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Abstract : Melilite-structured compounds with the general formula ABC, O,—where A is an alkaline earth metal (e.g.,
Ca’™, Sr**, or Ba™), B is a trivalent rare-earth ion, and C is a trivalent main-group element (e.g., Ga’ or Al*)—
represent an important class of inorganic functional materials. Owing to their stable crystal structure, tunable chemical
composition, excellent physical and chemical stability, and multiple lattice sites available for activator ions, these materials
have shown considerable potential in luminescence applications. This article provides a systematic review of recent
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advances in ion-doped ABC, O,-based luminescent materials. It highlights the characteristic features of the melilite-type
crystal structure and presents a comprehensive summary of the luminescent properties, site occupancy behaviors, and
concentration quenching effects of representative activator ions, including Eu**, Tb*, Dy*", Mn*", and Cr*", within this
host lattice. Additionally, the energy transfer mechanisms between sensitizers (e.g., Bi’*) and activator ions are
thoroughly examined, and strategies for color tuning and performance enhancement via ion co-doping are discussed.
Finally, current challenges and future research directions are outlined, providing theoretical insights and practical guidance
for the rational design of high-performance melilite-structured luminescent materials.
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Fig.6  Crystal structure and emission spectra of CaYAl; O,

3.6 CalaAl,0,

CaLaAl,0, fE R K AL R EEAC R, 2B E AR 7 B Oy 4080 B0 AR 34 . ZHAO 517 i
Uil % T CaLaAl,0,:RE™/Yb* (RE=Tm, Ho) F44#e50Hk, SEOL T 7E 980 nm ILLLAMEOGIAR T2 6k
Jto Tm™ /Y™ FHBFEG S ILL 474 nm A ERFEOCA (K 7(a) ), J8 T =00 F WG 2, Ho™ / Yb™ Sh4B 4%
an LA 660 nm 2156 (B 7(b)) & TXOCT WG FE . ZAEHEA R 1K (288 361,450,980 nm )
RISk PR E O @SR ROEEE, AulE i SR 99.9% , RIS 2ROk,
I EH 5 PDMS & A il & s R =4 S7 (AR | SRR T A Z 0 Bt (5 B AR FIROE R 55
J5 AR AT 1, JEHAE 980 nm SOGH & T AT SEE R X e B B (I 58 5 S0 S, R i 9y £ T A
R REARBEBE T RTRIA BE &, GAO 204 Er™ /YD S4B 5 CalaAl,0, F& 5 FP 75 5 1 9868,
RG5T T HE5H RO BRI PR RE . W&l 7(c) IR, 7E 980 nm WOLI L R, M K LB 528 nm
(*H,,,,—"'1,5,,) 549 nm(*S,,,—*1,,,) f1 665 nm (“F,,,—"1,5,,) BIAFAE & 5, HL&ZGSREERE Yh™ e 38 m
MYGSR , e 7E y=0.18 BF IR B K, Wit 7O ILHE AR (B 7(d) ) 2T EC W H, ,, FI'S,,, I HGRE
BB & ST om B HUAA, 7F 313 ~573 K JREVE B S T 24 B AR IRk, e R R U 6 31 0.003 45 K'(473 K)
T ZHCHGER Ex™ /YD B MRL SR BIZ PR TR 45 i O 27 I e 45U H A d 0 v g



FIEF, 5T

(a)

(b

~

4 =980 nm CALaALO;:2%Tm™/z %Yb* CaLaAl,0,:7%H0o>"/z,%Yb** 2,,=980 nm
O 5E 2,=6
z:=8 z,=8
z=10 z,=10
z=12 z,=12
i —z~l4 i 214
s z=16 b= z=16
z=18 - 218
= [
7720 "’T = 2,220
7 1
= &
e
AF
400 450 500 550 600 650 700 500 550 600 650 700
WA /mm WK /mm
(©) @ [-
—— 0.06Yb* 528 nm
—0. 12Yb3+ - 549 nm
—0.18Yb* - 665 nm
—— 0.24Yb* 3
—0.30Yb*
%( 0Yb* %(
500 550 600 650 700 0.00 006 012 018 024 030
W /mm »(Yb*3)

E: (a) CalaAl, 0, :29%Tm* /Z1% Yb™ _FHARDTEER &G (b) aAl,0, : 7% Ho™ /72% Yb™> 22 fh5E ek i bR kOO
(¢) CaLaAl,0,;0.06Er™ , Yb™ (& 5HGIE; (d) 528.549 Fll 665 nm A i) & 558 5 0.06Er™ v ( Y™ ) B T B R B R Y
K7 KA 2B R
Fig.7 Multimode optical properties of melilite-structured compounds

