sy Bt N 2 22
552 5 3 0 e L N = - Vol. 52, No.3
2024 £ 3 A JOURNAL OF THE CHINESE CERAMIC SOCIETY March, 2024

http://www.gxyb.cbpt.cnki.net DOI: 10.14062/j.issn.0454-5648.20230628

NS0, 55 T R AR HOE IR

REE!, BEM, 2 B! ¥EE! kxm
(1. PEEE KRB S Y T, K& 130033; 2. hERFERRF AR 5 TR d 0, 650 100049)

OB A “ECHOeHENTOER” 0725 DGR L AT IR I R R EAR, B SR, BRI A, HH
H TR IR i Z F I M85y, SEEOEIIAN B AR EmIt. A T/EED 5 N BAEMER Na 7=, il
2 R B 46 Ca3Sc,Siz010:Ce®t, Na 985k, HN/AhE T3R5 Bk B 86%A1 55%; SR 45 475 Fl CaAISiNg:Eu® 4045,
DL AR O BN 4557, 7R A AR L ARIR & B s = A R . AR RIFMHFaENE, 200 CHFH
DEICRERRER IR T 84%; POUMEIREOE. 6. e as o, TR 176 nm; EHCHOLER F g
647 Im A, Je3k 122 Iy W, SGIERIE BIREL 88, X Besh FLR I ek/Si0, B A 98 JeIETE i B ot U G T 1 s

FHHT S

KR WOCHRME, vk mE 6, AA; RO
NEHS: 0454-5648(2024)03-0820-08

FESHS: TQI75  XEFERE: A
4% 4 ARETiE) . 2024-02-07

FERE 2201 20 45 B, B2 S Aol e 1 1 245 B
BARBFH SRR FHEMK FRERH,
S BUR TSR, $iFoN A2 21 tha
g R e . ARYE BRSO R IANE,
AR DLy R AR BRI RO R . o
RCHERPUCET ZHTEN. A KEE
BT R 7 B8 15 e SR 2 TR B R R ATk (H
tHF LED 385 F 75 = HL I FE R A7 20 ME LR L 3L
RIRRE” A, X RS T LED FRIATE & ow g I
B AT B Y. 5RO AR IR LE, OB
BB SR R AT M SRS, ERERAT .
AR AN _E A RS AT A T2 S RO

WO FR B 2 1 R O OR B R O
I 7 O SE I . ARG “HERRERR 7 2507
X, BT HAFZEMO.1~04W- m " K). Wik
%, TEmR-EENEOGHER T, SBIl “w”
WA, A TMOCEET . Bk, kL. e
K PUBOLIR S I A& TN OBk s AT,
MHT, CE L AT R R RS B
P& O, PR G A E R SR G~

Wehs A 2023-08-23. BT HE: 2023-09-06,
HGIH: ERARFEEEE(U22A20139, 52102192).
HFEH: RIEFA989—), T, {1, BHEGILL.
EEEE: KRPE1965—), T, Hd, HARR.

T
T
ey

13W-m - K. B E P A9 e R w3
RAFAE ) £ JE G 1] 46 BOAR v R 2 B — ) i)
AR B e B I R TR R AR A 5
THREAAETHRS, BERBHHTEL
I W-m™ KRR RE (W m )RR, HEL
HIF K oh et Pl S BT S fl4 . i
KRG RS RIS, TEROEIRB G fE 1R
FRTERUCT . A 5 e T B L U A A B
BRI e 1 7 ) %, Beghia g —MRAE 600~
1000 °C, FrHMZ ekt 2 2 | o ek, LLHE
. Y3Al015:Ce’ (YAG) , 4 8 1 LusAlsOp:Ce’”
(LuAG) A, i (6 e I b i 4T e s A
VIRt R G WA R, SEOLAE M YAG,
LuAG %tz a et b, 51
Jt LED CEm9Z°8 20 nm)M EL, #OEEOsr 2k
B0 A RZ) 2 nm, WO BB K6 o B b i 4
Sy, FeiE T FAEAR B “ IR SRt 7 B,
DA B o Rl e D B S AL e iy 58
WO R BRI 1 B e B mA, AN RESL B s B 0
HEEA

Received date: 2023-08-23. Revised date: 2023-09-06.

