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(d) CLSM of glass ceramic

(e) Surface fluorescence distribution glass ceramic  (f) 3D-restructured fluorescence distribution

glass ceramic
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Fig. 2 SEM image of GAAGG:Ce phosphor; SEM image, element mapping image, laser scanning confocal microscopy (LSCM)
image, surface and 3D-restructured fluorescence distribution images of GAAGG:Ce-SiO, glass ceramic sintered at 700 ‘C
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Fig. 3 TEM image of GAAGG:Ce-SiO, glass ceramic sintered
at 700 ‘C; selected area electron diffraction (SAED)
patterns of glass matrix, interface area and GAAGG:Ce
phosphor
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(c) Decay curves of glass ceramics
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(d) Fast decay curve of glass ceramic

Jex 18 excitation wavelength; Aen is emission wavelength; zg is lifetime when the afterglow intensity decays to 80% of initial one; 7, is afterglow lifetime.
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Fig. 4 Photoluminescence excitation (PLE) and photoluminescence (PL) spectra of GdAAGG:Ce phosphor and GdAGG:Ce-SiO,
glass ceramics; PLE and PL spectra, afterglow decay curves of glass ceramics sintered at different temperatures; fast

afterglow decay curve of glass ceramic sintered at 700 C
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E, and E; are the excitation light not absorbed by the reference and sample,

respectively; L is the emission intensity of sample.
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Fig. 5 Schematic diagram of internal quantum efficiency (IQE)
testing, insert shows the internal quantum efficiencies
of GAAGG:Ce-SiO, glass ceramics sintered at various
temperatures; temperature-dependent emission spectra
of glass ceramic sintered at 700 ‘C; temperature-
dependent emission intensities of GdAGG:Ce-SiO,
glass ceramic, GAAGG:Ce phosphor and GdAGG:Ce
phosphor in silicone
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(c) Luminous intensities at AC

Bl 6 AFJEE GAAGG:Ce-SiO, B Hs M & 4155 ) LED #314
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FIOt LED #3fFf1 GdAGG:Ce-SiO, BiFsM %3 (1
LED #8441V — A0 5 o i 28
Fig. 6 Luminous spectra, color coordinates and actual
photographs of LED devices based on different thick
GdAGG:Ce-SiO, glass normalized
luminous intensities of common white LED device
and GdAGG:Ce-SiO, glass ceramic based white
LED device driven by alternating current (AC)

ceramics;

#®1 ETFTTEEE GIAGG:Ce-SiO, HIBIAE AL LED
BEHIAEFSH
Table 1 Optical parameters of LED devices based on
different thick GAAGG:Ce-SiO, glass ceramics

Chromaticity

Thickness/mm coordinatos LE/(ImW™"') CCT/K CRI
0.8 (0.306, 0.327) 69.8 6613 738
0.9 (0.312,0.336) 752 6154 719
1.0 (0.317,0.349) 81.7 5805 708
11 (0.325,0.363) 85.3 5545 695
12 (0.331,0.377) 83.2 5444 692

LE is luminous efficiency; CCT is correlated color temperature; CRI is color

rendering index.
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Fig. 7 Schematical illustration of measurement system for

reflection-type white laser diode (LD) device;
Power-dependent normalized luminous spectra, color
coordinates and actual photographs of GdAGG:Ce—
SiO, based LD device
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Table 2 Optical parameters of GAAGG:Ce-SiO, based LD
devices driven at different powers

Chromaticity

Powder/W coordinatos LF/im LE/(ImW™") CCT/K CRI
0.3 (0.279,0.276) 415 1383 10184 736
0.7 (0.295,0.301)  99.9 142.7 8038 729
1.1 (0.305,0.323) 1511 137.4 7020 715
15 (0.314,0339) 1989 132.6 6528 706
1.9 (0.324,0.356)  237.1 124.8 5981 695
23 (0.336,0.371)  265.4 113.4 5412 689
2.7 (0.347,0.384)  279.5 101.5 4945 683

LF is luminous flux; LE is luminous efficiency; CCT is correlated color

temperature; CRI is color rendering index.
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Extended Abstract

Introduction White light emitting diodes directly driven by alternating current (AC-LEDs) become increasingly popular in lighting.
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However, the harmful flicker occurs because the blue LED chips only work over the threshold voltage. Transparent afterglow
phosphor-glass composites are thus proposed as excellent color converters to eliminate the flicker. In this paper,
Gd, 04Al,Ga30,,:0.06Ce*~Si0, (GAAGG:Ce-Si0,) glass ceramics were prepared via cold isostatic pressing molding and pressureless
sintering at a low temperature. The transparency, structures, microscopic morphologies and luminescence properties were investiagted.
Besides, the samples were assembled on the commercial blue LED chips or blue laser diodes (LDs) to explore the potential
application.

