresponding to E (T2, — *Ay,).
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Selecting the peak energy of *A,, — 4T, (15949 cm!), peak energy of *Ay, —
T4 (22989 cm) and peak energy of 4To, — *Ay, (12422 cm), AE, AS and Dy were
calculated to be 7040 cm™!, 3527 cm™! and 1418.55 cm’!, respectively. Therefore, the
value of D¢/B representing the strength of the crystal field was calculated to be 1.82 <
2.3, which demonstrates Cr** locates in a weak crystal field, leading to broadband
emission. Furthermore, on the basis of negligible change in peak position of *A,, —
4Tpgand *A,, — *T; under different detection wavelengths (Fig. S2), selecting the peak
energy of Cr(1):4T,, — 4Aj, (12579 cm!) and the peak energy of Cr(2):4T,, — *Ay,
(11377 cm™), the calculated Dg/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 (Ae, =800 nm).>13

Hosts Aex (M) Ao (NM) IQE (%) Lizak/loosk  FWHM (nm) Refs.
La;Sc,Gaz0y; 490 818 35 ~75 145 3
CayZrGe;0,, 477 840 35 =38 160
Ca;Y,Ge;0, 460 800 81 \ =76 7

Ca,LuScGa,Ge,0,; 465 800 \ 59 150 8
Ca,LuGa;Ge,0,, 460 803 \ 89.5 267 9
Ca,LaZr,Ga, gAly 2012 450 820 58.3 ~64 160 10
Mg;Y,Ge;0pn 436 811 \ \ 226 11
Gd;3ZnpgGa; 4Geo 012 449 800 79.6 40.2 202 12
Gd;Zn,GaGe, 05 =460 852 \ \ 211 12
Ca,LuScAlLSi;Oy; 442 752/804 73.7 76 142 13
Ca,YScALSiO, 435 805 63 60 165 This work




Table S2. Comparisons made on NIR output power of several NIR pc-LD devices fabricated with

Cr**-doped fluorescent conversion materials, 42!

Compounds NIR output power Categories Refs.
Gd;AlLGas0,,:Cr*" 1652.6 MW@5.5 W ceramic 14
YgAlSO,Z-AIZO;CrB‘ =1400 mW@10.7 W ceramic 15
BaMgAl,,0,7:Cr”" 3.4 mW@100 mW PiG 16
MgO:Cr’ /Ni** 5.3 mW/mm’ PiGF 17
MgO:Cr’* 6360 mW ceramic 18
Gd;Sc2A13012:Cr3+ 48434 mW@2.3 A ceramic 19
Ca;8¢,8i;0,5:Ce’ /Cr* /Li" 1697 MW @22 W/mm® PiGF 20
CaLu,Mg,Si50,,:Ce’ ,CrP Nd®* 1218 mW@17 W(21.7 W/mm’) PiGF 21
Ca,YScALSHO,»:Cr' 2626 mW@17W(21.7W/mm’) PiGF This work
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Fig. S1. PL spectrum of CYSAS:0.04Cr3* phosphor at 77 K.
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Fig. S2. Normalized PLE spectra of CYSAS:0.04Cr?* phosphor at different detection wavelengths.
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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:yCr** (y = 0.01-0.08) phosphors.
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Fig. S5. IQE comparisons made on the CYSAS:0.04Cr>" 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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