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Preparation and application of nitride phosphor-in-glass for high-power solid
state laser lighting
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The blue laser-driven solid-state lighting is superior to white LEDs in
super-high power density and super-high brightness, which attracts great attention in recent year.
In this research, we attempted to develop luminescent phosphor-in-glass (PiG) and ceramic materials
as color converters in laser lighting, and investigated the preparation of nitride PiG and ceramic
materials and their photoluminescence properties under blue laser irradiations. The results showed
that translucent PiG luminescent materials could be prepared at low temperatures, but they exhibited

strong luminescence saturation under the high-power blue laser excitation. In addition, highly
densified luminescent ceramics could be fabricated by using spark plasma sintering. These
luminescent ceramics had relatively higher thermal conductivities, and thus showed less luminescence
saturation than the PiG materials.
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Fig. 1 (a) PL spectra and external quantum efficiency
of the PiG samples with varying phosphor
concentrations, and the glass matrix absorbance
spectrum, and (b) in-line transmittance spectra
of the PiG samples with varying phosphor
concentrations. The insets in (a) are the external
quantum  efficiency  (upper) of PiGs and
absorbance (lower) of the glass matrix. The inset
in (b) is photographs of PiGs with varying phosphor
concentrations.
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Fig. 2 (left) Optical transmission spectra of the PiG
samples with varying phosphor con- centrations
synthesized at 650° C for 40 min; and (Right) PL
spectra of the PiG samples with varying phosphor
concentrations synthe- sized at 650°C for 40 min.
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Fig. 3 Emission spectra of the CaAlISiN3:Eu?" PiG sample
under the blue laser excitation and the effect of incident
laser power (Aem = 441 nm) on the luminous flux.
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Fig. 4 Representative surface SEM images of samples,
where (a) S1 (no sintering additives), (b) S2 (20 wt%
Si3Ny), and (c) S3 (12 wt% SizN4 and 8 wt% SiO2) show
obvious differences in levels of densification. The back-
scattered electron (BSE) image (d) of S3 reveals that
CaAlSiN;:Eu?" particles with a high contrast are
homogeneously distributed in a matrix.
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Fig. 5 (a) SEM image of the CaAlSiN3:Eu?" ceramic
processed after the FIB technique. CL mapping images
taken at (b) 650 nm and (c) 550 nm. (d) The emission
spectra of points 1-5 marked in (b).

Fig. 6 (a) TEM image of the large particle, and the selected
area electron diffraction (SAED) patterns of (b) core area
and (c) shell area. (d) TEM image of the medium particle
circled with a yellow dotted line in Fig. 3b, and HRTEM
images of (e) core area and (f) shell area. (g) TEM image
of the small particle circled with a red dotted line in Fig.
3b, and HRTEM images of (h) area 1 and (i) area 2. The
insets in (e and f) and (h and i) show the corresponding
fast Fourier transform (FFT) patterns.
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