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Abstract: Near-infrared phosphor-converted light-emitting diodes (NIR pc-LEDs) , as a novel compact light source,
exhibit promising application prospects in night vision lighting, bioimaging, non-destructive testing, and other fields.
The development of NIR phosphors with efficient, ultra-broadband emission and high thermal stability remains an ur-
gent challenge. In this study, a series of Cr'*-activated Ga,GeOg phosphors was successfully synthesized via a high-tem-
perature solid-state method, and its crystal structure and NIR luminescence properties were systematically analyzed.
Under 420 nm excitation, GAGO: 0. 09Cr* exhibits an ultra-broadband near-infrared emission covering 650-1400 nm,
with a peak at 897 nm, a full width at half maximum (FWHM) of 285 nm, and an internal quantum efficiency of
35.4%. Combined structural analysis and spectral characterization confirm that the ultra-broadband NIR emission pri-

marily originates from multiple luminescence centers formed by Cr’ ions occupying different octahedral sites within the
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host lattice. Furthermore, by introducing an Al*-Ga™ substitution strategy, the resulting Ga,Al,GeOg: 0. 09Cr™ (GA-

GO:0.09Cr" ) exhibits a 1.35-fold enhancement in the integrated PL intensity, an improved quantum efficiency of

43.6%, and an FWHM of 268 nm. Temperature-dependent spectral results further validate the luminescence mecha-

nism involving multi-site occupancy of Cr™* ions in the host lattice. Finally, a NIR LED device was fabricated by encap-

sulating GAGO : 0. 09Cr™ phosphor with a commercial blue LED chip, demonstrating its potential application in molecu-

lar identification of organic compound and quantitative analysis, as well as night vision technology.

Keywords: multi luminescence centers; broadband NIR; NIR pc-LED
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Fig.1 (a) The crystal structure and cation coordination environment of Ga,GeOg. (b) XRD patterns of Ga, GeOg: xCr’*. (c)

XRD patterns of Ga, AL GeOg: 0.09Cr” (y=0-4). (d-e) Rietveld refinement parterns of Gasg GeOg: 0.09Cr™

Gayo;AlL,GeOg:0.09Cr*. (f) Variations of unit volume and lattice parameters with increase of AI’* ions substitution
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(a) Excitation, emission, and diffuse reflectance spectra of Ga,GeOg:0.09Cr™; (b) Multi-peaks Gaussian fitting of PL

spectra; (c¢) Emission spectra of Ga,GeOg: xCr" (x=0.01~0.13) ; (d) Emission spectra of Ga, Al GeOg: 0.09Cr™ (y=0~

3.91); (e) Quantum efficiency test spectra of GAGO:0.09Cr™ ; (f) Tanabe-Sugano energy level diagram of Cr’ in octa-

hedral field
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Tab. 1 The NIR Luminescence performance comparison of Cr’*-activated phosphors
Phosphors A, /nm A, /nm FWHM 1QE Thermal stability Ref.
LilnSi,0,: Cr'* 460 840 143 75% 77%@425 K [17]
CaScAlSiO,: Cr'" 460 950 205 30% 77%@375 K [18]
NaZn(PO,),:Cr”" 468 885 218 80. 6% 449%@378 K [19]
Mg,Y,Ge,0,,:Cr™" 635 776 - - 59%@418 K [20]
Mg,Al, (Ga, B, ;0,:Cr” 396 878 250 95.7% 73%@423 K [21]
LiMg AlO,: Cr™ 440 830 230 92% 83%@423 K [22]
SrAl,B,0,:Cr" 396 757 122 21.8% 79% @423 K [23]
Ca,Sc,8i,0 ,: Cr'” 460 770 110 92.3% 423 K@97. 4% [*]
MgAlGa, ,B, ,0,:Cr'" 395 756 256 68.3% 425 K@85% [*]
NaSbF,: Cr** 429 760 110 54.5% 423 K@56% [*]
KAISi,0,:Cr** 428 730 - - 423 K@44% [*]
Gd,Zn, (Ga, ,Ge, ,0,,: Cr”" 449 800 202 79. 6% 425 K@40% [*]
Y,Mg,ALSi,0,,: Cr™* 430 750 153 79% 375 K@88% [*]
Gd, ,Al, GaShO,:Cr™ 453 779 146 - 423 K@62% [*]
Ca,MgHfGe,0,,: Cr™* 455 800 125 97.7% 423 K@84% [**]
Ga,ALGeO,:Cr’” 420 880 268 43. 6% 423 K@46% This work
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