First author: WU Huajun (1989-), male, Ph.D., Research Assistant.
E-mail: wuhj@ciomp.ac.cn

Correspondent author: ZHANG Jiahua (1965-), male, Ph.D., Professor.
E-mail: zhangjh@ciomp.ac.cn



5255 3

B 55 9OU/SIO) POBI T R AR O I .« 821

£ LED IR, ARG SEME CasScySiz0r):
Ce™" (CSS) 7 e BLAT KLU M BRAL S M IR L v
R M B, 51 T AN
72 PO e, T T AR AT R
ERUR ST 505 nm 1 TE A IS0 5 R S0
LuAG 56k (WAL T 530 nm)AHLEL, CSS %k
AEINER RS, B EL, WL
ROE TSI < BESRGIMNIRA 7, SEIm A OE R
B, HLR, A R G AN 4 1 0 SO 2 A B
FE o Wi im B 0N, 5 R T 9800 T i 2 o e A 1)
. BfE, CSS POk EA M am#FErE, H
PNBRELE 600 K BT BEIRFFTE 80 K I ¢ 65 JiE
[ 60%, 0% I YAG %56k 5¢ e 3 N
30%%, CSS Feek i RO ER B, IR AE
¥ CSS HFHOEIRI, T2 —Ffa ang i se
ﬁ j‘lﬁ ,TZ!K[29—30] .

DL 0 W 4 6 CSS % 6k AR I 41 (8
CaAlSiN3:Eu” (CASN) R NG R RE, — S ALRE
TN ZFARERIR, SRR IS S T L
Fhab . BN R B 7 5 AN 5 R PR 77 1A
F, R e 2 ) 2% tH 2 ek Al — S ARE M L
W AR TAERGHETL T 56k FIVIARE 5T S
P, BRI, P et LA AR ROk
TIPS TERE

T

1.1 #HmblE

3 3 e U [ A 45 CSS Tk, LAR4l Y
CaCO;, Scy03, Si0,, CeO, Al NaHCO; Ak}, %
FE AL 27 20 (Cagog xNayCeo 02)3S¢2Si3012(%=0, 0.02, 0.04,
0.06, 0.08) ¥ iR & Jo B T I3 e, 780 W B 35
SEFEARI BT, BEET 10%H+90%N, 1)
B, 78 1400 CHRAE Sh, BEMAHIE=ERE,
EOHH R A ot R IS 251 ST R4S 31 CSS 2Rt H o

DL il 1) 4 gt CSS 9% 6 M A i 40t
CASN Ok E ARG L, o 20tk AiE
SR IR FE(R/G) 2 1:84 1:12. 1:20, BL—
FATE B R TEHLER 57 5. IR BE (P VP)
NENBEE . DI TEZRMBMT, Bk
el ZEALREVE R PVP 2B BT R B 150:50:1 Y2
H¥9%5], PVP ZHEEFIAT AT R R B, ARG
BRRhE T ER AR E AR L, REET
PG E T S gk, 78 600 CHn#Y 20 min
CLHEBR A ML, BIATA3 22586

1.2 #HmRIE

F D8-Advance % X 20 RATH A BT FE i
A, WARZAE: Cudl, FHE40kV, EHRR
30mA. FJF Model S-4800 74374 i1 1
TR BRI B A EE A - R F920 5%
A AT i ) R S AR 1S, 7E F920 S |
A8 FH BT ) AH DG BB T B0 & TR L I OB 3 IR
NI, ZOGEAELA T R928 F T HIR I 2
HLA 4 AT . A THMS-600 7474345 5 FF b
BTN, FHEEFE 25 C/min, 25 CH 1A
WA, BANRE SR 2 ming [FFFIH QEPro
RYEAF A 2 AR R e . FIH PM100D 40
DN E T CHOL A DR A BRI X R F
Fl Quantaurus-QY Plus C13534—12 4%} & 12
I 22 G0 I 2708 K B IR SC RO R N 90 B 0%
I 2 ECA A BRI IOE ) HAAS-2000 A5
P 2R G U B RO G IR B R R . A AR 1Y
B 0 TG R R U BH 3 E 0T T8

2 HRE®

2.1 CSS RSBV 2 AT R M BE

Bl 1 AR Na™ B &2 b M  XRD i . MK 2
ATLLEH, % CSS Ik A B2 Na'tif, 15311
PN EA Sc05 1 Cas(Siz00) 24 . 247E CSS
N Na'Jm, Bi%E Na'SE8mn, MHE0NEE
BRI, [FIES XRD f7 506 (150 B IR HG 5k, %
SR 45 & FE RS 0, Na 2 2 BhIE 7 B/ H - x=0.06
INF, #5211 4liAH# CSS 26k, AT LAFI PDF 72-1 969
ERAMATSIE e ES. AL, BEE Na SR
T, 5620 BHHT AT St Ve S T2 1) KA B 7 TRl A% 3,
il Na B BN CSS g

