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Abstract: Phosphors, as a key material in the white LED systems, directly affect the overall luminous performance of the lighting
devices. Comparatively, perovskite structured oxide phosphors have more diversified structure and composition compared with
those with other structures, so that they can provide a flexible local coordination environment for different active ions, so as to
achieve excellent luminescence performances. Therefore, perovskite structured oxide phosphors are ideal luminescent materials
for application prospects in white LEDs. This article is aimed to offer an overview on the latest research progress of perovskite
structure oxide phosphors in blue, green, yellow and red emission, covering common active ions such as Bi*", Eu?"/Eu®", Ce*" and
Mn*". The factors affecting the luminescence performances of the active ions in the perovskite structure and the design strategies
of the perovskite structured oxide are discussed in detail. Finally, the challenges encountered in the application of perovskite
structured oxide phosphor are summarized and the direction of future development is forecasted.

Key words: white LED; perovskite structured oxide; phosphor

Wi HE: 2020-08-12, BITHEE: 2020-09-15, Received date: 2020—08—12. Revised date: 2020-09—15.
HETH . FXKARPIFEHE4 (51774096, 52062019, 51662016); Correspondent authors: WANG Lianjun(1974-), Male, Ph.D.,
VLPG4 & SR 30 H (20192ACB80007, 20201BBES1011); YLV Professor; JIANG Weihui (1965-), Male, Ph.D., Professor.

F SR Bl24 542 (2018 1BAB216009) E-mail: wanglj@dhu.edu.cn; whj@jci.edu.cn

BEBRRAN: TiEF1974-), B, Wi+t #Z; THH1965-),
B, A, #E.



41 6 LED

- 850 -

e

0 3l

% LED(White light-emitting diode, WLED)
YER A — G 5, T HATREAME . AR
L AN HER S CEBUCH T HAT TH
JrpM 0 B4 % LED ¥z i T E R
14 LY IR RIS D' s 25 AR (% LED
= LED & 526 mal amng, Hrf, 256k
BEINCEVER, Hit, 6kmXTHJ%E LED )
KSR . BT84 (Color Rendering Index, CRI) .,
{f,7f (Correlated Color Temperature, CCT)% & 1k
REEA POEME . E5R R FDG LED J2 R A
Jt LED S5 454 Y3Als012:Ce™ (YAG:Ce™ )i 2 5¢
SRS D& P, (HAE, B DL LED 19
JRRRERNR, IR R 2 28 5 ok, Indk = 21
ey, ERERmE, BEEHmEC; =
FH A (cyan gap), MELLSZERAGIE R BP0 5
SE IR B | R 2= AT G LED 2tk R
T T REW TAE. FERHE R & AR T B
PIASWT BN HT, —HEPEREIL R i 2k BT SE L T
Flk Ak, i Bu® s A et P Mot g
T IRALY DR X B KRR,
I IR, (HIE, BACI DR B MERE K,
AT AL DR 1 2 i BT A —
Y, HRREMEZE, MRS K& BORMAENE
EOSEM LT, 451k, KT @K
Ry 1) S AU W9 RV A, T3 S0 AR X, FE RV
Tt LED i, &g o RATHrn! 1% i
H, 51156 LED b nisricm, 2k MR
eI N T kX B R, — S BA
JoT i G R BH B9 R, BT 598 LED o i
(380-420 nm)&5 G144 = ILOTOLRy, Z TR
AR DS S R, BafEEEEEIAE] 90
Db, (HR, X T HOGHA 2Ok, s
WU 2R B B Se B A A8l B, PR A
FER R LR, ik k2R = F 00 Sy 2
P = I AOERCR, [FIR R BN S, 7E
REWEHI 2R, EAARY DR A LT A
YIRS ACY SO0 A I R, anddil s
i A . PR PERERSESE, T HAE T %A
DX 5 HA BRI, i, APt TE
F1O' LED H A% R B T [ () o FH i % o

