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(a) XRD patterns and its rietveld refinement (b) Crystal structure schematic diagram
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Fig. 1 XRD patterns, rietveld refinement and crystal structure schematic diagram of (Y, ,);TeO,,:0.3Eu*" phosphor
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®1 BEBSIH(Y,,)Te0,:0.3Eu" KB HIREFSH
Table 1 The refined atomic parameters of (Y,,),TeO,,:0.3Eu® phosphor

Atom Wyckoff position Site symmetry x/a /b z/c Site occupancy
Tel 3a S, 0 0 0 1

Eul 18f C, 0.253 3 0.2110 0.354 6 0.3

Y1 18f C, 0.253 3 0.2110 0.354 6 0.7

o1 18f C, 0.183 4 0.142 2 0.109 2 1

02 18f C, 0.193 5 0.968 6 0.401 4 1

x, y, and z represent the atom positions, and a, b and ¢ denote the lattice parameters
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6.0 pm Z ] A & A HORL R ST o3 A A 3450 o R A ASORE 2 AR 1 T 3R 2 R R IR R 4 sl S AN 4 S Y DR A
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(b) Grain size distribution
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Fig. 2 SEM image and grain size distribution of (Y,,);TeO,,:0.3Eu’" phosphor

(a) SEM image
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Fig. 3 Diffuse reflection spectra of (Y,;);TeO,,:0.3Eu’" phosphors. The inset presents curves for [ F(R)hAn]"* versus hn
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Fig. 4 Excitation (left black line, A,,=632 nm) and emission (right red line, 1,=393 n m) spectra of (Y,;);TeO,,:0.3Eu’" phosphors
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Fig. 5 Emission spectra of (Y, ,);TeO,,: xEu’" with different doping concentrations (r=0.1~0.5, A,=393 nm) , the inset

shows the relationship between integral luminescence intensity and doping concentrations x
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Fig. 6 The relationship between lIg(1/x) and lg & of integral luminescence intensity I and doping concentrations x
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Fig. 7 Emission spectra of (Y,;);TeO,,:0.3Eu’" phosphors at different temperatures (the inset shows the relationship between In
[I,/I,—1] and 1/ (k,T))
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Fig. 8 Decay curves of (Y, ,);TeO,,:aEu’" phosphors
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Judd-Ofelt i+ 8 1 F& W 2 % SCik™ i F 45 18 T4 20 ATRLE H L FER (Y,,) TeO,,: 0.3Eu’ Ay 13 7 4¢
g Rh72.5% ,QMHIKF 10.2X10 * cm®, B KM QE KRBT Ed’ O #& &Lt , A 8 T°D—~'F, &
TR PR . X RS A5 R B R T T AR RE §L (Y ,2) TeO,,: 0.3Eu” HA — 2 i FH W 6E .

PG T — AT AR S M LT SR I R AR IES R, FE (Y ,2) TeO,,: 0.3 0’ 1Y & il B i
H(1200°C), 58k S IR ER A Y KT8 6 BBR R (201 500°C) , Jdl % T % & W il 2% ) 152 7% 2Rk ELRE 1Y 20k
Ji . Dt HFar 5B R R Calla,.SbO,: 0.5Eu” Ml 4, /& T8k R £k La, ,ZnTiO,: 0.4Eu” IR £k Lila, ,MgW O,:
0.3Eu’" | 45 iR ¥ Ca,Lu,,TaO,: 0.4Eu™" | 88 M2 8 Y,-Lu,-NbO,: 5% Eu’" #l #if iz £ Ba,.LaliTeOg: 0.1Eu”
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£2 #mA(Y,,)TeO,:0.3Eu” ) Judd-Ofelt i+ E 4 R
Table 2 Judd-Ofelt analysis of (Y,,),TeO,,:0.3Eu™

Wavelength A/nm  Radiative transition rate A/s ' Radiative lifetime z,/pus  Measured lifetime z/ps ~ Quantum efficiency 7

