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Synthesis and Optical Properties of Eu**-Doped Ca,KZn,(VO,),
Yellow-Emitting Phosphors for Full-Spectrum White Light-Emitting Diode

ZHOU Jiu-Jun' LUO Lai-Hui' DU Peng*' XUE Jun-Peng*~
('School of Physical Science and Technology, Ningbo University, Ningbo, Zhejiang 315211, China)
(*Department of Physics, Pukyong National University, Busan 608-737, Republic of Korea)

Abstract: Traditional phosphor-converted white light-emitting diode (WLED), which is constructed either by using
a blue-chip to pump yellow phosphors or a near-ultraviolet (NUV) chip to excite trichromatic phosphors, suffers from
an evident cavity in the cyan region, resulting in the unsatisfied color quality of the white light. Thereby, Eu**-doped
Ca,KZn,(VO,), yellow-emitting phosphors with the emission in a range of 400-750 nm were prepared to cover this
spectral gap to obtain the full-spectrum white light. Excited by 378 nm, both the emissions arising from VO, group
and Eu’ were seen in the prepared samples. The optimal doping content (molar fraction) for Eu® ions in the
Ca,KZn,(VO,); host was 0.05 and energy transfer efficiency from VO,” group to Eu™ was calculated to be around
64.9%. The thermal quenching performances of the final compounds were investigated via the use of the temperature
-dependent emission spectra and the activation energies of the VO, group and Eu™ were 0.538 and 0.510 eV,
respectively. In addition, a WLED device using the prepared yellow - emitting phosphors, commercial blue phos-
phors, and NUV chip exhibited well-distributed warm white light with low color correlated temperature of 3 843 K
and high color rendering index of 85.8.
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(a) XRD patterns of Ca,_, KZn,(VO,),: 2xEu** phosphors; SEM images of (b) Ca,KZn,(VO,),, (c¢) Ca, 4,KZn,(VO,);:0.10Eu™
and (d) Ca, (" KZn,(VO,),:0.14Eu* phosphors
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Fig.2 (a) Excitation and (b) emission spectra of Ca,KZn,(VO,), phosphors; Excitation spectra of Ca, \KZn,(VO,);:0.10Ew**

phosphors monitored at (c) 531 nm and (d) 612 nm; (e¢) Emission spectrum of Ca, (\KZn,(VO0,),:0.10Eu*" phosphors;

() Energy level diagram of Eu** ions and VO’ group; (g) 3D emission spectra and (h) contour line curves of

Ca, ,KZn,(VO0,),:0.10Eu* phosphors as a function of excitation wavelength



248 TG ML 4k

¥ 38 %

FoDREH S TF (J=1.2.3 )] K A 56 S BRAT
SEERES PR T Eut BRI . K] 2g A
2h 73 R T Ca, o KZny(VO,),: 0.10Eu* G 7EA
[ R P 1 3D R GHGIE A m 2% & . 3D
RS GIE RN m R AT, 7E 250~390 nm (193K
WG I, BT R i BT R I R R X
B Eu* 4824 Ca,KZn,(VO,), ¢ Y6y AT 9T 25 S G AR b
PR

S Y Eu*7E Ca,KZn,(VO,), 52 b 114 fe A48 24
Wl MR T Ca,, KZny(VO,),: 2xEu™ 2 68y 19 & 5
itk (18 3a). AT, 7E 387 nm R N EARIB L
Eu* ) Ca,KZn,(VO,), " HEEMEL 22k B VO, FE A 1Y
FRAE & S 06, M AFE B B4 0946 &9 vh al [m] i R4
U Eu™F1 VO,  SEA 2L RIF I . B Eu™ 5 i
IS, VO, 5L A1 1) & 't i B 32 i BEAIG, 107 Eu® (1)
J S i U SBR[ AR fh R B, RVBE % 18 22 ik %
2T, Hoe e am B Je 1 i , HLAF x=0.05 B 15 31 i
KAR, 15 >4 2>0.05 B, HA OG5 B2 28R [, W&l 3b
fiiR o BT VO, 5 M5 Eu™ 1Y 2¢ 6o B Ffi 45 7%
JEE TR A R ) AR AR 3 X i — 20 BRI T URE
fi B BES N VO, TS AL 1 B Eu® . A T A
R AR RE AL b L A, FRATAH I A T
R RE B AL I R ()™

n=(1-1/1,)x100% 1)

