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Abstract: As the fourth-generation lighting source, solid-state lighting has developed rapidly in the
past 30 years due to its advantages of high efficiency and environmental protection. It is widely used
in various scenes such as automobile headlights, projection displays, industrial production, and
long-distance lighting. High-power, high-brightness white light-emitting diodes ( W-LED) and laser
lighting technology put forward new requirements for the service stability of color conversion materi-
als. Phosphor ceramics have emerged with their unique advantages of withstanding high power exci-
tation density. This article comprehensively reviews the latest research progress of phosphor ceramics
for solid-state lighting/display, clarifies the evaluation criteria of light sources, summarizes the de-
velopment and application of white light and several monochromatic fluorescent ceramics in high-
power lighting and projection displays. The improvement strategies of light extraction efficiency, col-
or rendering index ( CRI) and correlated color temperature ( CCT) in phosphor ceramics are de-
scribed. And the problems of luminous saturation and light uniformity in laser illumination are dis-
cussed. Finally, the prospects and challenges of fluorescent ceramics in solid-state lighting/display

applications are envisioned.
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Fig. 1

(a)Spectra of Ce-doped rare earth garnet ceramics with different porosities. (b)CIE(1931) color coordinates of ceramic

phosphor converters sintered at different conditions. (¢ ) Efficiency of ceramic phosphor converters sintered under differ-

ent conditions as a function of color coordinates ( CIE 1931 Cx value). The blue light transmission (d) and phosphor

emission peak values(e) of Ce-doped garnet ceramic converter as a function of the porosity content. (f) Color angular

shift (in CIE 1931 Cx value) as a function of viewing angle, 0° being normal to the converter-LED assembly surface'
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(b)EQEs of the HA-YAG: Ce samples and the PiS samples with varied contents of phosphor.

() Light propagation path in fluorescent ceramic composites. P, represents the embedded phosphors, and B, is the blue

light paths inside. (d)Schematic diagram of Rayleigh scattering in the nanocrystalline matrix
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(a) Optical test system with adjustable detection angle in reflection mode. Optical characteristics of the white light under
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ness from 0.1 to 0.6 mm at a fixed detect angle of 10°(c¢). (d)Luminescence saturation evaluation under a high power
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Fig. 6 (a)Effect of pores as the scattering center on the light propagation path inside LuAG: Ce ceramics. (b)Luminous inten-
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(a)Secondary and backscatter detector SEM micrographs for samples 2, 3 and 4. Room temperature luminescence spec-

tra for the samples listed in under 375 nm excitation(b) and 465 nm excitation(c¢). Emission spectra for samples 2, 3

and 4((d), (e),
4((g), (h), (i)).

(f)) under 375 nm excitation.

Photographs of the samples coupled to 355 nm excitation by a pulsed frequency tripled Nd: YAG laser

Gaussian deconvolution of the emission spectra of samples 2, 3

(j) CIE chromaticity diagram calculated from PL spectra of samples using 375 nm excitation. (k)
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(a) Absorption and heat generation of different thickness ceramics. (b) With the increase of ceramic thickness, heat

dissipation is enhanced. (c¢)Relationship between the output luminous flux of different thickness ceramics and the inci-

dent laser power density. (d)Saturation threshold and laser spot temperature of different thickness ceramics
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Under blue light LD excitation, the emission intensity changes with different cosf. (a)YAG: Ce/Al,O, ceramic com-

posite material. (b) YAG: Ce single crystal. (¢)Ceramic composite material fully scatters blue light and presents uni-

form white light. (d)Roughened single crystal reflects blue light at the same angle as the incident LD, resulting in une-

ven emission
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