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Abstract: Near-infrared (NIR, 700-2500 nm) light sources exhibit strong penetration through biological tissues,
low susceptibility to ambient light interference, and matching with the overtone and combination absorption of vibra-
tional modes of numerous molecular groups. They hold broad application prospects in fields such as non-visual light-
ing, medical imaging, and non-destructive quantitative detection of organic components. High-power NIR light
sources can compensate for the limitations of detectors in sensitivity and dark noise, significantly improving imaging
resolution and detection signal-to-noise ratio, thereby fulfilling the core requirements of “seeing deeper, farther,
clearer, and more accurately. ” However, commercially available NIR light sources still suffer from notable deficien-
cies in emission wavelength, emission bandwidth, luminescence efficiency, and device output power, making them
inadequate for long-term high-power operation. Laser-driven light sources utilize high-power laser diodes (LDs) as
pump sources, form high-energy-density directional laser beams through lens focusing, enabling remote non-contact
excitation of high-thermal-conductivity fluorescent bulk materials. This approach fundamentally overcomes the power
bottlenecks of conventional NIR light sources. This review systematically summarizes the research progress in fluores-
cent bulk materials for laser-driven high-power broadband NIR light source, and discusses the application prospects
of such light sources in non-visual lighting, real-time non-destructive penetration imaging, physiological signal moni-

toring, quantitative analysis of organic components, and optical communications. The related discussion is expected
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to facilitate the rational design of novel high-efficiency NIR luminescent materials and the application of high-power

light source devices.

Keywords: near-infrared luminescent materials; laser-driven fluorescent light sources; doping; fluorescent bulk ma-

terials
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Fig.5 (a) Fluorescence spectrum of Y2CaAl3.96Si012:0.04Cr3+ GC*'.(b) The relationship between the NIR output power of
Y2CaAl4-ySiO12: yCr3+(y = 0.016-0.08) GC with the incident 450 nm laser power density. The insert shows a photo of

Y2CaAl3.965i012:0.04Cr3+ GC in sunlight that annealed and crystallized at 1250 “C'**'.(¢) Emission spectra of YCBAS:

0.04Cr3+ ceramic with a thickness of 0.4 mm at different input laser power densities*’.(d) NIR output power of YCBAS:

0.04Cr3+ ceramics with different thicknesses as a function of the laser power density
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Fig.8 (a-b) Crystal structure and two-dimensional charge density distribution slices of MgO : Cr3+ ceramics.(c¢) Photolumines-

cence spectra of MgO : x% Cr3+(x = 0.01-0.3) ceramics.(d) EQEs of MgO:2%Cr3+ ceramic compared with literature re-

sults.(e) Laser-driven fluorescence spectra of MgO: 0.2%Cr3+ ceramic as a function of 450 nm excitation power density.

(f)NIR output power of MgO : x%Cr3+ ceramics(x = 0.1-0.4) as a function of input power density. The inset demonstrates

thermal images of Mg0:0.2%Cr*" transparent ceramic under different blue laser powers. Scale bar: 5 mm
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Fig.9 (a)Photograph and thermal images of CazMgHfGe;0,,: Cr’* PiC wheel under 10 W+mm? blue laser irradiation with laser

spot areas of 1-5 mm*.(b)-(d) The peak temperature(b), NIR output power(c), and light conversion efficiency(d)of the

PiC wheel under blue laser irradiation with different power densities and spot areas.

AR HE TIOR3 NIR-TTG IR 5 & 4% b 11
T T SR U A TSGR I v ) IR A B
A A A I 45 N R AT R I B
2.4.3 U EREAEE

SIRARW DS -2 RSP - o F i ]
B S5 AH A A T 1 4 TC ML B A ol b R L i A
FRAETE T &G0 3 5) 0 80T S R 0 &
B R (W0 ALO;  MgALO, 3% 3% 55 & 4k A1), Wi Al
FE SO RUBE 1 B [ e 77 91 43 ) 78 0 56 7 6 5 44
EHDIRE . IR Y A R R A+
5 A e 2 B AR 1 A e i AR TR A R E
PR 21 A0 0k, B I 5 3 T 3K A (i ALOS 4
KBy A A B 3 by 8T Ak B B A ) 42 L 451
RA, &N 5 7R R T JE AT IR be 4 (44
JE e 45 Bk R 45 B T b b | 18 3 R A B0 1k A [
BF o 2 6 AR B AR B B AR OB UL A T S g
S I & A LN 0= ok IR L 6
LR SIR RS N AR S -1 R SR RN N
AR T A 5y vl 4 BB IRt A fb——%
A T R T RLR Y T 4, i TR O R
PGSR (N ALOS M AT A 32 Wem™ - K™) ALK 2
PE AU U T BRAH B B s ROERCR S MR
RME LA IEAT B 7 I 5 R E 52 HR &5 4 b AR = 1)
(T 58 238 22 S AT 5| AT G IR, B2 T O 4R Ak
R BLAh R RHA Z2 X 58 B 1 A 5 A T ™

