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Luminous property of highly efficient red phosphor
Ca,—,SiO;CL: xEv’t (x =3% ~18%) for NUV white-LEDs
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Abstract The red phosphors Eu®" doped Ca,SiO;Cl, were prepared at a lower temperature using traditional
high-temperature solid-state reaction method. The crystal structure and luminous properties of Ca,_, SiO,Cl; : x Eu®
were studied. The excitation and emission spectra shown that the sample can be excited in the near-ultraviolet 350 ~
420nm band,with the strongest excitation peak at 394nm.The emission spectrum exhibited a characteristic red emission
of Eu*" . The peak positions of the bands were at 592nm and 620nm, corresponding to °D,—>"F; and *D,—'F, electron
transitions. The results shown that the optimal doping concentration was 15%. The sample Ca,.g; SiO;Cl, 0. 15Eu®”

phosphor was a promising red-emitting phosphor for near trichromatic phosphors conversion white-LEDs with NUV

o547 B4 10 W
2019 4 10 A

chips.

Key words red phosphor, Eu’" doping, high temperature solid state method,emission spectrum, white-LLEDs

IAESR , FOE &L A (W-LEDs) =95 68
AN TN V& XA E R =SSR W R - RO R
AR W-LEDs 8 #) 7F A2 585 a4 4 [ 245 B8 0O
PR BRT T2 BN T2 B H O LED 2 H
WOt LED (S F Mk ¥ 6 YAG 9Otk iR A,
(EP Y= S S B R 7 U R N s i S T R e
R L €2 38 0 1 5 B2 e R BA S . T FL % LED
WA AE O B A T O L 2 X 0 T B s O 2 L
AT T RG] & BRI A2, I se Aok, R T 3k 45
T T H ORI A6 LED, 8 1 1) )€ B 4% 45 i

HEEWMAB N5 HAR AR 4 (2016MS0541)

EEE N R (19940 Lo B LIPS0 AE , BN FR L R OE MRS

WIDGUR L 2ot K 58 A B I BHIF 25056, LED iR
FrH AR AT T 58k 3 28 40 (2856 5 i A7 BUR 50k
N EE RN (PIE CB ST T ol ¢
K ST K, DT FR AT B A 3 e
R AR B L DRI AT 52 300 58 A1 6 3 B O i S
Tz &Y, Y,0,S:Eu’ %4 LED K #
AR S o REEN SRR AR Ik =R A L e
PERE 22, 28 5 76 W0 1R T 43 T DL S0 B s alR e
ML TR R R AT . RERRER I N B R
It AR e M 5 A 2R AR T R B 0 B K 3

BEOR A RSCE1980-) , 2, R H% , BN Ok bR R 4 5 Pk e S 2 L HL BT 5T



10 # BB 2SN LED H Ca, , SIO;CL s 2 Eu® " 5 3021 8.5 Se s 19 & G Pk BE B 9% © 89

L B R K EA R I P B T

AWFFELL Ca,Si0,Cl, A FER, Eu® /E R IS
F BG4 e Ak i B 2 R AR AR A B RS
K AL Gt i il B AR & T Ca, L Si0,CL 2 2 Eu’
RIVLLETOCR  IFE L T HEOURHE .

1 EEEH

1.1 Ca,_,SiO;Cl,: xEv’" 8% &

K R E AL AT Cas, SIO;CLy s 2 Eu®”
(x=3%. 5% 7%.9%.12% . 15% .18% , & /R 4%
BORIDEH . Fr RS CaCO; (AL RO, SIO,
(A.R.),CaCl, (A. R . Eu, 0, (99.99%) . # 4 1k
ST R IR AR B LR R A 7E B A R R A
By m AGE B 1 JCK BT 0F S Ah S L BT R
A SN P 78 5 3k 4 1000°C R 49 %¢ 3h, B
JERH B =L AR
1.2 H&AERIE

FH X-5F 2 fit H (XRD, D8 Advance #I, &
] A3 5 7 8w I A OB R XRD i & 5 R
g Cu ¥ Ko 28 (1 =0. 15406nm) , H# 3 Fl 2 20=
20~80°; 5k 128 6 70 Y6 6 B i (F-4600 #1, H A H
ST ED IR OGS WOk IR S 150W i
KT =13 3#H RN 240nm/min, & . & 5 Bk 4% 55 5
A 2.5nm; K A BT B8 (SEM, Quanta 400
RS FEL 20 /D MR 5 i R 4. DL B
WIS T 7.

