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Abstract; Laser lighting is one of the important developing directions in solid-state lighting in the
future. At present, the main stream laser lighting devices are fabricated by yellow/green ceramics or
crystals, which show high color temperature and low color rendering index due to the insufficient
red-light component of a single material. Herein, Rb,SiF,: Mn** (RSFM) red-emitting single crystal
with high efficiency and high stability was prepared by a simple solution growth method. The RSFM
single crystal shows broadband blue light absorption ( ~ 450 nm) and narrowband red emission
( ~630 nm). The external quantum efficiency (EQE) of RSFM crystal is up to 55. 8% , showing
great potential in laser lighting to improve the color quality. Under the excitation of 7 W/mm’, a
warm white laser diode device with high luminous efficiency of 104.3 lm/W, correlated color tem-
perature of 2 633 K and a color rendering index of 78.3 is presented. The development of high-
performance Mn* " -activated fluoride single crystals is expected to provide new insights into the de-

velopment of highly efficient and stable materials for advanced lighting applications.
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Fig. 1

(a) = (d)Images of RSFM crystals under natural light and blue light. (e) — (g)Images of RSFM crystals under natural

light and blue light, and particle distribution of RSFM crystal. (h)XRD patterns of RSFM crystals with different sizes.
(i) Plane preferential orientation of RSFM crystal. () Crystal structure of RSFM.
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Fig.2 SEM images and EDS mapping images of RSFM crystals surface( (a), (c¢)) and cross section( (b), (d)) of ~1 mm

and ~2 mm sizes

3.3 RSFM B REKEFH

PR SR AL AR T R AR WTHERR A o 7R
FIERN R W IE AR R AEE HY F ([SiF, 27
[ MnF, ]~ Rb* #1 Rb,Si,  Mn_ F, 4%, BBHE T0
BT BERLAE Rb,Si,  Mn F, BUZRTERE , TR0 i
fBh 2 A AT R, R IR W A A A K AR
J T R BHES TR Rb,Si,_ Mn, F, B A K AR
FH A SC# o DFT 33— 058 T H,0 H F,
[SiF, | .[ MnF, ] 1 Rb Jii-7E Rb,SiF, (100) Fl(111)
rnlAIYERIAIAE . BT A K AT IR AR W Mn AH
T Si SRR 2 THEA(E 20 T Mn-F RS A
FIEEEE . M Rb,SiF, B R &5 AT K1AUA Rb-F

Si-F JL 2R B EAh, R T R AR FAEX
ANJFEFIZE(100) FI(111) KIABE, TEWLER 1, AL,
RE W RN WA R P AAAE® H,O H (F |
[SiF,]*" [ MnF, ]>~ .Rb* %} RSFM S L K A
AR AR o Jois (111) 3842 (100) T, &
R H,0 Firds g it i T HoA e, AT 0 H, O X B
TESR R Wi 55/, RSFM B 5 A (100) ik 1T W Jf
H* F~ [SiF,]*" .[MnF,]>" Rb* & F KM fE
Ie/NF(111) fhifn, KEM HY F- [ SiFg 177,
[ MnF, ]*~ \Rb* B T 54 b W fF 7E RSFM B fh
{9 (100) & b, BHAS T RSFM BASWF (111) 1A
K, T FBOK T IRRIE L, Pt RSFM 7 SRR

%1 Rb,SiF,(100)F0(111) REAIREEE

Tab. 1 Surface energy of (100) and (111) plane with various atom attachment Jom™?
- Ui
AH :
H,0 H F [ SiF ] [ MnFj ] Rb
(100) Si-F 0.95 0.94 0.88 — 0.97 0.97
(100) Rb-F 1.12 1.10 .10 1.03 1.08 —
(111) Si-F 3.32 3.00 2.92 — 3.02 3.07
(111) Rb-F 3.11 2.92 3.09 2.93 3.03 —




1564 K ot

42 4

E

W 2 A (100) fb TR ) . TE
f ST AT [ SiF, ] .[ MnF, | #l Rb Jii 72 #1565
& 3 2 T A9 Rb-F 1 Si-F JE1J2 (100) il
(L) T 430 R B ) s 5 PR, 0 2 SR TR A 2
RSFM (100 ) [fi 43 51 W B = 2 Fir i 0 g s /N T

e
PR D

KA
o

(111), 2, fh—EITE RSFM L 6 445
BT (100) A= K, 8 AN T0 A AR 4% T 25, JE A (200)
F(400) BELA K AR 7R, B (200) F1(400)
I (100 ) BS54 b, RSFM SE PrAE KB 5 5T
AR5,

7

M~

>
R/

Rb-F surface

Rb-F surface

Si-F surface

K13 (100) MW BEAN ] 507 A R M RY : (a) Rb-F WK Si-F, (b) Rb-F B Mn-F, () Si-F MR Rby (111) 17 B AS ] Ji2
THYRMR ; (d) Rb-F WFf Si-F, (e) Rb-F WHf Mn-F, (£) Si-F WK Rb,,

Fig.3 Surface structures of (100) plane with various atom attachment. (a)Rb-F surface attached Si-F. (b)Rb-F surface atta-

ched Mn-F. (c¢)Si-F surface attached Rb. Surface structures of (111) plane with various atom attachment. (d)Rb-F
surface attached Si-F. (e)Rb-F surface attached Mn-F. (f)Si-F surface attached Rb. .
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Fig.4 (a)PLE spectra. (b)PL spectra. (c)Decay curve. (d)Temperature-dependent PL integrated intensity. (e)PLQY of
typical KSFM crystals. (f)Relative PL intensity of KSFM phosphor and RSFM crystals soaked in water for 12 h.
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Fig.5 (a)PL spectra of white LD. (b) Picture of white LD under a power density of 7 W/mm’.

combination. (d)CIE coordination under a power density of 7 W/mm’.

(¢) Schematic of white LD

Luminous flux(e) and CCT variation (f) of

white LD based on LuAG, warm white LD based on LuAG + RSFM, and red LD based on RSFM crystal excited by differ-

ent power densities.
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