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Abstract: Ce:YAG ceramic phosphor has outstanding thermal conductivity and chemical stability for application in
white light-emitting diodes (WLEDs), thus has a broader application than organic packaging in high-power WLEDs.
(Gd,Y);Al50,,:Ce ceramic phosphors of varying Gd** concentrations were fabricated through solid-state reactive sin-
tering method. Through X-ray diffraction, scanning electron microscopy, and fluorescence spectroscopy, the crystal
structures, influence of the Gd concentration on fluorescence spectra of Ce:YAG, and luminescence properties of
WLEDs with (Gd,Y) 3Al;0;,:Ce ceramic phosphors were investigated. As Gd content increased, the Gd** replaced the
lattice position of Y** into the lattice. The absorption of blue light and relative photoluminescence (PL) intensity of the
(Gd,Y);Al504,:Ce ceramic phosphors decreased as Gd content increased, leading to a reduction in the luminous effi-
cacy from 81.451 m/W to 63.701 m/W. Moreover, the PL emission bands of (Gd,Y);Al;01,:Ce exhibited redshift from

534 nm toward 564 nm and resulted in increase of the color, rendering index from 61.3 to 70.2. Although doping of Gd
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decreases the luminous efficacy, the color rendering index of the (Gd,Y);Al;0;,:Ce sample is significantly increased,

and the performance of the yellow YAG ceramic phosphor applied to the white LED is improved.
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Fig. 1 XRD patterns of samples with different Gd** concen-
trations
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Fig. 2 SEM images of the Ce:Gd:YAG ceramic phosphor plates
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Fig. 3 Absorption spectra of the Ce:Gd:YAG phosphor ce-
ramics in 250 nm—525 nm region
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Fig. 4 PL spectra of the Ce:Gd:YAG phosphor ceramics
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Fig. 5 PL spectra of the Ce:Gd:YAG phosphor ceramics with
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content for samples under blue light chip excitation



10

HBF5 R, 5 Ce:YAG WM %52 Gd X H Y6 LED &6 AL

1123

Wi, Ce’ MUY IIRE 1Bt Gd™ HIB NI FI,
FH Ce’ MM B e kR th &2 3] Gd B
TSR T BEAIG,  DRLERAE 5 (9 1% LED eskiss A
B4 Gd 1) 81.45 Im/W R &% 63.70 Im/W. T Ce™”
ZHBN G R, LR SIS 534 nm
A1) 564 nm ZL 85, [RILAE S B AIRECE T B &,
M 61.3 FFEE 702, B4R, Gd B ARAE— e
FE B PAR AR, H2 Gd BBk T
Ce:YAG RHAM EHA a1l b 2 MR, 1555
YAG %6H &N T (1% LED 1 HEReR 2] 745 .

S 30k

[1] NISHIURA S, TANABE S, FUJIOKA K, et al. Properties of
transparent Ce: YAG ceramic phosphors for white LED. Optical
Materials, 2011, 33(5): 688-691.

[2] LIY,HULL, YANG B B, et al. Effect of sintering temperature on
luminescence properties of color conversion glasses in borosilicate
glasses. Journal of Inorganic Materials, 2017, 32(3): 257-262.

[3] ZHANGY, LIU S, XU H J, et al. Preparation and performance of
Ce: YAG phosphor-in-glass. Journal of Inorganic Materials, 2015,
30(6): 588-592.

[4] LIJS,SUN XD, LI XD, et al. (Y, Lu)AG: Ce phosphors synthe-
sized by stearate melting method and their fluorescence properties.
Journal of Inorganic Materials, 2015, 30(2): 177-182.

[5] GAO X, DANG J, WU L, et al. Multi-color-emitting quantum dot-
based white LEDs. Chinese Optics Letters, 2016, 14(11): 90-93.

[6] LI Z, WANG H, YU B, et al. High-efficiency LED COB device
combined diced V-shaped pattern and remote phosphor. Chinese
Optics Letters, 2017, 15(4): 56-59.