3.7 CaGdAlLO0,
AR T B R = 25 A1 B3 SO I ) PR AR 22 fik =X S50 A, 7RV 2 U % R
LIU 25V RGE T —FP3ET CaGdALO,: Tm®™ , YB*", Zn*" A RARE T L0 AN R AT, I 8 (a) fir
INZAEHE 980 nm WOGH A TR I Tm™ B3R ¥ (4, (475 nm, 'G,— H,) FLLLAM(800 nm,*H,— H, ) 4%
&, Hod Zn® A5 AGE S R Tm™ B RS0 ER RS X B, i R OGoR B R 58 3 £% . R Tm™ ARG BE
%°H, 5°F,,,(BEH L 1 636 em™) UL GHRBE L (LIR ) BEATIRJE AL, 7E 303 ~ 503 K U [l N & B At 5=
IR PERE (18 8 (b)) , S RAHXS REUZ X 0.026 K™'(303 K) , 4% RELEH 0.094 K'(503 K) LT ZHE
HRIE ) Tm™ 3 FREARL, ZBFSTIESE CaGdALO,; Tm™, Yb* | Zn™ 75 SR AL A Fa 1 PE B R iy A1 422 i
DA 0 R LA i I N
3.8 SrGdALO,

HA KA StGdAL 0,208 i T H MU J5 i 22 M 24 B B 1 PO AR TE ARG 8 1B 2 de it
T RIS AEE (B 9(a) ) . ZHANG %55 R FHVA I~ e 1 IR A T HLA I R R R 1 K A 2
¥ StGdALL O, : Ex’*/Yb™ FEEHIOUH , REAFE T HAE 980 nm BOGHUA T 1 L AOUREE 5HLH, I &
SRV T HHF HRAOEAMR A PERE . A& 9(b) FizR AR 303 ~503 K 3110 il 9 2 30 A1 S i vk
FEVE BT B RS BB (CH, ./ 'S, ) IR A IR 2 AR A, 7E 303 K i s KARNT RIS 1.20% K™
[l R FHAE SRR G BB (WP H, |,/ Fy,, 55) WAL T 245 IR B I, d5e s B0 70 591 0.51% KAl
0.35% K™, I I R AT (0 T BEA AR T , 2R WL A 22 't 2 00 i 38 EL A i 2 1o FHVE 0



(a) %= 980 nm CaGdAl,0,:0.05%Tm, 20%Yb, 2%Zn (b) 25 _\ s Sr 110
—2z=0
—Z=2%
—Z=8% 2.0k
—Z=10%
| L o1s) S
5 S
1.0}
Il ] 1 1 ] ] 1 1 1 0.5L 1 1 1 1
450 500 550 600 650 700 750 800 850 300 350 400 450 500
K /mm /K

T :(a) CaGdALO,:0.5%Tm™ ,20%Yb* ,2%7Zn K 15540 5 S5t 5 (b) 2%t SR AR HVECR 300"
B8  CaGdAl, O, 540 R OOLTE 5 BT

Fig.8 Upconversion luminescence spectra and thermosensitive properties of CaGdAl,0,
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Fig.9 Crystal structure of SrGdAl,O, and temperature-dependent upconversion emission spectra
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Table 1  Research progress in ion-doped melilite ABC;0, luminescent materials

LR BRET PR AL/ nm KA AL/ nm Gt Y/ nm E= PN
Bi™* 470 328 360~ 650 [36]
BalaGa,0,
Bi**/Eu* 480 335 370~710 [37]
Dy** 573 349 400~ 650 [38]
CaLaGa,0,
Dy**/Tm** 573 355 350~ 650 [39]
Bi™* 475 365 350~ 650 [40]
Bi**/Mn*" 714 365 350~750 [40]
Eu® 615 392 550~750 [41]
SrLaGa,0, Th** 546 265 450~ 650 [42]
Er**/Yb* 900 378 500~ 700 [42]
Cr** 1167 450 950~1 500 [43]
Cr* 1270 610 950~1 600 [ 43]
SrGdGa, 0, Th** 543 235 350~ 650 [44]
Dy 574 350 400~ 650 [45]
Gd*™ 313 272 290~ 340 [46]
CaYALO,
o 1360 565 900~1 850 [47]
Cr** 875 425 750~1 250 [47]
Ho™ /Yb* 547 450 450~ 800 [48]
CalaAl,0, Tm® /Yb** 650 462 450~ 800 [49]
Er*/Yb™ 549 450 500~ 700 [50]
CaGdAL,0, Tm® /Yb* /Zn*" 980 475 350~900 [51]
SrGdAL O, Er/YB 980 550 500~ 700 [52]
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