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Fig. S1 Schematic diagram of germanate glass melting process.



Fig. S2 Emission spectra of Bi-doped germanate glasses with different Al2O3 content under various 

excitation wavelength (a) λex = 520 nm and (b) λex = 705 nm. (c), (d) Corresponding normalized 

emission spectra of (a) and (b).



Fig. S3 Emission lifetime of (a) 0Al and (b) 3Al sample.

The effictive fluorescence lifetime τ is evaluated through the following equationS1:

                                                         (1)( ) / ( )I t tdt I t dt   
where I(t) represents the emission intensity I at time t. Under excitation at 460 nm, the obtained 

lifetimes for the individual emission bands at 946 and 1142 nm of 0Al and 3Al sample are 41 and 456 

μs, respectively.



Fig. S4 Emission spectra (λex = 460 nm) of (a) (100-y)GeO2-yBi2O3 (yBi, y =0.01, 0.02, 0.03, 0.04, 

0.05, in mol%) and (b) (97-z)GeO2-3Al2O3-zBi2O3 (Al-zBi, z =0, 0.01, 0.02, 0.04, 0.06, 0.08, 0.1, in 

mol%) samples. (c), (d) Corresponding normalized emission spectra of (c) and (d).



Fig. S5 The internal/external quantum efficiency (IQE, EQE) and absorption efficiency (Abs) of 

0.01Bi and Al-0.04Bi sample (λex = 460 nm).



Fig. S6 (a) Plotting of ln[(I0/I) −1] versus 1/(kT) of Al-0.04Bi sample. (b) Fitting results of square of 

full width at half maximum (FWHM2) as a function of 1/2kT.

The Arrhenius equation is: S2
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where IT and I0 are the integrated intensity at certain temperature and RT, respectively; A 

represents a constant; k stands for the Boltzmann constant (8.617×10-5 eV K-1). The corresponding Ea 

is the activation energy for thermal quenching. It was obtained as the slope of plotting of ln[(I0/IT) − 

1] versus 1/(kT) and equals to 0.304 eV.

The Huang–Rhys factor (S) can reflect how strongly electrons couple to phonons and can be 

obtained by fitting the temperature-dependent full width at FWHM of photoluminescence peaks using 

the following equation: S5, S7
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and by simplifying, we can figure out
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where the ħω and k are the mean phonon energy and Boltzmann’s constant, a = 5.57 × S × (ħω)2 

and b = 5.57 × S × (ħω) S2. The values of ħω and S are 0.0613 eV and 1.043, respectively.



Fig. S7 Driven current-dependent emission spectra of the fabricated NIR LED based on (a) 0.01Bi 

(NIR-LED-Ⅰ) and (b) Al-0.04Bi (NIR-LED-Ⅱ) sample measured by a portable fiber spectrometer 

(NIRQUEST 512, Ocean Optics, NIR, 900-1700 nm).
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Table S1 Performance comparison of Bi-doped high germanate glass developed here with the reported 

broadband NIR phosphors, glasses and glass ceramics. λex represents the excitation wavelength, λem 

represents the peak emission wavelength and I150°C is the retained emission intensity when the 

temperature is increased from room temperature to 150 °C.

Composition λex 
(nm)

λem 
(nm)

FWHM 
(nm)

I150°C 
(%) Device performance Ref.

K3LuSi2O7:Eu2+ 460 740 160 59 25.1 mW @ 120 mA S3

YCAS:Cr3+ 440 760 160 90.1 62.6 mW@ 100 mA S4

K2NaScF6:Cr3+ 435 765 101 89.6 393.7 mW@ 300 mA S5

K3ScF6:Cr3+ 432 770 150 87.3 139.6 mW@ 600 mA S6

Cs2KGaF6:Cr3+ 439 782 110 88.7 183.8 mW @ 320 mA S7

Ca2LuHf2Al3O12 :Cr3+ 460 785 145 65 46.1 mW@ 100 mA S8

KAlP2O7:Cr3+ 450 790 120 77 80.9 mW@ 350 mA S9

CaLuScGa2Ge2O12:Cr3+ 465 800 150 59 1.2 mW@ 100 mA S10

MgAl2O4:Mn2+ 450 813 125 40 78.4 mW@ 120 mA S11

LiInSi2O6:Cr3+ 460 840 143 77 51.6 mW@ 100 mA S12

Te doped borate glass 435 904 240 - 31.6 mW@ 800 mA S13

MgO:Cr3+, Ni2+ 455 1335 235 83 27.4 mW@ 300 mA S14

LiMgPO4:Cr3+, Ni2+ 450 1380 273 45 2.7 mW@ 120 mA S15

Y3Al2Ga3O12 :Ni2+ 400 1450 300 71 1.3 mW@ 300 mA S16

946 63 84

21.3 mW@ 160 mA

53.2 mW@ 320 mA 

Bi doped germanate glass 460

1142 225 87

90.7 mW@ 160 mA

179.5 mW@ 320 mA 

This
 work
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