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Abstract: As a new solid-state lighting source, the white light-emitting diodes (WLEDs) have a greatly promising
application in the field of lighting and display. They have superior advantages of high luminous efficacy, fast response
speed and long service life, etc. compared with the existing light sources (incandescent lamps, fluorescent lamps,
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sion have the advantages of a higher luminous efficacy, color rendering. Meanwhile, the single-phase phosphors
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ports on the research of single-phase phosphors, involving a variety of material systems. According to the principle
of luminescence, it can be simply divided into three groups: single ion doped system, multi-ion doped system and
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Table 1 Summary of single activator ion doped systems for single-phase white-emitting phosphors
Phosphor UV/nm Emission CIE(x, y) Ref.
BaSrMg(POy),: Eu? 385 460 nm, 550 nm (0.29, 0.35) [25]
SrsMgSi,05: Eu*" 375 470 nm, 570 nm (0.32, 0.33) [26]
LaOF: Eu** 274 All the emissions from Eu®** (0.29, 0.34) [27]
NaYF,: Eu®* 397 DT (J,)=0,1,2,3,4) (0.29, 0.33) [28]
Caln,O,: Eu** 397 - (0.32,0.32) [29]
BaY,ZnOs: Dy*" 355/351 489 nm, 579 nm (0.32,0.39) [30]
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Fig. 8 PL spectra of the CNPO:0.01Eu*, nMn2+(n =0, 0.1, 0.2, and 0.4) under the excitations at 276 (a), 320 (b), and 355 nm (c),

respectively; The photos of the phosphors (d) excited by 365 nm UV lamp (bottom row), and photos obtained in

daylight environment (upper row). The photos 1-4 correspond to n=0, 0.1, 0.2, and 0.4, respectively

[33]

R2 ZETBEBERBATEME
Table 2 Summary of representative multi-ion doped single-phased white-emitting phosphors
Representative examples Excitation/nm Emission CIE(x,y) Ref.
CayGd(POy);: Eu®', Mn?" 380 Eu®": blue-greenish emission band (peaking at 494 nm) + (0.326, [34]
Mn?*: red emission band (peaking at 652 nm) 0.328)
CaAl,Si,04: Eu**, Mn** 354 Eu®": a broad band centered at 425 nm + Mn*": a broad band centered ~ (0.33,  [35]
at 568 nm 0.31)
MgY,Si;0y5: Ce**, Mn?** 328 Ce*": an asymmetric broad band peaking at 455 nm + Mn>": or-  (0.36, [36]
ange-red emission band at 587 nm 0.26)
CazSc,Si30,: Ce3+, Mn2+, Y 450 Cce*ra green emission band peaked at 505 nm + Mn*": a yellow band  (0.30, [37]
at around 574 nm and a red band at around 680 nm 0.33)
Sr;Si04: Ce3+, Eu®* 354 Ce*: an asymmetric blue emission + Eu’": a broad band covering the — [38]
blue-green to yellow region
S1;B,0¢: Ce*, Eu?" 351 Ce*": a broad asymmetric blue emission band centering at 434 nm +  (0.31,  [39]
Eu®': a broad yellow orange emission band centering at 574 nm 0.24)
CayYe(Si04)s0: Ce*, Tb*" 352 Ce*": a blue band centered at 421 nm + Tb*": characteristic emission  (0.278,  [40]
lines ranging from 470 to 650 nm with yellow-greenish emission 0.353)
Ca,Al,Si0;: Ce**, b 352 Ce*": a blue band centered at 419 nm + Tb*": characteristic emission  (0.316,  [41]
lines ranging from 470 to 650 nm with yellow-greenish emission 0.336)
Sr,ALSi0;: Ce**, Dy** 335 Ce*": a blue emission band at 408 nm + Dy’": the emission bands at - [42]
491 nm and 573 nm
12Ca0-7AL,05: Ce**, Dy** 362 Ce*": a broad band centered at 430 nm + Dy": two narrow bands cen-  (0.324,  [43]
tered at 476 nm and 576 nm 0.323)
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Table 3 Luminescence property of AVO; (A=K,
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Sample KVO3 RbVO3 CSVO3 Mg3V20g ZH3V208

