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Abstract; Towards the strong market demand for high power, high quality lightings, it is particularly
important to develop red fluorescent glass ceramic with excellent optical performance and stability to im-
prove the color rendering index( CRI) of white light. In this work, a glass ceramic embedded with com-
mercial K,SiF;: Mn** (KSF) red phosphor was prepared via a low-temperature co-sintering method. The
results show that the thermal erosion effect of the precursor glass melt on KSF phosphor is limited during
co-sintering, so the optical properties of the phosphor are retained. Compared with the initial phosphor,
the thermal quenching properties of glass ceramics are greatly improved. The fabricated laser lighting
source exhibits lumen of 32.77 Im, correlated color temperature of 5 073 K, CRI of 74.86, and chroma-
ticity coordinate of (0.341,0.321), under the excitation of 55.56 W/cm” blue laser diode (LD) power
density. After further optimization of systematic thermal management, KSF fluorescent glass ceramic is

expected to be applied in the field of high power indoor lighting.
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Fig. 1  Relative intensity of the commercial KSF phosphor

under different heat-treatment temperatures
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Fig.3 (a) Transmittance spectrum of the precursor glass.
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Inset shows the photograph of the precursor glass.
(b) Transmittance spectrum of the KSF-PiG. Inset
shows the photograph of the KSF-PiG.
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Fig.4 XRD patterns of KSF-PiG, precursor glass and KSF
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Fig. 5 SEM images of KSF-PiG and KSF phosphor
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(a)SEM image of KSF-PiG. (b)EDS spectra of area 1 and 2 in (a). (c¢)EDS mapping images of the KSF-PiG with ele-
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Fig.7 Emission and excitation spectra of KSF phosphor and
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under daylight and 365 nm UV light.
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Fig. 8
phor content (A, =450 nm), inset is the quantum
yield. ('b) Luminescent decay curves of KSF-PiG
with different phosphor content(A,, =450 nm, A, =
630 nm).
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Fig.9 Normalized integrated PL intensity versus temperature

in KSF phosphor and KSF-PiG
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Fig. 10 (a) Excitation power density dependent EL spectra

of the KSF phosphor. (b) Excitation power density

dependent relative intensity of the KSF phosphor

and KSF-PiG.
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Fig. 11 (a)Normalized electroluminescence( EL) spectra of
the WLDs using multi-PiG with varying thickness to
couple with 441 nm blue LD chip. (b) Correspond-
ing chromaticity coordinate of WLDs on state in the
CIE 1931 color space and the digital photographs of
WLDs in operation.

1 AREERSE PG #1184 441 nm 53¢ LD
HMBEX LD HtEESH

Tab. 1~ Photometric and chromaticity parameters of the
WLDs using multi-PiG with varying thickness to
couple with 441 nm blue LD chip

Thickness/mm  Color coordinates CRI CCT/K

0.8 (0.351, 0.335) 75.3 4696
0.9 (0.381, 0.384) 73.4 4037
1.0 (0.399, 0.409) 73.0 3785
1.1 (0.411, 0.424) 73.3 3634
1.2 (0.424, 0.443) 73.0 3510
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Tab.2 Photometric and chromaticity parameters of the WLDs dependent on the excitation power density of blue laser

Power density /(W + cm™?) CRI CCT/K CIE Lumen/Im  Luminous efficacy/(Ilm - W™")
2.78 74.69 4719 (0.350, 0.335) 2.17 43.47
5.56 74.86 4 707 (0.351, 0.336) 3.79 37.89
11.11 74.91 4721 (0.350, 0.336) 7.17 35.87
16.67 74.89 4763 (0.349, 0.334) 10.90 36.36
22.22 75.13 4759 (0.349, 0.334) 14.03 35.09
27.78 75.23 4 798 (0.348, 0.332) 17.83 35.65
38.89 75.03 4 876 (0.346, 0.329) 24.51 35.02
55.56 74.86 5073 (0.341, 0.321) 32.77 32.77
72.22 73.21 6 415 (0.319, 0.292) 6.21 4.78
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Fig. 14  Variations of lumen, luminous efficacy(a), CRI, AE, CCT(b) for WLDs dependent on the excitation power density of

blue laser.



5510 19

FIMAR, 2. K, SiFg: Mn® 98BI 5 B Re L2 AR HOL IR b i) B H] 1557

TIERAR/N s MO R A BRI N 28 77. 22 W/
em’”, I3 B T AR FEAIG, 0 B SO H BRI, £
BA R B AR, R T BB AR
AT 32 4 B K Y ) 2R % 1T 3K 55,56 W/em®
W AT 3E T 3 AT R, A4 JE IS I A 5
TR A — 2L 4 B L 32 WO D) R B BT

4 % 7w

ARICR MR ILBR S5 95 B K, SiF,: Mn® " 7Y
2 5 M I 00 8 9 e R ER B 3 A2 45,
IR g5 — PR R A G BE AR RE T 1Y
POCHFEFG AR, 15345 T AT IR BEH X KSF 2¢
ek B PR b A T/, 2 UL ) 4 i i
TUALRE . AHEL TR 20 0, KSF-PIG #1 kL

PR PERERS 2 T KRk, ¥ PiG 556 LD
A TE 55.56 W/em® BCIRBEEM AT, 3K
AT GEE N 32.77 Im AN 5 073 K .CRI KN
74.86 AL FR M (0.341,0.321) B9 FHOG K 5T
AT TAESRAE T —Fh A 28 0 F = D% 1O R
HIT P 2R 9 ' 38 305 Wi 5 b k5 b R i 1 42 T
A TR T IR 3 8 2 B R AR M i
T 20 A ; 6 R 25 140 1 Be i 48 T T 44 T 3
TR B}, 0 4x J RIS | A R AE ok S
ARG IE L,

ARSI AR W AR I S N #o k.
http :// ¢jl. lightpublishing. ¢n/thesisDetails #10. 37188/
CJL.20210176.