P 2 N7E 450 nm BEYGBUE T Na' B 4206 5% ek
MRS . M 2 FTLLE H, 7E 450 nm (115
JEWOR T CSS Rk kit iy i g, WfEA T
507 nm, XﬂL& Ce3+EI4J 5d 4%(75\%5@ 2F5/2 *D 2F7/2 %‘j&
FIRAE o AR AR S AT T i 2 AN IEfE AL T
19920 ecm (%) 502 nm) A1 18 414 cm ' (543 nm)
Gaussian BUGiE, HEEEZR 1506 cm ', SHT
Ce™ 1) Fsp Al °Fqp 2 1A IRERE 20, gk, B
Na™ & B8N, K560 i 5k FE R #i i ok . 24
x=0.06 I, RFHEIE R BREE R, HXTR N E
TREEMINE TR 86%AM 55%. M 2b
ATLAEH, BEE Na SN, 5OuRrmios
KRB E, EERETE CSS Mg, =0



. 822 CRERR Eh2230)

J Chin Ceram Soc, 2024, 52(3): 820-827

2024 4

Ce™ BRI AR ALK A Ca®", S R,
TERRE SIS, X S8 Ce™ T8 Sk P I A R
FEAR: i — K Na B R RS ALK — i
Ca®, Na 2| AT HMEIIMEF, 7T LA RO AR 7

KRL, W R0 AR, TN Ce e CSS
I, SEOOCRRICER. &
et BRARIR D, IR 2RISR 1 5t T
M.

*+ Ca,(Si;0y) *Sc,04
I ___J__ M T | s N - .
z x=0.06 z
g J . llx R PURETE BV g __..//\“A\h__
I % IV R T BN N B/ (YN
Jddo o) L M
, Ll . .. .. |PDE72:199 o
20 30 40 50 60 70 55.8 56.2 56.6
20/°) 20/°)
(a) 15°-70° (b) 55.8°-56.6°
Bl 1 5EH(CagosNaxCen 0)3SeaSisOr, T XRD
Fig. 1 XRD patterns of(Cag ¢z xNayCeg 2)3S¢,Si301, phosphors
3 000 2.2 CSS RHERITM AL SR KM R
2500 EHL x=0.06 [¥] CSS Al EDR L. MK 3a
2000 | WL, CSS SOEMA RATIS L, BURR
%‘ - P 5], B 3b R TR A AE 5~24 um 2
2 6], PRI LIN 13 um. ME 3¢ BGIE # H
100 T AT LAE Y, RO ROk R HER MR, R
500 b FITEI BRI TS SiO, k. M 3d 565t b i 7
Py - . R P DR H, RIS PR R = AR L,
80 20 \ffaovele:ggmf” 0 120 JEEZ SR, JEARW A SAL, RO RS,
& Emisaon s SPAERELAN 135 um. — AULEE S T HL B AR
. 0 oo IR & AR Si0, kL, Rk
—— HRKENEEFRIE(—SIOH), ETEEREF, KRz
e . 1% 0 A [ —SIOH S W7 Hb K 4 4 . T R R R
e (0L (SIOSi), BEATURSE ML, IO
5 60 T e E | o5 M, THUE SO HISESH B
) Lo T E Rl R SiO, BUR A {E SO R, Xt
ss e N FAARRENRIER, BIESOCH HA
/// 140 CSS 3 HRAIR B A A 5
50 : : : 30 dao0 LR B da. 7E 445 nm MELRR T, —H0AK
0.00 0.02 0.04 0.06 0.08 .
x value B REREA 5, FERIET C IR S, TR
(b) AE, IQE and EQE 507 nm ISR EE , LSRR 2 PR AL T
B2 R Na & B0 CSS SOBMINR DL, AR T 445nm FHE, EZXRT Ce¥' N 4f RERERIT ] 5d,

=Y EN TGV ES
Fig. 2 Variations of emission spectra, absorption efficiency
(AE), internal quantum efficiency (IQE) and external
quantum efficiency (EQE) of CSS phosphors with
different Na" content

Bed, WL B GO A Sk . B 4b &
CSS I F CSS VGRS 445 nm WK T,
FEI 508 nm A7 B 19N 2k, Y 2P R

BOEP, XA FE a4 A2 70.5ns A1 69.9 s,



F52EFE3M

(a) Morphology of phosphors

Percentage/%

5 10 15 20 25
Particle size/pm

(b) Particle size distribution of phosphors
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Fig. 3 Morphology and particle size distribution of the CSS
phosphors; Surface morphology and cross-sectional
morphology of the corresponding phosphor film
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Phosphor/silica Phosphor Films as a Promising Color Converter for White Laser Lighting
with Superior Color Rendering

WU Huajun', PAN Guohui', WU Hao', ZHANG Liangliang', ZHANG Jiahua">
(1. State Key Laboratory of Luminescence and Applications, Changchun Institute of Optics, Fine Mechanics and Physics, Chinese
Academy of Sciences, 3888 Eastern South Lake Road, Changchun, 130033, China; 2. Center of Materials Science and
Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing, 100049, China)

Extended Abstract

Introduction Laser-driven white lighting has received much attention due to its high brightness, high efficiency, and compact size.
Blue laser active inorganic color converter technology is a commonly used method to produce white laser lighting due to its
cost-effectiveness and simple structure. However, the existing laser lighting endures a low color rendering index (CRI) because of
insufficient cyan-green and red light components in the spectra of existing color converters. Therefore, there is a demand for the
development of color converters with intense cyan-green and red emission to improve the optical performance of laser lighting.