2 #ER5IFe

2.1 XRD $#f

1 Cay s Si0,CL 0. 15E0® i XRD 3% &,
Ca,SiO;Cl, A U5 & &2, S kg w48 o = 1. 2564,
b=1.5662,c=0.7715, HE A %I, Ca, s SiO,Cl, ¢
0. 15Eu’" 1y XRD 3% & 5 bR iR F (JCPDS42-1455)
— 20, UL TR RE SO 4 Ca, SiO, CL, fiAk . FE 5
B R EdT BURER 73 Ca™ 48 i iF A A%
AR AR B 25

\;i ‘ Ca,8i0,CL,: 0.15Eu*
#
=
’ ‘ ‘ JCPDS42-1455
TN R
20 30 40 50 60 70
20/(°)

Bl 1 CagSiO;ClL:0. 15E0’" ) XRD i &

2.2 SEM & #f

& 2 g Ca,g SiO;CL : 0. 15Eu*" i SEM &,
1 8 ] 41, Cay g SIO5 CL 2 0. 15Eu® T A itz Sy 4 4R
HARMARAL, HRZH N 10pm LIF,
A TRBLL H IEOKR

2 CaySi0;Cly 0. 15E0’" #) SEM

2.3 BEMEHNIED T

K 3 A Ca, , SiOsCl : 2 Eu®" #Y3 & Ot 8 fn %
FEIEE . K 3 AT, W R SR A=
620nm. AR ICIEA 7 ARG T ALK i
319nm. 362nm. 377nm, 381nm. 394nm. 415nm &
464nm, X F TFo-"H; VFo-" Dy Fo-" Gy VT Fo- Gy
"Fo-Ls 'Fo-"Dy f17F,-°D, FRAFREZL BRI, B
SR K LT 394nm Kb, H R 5L 3RS 1 43 i 20 B
Ko W Ca, . SiO;Cl: xEW® 2800 & 0] i T
22 SR 1 DG LED JHZL A58 .

(b)

0 , .
450 480 510 540 570 600 630 660 690
/nm

3 Cay ,SiO;Cl s Eu'" i 3% Al (0 Al
KA B ()

F & 3 Ch) AT L, W A& P A =394nm, &
SPOGTE SR 4 A S A 2R e R R ST IR A 6L T
581nm, 592nm, 620nm Fl 656nm, ¥f i F Eu’"
‘D,—>"F, ' D, "F, . D,—"F, MI°D,—~>"F, $HF K
I AR AL @it D —>"F; (J =0.1.2.3)



« 90 (AN AT B
REPRORFE TS But R E A ERE EROXE BRI
FRUERSBL. 24 B’ B 5 8 S B0 B (o B0 2 ) 09
BREI L T °D, " F, B RS SR, T o
W B 5 T T4 B o 0 o A o 0
DT, 4R R L bR R S 0 B % O yo
TR 0B 5 B B0 T 5 91 2 o A 03,
0.2

KR W, D TF, D, F, BRI X
AT VA B RE K, T DLOM ORE 2 R 4. T Ak,
"Dy Fy BBRIT & G A AR B L R TR AR
MIET'F, M2 EE5 R M2 T Stokes
theorem JiT S8,

B AR R W E Eo® B, Ca,, SiO5Cly t 2 Eu”
() 4 D' ik B 2 i A e BB %) 15 0T 38, >4 v 5K B
15000, & 5F W 38 B o5 RAE . HJE . an i) 5 48
Eu’ " 550 BE , W0TE B 1 B) A9 AH AR R o 23 15
T 5 30 TC 4 53 B o BR AT T & 2B VR BE R K, Ca
SiO; Cl s Eu®" Y & G0 BE 0 23 P AR, R B AR K2
et 2 [a] AR 5 5 BE A A #8545 L, T A AR AR IS
A3 B =2 1] B 1 % B 10 A 23 55 3% b 50 2 =2 (] R
B on WO B Y. BT B’ BRGE R H A RS
PR ECI0 ) By £ BRIT . Eu®" B 5% #Y AH L fE
B R FARMDY . WL, Eo® B2% Ca,SiO,Cl, B
A B PR AR B R AR R A B .
2.4 @EEMRR

