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Abstract: Trivalent bismuth ions (Bi**) are excellent activators and sensitizers of luminescent materials and have
been extensively studied recently. Bi’" ions have attracted much attention due to their susceptibility to crystal field
strengths and their ability to obtain rich emission colors covering the entire visible region under UV and NUV excita-
tion, as well as NIR luminescence. These phosphor materials show potential applications in solid-state lighting, dis-
play, biomedical and optical sensing. In this review, the luminescence characteristics of Bi** and the research prog-
ress of Bi**-doped phosphor materials were summarized, and the relationship between their photoluminescence prop-
erties and crystal structure was introduced in detail. In view of the key problems for precise regulation and optimiza-
tion of luminescence properties of Bi** doped luminescent materials, the mechanism induced by design strategies
such as component substitution, energy transfer and mixed valence state was discussed in this review. Finally, we
discussed some future challenges and opportunities in Bi**-doped luminescent materials, with a view to guiding the

discovery and development of new phosphor materials for pc-LED applications.
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Fig.1 Energy level scheme of Bi’** ion
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Fig.2 Crystal structure of Ca;LuGe;0,,(a), PL and PLE spectra of Ca;LuGe;0,,: Bi*(b). (¢) Crystal structure of BasLu,BgOs.

(d) Crystal structure of Cs3ZngBy0,,. (e)EL spectrum and performance of WLED using Ca;Sc,Si;0,,: Bi'.
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Tab. 1 Comparison of space group, excitation emission peak, full width at half maximum, internal quantum efficiency (1QE)
and thermal stability of Bi**-activated oxide phosphors
Bi™ Space group A, /nm A, /nm FWHM/nm 1QE 150 C Ref.
Ca, P,0,. P-6 354 392 36 50% 82% [40]
K,CaGe,0, Pa-3 320 400 43 / 83% [27]
Sc,8i,0, C2/m 372 403 38 41% 81% [41]
Y,ALGa,0,, la-3d 370 410 39 / ~90% [42]
Ba,Lu,B,0 Ia-3 365 413 35.5 90. 6% 85% [26]
Sr,Y(BO,), R-3 370 415 41 / / [43]
Ca,HiGe,0,, la-3d 369 432 36. 4 88% ~70% [24]
Ca,Z1Ge,0 la-3d 370 435 42.5 39% ~75% [44]
CaYGaO, Pnma 330 435 / 45. 7% / [45]
Cs,Zn,B,0,, Cme2, 332 436 50 8% ~100% [28]
YNbO, 327 437 / / / [46]
CalaMgTaO / 350 440 / 35.2% / [47]
Ca,S8¢,8i,0,, la-3d 365 447 43 / 103. 6% [29]
Sr,Lu,Ge,0,, la-3d 390 466 40 57% ~70% [23]
Ba,Y.B.O, Pben 370 468 / 46% / [48]
Ca,Lu,Ge,0,, la-3d 380 477 47 52% 75% [22]
Ca,Ga,0, Cmm2 370 490 ~100 72% 71% [49]
(Sr,Ca),$h,0, Imma 347-372 437496 ~100 519%~62% <60% [50]
Ba,Y, ,Sc, NbO, / 365 497 / 68% 60% [51]
Ba,ZnGe,0, P2,m 346 500 129 70% 114% [52]
(Sr,Ba),LaGaO, 14/mem 350 465~502 ~100 47.3% ~15% [53]
BaScOzF,K+ Cubic 415 506 ~80 57% 87% [54]
NaLaTa,0, I14/mmm 300 510 ~100 / ~25% [30]
LaOF Fm-3m 263 518 ~160 / / [55]
Sr.8¢,0, R3 330 526 ~120 34% ~50% [19]
La,SnGa 0, P321 290 360/540 / / / [56]
RbLaTa,0, PA/mmm 310 540 ~100 / ~90% [30]
Ba,(Y,Lu),0, R3 350 526 ~ 550 ~140 ~46% ~57% [57]
KLaTa,0, Cmmm 325 550 ~100 42% ~50% [30]
CaBaZn,Ga,0, P63me 325 570 ~150 13% ~37% .
St,Zn,Ga,0, Pna2, 363 577 ~220 22% ~46%

K, Rb,  MgGeO, Pea2, 330 584 ~204 ~47% ~89% (58]
Ba,YGaO, P21/m 350 587 135 92% 85% [31]
Ba,ZnWO, Fm3-m 370 595 217 / <20% [33]

Na,Ca,(Nd,Ta),0, R32 350 597 205 75% 66% [15]

SrBaZn,Ga,0, P63me 338 600 ~200 16% ~35% [32]
La,GeO, Pl 400 600 103 88% ~75% [59]
BaSrGa,0, P63 365 610 ~150 65% ~72% [60]
Ba,Ga,Ge0, P-421m 365, 395 497, 611 / / / [61]
Na,Ca,Nb,0, R32 365 667 215 84% 37% [15]
SrSc,0, Pnam 298 510/711 / 34% ~100% [62]
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Fig.4 NIR emission in Bi'*-doped highly symmetric BaAl;;0,9(a), and schematic diagram for the movement of Bi** 6s6p energy

level (D) at various cationic sites(b). PLE and PL spectra of Ba;Sc40q: Bi at visible and NIR ranges(c) , and self-reduc-

tion scheme for Bi** when prepared in air(d).
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YPO,: Bi. (b) Schematic of process for anti-counter-

feiting patterns.
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Fig.6  Schematic crystal structure of Bi**-doped Cs,MClg (M = Sn, Zr, Hf) perovskite (a) and Bi**-based Cs,B (1)B (1l )X,

perovskite (b). (¢) Schematic diagram of luminescence mechanism for Bi**-doped Cs,MCls. (d) Efficient white light
through Bi** co-doped Cs,NaInClg: Sh™. PLE and PL spectra of Cs,AgScClg:0.05Bi" (e), and CIE chart(f).
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