2 % X #:

[ 1] XUY,CHEN LH,LIY Z,et al. Phosphor-conversion white light using InGaN ultraviolet laser diode [J]. Appl. Phys.
Lett. , 2008 ,92.021129-1-3.

[ 2 ] WIERER J J JR,TSAO J Y,SIZOV D S. Comparison between blue lasers and light-emitting diodes for future solid-state
lighting [ J]. Laser Photonics Rev. , 2013,7(6) :963-993.

[ 3 ] CHANDRAJIT B,MERVE M W,BERNHARD R. Lighting with laser diodes [ J]. Adv. Opt. Technol. , 2013,2(4) :313-
321.

[ 4 ] ZHANG R,LIN H,YU Y L,et al. A new-generation color converter for high-power white LED: transparent Ce* : YAG
phosphor-in-glass [J]. Laser Photonics Rev. , 2014 ,8(1) :158-164.

[ 5] HUANG L,ZHU Y W,ZHANG X J,et al. HF-free hydrothermal route for synthesis of highly efficient narrow-band red
emitting phosphor K,Si,  F,: xMn** for warm white light-emitting diodes [J]. Chem. Mater. , 2016,28(5) :1495-1502.

[ 6 ] SIIBOM H F,VERSTRAETE R,JOO0S J J,et al. K,SiF,: Mn** as a red phosphor for displays and warm-white LEDs ;a re-
view of properties and perspectives [ J]. Opt. Mater. Express, 2017,7(9) :3332-3365.

[ 7 ] ZHANG X J,YU J B,WANG J,et al. All-inorganic light convertor based on phosphor-in-glass engineering for next-genera-
tion modular high-brightness white LEDs/LDs [ J]. ACS Photonics, 2017 ,4(4) :986-995.

[ 8 ] ZHANG X J,SI S C,YU J B,et al. Improving the luminous efficacy and resistance to blue laser irradiation of phosphor-in-
glass based solid state laser lighting through employing dual-functional sapphire plate [J]. J. Mater. Chem. C, 2019,7
(2):354-361.

[ 9] 4846, AL, A2 5. Ta,SigN, s Ce’* PGB RSP M HAE R U R EAS IR AR [T]. ZR%$4R, 2020,41
(12) :1529-1537.

YUE X M,LIN H,LIN S S,et al. La,SigN,,: Ce’" luminescent glass ceramics applicable to high-power solid-state lighting
[J]. Chin. J. Lumin. , 2020,41(12) :1529-1537. (in Chinese)

[10] ARJOCA S,VILLORA E G,INOMATA D,et al. Temperature dependence of Ce: YAG single-crystal phosphors for high-
brightness white LEDs/LDs [J]. Mater. Res. Express, 2015,2(5) :055503-1-9.

[11] YAO Q,HU P,SUN P,er al. YAG: Ce’* transparent ceramic phosphors brighten the next-generation laser-driven lighting
[J]. Adv. Mater. , 2020,32(19) :1907888.

[12] A8k, AL, B, . TR DRI AT YAGG: Ce’* /MMG: Mn** 5GP HE P e 1) 2540 S5 LR [J].
FEBR 3 AR 2018 ,46(11) :1551-1557.

HU T,LIN H, GAO Y, et al. Microstructure and luminescent properties of YAGG: Ce’* /MMG: Mn** embedded glass



1558 ke M 842 %

ceramics for high-power white light emitting diode application [J]. J. Chin. Ceram. Soc., 2018,46(11) ;1551-1557.
(in Chinese)

[13] ZHOU J B,WANG Y F,CHEN Y Y et al. Single-crystal red phosphors and their core-shell structure for improved water-
resistance for laser diodes applications [J]. Angew. Chem. Int. Ed., 2021,60(8) :3940-3945.

[14] ZHOU Y Y,YU C K,SONG E H,et al. Three birds with one stone ;K,SiF,: Mn** single crystal phosphors for high-power
and laser-driven lighting [ J]. Adv. Opt. Mater. , 2020,8(23) :2000976-1-9.

[15] OSBORNE R A,CHEREPY N J,SEELEY Z M, et al. New red phosphor ceramic K,SiFj: Mn** [J]. Opt. Mater. , 2020,
107 ;:110140.

[16] YORK-WINEGAR J,HARPER T,BRENNAN C,et al. Structure of SnF,-Sn0-P,0; glasses [J]. Phys. Procedia, 2013,
44 .159-165.

[17] LIU H C,MA J H,GONG J H,et al. The structure and properties of SnF,-Sn0-P,0; glasses [J]. J. Non-Cryst. Solids,
2015,419.92-96.

AR (1996 - ), T I E A,
HEBFgEA: 2017 4 Tl R2f 3k
(G S SVRE I B Pt &1 )
B

E-mail ; sishch@ mail2. sysu. edu. cn

FER(1976 - ) B BEPERRA 1L,
Pz, Lo L R0, 2004 4 F
FEIRLE B A2 5 i K A5 1
2, EENE EIRTTHLA R L
S BRI BN SRR R & G R
14 JE 0t 55 0 FH P

E-mail; ceswj@ mail. sysu. edu. cn






