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Recent Developments on Broadband Near-Infrared Luminescent Materials Activated by 3d
Transition Metal Ions

WANG Hongyu', LIU Xiaofeng®
(1. Hangzhou Ruili Ultrasonic Technology Co., Ltd, 715th research institute of CSSC, Hangzhou 310023, China;
2. School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)

Abstract: Crystalline and noncrystalline materials activated with 3d transition metal ions (TMIs) featured by rich spectral
characteristics are widely used as phosphors as well as laser gain media. In recent years, the broadband NIR LED is regarded as an
ideal miniaturized light source for NIR spectrometers, which can be easily integrated in portable electronic devices in food security
and biomedicine. The near-infrared (NIR) phosphors activated by TMIs like Cr’* ions are considered as a key stage in the
development of highly efficient broadband NIR LEDs. Unlike the parity forbidden f~f transitions of trivalent rare-earth ions, the d—d
transitions of 3d TMIs exhibit large bandwidth and tunable emission wavelengths due to the intense coupling with the surrounding
crystal field. At present, materials doped by TMIs except Cr’* ions are rarely explored for NIR applications. In this review, the
spectral characteristics associated with the d—d transition of 3d TMIs were elaborated, and recent development on TMI activators and
phosphor matrix for a broadband NIR photoluminescence was represented. In addition, this review also provided a brief summary for
the factors that need to be considered in the design of broadband NIR phosphors. This review is expected to offer useful guidelines
for the development of advanced NIR pc-LEDs.
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Fig. 1 Spatial distribution of the five 3d orbitals in octahedron and tetrahedron coordination
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Table 1 Classification of 3d TM ions (TMI) according to the T-S diagram (TSD)

T™MI TSD-d'/d’ TSD-d%/d* TSD-d*/d’ TSD-d*/d° TSD-d’ TSD-d*/d* TSD-d'/d® TSD-d"/d” TSD-d’/d'
Ti Ti** Ti?*

V4 V4+ V3+ V2+ V3+ V4+
Cr crt cr' crt crt cr cr' crt
Mn Mn** Mn* Mn** *Mn*" Mn** Mn** Mn®*
Fe Fe’ *Fe’* Fe** Fe®

Co Co** Co’ Co® Co?

Ni Ni%* Ni** Ni® Ni?

Cu cu®’ o’ cu?

*Energy levels for Mn®" and Fe®™ with 3¢° electronic configuration can be described with same T—S diagram (TSD), but with different crystal field splitting

energy. Blue and green colors ions denote octahedron and tetrahedron (italic) coordination, respectively, while d° ions of Mn** and Fe*" ions occupy either

octahedron and tetrahedron centers.

21 3d'EBF: T, v¥. cr't. Mn®

3d' MR B FaSE T, v et M, B
d T VIFER NI R 7E BN LB LA Rl rp 32 2
PAASEAL I RAEZE, T Cr 'y Mn® 5 ) T E A%
PURCAr. 2 fros, 3d KR RA T, f1°E2 A
REZR, AL ToNECAI A LR, 2T, EE A (PUEC AL i
FR), BTt B BRAT A 1 ek i e VR, @H A
KA B o

3d' R BARR B 7o T, B AT, %3
Ti* 5 24 10 B AR AR I 7 AT FEH IR (R
T AE SRR R, T 3 B ARIE =0 P T IR AL,
Horb, B EACEMER BA N ALOS T, HPti B

A7 5 670~1100nm, F£HAILL 450~550 nm P B
i 2ot mATEUR (ILIE 3), /& H AT R VB0 &
DI K A R 1 o B v N B RO dR AR
BRAh, TR DA A At S S LA AL R,
135 YAIOs. Y3Als01, (YAG). BeAlLO, %%, fEiX Lt
mn R, T SRR TR AR, FHOROGIEAL T 7R
620~810 nm [, FR&AELHLEESS, HL T
B2 B B AA BRI 204058 . W Andrade
ORI AT ) R AR R R (A N
AlL,O;—CaO-SiO,-MgO-TiO) B FEH, Ti ] LA+3
WriaEAEAE, 3EHM ALOs T HHEL &G B S 72,
WFF AL 170 pst*,



25055 91

FAE 55 3d ISR E T EGE I AN RO R ST .+ 2571 -

(a) Crystal structure of 0-Al,O3
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Fig. 4 Crystal structures and optical properties for crystalline materials activated by Mn ions with different oxidation states
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