FEERE AR A ALY IR T CaTiOs 04y, Hfi
TR ABOs, A KAk 12 BfL, REAN
JATBRBIBHES T, B SO0 6 FLfi, —MAEgIR

SRR U B T AR A A S A A R
FEr . BLARSE . OGRS SO R AT R
(R FIPERE PR Z H AT, Bl
AT e BEHAE K e AL RE JiE B A 10 5 R PR
Rl A KA B MO8 AR BH 1t
PHERE 45 H P ) BOg /\THI A 237 A — 2 R
X\ A IS 1] BE 23 3 B AR B T4
R0 A5 BE 7 R ARl . IR, BHIE 3 T LA
K2 Bl T Bk R 1 OB 1 7EAS SR 45 44 1k
Yy ROGPERE,, AR T H B 45 B A i
AR KRS ek Ak Ok
B &N B T B A 0k AOERRE, R RGBSR
W S5 A DO WA AR TT K ok, ROLER
(AT N e Ean N i SN O WD e P E P
WEA 1k, I R A Sk B R ik A — 2 B
B BTUOLRN T LED #HFi9 & i HAg o
EVEVERT, O3 TInREOU I A ek, 2fxt
BUA RSB S5 E AL POk R R AT B,
{2 2 A0 K TSR 45 K S8 AL W 5L Ry ik 5
PRI T AR . ARSCRBE T I J LA A5 AR 451
EACD DR BT BUIR, R TSR A
@, st WEMLOIOUE, HHTHE T A0t
BT ARG BRAT 454 P A C A BT S L5 RO TR fE
ZIEEER , R B A T T3 45
T IZRIOURAE LD BE LB BRI PR, It
HASKR BT T I BEAT TR,

1 454k M ALY

A B B BRI AE H R R oS T A, (HOR
SHARRHE T L G38 A A B AT, T 5
TR M T RA M 2E S, S ER 45
N TR e e A AR A, A
1T 23 12 JICHT 2L 4 5 BR 4T ) 2 2 A0 ) 3 A
Y1, U A;BBOg, PRI, KBS EkT A ALY A
JENLJT AR, BRSBTS ALIE IR B AL
B HES T3 2] 2 a ER A HER . JC RS
FZARHES =R, Wk 1 P, A RO FREE
FRc Ay S B s ek Ak A o
MBAZHET, Wi EBTR. d TR
TR, W, XA 2R PE R KA,
MR A B R AR E 5

TERSERA S5 R , S7 7 AR B E I 25
XF T 5 N2 7 R B ESERAT S5, Ol 1 SRAE H A
FESE, B AR 2 IR 1 S W23 A 14 411 i J3E AN 254



41 6 LED

- 851 -

1
Fig. 1 Three types of perovskite structural oxides
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2 (a) CaMO5(M = Zr, Sn, Ti):Bi**
MMCT

(b) Bi**
[30]

Fig. 2 (a)PLE and PL spectra of the CaMO5(M = Zr, Sn, Ti):Bi*" phosphor and the corresponding luminescence principle

diagram, (b) Relative position of the excited state of Bi** ion and MMCT between the band gap

3 Bi**
[31]

Fig. 3 Prediction diagram of the transition source in
different Bi*" ion doped oxides !
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4 GdzZl’lTlO(, (a) (b)
Gd,ZnTiOg:xBi*" (0<x<0.015)
() (@)F
Fig. 4 PLE (a) and PL spectra (b) of Gd,ZnTiOg host, PLE
(c) and PL spectra (d) of Gd,.,ZnTiOg:xBi*" (0<x<0.015)
phosphors P2

- 853 -
5 CaLaMgTaOg:xBi*" (0<x<0.2) (a)
(b) (o)

Fig. 5 PLE (a) and PL spectra (b) of the CaLaMgTaOg:xBi*"
(0=<x<0.2) phosphors,together with normalized spectra with
different doping concentrations (c) ¥
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Tab. 1 Performance of selected perovskite structured oxide blue phosphors

Phosphor Excitation peaks Emission peaks QE CIE Ref.
Lay(Zny 4Mgy ) TiOg:Bi** 365 nm 410 nm 75.0 (0.1990, 0.1290) [33]
Gd,ZnTiOg:Bi** 375 nm 430 nm 18.0 (0.1961, 0.1099) [32]
Ba,(Gd,Lu,NbOg:Bi*" 367 nm 473 nm 49.0 (0.1990, 0.2270) [35]
CaSnO;:Bi*" 308 nm 448 nm 38.5 (0.1786, 0.1665) [40]
LiTaO5:Bi*" 302 nm 430 nm (0.1727, 0.1489) [41]
NaTaO;:Bi** 250 nm 435 nm [42]
CaZrOy:Ce** 250 nm 400 nm, 426 nm, 466 nm (0.2040, 0.1900) [38]
CaHfO,:Ce** 335 nm 430 nm [39]
La(Al, Sc)05:Ce** 320 nm, 330 nm ~425 nm [36]
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Fig. 6 PLE (a) and PL (b) spectra of the EuAlO;:Eu®" phosphor prepared in NH; atmosphere ! PLE (c) and PL
(d) spectra of the EuAlO;:Eu* phosphor preparedinpure H, atmosphere [*7)
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7 (a) BaScO,FEu**
(b) BaScO,F:Eu* Eu?*- 501
Fig. 7 (a) PLE and PL spectra of BaScO,F:Eu*", (b) two
Eu**-coordination environments %
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Fig. 8 (a) PLE and PL spectra of the
LaAlO5:Tb* ‘nanocrystals®®, (b) PLE and PL spectra of the
(Ba, Ca),LaTaO4:Tb**phosphor'®®, (c) corresponding
luminescence mechanism [
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Fig. 9 (a) Crystal structure of CaYAIO,, (b) PLE and PL spectra of Tb*>* and Ce*" mono- and codoped CaYAIO, [
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Fig. 10 PLE and PL spectra of CaTiO;:Bi** (a) [ and Ca,MgWO4:Bi*" (b) [¥
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11 (Na, K, Rb)LaTa,0,