[63]

& BRI O ZESR DM 5 5L WA ) e R4 T
R R 1 3 B B A5 DA M LB 2 A B A
W) 25 1) s Tk BB R (AR R I 2k A2 AH IR T S B e Ak
b, 0 5 D O IR S 0 AN TR R T AR E
ROt T ORI R G AT 0 M Y 3 AR A 5 kA )
UE D

AT BA SR F SPS £ AR il % T FLA2 M 54 mm
1 xMgO-Li,SrGeO,: Cr'* (xMgO-LSGO: Cr*, x = 0-
0.8) % tHFH % (K 10(a)~(b)) , 7 638 nm I &
ST K BHEAE AL T 1160 nm (9 T8 47 NIR-IT &
S MgO ORL7E HL 5E Li,SrGe0, 45 ¥ L B Y [7)
B 2] T SO E Ve IF I H T A & A
B A AR EL X Crt B R AR T i 5 AH B & Y
Ah AR OR = IR AR R 4R S B T 53% Al
17.8 Wem™ - K™, KO B B AR T P 8 7 i S OB %
KR T TR W] E R T AT A TR
K 10(c)~(d) ff s o Al 0. 4MgO-Li,SrGe0,: Cr*
W) s o e 159 3 19 3h A 9O B B 4%, 7 20 Wemm”?
BOG A T R IEH 1. 94 W Y S5 4 NIR-IT 4 1 2
F(E 10(e) ), 13X — 50 FU 3T 20 40 & A Fl T 42
120 185 FH PhS JIE A £ 1 a5 6 B0 25 119 016 Ha 30 4 Mg
P, fe 856 5 1 08 0k Bk ST 4 HE NIR-1I
G AL 8. 44T+ 2] T 13.2. HEIE
248 T B OG IR B3 21 A9 G B bt Y K S e 1
i 1 R A2 R SR 1 TR .



14 Kk

(a)

(c) 4001 (d)
0.51 A, =638nm

5 300 £ 04 g
~ [} [
) 2 3
2 2 03] 3
% 200- < 2
E p=]
g “©-x=02 % 024 g
© 1004 ©-x=04 | @ ] ©

Ax=06| Z B

0. 4~x=0.8 0.04
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20

Input power density (W-mm?)

Input power density (W-mm?)

Input power density (W-mm?)

10 (a)LSGO Y i 7R 285 #4) P B 1B 9% MgO-1.SG O : Crd=+ 52 A1 P& % 1) SPS il £ T 21l 5 (b) 0.4MgO-1.SGO : Crd+ 5 4 i %
1) 529 B8 R B R F 5 68 13 (9 % LI 5 (¢) xMgO-LSGO : Crd+(x = 0~0.8 ) 42 AH Mg 25 1) i 25 i I o5 3L 38 A SO o
B EEAFAL N ; (d)~(e) BOEIKEh xMg0-LSGO : Cra+(x = 0~0.8) & AH M ¥ 1925 (d) FI3H 7S (o) NTR-TTH 11 0y 5o

