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Enhanced Luminescent Properties of Pr* Doped Ba,LaF; Glass Ceramics
for White Light-emitting Diodes

ZHANG Zhi-Xiong, OUYANG Shao-Ye, ZHANG Yue-Pin, XIA Hai-Ping

(Key Laboratory of Photo-Electronic Material, Ningbo University, Ningbo 315211, China)

Abstract: Pr¥*-activated 50Si0, -10AlF;-5TiO,-30BaF,-4LaF; glass were synthesized by a conventional melting
technique, and then annealed at 640°C, 660°C and 690°C, respectively. Transparent Ba,LaF;: Pr®" glass ceramics
were successfully prepared and the transparency still remained at a high level. X-ray diffraction and transmission
electron microscope were used to monitor the evolution and microstructural changes after the glass specimens were
annealed at temperature increasing from 640°C to 690°C. The spectral properties of glass and glass ceramics were
also investigated. Results show that Ba,LaF; nanocrystals were precipitated in the teat-treated glasses and the
measured luminescent properties indicate that Pr*" ions are gradually incorporated into the precipitated Ba,LaF;
crystalline phase. Under 443 nm excitation, the Commission Internationale de L’Eclairage (CIE) chromaticity coor-
dinates for the glass ceramics heated at 660 ‘C, were estimated to be (0.323, 0.343) and exactly located in the region
of white light. Current findings reveal a fact that the prepared materials have potential as replacements of commonly
employed phosphors applicating in white light-emitting diodes.
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41 aF3-Pr,03(mol%)
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Fig. 2 XRD patterns of samples PG, GC640, GC660, GC690
and the standard line graphs of Ba,LaF, crystal (48-0099)
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Fig. 5 Excitation spectra of samples PG, GC640, GC660 and
GC690
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A Y FSE (1) T vy, R R gt AR RORE PR RS B R K
M54 T 2 (6 Pro* s 142 58 20 BUAE o AT R 24
oo YRRl ER B AR, B TR A SO IR Ly
WA 21K, BB 22 RE T8 (1) e &30 43 52 B4R
I DAHE F 55 B RE ) R e, IE WKl 6 GC690
FE b 5 P it S LA o
2.6 CIE &R

CIE (A ARBRIFIFE & R AEMDRL A G 1) 5% B K]
&, &it5)E, FEih PGL GC660 [0 AR Bl A7 T
Kl 7 dkric 1. 2. 1 CIE (K Bor, FEM PG Al
GC660 [ 4 A4 b5 73 il A& (0.362, 0.359) A1 (0.323,
0.343). 7EIR Wik K 443 nm [F8R T, GC660 A i
FEARSEILT FOGH NI AR bR O AR R
NTSC X 1 6 e AR e L AL bR AE (0.33, 0.33), X
AL B S58B4 Pr5 2% BagLaF, WSt B iR
A DU h 254 WO O R S DR RS, RERE R
RALGE 2 6H:, 6116 LED SR 44— @ 1EH .

3 #ig

3 o i — A AR B () O 9 S o 45y PretiB 2
T BagLaF Tl it BRI A B, fER K 443 nm (WK T,
FE 52> 47T 483, 525, 534, 605. 639 nm i A& 5t
W )5 J& T~ Pré* s 1 2P, (3=0, 1)—3H,(J=4, 5, 6) 1 iKiT,
3Po—F2 A% 1Dy 2H, 1 #L T IRIT . BE4h, 48 660°C
FRM L (K0 B RS R FO6 N AE 483 nm ARG R
HH R BE AR R B S T oK Gy 4.5 R . fE

0.9,
520

0.8{ 2N
0.7
0.6

5004
0.5

=

04

0.31
0.2

014

00 01 02 03 04 05 06 07 08
x

K7 Frdh PG. GC660 (7L & (AAhx ki 73 BT IV 1, 2)
Fig.7 Chromaticity coordinates of samples PG, GC660 under
443 nm excitation (point 1, 2, respectively)



1050

Bl MR R

31 %

WG N, PRI CIE taAkKR 4(0.323, 0.343),
ESFRUER DG (0.33, 0.33) 41T . i % 1) BayLaF+:
Pre* i i B T A4 R S AE (16 LED 445 21 1% 1

S 3k

(1]

(2

(3]

(4]

[5]

6]

BERGH A, CRAFORD G, DUGGAL A, et al. The Promise and
challenge of solid-state lighting. Phys. Today, 2001, 54(12): 42-47.
SATO Y, TAKAHASHI N, SATO S. Full-color fluorescent display
devices using near-UV light-emitting diode. Jpn. Appl. Phys.,
Part 2, 1996, 35(7A): L838-L839.

HUH Y D, SHIM J H, KIM Y, et al. Optical properties of
three-band white light-emitting diodes. J. Electronchem. Soc., 2003,
150(2): H57-H60.

LUO Q, FAN X, QIAO X, et al. Eu?*-doped glass ceramics con-
taining BaF, nanocrystals as a potential blue phosphor for
UV-LED. J. Am. Ceram. Soc., 2009, 92(4): 942-944.

ZHANG W H, ZHANG Y P, OUYANG S Y Z, et al. Luminescent
properties of Eu**-doped BaGdFs glass ceramics a potential blue
phosphor for ultra-violet light-emitting diode. J. Appl. Phys., 2015,
117(2): 023113-1-6.

ZHANG W H, OUYANG S Y, ZHANG Z X, et al. Luminescent

(7]

(8]

(9]

[10]

[11]

[12]

properties of Eu**-doped glass ceramics containing BaGdFs nano-
crystals under NUV-excitation for W-LEDs. Ceram. Int., 2015,
41(10): 14035-14040.

ZHANG W H, ZHANG Y P, OUYANG S Y, et al. Enhanced lu-
minescent properties of Sm® doped glass ceramics- as potential
red-orange phosphor for white light-emitting diodes. Mater. Lett.,
2015(160): 459-462.

OUYANG S Y, ZHANG W H, ZHANG Z X, et al. Near-white
light-emitting Dy**-doped transparent glass ceramics containing
Ba,LaF; nanocrystals. Chin. Opt. Lett., 2015, 13(9): 091601-1-4.
YANG B, WANG Q, ZHANG W H, et al. Luminescent properties
of Tb*-doped transparent glass ceramics. J. Lumin., 2015(158):
390-395.

WANG Q, OUYANG S Y, ZHANG W H, et al. Luminescent proper-
ties of Ce*-doped transparent oxyfluoride glass ceramics containing
BaGdFs nanocrystals. J. Rare Earth, 2015, 8987(1): 13-19.

WANG Q, ZHANG W H, OUYANG S, et al. Luminescent prop-
erties of Ce®" ion and Tb* ion co-doped transparent oxyfluoride
glass ceramics containing BaGdFs nanocrystals. J. Non-Cryst. Sol-
ids, 2015, 411(1): 35-39.

MAHLIK S, GRINBERG M, KAMINSKII A A, et al. Lumines-
cence of Ca(NbO3),: Pr* at ambient and high hydrostatic pressure.
J. Lumin., 2009, 129(10): 1219-1224.



