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Fig. 1. XRD pattern of SrGdg.4LiTeOg:0.6Eu3t (the

inset indicates the crystal structure).
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Fig. 2. Diffuse reflection spectra of SrGd;_,LiTeOg:
zEut (z =0, 0.6).
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Fig. 3. Excitation spectra of SrGd;_,LiTeOg:zEu3t.
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Fig. 6. Fluorescence decay curves for SrGd;_,LiTeOg:zEu3T.
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Table 2. Judd-Ofelt analysis results of SrGdg 4LiTeOg:0.6Eu3t.

BERERIT  BOTEM K A/nm RHERTMER A/sTl WHAG /us TOCHEMS n/us BTERE /%
Do — "Fo K 579 6.88
Do — "F1  HEAEMR 593 113.89
Do — "Fy  HLER 618 897.79 803 721 89.7
Do — "F3 5K 654 32.23
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25 =11.85 x 10729 cm?; 24 =5.13 x 10720 cm?

247801-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 67, No. 24 (2018) 247801

3.4 REER

K5 gt 1B KOG L TRESS 2R o 122
e 2. mTULE L, BEB 2R IR IR, KOt o
FEZEIE R, B3 o = 0.6 ik B KME; 3 —
A AN L, o TR B RN, RO 9 RE S T
k5. Eudt 7 SrGdLiTeOg H [ i (45 44 W< 5 2
ZTopy = 0.6.

P 6 Jit 7 5 't 38 Dl 2 TR PR AIE S T R A B A
W, o < 0.6 I, T 283 AL 548 O,
HL 975 iy W E 1 0 T 9/ ) B BN 1 2%,
iz = 0.1/1800 us FREEz = 0.58)766 us. M
z = 0.6 P4, = MK L RGN 1 Bu® T A ER, R
AL I IO S IR MG 08, TR 2 A i 2 B R HeR
K, BAsdm e NREECNBEN, e = 0.6 721 ps
TREE 2z = 1.0/f1461 ps.

BRAERIE wope BRI SR E e, FERLIRIZ T TE
g St i A R 2 S TR G BRI 7). b, X
87 f) e B AR I SR PR S R P E (9) 2Tk B

[ 3V
c = 2y ’
R 4Nz, 9)

X VR MAR, NV ST,
HHASH R =7.32 A,

van Uiter 21\ Ky, BUor ROGHE B T 59K % «

1% 2B (10) 3

Ije I 1

Tofeo B~ T4 Bjmy 10
K BN —HHG 1, To 5 53 BB 2K E N 2, o
ARy KOG, HIREEA xo B A AELE RE B A5 I8,
Il = Iy/xo, I' = 1/z; HENFEE s = 6, 8, 10, 7
ST I FRL A AR - FL A A L FRAE AT - R DY A HL DO -H
VURRAEF. MBE AL i R B 22 HefE AR, ATl
s =3.

B0 SCHRE Iy /o, B, sEAE3IN RIS B
(10) AT IR LR HEALA P DUARHEERE 10 MR E S
PR IR1G 3N RENE, 5 r= A = s g, i HLAL,
HIRFEAEM, A5 HWHLA R

BNz R, Mo B R (— AR
T > x), BEB(x/xe)*? > 1, MAKF 15T
M (10) 2 oBE B 15531 |

L 1 L eyrn (11)

z  Io/xo B

BHEG
log(I/z) = —% log(x) + C. (12)

log(I/z)-log(x) M 2 M5 Jo R /1N —s/3.
WK 8 AT s, 1% M 2 76 log(z) > —0.2218 (Rlz >
0.6) % FUEUME —F HE b, Ry —1.42, A]
s = 4.26. CagLag 5SbOg:0.5Eu3T 774 1 2R
KU (s = 4.53) 91 s LT 36 2], & —ANTbE
NN HE. BB EoR#EE s = 3, (HAS#k
VB F) 75 SR & 1 (A R R B B, PRt
TEFHPE RS IR, A A KT 5 AU SR 19
B R = 7.32 A, B0V & B b AE AR - B AR AR A
5 =4.26 X5HWE s = 6 A M2,

x

0.1 0.2 0.3 0.4 0506 08 1.0
0.8 —L L L T
4 N\ Slpe=-142 g
1 i N\s=426~30r67 ¢ [56
‘ A 3 R4
04 | |
= 5.4
[
N D
=0 =
g 8
041 1 I )
(3 Slopej:l"?S | o IN
s=sames A
—0.8 T T ' T : T X T 4.8
-1.0 —-08 —0.6 —04 —0.2 0
log(z)

8  SrGdj_;LiTeOg:xEudt £ i (1) log(I/x)-log(z)
Fllog(Io/I — 1)-log(z) &

Fig. 8. Plots of log(I/z)-log(x) and log(Io/I — 1)-
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Fig. 9. (a) Emission spectra of SrGdg. 4LiTeOg:0.6Eu3t at
295-473 K and (b) dependence of I and In(lp/Ir — 1) on
T for SrGdg.4LiTeOg:0.6Eut with the abscissa axis on a

reciprocal scale.
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ways for the thermal quenching.
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Fig. 11. Electroluminescent spectrum of the fabricated red
LED (the inset shows the photographs of LED and phos-

phor as well as the relevant chromaticity coordinates).

