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Abstract: Mn**-activated red-emitting fluoride phosphors are among the research hotspots for white light-emitting
diodes (WLEDs). Their macroscopic crystal forms demonstrate pronounced advantages in hydrolytic resistance,
thermal quenching, and quantum efficiency. This review summarizes the representative systems, synthetic protocols
and photoluminescence properties of Mn*"-activated fluoride crystals. The solvent evaporation, host-crystal synthesis
followed by ion exchange, solvent exchange, fluoride-phase transformation and cooling crystallization are compared
in detail, and their respective merits and limitations are highlighted. Key challenges that remain to be addressed dur-
ing crystals growth are discussed, including stabilization of the Mn** valence state, regulation of fluoride host solubili-
ty, and the requirement for environmentally benign processes. Finally, future application prospects are outlined,

with the aim of accelerating the development of high-performance Mn**-activated red-emitting fluoride crystals.

Keywords: phosphor; Mn*'; fluoride crystal; preparation method

W #e B8 2025-12-20; €T H 83 : 2025-12-30

BETE: WA [ AR AL G I H (252300421931) 5 [ 5 A8 BE 24 I 4 75 45 0k 42 (52402079) 5 7 [ 4 B 57 2 56 0 H
(252102231065)
Supported by Henan Provincial Natural Science Foundation (252300421931) ; National Natural Science Foundation of China
(52402079) ; Henan Provincial Science and Technology Research Project (252102231065)



%4

EIRE, AF e Mo BUE FAL Y LE0O0 M 603

1 3l

2016 4F, 35 [E 3 H H S A Al (GE) B D) 1 b
K,SiFg: Mn"* (Trigain) %¢ 36 ¥ @i ol Ak Rz T 6 &
6 = # % (White light emitting diodes, WLEDs)
rh A SRy Y S R T O VR AT S B o B R
M Vi 00 38010 0 2 N 93 38 ¥ 1A e 35 44 Y B 4k
KA, X T HEA LUT MR
e, (1) 76 156 X I (~460 nm) T2 45 W 0 , 78 206
X (~630 nm) 78 4 & 4t , 5 8% LED its Jy UG it 7
s ()= A, 8 TR AR 77 5 (3) 5 s T %
GRICER A ORL R B At R R (4) U R K
PEFE TAEREE T BRUS R 35 i i R RO .

SR, 2% 289K 1 0118 32— 2 ] ST ) PRI 9
LG - (LT 7K i 2 fh M B 227, 7R R 58,
ALY 405 6K R )2 B Mk 55 7K fif R F5 2B
[ MnO,, 5 3 H fir 35256 (19 WLEDs % i 52 31 i
2y, (2)FMEFRCRMK, M A9 L6 F P E— *AL fig
G F ESS MR AT, A A AR R BE R T, LR
LR, (3)H T RIEBUIET, 5 & A %
W AT, M U0 SR SR DO i il 3
£, 0 4~9 ms, B H N H T K% WLED 5 #%0t
PRI AR F B, X DA A2 e s G 4 1Y 5 oK

Min* T 2168 56 O by 8 B 28 W AR 1L A,
PRI A OR R 2 R AR R R AR
BT e B T OB E A B AL B 3 72 b & A HICT
ARG B RO B K Y i AR JBORE o SA
N AN S A S LN A R AT E S
FEXRT 2 ARk . MXTF 28k, H
= NN TR N T A T o TR T )
KA BT ROR E AR K LR A KOt
PERE L 1 22 6 A1 K

Min* 0 7 W d AR B 28 PR e R 2 0 L T
HXF R 22 Sy A 3G (1) e FRCR B &
TZ MR . Wang FE05R ¥ 745 & 2% B il %
Cs,GeFg: Mn' | Cs,SiFg: Mn'" | Cs,TiFg: Mn* Hi §f K
() 40 1 F 55 R 43 ) S 66. 9% . 63. 2% . 52. 8%, 1fii
SR NN ATE i N = 0 b e
I R W ZE 37.7% .37. 9% . 32. 2%, (2) KRR~
i A 2 T 8, AT 3R . 22 R AR UK 141 3R i
TURBURL , ASH 23 T BOG L A HUR FVE s i
HL T AB0RE [] 22 fish 4 BEL 6% 13 30, 52 0 WLEDs 2% £
AR AET S (3) 2 W & IR T K fife 2 Ak P R A T