Fig.10 (a)Crystal structure diagram of LSGO and SPS process for sintering wafer-scale MgO-LSGO : Crd+ composite ceramics.
(b) Photograph of the 0.4MgO-LSGO : Crd4+ composite ceramic alongside a coin for size comparison.(c) Temperature in-
crease of the static irradiation spot in xMgO-LSGO : Cr4+ (x = 0-0.8) composite ceramics as a function of incident laser
power density.(d)-(e)Laser-driven NIR-II output powers of static(d)and dynamic(e)composite ceramics'**
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Tab. 1  Optical properties of reported laser-driven NIR fluorescent bulk materials to date
b2 RESE  IQE/EQE  MFEREME PR iy DR SCHR
BaMgAl 0,,:Cr’" PiG 700 nm 94%/-- 63%@423 K / 3.4 mW@100 mW [39]
Y,CaALSiO,,:Cr'* GC 760 nm 90%/60%  91%@423 K 3.5W-m ™K™' 0.66 W@184 W-cm™ [44]
Y,Ca, ,Ba, ,ALSiO ,:Cr'* GC 730 nm 97%/45%  99%@423 K ~3.5W-m-K" 2.1 W@204 W-em™ [45]
AIP,0,: Cr**-AIPO, GC 785 nm 87%/65%  93%@423K  2.78 W-m'-K"' 0.7 W@9 W-mm™ [46]
MgO:Cr’*, Ni** PiGF 1330 nm  78%/33%  76%@423 K 34.5W-m™"-K" 5.3mW@8 W-mm™ [48]
Ca,Sc,S8i,0,,:Ce™,Cr'", Li' PIGF 780 nm 55%/35%  70%@423 K / *1.7 W@22 W-mm™ [49]
Ca,YScALSi,0,,: Cr™* PiGF 805 nm 52%/-- 63%@423 K / #2.6 W@21.7 W-mm~  [65]
Gd,Al,Ga,0,:Cr’ PiGF 725 nm 81%/-- 99% @423 K / 1.3W@9 W-mm™ [66]
CaLu,Mg,8i,0,,:Ce™,Cr"" ,Nd* 753 nm 59%132%  67%@423 K / #0.7W@17 Wemm™ [67]
Gd,ALGa,0,,-ALO,: Cr’" % 715 nm 97%146%  94%@423 K / 1.52W@10 W-mm™ [30]
Gd,ALGa,0,:Cr’ M % 730 nm 97%/10%  97%@423 K 8W-m™"-K" 1.65W@5.5W [56]
MgO:Cr'™* P % 810 nm 99%/81%  88%@423 K 52W-m K" 6.36 W@22 W -mm™ [58]
Ga, ,Sc, ;0,:Cr'" F % 820 nm 98%/80%  72%@423 K 8.76 W-m™-K™' 0.89 W@3 W-mm™ [68]
MgALO,: Cr™" P & 890 nm 88%/73%  80%@423 K 19.4 Wem™" K™ 2.13W@1I0 W-mm™ [59]
MgO:Cr'* Ni** W% 1330 nm  61%/40%  97%@423 K 31.28 Wem™'-K' 0.2 W@21 W-mm™ [60]
GdSc,ALO,,: Cr™" P 762 nm e 80% @423 K / 0.48 mW@2.3 A [61]
Ca,MgHfGe,0,,: Cr’ PiC 798 nm 91%/58%  90%@423 K 17.1W-m™-K" #5.5 W@10 W-mm™ [63]
MgGa,0,: Cr™", Ni*" P % 1280 nm  97%/81%  74%@423 K 13W-m™"-K" *1.86 W@I8 W-mm™  [62]
MgO-Li,SrGe0,: Cr*" P & 1160 nm _ 64%/53%  671%@423 K 17.8 W-m™-K™' 1.9 W@20 W-mm™ [64]
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Fig.11  (a)-(c) NIR light for night-vision illumination(a) , long-distance fill light(b) , and plant lighting(c)m' 7B (d)NIR

light for anti-counterfeiting and information encryption'®’.(e)-(g) NIR light non-destructively penetrates cardboard (e) ,

circuit board (), and human palm (g)"* 77, (h)-(i)Schematic diagram (h)and test results (i) of NIR light for physio-

logical signal monitoring such as heart rate'™”’
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Fig.12

(a)Changes in transmission spectra of NIR light after penetrating different solutions'™.(b) Transmission spectral chang-

es of NIR light after passing through alcohol-water mixtures with varying proportions*. (¢) Functional relationship be-

tween alcohol concentration and NIR absorbance™. (d) Schematic illustration of the wireless communication based on

the fabricated NIR light source'™. (e) Photos of transmitter and receiver used for wireless light communication™”,(f) In-

put and output signal information at different frequencies'™’.(g) Attenuation of output signal intensity after penetration of

different barriers at 200 Hz'*".(h) Coded wireless communication, herein Manchester coding was added to a signal with

a frequency of 500 Hz™
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