3 BT BRI S 7O KD SRR

Table 3. Spectral parameters comparison of Eu®*-doped double perovskite phosphors.

RIH BRI /°C KRR YoltHar/us taAskr HPEERE [V
CasLag 5Sb0g:0.5Eu3+ [19] 1500 — 927 — 0.211
CaLag.sMgSbOg:0.5Eu3+ [13] 1450 5.90 — (0.659, 0.340) 0.173
BaLag.7MgNbQg:0.3Eu3+ [14] 1450 12.0 — (0.670, 0.330) 0.270
Laj 6ZnTiOg:0.4Eu3t [17] 1200 3.10 544 (0.660, 0.340) 0.193
LiLag,7MgWOQ¢:0.3Eu+ (1] 1200 10.0 450 (0.666, 0.334) 0.225
NaLag.s MgWOg:0.5Eu3t [49] 1100 9.75 — (0.670, 0.330) 0.260
Sry.5Nag 25 MgTeOg:0.25Eu3+ [46] 1100 7.47 — (0.650, 0.340) 0.270
Bag.gLaLiTeOg:0.1Eu3 [28] 800 4.11 550 — —
SrGdo.4LiTeOg:0.6Eudt 1100 7.56 721 (0.667, 0.328) 0.294
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Concentration and thermal quenching of
SrGdLiTeOg:Eu®' red-emitting phosphor for white
light-emitting diode”
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(Anhui Key Laboratory of Low Temperature Co-fired Materials, School of Electronic Engineering, Huainan Normal University,

Huainan 232038, China)
( Received 13 August 2018; revised manuscript received 21 October 2018 )

Abstract

A series of SrGd;_,LiTeOg:2Eu®" (z = 0.1-1) red-emitting phosphors, prepared by high-temperature solid-state
reaction at 1100 °C, is thoroughly investigated by means of X-ray diffraction, diffuse reflectance spectra, photolumi-
nescence spectra, and electroluminescence spectra. These double-perovskite-type phosphors crystallize into monoclinic
systems with space group P2:/n(14), accommodate Eu®" in a highly distorted C) site symmetry without inversion
center, and facilitate the enhancing of the °Dg — "Fy hypersensitive transition. The excitation spectra, emission spectra
and decay curves indicate that the optimum doping concentration of Eut is £ = 0.6. The SrGdg 4LiTeOg:0.6Eut
presents the strongest excitation peak at 395 nm, which is adequate for near-UV light-emitting diode (LED) pumping;
meanwhile, it exhibits an intense red emission with chromaticity coordinates of (0.6671, 0.3284), an asymmetry ratio of
7.56, a color purity of 98.6%, and a luminous efficacy of radiation of 249 lIm/W. The fluorescence lifetime is 721 ps, from
which the internal quantum efficiency is determined to be 89.7% via the Judd-Ofelt analysis. The formula proposed by
van Uiter (van Uitert L G 1967 J. Electrochem. Soc. 114 1048), is used to elucidate the energy transfer mechanism.
However, the plot of log(I/xz)-log(x) produces a confusing index s = 4.26, which makes it difficult to distinguish the
dipole-dipole interaction from the exchange interaction. After analyzing the reason of error, we present a new plot
of log(Iy/I — 1)-log(x), in which Iy = Iy/xo and I' = I/z, with xo corresponding to the low doping content without
nonradiative energy transfer. This plot gives rise to s = 5.25, a more reasonable value for the dipole-dipole interaction.
The integrated emission intensity at 423 K is as high as 85.2% of that at ambient temperature. The thermal activation
energy is determined to be 0.2941 eV according to the model based on a temperature-dependent pathway through a
charge transfer state. The prototypical LED based on it can emit a bright red light beam. In conclusion, the phosphor
exhibits favorable luminous efficiency, color purity and thermal stability of luminescence, which promises solid-state

lighting and display applications.

Keywords: Eut, red-emitting phosphor, concentration quenching, thermal quenching
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