577 14.6 1122.1 813.2 72.5%
588 100.5
632 620.8
661 26.5
725 128.8

02,=10.2X10 *“em® 2,=4.3X10 * cm®

(500 ps A7) o HEARXFFR & RAK T4 £k Lila, ,MgWO,: 0.3Eu* B 2 £k Bala, ,MgNbO,:0.3Eu’", /& T
B 1R £k Ba,,LaLiTeO,:0.1Eu*" | %k 8 #b La,,ZnTiO,: 0.4Eu’" | 48 2 #§ Y,.Lu,;NbO,:5%Eu’" Hl 46 ik £h
CalLa,:MgSbO,: 0.5Eu’" . EERH F =AM (Y,.),TeO,:0.3Eu"" 1 Eu’" F &b # 7 B 1A £ i 44 % i 1
BAR(CL AR A R T 158 °D,—"F, 8 R BURIE & I, PR X FR L R ¥ LDt sl BE T R, AR 5
(Yo:)sTeOy,: 0.3 0" ORI R A7, X A2l oA TF — 20 %) Ho i 47 LED B8 RO 6 B M RE i 9T

F3 Eu” ST MBS LR

Table 3 Luminescence properties comparison of some Eu™ activated phosphors

Sintered . ) Luminescence Activation energy /
Phosphor . Asymmetric ratio o Reference
temperature /°C lifetimes /ps eV
Sr,:Na,,;MgTeO;: 0.25Eu’" 1100 7.47 — 0.270 [24]
Ba,,LaliTeO,: 0.1Eu’" 800 4.11 550 — [17]
La,ZnTiO;: 0.4Eu”" 1200 3.10 544 0.193 [3]
LiLa,,MgWO,: 0.3Eu"" 1200 10.0 450 0.225 [25]
Ca,lu,;TaO;: 0.4Eu™" 1500 — 580 0.242 [1]
Y,sLusNbO,: 5% Eu’" 1450 5.02 650 — [18]
Ca,La,:SbO,: 0.5Eu’" 1500 — 927 0.211 [28]
Bal.a,,MgNbO;: 0.3Eu’" 1450 12 — 0.270 [29]
Cala,;MgSbO;: 0.5Eu*" 1450 5.90 0.173 [19]
(Y,,)sTeO,,: 0.3Eu™" 1200 6.338 813 0.196 9 This work

27 LED#HIFE5kEBE e
6 i AR bR R S B H I OB TERE M B S B — o FIUHAE S I 2 EEIE R T (Y,,):TeO,,: 0.3Eu’"
RO A AR, LR 94 B o (Y,,) s TeOy,: 0.3Eu™ #f i i 2166 X {7 AL B 4 (0.637 6,0.343 1), 5 26 E [ Z A

0.9

Intensity/(a.u.)

400 500 600 700 0
Wavelength/nm 5

(a) Electroluminescent spectrum of the fabricated red LED (b) The relevant chromaticity coordinates and photographs
of fabricated LED

B9 Fr#l&Wa L LED B Bk i 2 x EAf LED B &

Fig. 9 Electroluminescent spectrum, relevant chromaticity coordinates and photographs of the fabricated red LED
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PR fE 2 B3 2T B BRIE(H (0.670,0.330) 4531 . AH & 4 7 (Correlated Color Temperature, CCT) & 2 {4 I B
JE G TR & I 11 1 (6, 5 B A B — 3 R 1 T A [ B SR AR G A IR . R ik = (9) R
CCT = —449n° + 35251 — 6 823.3n + 5520.33 (9)
K n=(x—x)/(y—y) , Ho (x, y) ROCIFTH G RTI Y EAARE , (2., y.) % T(0.3320,0.185 8) &1
OAAR . TS (Yo) TeO: 0.3Eu™ FE i i AH SC @ 2 276 K, 5 NaGdMgTeO6: Eu’ (CCT=2 227 K)'"""
A G A 4 0 . A DG @R EAIR T 3 000 K AR, R BIZE6 8 B @ H T8 AL FOG LED. S T 3 — 25 by
(Y:)sTeOy,: 0.3 0" 96k A R & Gtk A, SR 38 (10) o € & B sk A7 1 3128
Color purityZ/ (z—z2 ) +(y—y”
(xd—x,)2+(yd*yf)
K, (2, ) B (Y:) TeO,,: 0.3Eu™ MR @ AR 5 (x, y,) by B B BRI 22 51 25 0 09 116 1 AR AR (B, O
(0.310,0.316) 3 (24, yo) J E WK AL FRME , K (0.672,0.328) . L8, (Y,.)TeO,,: 0.3Eu™ # ki (5 40 1 Ky
92.5%, # F LiPbB,O,: 2Eu*" \NaTb, ,F,:2Eu" & 56 By MR 0 #E 2.4 3 40 e, (Yo,) s TeO,:
0.3Eu’ M BHBY AR X FR L % R R 6.338, KB RAEMEAFAE M B TR AF Ay (A gl . X 2B 25 R W], 5By
(Y:)TeOy,: 0.3Eu0’ B A R 47 iy W 6o Ve R 3& B\ ry 600 o O 7 50 3k ) 4% 9 26 %k 0 v 76 L T, 4%
(Y,:)sTeOy,: 0.3Eu” S fih 5 fE I B 51 & 5 W B8 v b, AR B0t i (Chip On Board,, COB)JE X & 3¢
AL LED AT 2K . 78 25 mA IE [ LR IR 8 T L AT Bk & th 206 CUL I 94 &) o FF i B 80K i (151 9) v
360~440 nm 4b B & 554 f T 2 AR H PR L 560~740 nm Ab B & SF IR TR RO . KT ER (A 5 AR BRI
(0.3793,0.179 6) , 3™ At bR T— 2 B2k I, SIRGIR AT G o