9 T34 Ca, , SIO,ClL i 2 E0® T B R OGTERE, %
1A T Ca, , SiO;Cl, s 2 Eu®" 92 568 %t % f9) CIE
5 AR AR | IR (CCTs) Je H & o 368 A1 G £ 48 .
ARG R AT MR L L A X T = — 43707 +
3601n”* —6681n+5514. 31,3 H n=(x —0. 3220)/
(y—0.1858),

£1 Ca,_,SiO;CL: xECXTHBLFRER

BT WIE/ Y% @R G)  @ESEG)  @R/K

3(A) 0.5072 0. 3074 2148
5(B) 0.5151 0. 3342 1955
7(C) 0. 5495 0.3233 2338
9(D) 0.5801 0. 3348 2475
12(E) 0. 5840 0. 3381 2453
15(F) 0. 6005 0. 3449 2509
18(G) 0.5944 0. 3471 2396

Kl 4 2F 394nm ¥ K %M & Ca, , SIO,CL
xEu’ 1 CIE & B &, f B AT W, 0 B A b Bl %
Eu’" B ¥ B 1) 1 ok BBz 35 NTSC b i 21 (8
B A FR (0. 67,0. 3308, 2 Eu’ ¥R 15 %1,
CIE A8 AR K (0. 601,0. 3452) , f 43 i by 21 (0, 4R 45

0.1
0.0

0.1 02 03 04 05 0.6 0.7 038
x

Kl 4 Ca, ,SiO;Cl,:xEu’" ¥ CIE ] &

S

iy

3 £

Zi b, 3 b e R R A RN R R T A& R T
Ca, ,SiO;Cly:x Eu*" mARLL @258 0 by, A 5 J0kE K
INFEEIRBES R I ELR R G REAE R WL A
fn ELAT AT B 394nm = AR M REME AL T 620nm
Ab B &S RE R T B’ B D, —>F, BRiE, I
Hh L F SR R SR IV 1Y 48 R Tk EE 2 1500, L CIE 8
AEFR A (0. 601,0. 3452) , 23F NTSC #r L1 0 0 )i
AEFR (0. 67,0. 33) 5 A ah AT DL 52 ) 20 6801 .
RS R FEW L Ca, g SIO,CL 0. 15EW T 368 1l LA
Y —Fh B R T f1 B9 W-LEDs 21 8 5 )6 %
kL,

S % 3k

[1] RERBEK.KE.BaMgAl, 017 Eu® T 21O Y A
K H & et REL T ] N TR 24412, 2014,43(10) : 2611-2614.

(2] #dk2, Esl 16 LED I G0/ CaWO, tEu®" L LiT,
Bid ™ il g SR AELT . of [ B b 2441, 2010, 28(5) : 536-542.

[3] B X4k, s ok, 55 50 fF R 46 5% 1106 LED 9% 56 b (4 B
FEBUIRCT TR 4 AR 2F B 2 ), 2017,17(3) . 213-219.

[4] Ueda J, Tanabe S, Takahashi K. et al. Thermal quenching
mechanism of CaAlSiNs : Eu?" red phosphor[ ] ]. Bulletin of
the Chemical Society of Japan,2018,91(2):173-177.

[ 5] Zhang X,Zhang J,Gong M.Synthesis and luminescent proper-
ties of UV-excited thermal stable red-emitting phosphor
BazLu(PO,)3 : Eu®" for NUV LED[]]. Optical Materials,
2014,36(4):850-853.

[ 6] Zhang Z W, Wang L J, Han L, et al. High-brightness Eu®" -
doped Lag.g7 Mgos Wo5 O3 red phosphor for NUV light-emit-
ting diodes application[ ] ]. Materials Letters,2015,160:302-
304.

(7] EIM, 7KL, EFE A6 LED M - Eu B AR
PR RWT T HE e [T AL TR BB RE, 2011,39(11) : 9-10.

(8] MV x| KW, TR, % 0T Ht LED iy 85— JE 5 1106
W6 H CapSiOsClytEu?t , Mn® " Y &G BT[] 9 ¥4 4
2007,56(1) :546-550.

(TF4% 95 )