8x10°

Horp LRI A3 AR VO, S E 4B 2% Bu FLAT
B Bu DGR . HR S T IN A & S 6T A2y
K1, AR g 5 BB AW ] IR IOC R L %
ZESRNE 3c iR . WAR, B But 1B 220K B 1Y 12
Th, G 7 ETE, I AE x=0.07 I, 5 Bk, 400
64.9% , X FWIRE G VO, A 5 Eo® 8] e 1 1%
IR A R

Ty — 7N TR T A6 I R RE L TR
T T Ca,, KZny(VO,),: 2¢Eu™ 58 M 7E A 6] Eu™
1B 2= Uk B BsF A CIE €6 8 A i, FEX 7 45 S An 18] 4 B
IR o Bl B SRR, B & G G Ak bR
(0.364, 0.474)75 7 (0.408 , 0.478), JL 45 (4, A i bifi %5
Eu* B 2k B % — e WAk (B e 1 0 T o
X 38, 33 156 B T 0F 95 AR o B 08 & S R 1
Jo BEAM, RALUTF AR, #2008 BB 22 ik

SRR i EEL R (CCT) B i o0,
CCT=-437n’+3 601n°~6 846n+5 514.31 (2)
n=(v=x)/(y=y.) )

Horr, (v,,y.)=(0.3320,0.185 8) H.(x, y) kL & 14 €5, 4
Bro BET A3 KA bR, 71 & IR i €0 i bl
Eu™ 45 2% v FE 14 I iz @i A%, Horh Ca,KZn,(VO,)s
Ca, x,KZn,(V0,),: 0.02Eu* . Ca, ,,KZn,(VO,),: 0.06Eu™ .
Ca, 4,KZn,(VO,);: 0.10Eu™ } Ca, ,KZn,(VO,);: 0.14Eu™
¢ 6K B LR 3 ) A 4 796 .4 692.4 673 .4 023 FlI

6x10° L @
4x10° |
2)(103 -

0

(b)

8xl03 -
5x10°
3)(103 -.

ok

7x10° F
3x10° [
0

Intensity / a.u.

1
1x10* F x=0.03

1.2x10° F
8)(103 -
4x10° F

1
x=0.01

0
1.5%10*
1X10%
5%10° F

x=0.00

Wavelength / nm

0 1 1 1 1 1 1 1 1 1 1 1 1
400 450 500 550 600 650 700 750 0.000 0.014 0.028 0.042 0.056 0.070

x

K3 (a) Cay o KZny(VO,)y: 20Eu™ 5L RY I A 1E: (b) POLIRE 5 Eu ™ BRI I E A

(c) REIR LIRS B B 20Kk FE 1 2R

Fig.3 (a) Emission spectra of Ca,_, KZn,(VO,),: 2xEu* phosphors; (b) Dependence of emission intensity on Eu®*

doping concentration; (c) Energy transfer efficiency as a function of Eu** doping concentration
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(b) Normalized emission intensities at diverse temperatures; (c) Plots of In(//I-1) vs 1/(kT)
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Fig.6 EL emission spectra of WLED based on Ca, (KZn,(VO,),:0.10Eu** phosphors: (a) with an injection current of 100 mA;

(b) with different injection currents

£X1 AEBEBIEZTET Ca,,KZn,(VO,),:0.10Eu*3 S # A WLED #4 CIE £ 244R, CCT #1 CRI
Table 1 CIE color coordinates, CCT and CRI values of WLED based on Ca, ,,KZn,(VO,),:0.10Eu**

phosphors driven by different injection current

CIE color coordinates

Current / mA CRI CCT/K
x Y
50 0.400 0.417 85.4 3802
100 0.397 0.413 85.8 3843
150 0.393 0.408 86.3 3900
200 0.388 0.402 86.9 3976
250 0.383 0.396 87.6 4055
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(a) EL emission spectrum of WLED fabricated by using commercial Y;Al,;0,,: Ce® yellow-emitting phosphors;

Optical images of the packaged WLED (b) without and (c) with injection current of 100 mA
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