3 #ie

A SCH) R AR A T — 251 (Y, ) TeOy,: aEu’ 568, X Hopr AR g5 4y TE S0 & eIk ke T I
KHLHE BB AL B RN &G IER E M S i RN i T RCR DL LED B3 5okt i M REHEAT T 0T .
XRD Z5 R, (Y, ) TeO,,: xEu’ 20k B AT B — & AH , Eo® A 4 B0 FREUE R #E A Y TeO,, g .
SEM 45 5L R B f A UKL 285 i B 47, T S BN, I3 430 1) ROST FE S P 7F 3.5~6 pm 2 [0) 38 2o 18 J2 5
WA A BN 3.25 eV E 393 nm AMGIUE T R HGTIE i 5 4 Kk S AL, DL D —FLBREE 3L ROt
AXFFR R R=1CD,—>F,) /ICD—>"F,) 2} 6.338, iliid Eu” B4 X (Y, ), TeO,,:aEu’ 968 & 650 JE 1Y
S, A5 Eu’ B R AR AR BE O 3020 (2=0.3) , I UESE T VR B2 K i L A A — L A AR VR R 3 B, 40 AT
B Y % AT P TR ) B B T B BE K 0.196 9 eV (Y, ), TeOy, xEu 31 B 52 5 3
Ul i 2 )4 45 XU B AL | B Eu® B TR 2R B I R L SO R B W A . (Y,)  TeO,,: 0.3Eu” K
i A e AR o 813 pse AN, SE M T 2T COB T2 M6 LED &3¢ If % Hot o d E g k47 T 01 1y %
fiEo 28 Bk, (Y, Eu,)TeO,, %0k H A4 A7 1Y S IR 54 & G R AE DA RO BE 7 K /NSO it A B —
Tl AU ' LED FH 2T 6875 S M3 19 15 28 41 L .
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Preparation and Luminescent Properties of Red-emitting
Y TeO,,: Eu’* Phosphor

LI Rongqging, ZHOU Weiwei, TONG Yue, ZHENG Qinghua, L.V Zhaocheng, ZHAO Wang,
XIA Zhengrong, LIU Fangfang
(School of Electrical Engineering, Huainan Normal University, Huainan 232038, China)

Abstract: The industry of white light-emitting diodes, next—generation illumination sources, has become
an interesting field for their superior advantages such as energy savings, high efficiency, long operating
lifetime as well as environmental friendliness. By far, the most effective white light-emitting diode is a
combination of a near—ultraviolet chip and yellow—emitting phosphors. However, this type of phosphor
converted white light—emitting diode has some disadvantages, it suffers from the weakness of low color
rending index and high correlated color temperature because of the deficiency of red component. Thus, to
overcome this problem, a large number of red phosphors, especially the trivalent Eu*" doped phosphor,
have been widely studied. Eu’" ion is an important red activator in most of the commercial red phosphors,
which can provide an efficient and narrow band emission due to characteristic 4{f-4f transitions. Especially,
Eu’" ions can be used to prove the point group symmetry of the substituted site in the host. When Eu’" ions
occupy noncentrosymmetric lattice sites, Eu®" can emit intense red emission, benefiting to improve the
overall efficiency of the white light-emitting diodes. So the host can affect the intensity of emission peaks of
Eu”" ion. Tellurate exhibits excellent properties in the optical, physical, and chemical fields. Given the low
phonon energy of tellurate, this material can avoid the competitive non-radiative decay for the Eu’" ions
doped. Therefore, tellurate is suitable for hosting matrices used in phosphors. We report herein, the
preparation and luminescent properties of red—emitting (Y, ,);TeO,:xEu’" phosphor. The (Y, ,);TeO,,:
zEu*" phosphors were prepared through the high-temperature solid-state reaction at 1 200 °C for 20 h. The
(Y, ,)¢TeO,,: zEu*" phosphors were prepared in this way for seven different concentrations of Eu*'" (x=
0.1, 0.2, 0.3, 0.4 and 0.5). The samples (Y, ,);TeO,:2Eu”" were analyzed in detail by XRD, excitation
and emission spectra, concentration quenching, thermal stability, luminescent decay curves, quantum
efficiency, and color coordinates. To identify the detailed crystal structure information of (Y, ,) TeO,,:

zEu®

phosphors, the Rietveld refinement was performed using the Generalized Structure and Analysis
System. The absence of an impurity phase in the present doping concentration ranges (0.1<x<<0.5)
confirmed that incorporation of Eu’" ions did not show any notable change in Y,TeO,, phase. The
refinement results were clear that the as—obtained (Y, ,) ;TeO,,: zEu’" phosphors were of trigonal
structure with R3(No.146) space group. Further representative particle distribution and scanning electron
microscopy of the (Y,;)TeO,,:0.3Eu’" phosphors were carried out and the results indicate that average grain
size is 4.61 pm with diameter ranging from 2 pm to 8 pm. The band gap energy E, of (Y,;);TeO,,: 0.3Eu’"
obtained from diffuse reflectance spectra is 3.25 eV. The excitation and emission spectra of (Y, ) TeO,,:
2Eu”" phosphors show that the prepared phosphor can be excited by ultraviolet light (393 nm) or blue light
(464 nm) , and exhibits a strong red light emission band at 632 nm corresponding to "D,—>'F, electric dipole
transition of Eu’" ions. The intensity ratio R of "D,~'F, to "D,~'F, transition (R=I("D;~'F,)/I(’D,~F, ))
is a good way to measure the symmetry of Eu’" sites. The intensity ratio value R is calculated to be 6.338.
It is higher than some reported Eu*"~doped phosphors. Usually, with the increase of magnitude of R, the
ideal value of the color chromaticity is closer. The dependence of integrated intensity on Eu’" contents
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reveals the optimum doping concentration is x=0.3, beyond which concentration quenching was observed.
Concentration quenching for the prepared (Y,_,) ;TeO,,: zEu”" phosphors confirmed that the electric
dipole—electric dipole interaction was responsible for energy transfer, resulting in the concentration
quenching. The integrated emission intensity of prepared phosphor (Y,,) TeO,,: 0.3Eu*" at 150°C is as
high as 76.5% of that at ambient temperature. The thermal activation energy was obtained as 0.196 9 eV,
which ensures a good thermal stability. This demonstrates its possible application in solid state lighting or
optical thermometry. The decay characteristics of (Y, ,) sTeO,,: xEu’" phosphors were studied to
understand the average lifetime of an activator ion in an excited state. The decay curves of the prepared
(Y, ,)sTeO,,: zEu*" phosphors were monitored under 393 nm excitation wavelength and 632 nm emission
wavelength. At doping concentrations of Eu”", the luminescence lifetimes are 1 114 us, 907 ps, 813 ps, 661
us and 583 ps, respectively. The lifetime decreases with an increase in Eu®” dopant concentration. This
type of observation is results when the distance between the dopant Eu®' ion decreases and this leads to
nonradiative transitions. Based on the datum of emission spectrum of (Y,,) ;TeO,,: 0.3Eu”" , the
chromaticity coordinates are determined to be (0.637 6,0.343 1), close to the National Television System
Committee value (0.67,0.33). To further evaluate the potential applications of the (Y,,);TeO,,: 0.3Eu”"
phosphor, the prototype light-emitting diodes fabricated by coating the phosphors on the near-UV chips
emit a bright light. The strong emission band (360~440 nm) originates from the near—UV chip and other
sharp emission bands attribute to the Eu’" 4f-4f transitions. The phosphor exhibits favorable luminescent
properties, thermal stability of luminescence with good chromaticity coordinate, which have potential
application in white light-emitting diodes .

Key words: (Y, ,);TeO,,: xEu”"; Luminescent properties; Concentration quenching; Thermal stability ;
w-LED
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