Methods For the preparation of GAAGG:Ce phosphor, stoichiometric Gd,Os, Al,O3, Ga,0O3 and CeF3 (99.9%) were weighed and
placed in a mortar. After fully ground for 30 min, the obtained powder was transferred into a 20 mL corundum boat and placed in a
tube furnace. The gas flow of 95%N,/5%H, (in volume ratio) was introduced, and the temperature was hold at 1450 C for 4 h. After
cooling to room temperature, the powder was ground in a mortar.

For the preparation of GAAGG:Ce-SiO, glass ceramics, 0.9 g GAAGG:Ce phosphor and 9.1 g amorphous SiO, nanoparticles
were weighed and fully ground in a mortar for 30 min. The obtained powder was sieved with a 200 mesh standard sieve. Then, 0.8 g
sieved powder was poured into a stainless-steel mold with an inner diameter of 20 mm, and pressed at 40 MPa for 30 s. The obtained
blocks were placed in a cold isostatic press and kept at 250 MPa for 5 min. The green compacts were sintered in a muffle furnace in
air at 600-800 °C for 5 h. After cooling down to room temperature, the samples were double-side polished.

For the preparation of lighting devices, Gd;Al,Ga;0,,:Ce—SiO, glass ceramics of different thicknesses were encapsulated on the
surface of 1 W commercial 450 nm LED lamp to assemble white LED devices. Besides, 1.0 mm thick Gd;Al,Ga;0;,:Ce-SiO, glass
ceramic was excited by a power-adjustable 450 nm laser to simulate a reflective white LD device.

Results and discussion The translucent GAAGG:Ce-SiO, glass ceramics are yellowish green, and the color becomes lighter with
increasing sintering temperature. The transmittance of glass ceramics (1.0 mm thickness) in the visible region is approximately 60%
due to the mismatch of refractive index between GAAGG:Ce phosphor and SiO,. The X-ray diffraction patterns show that the glass
ceramics exhibit both bulge peak of glass phase and diffraction peaks of Gd;Al,Ga;0,, (JCPDS 46-0448). The scanning electron
microscopy images and laser scanning confocal microscopy images indicate that GAAGG:Ce phosphor powders with the sizes of
1-10 pm are uniformly dispersed in SiO, glass matrix. The transmission electron microscopy image indicates that the interfacial
reaction is well suppressed at a low sintering temperature.

Under 450 nm excitation, the glass ceramics show typical Ce’": 5d,—4f broadband emissions peaked at 536 nm, whose
luminescence characteristics are similar to those of GAAGG:Ce phosphor. The luminescent intensity firstly increases and then
decreases, reaching the maximum value at 700 “C. After removing the excitation source, the glass ceramics show a bright yellowish
green afterglow. The longest afterglow appears from GdAGG:Ce-SiO, glass ceramic obtained at 700 ‘C. Besides, the lifetime when
the afterglow intensity decays to 80% of initial one is 27 ms, which meets a requirement of AC-LED devices (no less than 0.4 ms).

The internal quantum efficiency of glass ceramics is 63%, which meets the practical application standard of white LED devices
(no less than 60%). The emission intensity at 150 C maintains 85.3% of that at room temperature, indicating that the glass ceramics
have an excellent thermal stability.

In coupling the glass ceramic with a 450 nm blue chip, the resulting white LED device exhibits a luminous efficiency (LE) of
81.7 Im/W, a correlated color temperature (CCT) of 5805 K and a color rendering index (CRI) of 70.8 when driven by 150 mA direct
current (DC). Besides, the flicker index decreases to 68.9% when driven via alternating current (AC). Coupled with a 450 nm blue
laser, the white LD device shows the LE of 132.6 Im/W, the CCT of 6 528 K and the CRI of 70.6.

Conclusions Translucent GAAGG:Ce-SiO, glass—ceramics were prepared via cold isostatic pressing and low temperature sintering
(i.e., 700 'C/5 h ). The self-made GAAGG:Ce afterglow phosphor was uniformly embedded in SiO, glass matrix. The glass ceramic
retained the luminescent properties of GAAGG:Ce phosphor due to little interfacial reaction. The glass ceramic exhibited a broad
emission band peaked at 536 nm, whose quantum efficiency was 63% after excited at 450 nm. The emission intensity at 150 C was
85.3% of that at room temperature. Besides, the glass ceramic exhibited a bright yellowish green afterglow, and the lifetime was
27 ms when the intensity decayed to 80% of initial one. The glass ceramic based white LED device had the LE of 81.7 Im/W, the CCT
of 5805 K, and the CRI of 70.8 when driven by 150 mA DC, and the flicker index reduced to 68.9% when driven by AC. The white
LD device showed the LE of 132.6 Im/W, the CCT of 6 528 K and the CRI of 70.6. The results indicated that GdAAGG:Ce-SiO,
glass—ceramic could have a great application potential for AC-LEDs.
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