[71 SETLUR A A. Phosphors for LED-based solid-state lighting. Elec-
trochemical Society Interface, 2009, 18(4): 26-30.

[8] GUPTAK V K, MULEY A, YADAV P, et al. Combustion synthe-
sis of YAG: Ce and related phosphors. Applied Physics B-Lasers
and Optics, 2011, 105(2): 479-484.

[91 GEIGER C A. Garnet: a key phase in nature, the laboratory, and
technology. Elements, 2013, 9(6): 447-452.

[10] FAHEEM M, LYNN K. Structural and thermal properties of Tb,
Ce doped Y,.97Gdy03A1,Ga;0,, single crystals. American Journal
of Analytical Chemistry, 2014, 5(11): 695-700.

[11] YIX, ZHOU S, CHEN C, et al. Fabrication of Ce: YAG, Ce, Cr:

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

YAG and Ce: YAG/Ce, Cr: YAG dual-layered composite phosphor
ceramics for the application of white LEDs. Ceramics Interna-
tional, 2014, 40(5): 7043-7047.

CHAWLA S, ROY T, MAJUMDER K, et al. Red enhanced YAG:
Ce, Pr nanophosphor for white LEDs. Journal of Experimental
Nanoscience, 2014, 9(8): 776-784.

TANG Y R, ZHOU S M, YI X Z, et al. The Cr-doping effect on
white light emitting properties of Ce: YAG phosphor ceramics.
Journal of the American Ceramic Society, 2017, 100(6): 2590-2595.
CHEN L, CHEN X, LIU F, et al. Charge deformation and orbital
hybridization: intrinsic mechanisms on tunable chromaticity of
Y;Al;0,: Ce* luminescence by doping Gd** for warm white
LEDs. ientific Reports, 2015, 5: 11514-1-17.

LIU B, XIANG W, LIU H, et al. Growth and spectral characteris-
tics of Ce, Tb: YAG luminescent materials for white-LED. Journal
of the Chinese Ceramic Society, 2013, 41(9): 1214-1219.

BELEN MUNOZ-GARCIA A, SEIJO L. Ce and La single- and
double-substitutional defects in yttrium aluminum garnet: first-
principles study. Journal of Physical Chemistry A, 2011, 115(5):
815-823.

SHI H, ZHU C, HUANG J, et al. Luminescence properties of YAG:
Ce, Gd phosphors synthesized under vacuum condition and their
white LED performances. Optical Materials Express, 2014, 4(4):
649-655.

WU X, ZHAO D, HE X, et al. Study on the preparation and lumi-
nescence of YAG:Ce® co-doped with Gd or La phosphor powders
by low-temperature combustion synthesis. China's Ceramics, 2010,
46(12): 18-20, 24.

MAREZIO M, REMEIKA J P, JAYARAMAN A. High-pressure
decomposition of synthetic garnets. Journal of Chemical Physics,
1966, 45(5): 1821-1824.

WANG L M, ZHUANG L Q, HUANG Y X, et al. Application of
XPS in semi-quantitative estimation of Ce®” in YAG: Ce®* phos-
phor. Journal of East China University of Science and Technology,
2015(4): 484-488.

CHEN J, DENG Z H, LIU Z G, et al. Optical enhancement brought
by doping Gd** ions into Ce: YAG ceramics for indoor white
light-emitting diodes. Optics Express, 2015, 23(7): A292— A298.
LATYNINA A, WATANABE M, INOMATA D, et al. Properties of
Czochralski grown Ce, Gd: Y;Al;0, single crystal for white
light-emitting diode. Journal of Alloys and Compounds, 2013, 553:
89-92.

PRZYBYLINSKA H, MA C G, BRIK M G, et al. Electronic struc-
ture of Ce® multicenters in yttrium aluminum garnets. Applied
Physics Letters, 2013, 102(24): 24112-1-4.