n/% 4 79 87 6 52

ClE(r,y) 0362 0316, 0306, 0449, 0432,
BV 0453 0424 0418 0.475 0.478

CCT/K 4859 5993 6334 3318 3583
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APRRERT T AVO; 5 Rt TR B 5WHA,
2017 4F Sun 2@t F 2 5 10 [ A S Bk 4t DY
FRAFEI) AVO; %68 H L CsVO;[CsVO3(W)]. 71
i CsVO3[CsVO3(Y)]~ F1 i RbVO3[RbVO3(W)FIZL
t RbVO3;[RbVO;(R)]. FH H1 3 4 CsVO; K4t
RbVO; A& 1 IRl £ i Th, #1787 Sk AN [F) 3
e VERE I 22 R R T SR A e o DY '
oy AT DL S B 5 e W A & e R, B CIE Ak bRz
i EEX I, RILH RIS R, HEAEASH
W& 4.

F4 TE AVO; KB I F M5
Table 4 Optical property of heterogeneous AVO;

AVO;  PLE PL

[63]

FWHM/nm CIE(x, y) CCT/K

phase  peak/nm peak/nm

C(S\‘x’]?s 356 487 151 ((?_'32248231)’ 12050
Cg?s 342 503 138 ((?_'32865751)’ saad
R?\\X/I% 357 491 149 ((?32347692)’ s
RIZK)@ 342 510 149 ((5)3?9769(3)’ 770

YER A =M BRI, IS BFEPRR A R
(Mgs(VOy)s, Bas(VOy),, YVO,, NaCaVO,, BiMgVOs).
Chen % "MTE T A ST 1B T Ca;NaZnyV;01, LA
Eu’ #l Sm* #5241 Ca,NaZn, V30, 6K . R IMAE
365 nm IR T, CaNaZn,V30p, B A E % 400~
700 nm FJTEH RS, RAHIELE 497 nm 4k, Bu’AI
Sm’ 15 %% (1] Ca,NaZn, V301, K 4HIE AR FE 497 nm T,
T VO, VYRR T 5 2 A e /A% 3, nf
LIS oot 42 1l 45 2% B B 1 IO R B T 95 0 A ) A
AR o
33 R BERARNEFR

LA, SR BT AT s
B BRI SISO AR R e, 7R HE AT
IR RVE, BRICHYERELIAL, MIALETES R IR R IR
HAR BB EUR G E 7R, XEH SN LED
IV e e AR, Li 25°E SR T & CsPbX;
(X=CLBr,) THLE T = F s (IPQDs), HW =T
R B AIE 95%, SR, RS v v AR AR (l
K 11 FioR), RAMEBIE SR BRI A6, b
RO, VRSl — R B R, EF A
Fe R G AN [ R R 4 SEEL

Absorption / (a.u.)
Normalized intensity / (a.u.)

UNA/

400 500 600 700
Wavelength / nm

& 11

450 500 550 600 650 700
Wavelength / nm

(a)365 nm AN EHUK T I CsPbX3(X = Cl, Br, DIEHUAGERAT & T AU B i, (b) "R USe b 22,

(OUNEEER NV -2 ipn:

Fig. 11

Controllable photoluminescence

(a) Optical images of solution and film samples with different bandgaps under a 365 nm UV lamp; (b) Optical absorption;

(c) Photoluminescence spectra of IPQDs with different composition

[65]
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BT REARMFEE, R —FEES SRy 2
LG IR T B —. Luo 20015 I AEA X4
KB (Cs2AgInCle) R G &R, HAR N NEIE, Bk
400~800 nm %N 0] LYK B, PRI H 2 T A A% 2
) BRSO R ORI, IE o 5] N ES
THEM KB AIRE Bi Hil%&H CsyNaAg)InCleBi™,
HBETSRAR T 85 KRR IA B 86% (1) HA KL it [ 6%
JeHr. 76 380~410 nm JTEAMEER T, BALERN
(0.396, 0.448), ik 4054 K, FEASTH 2= N IBHA K
TR WIEF, ZBOLMIE 150 CHRMR LR
1000 h, KIEHEEE LTIk fERH KT, %
HNBURE B2 R 1000 h R 6B LT =, &
R R E M.