(a) (Na, K, Rb)LaTa,0,:Bi*" (b) (c)]

Fig. 11 (a) Crystal structure of (Na, K, Rb)LaTa,0,, PLE (b) and PL (c) spectra of (Na, K, Rb)LaTa,0,
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12 Ba,CaMoOg:Eu® "(a)(b)  Sr,CaMoOg:Eu®" "(c)(d)

Ca;MoOg:Eu’ ml(e)(f)

Fig. 12 PLE and PL spectra of different phosphors: (a, b)Ba,CaMoOg:Eu** ", (c, d) Sr,CaMoOg:Eu** " and
(e, f) CazMoOg:Eu*" 7%
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f-f

Tab. 2 Luminescence properties of the Eu**-activated perovskite red phosphorsthrough exciting f-f transition

Phosphor Concentration (mol) Thermal stability QE CIE Ref.
La,LiSbOg:Eu** 20% - 70.0% - [80]
La,ZnTiOg:Eu** 40% - - (0.6600, 0.3400) [81]
Ca,LaSbOg:Eu’* 50% 83.0%@150 °C 81.0% - [82]
Ca,LuSbOg:Eu’" 30% 69.0%@150 °C 82.0% (0.6610, 0.3390) [83]
Ca,LaTaOgEu** 40% 54.0%@150 °C - (0.6650, 0.3340) [84]
Ca,YSbOg:Eu** 70% 81.6%@150 °C 92.1%(465 nm) - [85]
Ca,GdSbOg:Eu** 50% 73.0%@150 °C 73.0% (0.6629, 0.3367) [86]
Ca,InSbOg:Eu’* 80% 113.0%@150 °C 82.0% (0.6560, 0.3380) [87]
Ca,LuSbOg:Eu** 30% 69.0%@150 °C 82.0% (0.6610, 0.3390) [87]
Ca,LuNbOg:Eu** 40% 65.0%@150 °C 66.0% - [88]
Ca,LuTaOg:Eu’" 40% 78.0% @150 °C 74.0% (0.6675, 0.3322) [89]
Ca,YTaOgEu®" 50% 61.0%@150 °C - (0.6678, 0.3319) [90]
Ca,GdTaOg:Eu’" 40% 78.0%@150 °C 82.0% (0.6676, 0.3321) [91]

LiLaMgWOg:Eu*" 30% ~60.0%@150 °C 87.0% (0.6660, 0.3337) [74]
NaLaMgWOg:Eu** 40-50% - - - 92,93
NaYMgWOgEu®" 30% - - - [93]
NaGdMgWOg:Eu** 40-50% - 39.3% - 93,94
KLaMgWOg:Eu** >26% - - (0.6474, 0.3360) [95]
CaLaMgSbOg:Eu’* 50% 84.7% @200 °C - (0.6590, 0.3410) [96]
BaLaMgSbOg:Eu’* 70% - - (0.6580, 0.3418) [97]
BaLaMgNbOg:Eu®* 50% 22.7%@?200 °C (0.6700, 0.3300) [98]
NagsLag sTiO; Eu®* 20% 60.0%@150 °C 46.1% - [99]
Ba,La,ZnW,0,,:Eu*" 40% ~87% @150 °C(Integral) 57.0% - [100]
LayTi;0;5:Eu’ 10% ~70%@150 °C(Integral) 41.0% - [101]
La;Ti,TaO,:Eu’* 10% - 37.5% - [102]
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Fig. 13 PLE and PL spectra of LaAlOs: 1%Bi*,
LaAl05:0.1%Mn*" and LaAl105:1%Bi*", 0.1%Mn"*" "%
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