nu\4

Z AR . FEENR IR ST L SRR R Mt B
by 5K K R 13X R K AR RS2 DR 2 T T
R 1R, SR B 2R TR I /N R 2 T 46 G
SZA K K AR B B % . Cs,GeFg: Mn*' Cs,SiFg:
Mn* | Cs,TiFq: Mn* 5 5 K 5 TS 7K fif 2 Ak B i pt
T H BB A A K, (4@ S ERE . X TF R
Ty # WLED 5 0% B 2844, 315 bR A
PE Rl 4 ) 24 % L f 75 i, BRSO b R Y #
T3 R T AT MU i Rl 25 390 R U B REAR IR ) |
S TCHL e A] G B AR O RS (5)
P RNYERE . POEMIE I/ e T AR H
TR A R e R R A Al A R T B, 8 98
P18 A 445 0 3 e A 6 S R 1 AE e i AR
KR PE o Zhou JE™ 4 1% R 5 K15 i 48 1 KoSiFs:
Mn* B R T 2 200 CR, H & G B b IR
B [ 100. 8%, T L XF 7 Y 2 & i A I % IR
87.1%.

AR SCEER T Mn* BT F AL P 21 60 5 6 S IR 1
MORHR Z 8 O 1 B R ik R OGP R A 4
S5 BEE T YA SR G e B b i I Ak
I X% 2 A AR 4 07 FH R K R R BT T R

2 MAHIR &R

Mn* TG FUAG P 29 0 fh AR 19 O PE AR 5 Ik
BHAR 2% YA G R85 BH B 7 2R B B AN TR) 8 24 i
O 38 1% 2 M R 2 B 2, 6 48 6 4 R Ak
R 14 JE w AL IR R B AL iR R A
B e TRk R

Bl 4 J@ AL ) 4 2 Xk A2XFe: Mn*(A=Css",
Rb',K',Na"; X=Ge",Si*", Ti*") , /& H Wi 58 i £ 1)
MBMA R o I oA SRR V3 W S e B A
O 3 o I VAT T A D 2 R R R AR SR AL A
RboXFs: Mn* (X=Ge"", Si*, Ti'" )*" Cs:XF¢: Mn**(X=
Ge™,Si*", Ti*) KoSiFe: Mn*"*'? NaxSiFs: Mn* 45 |

B+ 4 Jm AL Y1 IR R DL AXFg: Mn** (A=Ca’™,
Sr, Ba™ 55 s XU=Si", Ge™, Ti*, 2045 ) Ml 2, 1% 38
E JOT 7 S R TR VA VR I A AT M DA 0 T TR
Pl g RRGH A . H Al E A A I% 2 b A b Rt
HA7 BaTiFg: Mn*, H R SFAL 0. 3 mm'™,

i (1) AR A R 2 0 A AR B Sk BHES 1 114 B
AW, B T B R AE SRR T I I i B v, ) U
Yl 28 L ORORU ST AR, R 52 30 K 5 1R
2 A 45 (NH,)3SiF;: M I (NH,),SiFg: M,

5246 BH B AR ) IR R G 2k P R sl 2 R B



604 K b/

5 47 %

BB Y A A R BT, R0 — B
TR AP RE R R L SEEL T M B IR B S KO
PERE 1Y I 4%, AR R O RboNaAlF 62 Mn** Al
RboNaAlFs: Mn*, Mg,

3 H&TE

C 8 A Ry T AR T R Rk AR
Jo AR B+ B T B B D VL I N AS 4k RAE
AL A2 v BRI 45 Sk
3.1 BFREXRE

1 50 3R AV R CEURUIR ) v 3l 2 7 9%
A Y A e R T BT o o 3R ORI AR ) 4B 4
(K MnFq) % A FI B, 75 5230 10 FLR S | ok e i
T T % B URL 1 B b AR B T T AR

2016 4, Adachi 55" Z e 1B T = 45 M 1
Rb,TiFg: Mn** F1 37. 75 45 ¥4 1) Rb,SiFs: Mn*' P Ff 5.
i 2 G ORL (& 1(a) L (b)) o HOR 5 & i
HEAT AR A K B 8K X0, (X=Si, Ti) il Rb,CO;
Fie BRAE 220 i s A SRR IS W, SR 5 AR
U5 KMnO,, T A 7 W 7E %0 (300 KD kG 4514 F
BEOR K W A BOR . Rb,SiFg: Mn* B 5 2 57
75 fm ZIE 5, 1 Rb,TiFe: Mn* Bt 5 52 = 7 fh & B
S, B R 1A ~8 mm, J& F 1] 35 ~2 mm.
Rb,TiFs: Mn* B 5 4 1 N 1 7350 (1IQE) 8 ~92%,
W HEBIF B I 0 [ 9 ~76% . 2018 4F , Adachi 25"
AT AN T S5 B RbyGeFq: Mn® B i i h7 | H: 5L
AN HHIEH (B 1(c)) Bl HAE N ~3 mm, A
SR T RO, W TR (IQE) S ~87% , 1 H
TR 1B i 4583 2K (9 TQE J9~74% , 3% 2 th T 0F 35 i 7%
A T AR R A B AR TR