XS ERH O VE LA 2 I R A e Tk ),
LTI P ] 25 S 8, 3 3 0 BR BE S 4 L K e S
He L 55 2 Fh Sk A IR A B 7T, SR T EE R AP R

SETCE 60 d LA BN/CsPbX; E & 90K f 72 68,
HoR e OB KT 2 417~680 nm (176 [, ROk
VR TN 23~47 nm, JEN Mk E I BAiE . fEH A
R e REM R A -, BB EEN AT Ak
LED M8, 345 7 ., fag e, £255h
ME 1 mE, HRERERICN0.7%, HIESTAE2h
&, BIRFERENT 4%, RIS TAERE .

4 REFREIE

LR LPTiA, HIE R FOLBOG R R TS
TR RIE V205 @R 1 5Ouk a Bt
MR AT LA K% B BE R 9% 2 UM LIRS 200, 3R 1 &
SRRl @i & S P LE S LR Y0 = o) s
o AN FREE, A PEBR e B A0 sk s 32k
A7 81 B 25 AR S

x5 BABERAATABHARS
Table 5 Advantages and disadvantages of single-phase WLEDs phosphors

Phosphors

Advantages Disadvantages

Rare earth ion doped Single activator ion doped sys- High quantum conversion efficiency; Low color rendering index;

system tems

Multi-ions co-doping systems

wide emission spectrum range

high price; harmful to the en-
vironment

Rare earth ion free Semiconductor nanocrystal
systems

Large absorption coefficient; wide Expensive raw materials; com-
excitation and emission band; high plex synthesis process; poor

quantum yield; easy to be combined stability
with packaging materials

Vanadate

Perovskite

High luminous efficiency; low prepa- High color temperature; low
ration temperature

intensity in red region

Optical band gap adjustable; high Pollution from soluble heavy
quantum conversion efficiency

metal Pb

HATHT WLEDs 1 BE i % M A7 %
AR, PR T T, SRR AL 5 ok R A R
K, B FH 050 Bi6 5 T, H2K
Je 50 FE R G RCRAN T, — S5 1 R SR RO
Rk, (HfE S FHR— PR R 2 % 2
K BARIIE(<6000 K), B iSO iEE(=85%)
AR B T AL R R (= 80%), BT AE E pE Y,
BRI AENABRE: AR S, BT R
MEMI S & BT, 90 & O B AR RS R &R,
VF 2 BLBE T (R T8 ek 2R 72 i RO A 4 R
IR Z A% —RelE Rl R U5 H R B RO M RS
BGHR FE R, WOARSE AR, AEAE 2% J7 T B i, Ik
FaE A Rt s H R R e e It T
% R Tl 2RISR AE, X5 Aok 3528 J5 1R R e e 1 1
WD, MRS B I UMER AR5 BB 2 000

DRI, B I 1 6 % A R 55 5 LA T 7 Tk

ITERANRIBETE: KOePERET T, 32 T AL
KRR OARE, FBRGR, REtErm, B sk,
WEEMREOR, SR EHE SR &R A% 50 5
THRENE, FERAMEHERDE. RADEER T
Pl TR DT T, R R BCRIR IR N At E
Tk, YIRS ROCHLER T T, B DR
AWEFE, FCATE S AR BE 1 50 DL RCRIE 3 2
BEFRIOCROCM L SR T, ROk 5 A £k
ESIE ok 4 O i ol e T L R VS e
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