Methods (Cag g xNa,Cep2)3S¢2Si301, (x=0, 0.02, 0.04, 0.06, 0.08) (CSS) phosphors were synthesized by a solid-state reaction
method. The prepared CSS phosphors were then blended with commercial CaAlSiN3: Eu** (CASN) phosphors at different weigh
ratios (abbreviated as R/G), which were chosen to be 1/8, 1/12 and 1/20. An inorganic binder used was commercially available silica
colloidal particles, while an organic binder was polyvinyl pyrrolidone (PVP). Firstly, phosphors, PVP and silica colloidal particles
were prepared by thoroughly mixing at a mass ratio of 150:50:1. The resulting slurries were coated on the sapphire substrates via
blade coating. Finally, the dried samples were sintered in a muffle furnace at 600 ‘C for 20 min to remove the organic residues.

Results and discussion The CSS host has a cubic Garnet-type structure with the 1a3d space group. Na” ions are introduced into the
CSS host to function as a charge compensator. This enables the elimination of the impurity phases of phosphors. Under the excitation
of blue light at 450 nm, the CSS phosphors emit a broadband cyan-green light with a peak at 507 nm. As Na* content increases, the
emission intensity of CSS phosphors gradually increases due to the enhanced absorption efficiency (AE) and internal quantum
efficiency (IQE). As Xx=0.06, the emission intensity reaches its maximum, which is corresponding to internal/ external quantum
efficiencies (IQE/EQE) of 86% and 55%, respectively.

Dense CSS films were produced using colloidal silica. Clearly, the film is composed of tightly packed phosphors and the gaps
between phosphor particles are also filled with SiO,. The film is bonded to the substrate tightly, which can be ascribed to the adhesion
function of the colloidal SiO,. The surface of the film is sufficiently smooth without polishing, and its thickness is 135 um. The SiO,
colloidal particles serve as an effective inorganic binder, a filler of gaps and a protective coating.

The excitation and emission spectra, decay curves and quantum efficiency of the CSS film are similar to those of the related CSS
phosphors. The unimpaired luminescence properties of the film indicate that sintering does not impair the intactness of CSS
phosphors. The CSS film displays a thermal quenching at evaluated temperature, and the decrease of the integrated emission intensity
of CSS film aligns with that of CSS phosphors, retaining 86% of its initial value at 200 ‘C. When the incident laser power increases
from 0.3 W to 5.30 W, the emission intensity of the film increases monotonously. However, when the laser power further increases to
6.20 W, the emission intensity of the film decreases sharply and a luminous saturation appears. The maximum luminous flux of
717 Im is achieved at an incident laser power of 5.30 W, and the corresponding luminous efficacy is 135 Im/W.

Although the CSS film exhibits a high thermal stability and a high luminous efficacy, the CRI of this phosphor-converted white
light is 57 due to the deficiency of red light components. To improve the CRI, a composite film comprising CASN and CSS
phosphors was fabricated. When the mass ratio of CSS and CASN phosphors is 1/12, the spectral analysis of the composite film
reveals a uniform distribution of cyan-green, yellow and red light components, with a half-height width of 176 nm. Also, when
excited by 5.3 W blue laser, the composite film emits a white light with a high luminous flux of 647 Im, a luminous efficacy of
122 Im/W and a CRI of 88.

Conclusions Highly efficient cyan-green CSS phosphors with an IQE/EQE of up to 86%/55% were prepared via introducing
charge compensatory additives Na". A composite phosphor film was developed on thermally conductive sapphire substrates using
silica colloidal particles as an inorganic binder via combining the prepared cyan-green CSS and commercial red CaAlSiN;:Eu®*
phosphors. The phosphor film exhibited a superior thermal stability and it maintained 84% of its room-temperature luminescence
intensity even at 200 C. The spectral analysis of the film showed an even distribution of cyan-green, yellow and red light
components, with a half-height width of 176 nm. Under 5.3 W blue laser excitation, the composite film emitted a white light with a
high luminous flux of 647 Im, a luminous efficacy of 122 Im/W and a CRI of 88. These results indicated that the composite phosphor
film could have a promising potential for application in high-brightness laser lighting with superior color rendering.
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