2020 4, Wang i T CspXFg: Mn™ (X=
Ge,Si, Ti) Z KR AR (B 1(d)~ (1)) . HRH
VR R gk AT &, B E IR R 42 51 GeO,.
H,SiFg . H,TiFs 5 CsF I K,MnFg i A & 98K 18 )
L2010 KA K, 15 5] Cs,XFg: Mn* (X=Ge, Si, Ti)
B R SHZS 5 mm, B (7. Cs,GeFg: Mn' |
Cs,SiFg: Mn* | Cs,TiFg: Mn* Bt 5 4 19 EQE 43 %1
4 66.9% .63. 2% .52. 8% , 5 & [T 1A BE A R (R
51 <0. 075 mm) , EQE 43 i P& ik & 37.7%.37. 9% .
32.2%. 2 W I FE IR, CspXFe: Mn™ BRL AR 1Y
i 7K A AR S AL T S BT A5 B K o Cs,GeF:
Mn** B AR R A K 7 b, ] {5 B8 W 0A kO iR
(1) 819% , T FLAHF B iy 45 M K & O 5 J3E i 2 400 B A
f99%. Cs,SiFs: Mn"Fl Cs,TiFg: Mn* B 5 {1 B A7

o

[

cm

Under UV

E1 (a)Rb,TiFs: Mn" . (b) Rb,SiFg: Mn™™ | (¢) Rb,GeFy:
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Fig.1 Photomicrograph images of (a) Rb,TiFg: Mn* , (b)
Rb,SiFs: Mn*™*', and (¢) Rb,GeF,: Mn*"" crystal phos-
phors. Photograph images of (d) and (g) Cs,GeFg:
Mn*, (e) and (h)Cs,SiFg: Mn*, (f) and (i) Cs,TiFg:
Mn*™) (j) and (m) KzsiFGZMnM(’] , (k) and (n)
Rb,GeFg: Mn*"" crystal phosphors under visible light
and blue/ultraviolet light. Digital images of (1)
Rb,NaAlFs: Mn" and (o) Rb,NaAlFs: Mn*, Mg*"'"

crystal phosphors under white light
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Fig.2 (a)Schematic of fast ion exchange of (NH,);SiF;: Mn*

crystal ", Photograph images of (b) and (¢)Na,SiF:

Mn* crystal under visible light and ultraviolet light'"
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Fig.3  (a) Illustration of the CTFM single crystal prepara-

tion. (b) Photograph images of CTF crystal. (¢)-(d)
CTFM crystal. (e) CTFM@CTF core-shell structural

crystal. (f) Photograph under fluorescence microscope

of CTFM@CTF crystal'”
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K4 (a)~(b)BaTiFe: Mn* SR 16 B A5 (0)~(d)

BaTiF: Mn* g {4 1) SEM [ )5
Fig.4 (a)-(b) Optical images of BaTiFg: Mn" crystal. (¢)-

(d) The SEM images of BaTiF4: Mn"* crystal'"*’
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K15 (a) K,MnFg: Si*, NH, f K" | (¢) Na,SiFg: Mn* f
1K1 (e) (NH,),SiFg: Mn* f 4K (g) | (i) K,SiFg:
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15 (d) Na,SiFg: Mn* & | (f) (NH,),SiFg: Mn*

AR (h) K, SiFg: M A&7 (4 SEM & H

Fig.5 Optical images of (a)K,MnFg: Si*, NH,""™, (¢)Na,SiF:
Mn*"* () (NH,),SiFg: Mn*™™", (g), (i) K,SiF:
Mn*"™ crystals. The SEM images of (b) K,MnFy:
Si*, NH,™, (d) Na,SiFg: Mn*"", () (NH,),SiFg:
Mn*"" and (h) K,SiFs: Mn*""" crystals
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Tab. 1 The main preparation methods and their advantages/disadvantages of Mn*"-activated fluoride red-emitting crystals
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