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Abstract: Solid-state lighting devices driven by blue laser/LED have shown broad application prospects in fields
such as automotive headlamps, military lighting, and medical endoscopes, owe to their significant advantages of high
luminous efficiency, low energy consumption, and long service life. As the key wavelength conversion materials of
laser/LED lighting devices, the structural design of phosphor materials (both macroscopic and microscopic) directly
determines the color quality, chromaticity parameters and long-term service stability of the devices. However, con-
ventional phosphor materials generally face serious problems such as severe thermal accumulation, low light extrac-
tion efficiency, and chromatic instability under high-power-density blue LD/LED excitation, which seriously restrict
the development of lighting devices. For this reason, composite-structure phosphor materials with excellent optical ,
thermal and physicochemical stability properties have emerged as the key breakthrough to solve the above problems.
This review systematically summarizes recent advances in composite-structure phosphor materials for high-powder
laser/LED lighting applications. From multiple dimensions such as macroscopic (homogeneous/heterogeneous com-

posite structures, high thermal conductivity composite structures, special configuration designs) to microscopic

Woim B8 : 2025-03-25; 81T B : 2025-04-14

BETIE: [HK A R4 (52302139) 5 )/ 4 B o B & S ) % 00 (222102210023,252102231067) 5 311 R Talk K% 5 J2 KA
A B 3 4 5 H (2021BS069) 5 1152 56 % HUHFG H (YYJC072022020)
Supported by National Natural Science Foundation of China(52302139) ; Key Research and Development and Promotion Proj-
ect of Henan Province (222102210023, 252102231067) ; Scientific Research Startup Fund for High-Level Talents at Henan
University of Technology(2021BS069) ; SongShan Laboratory Project(YYJC072022020)



1820 K b/

¥R % 46 &

(introduction of media and micro-pores) , it elaborates in detail the regulation strategies of the color quality, heat dis-

sipation performance and light extraction efficiency of phosphor materials. Furthermore, the challenges faced by com-

posite-structure phosphor materials in terms of luminescence saturation mechanism, heat generation mechanism and

thermal management, reabsorption and packaging mode are deeply discussed, and the future development direction

in new lighting technology is prospected.
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Fig.1 ~ (a)Physical image of Ce: YAG/Cr: YAG composite structural ceramics. YAG: Ce/YAG: Ce, Mn composite structure ceramics

physical image(b) and image under optical microscope(c). (d)Physical image of YAG: Ce/YAG: Cr/YAG: Pr compos-

ite ceramics with different thickness ratios. (e¢) YAG: Ce/YAG: Ct/YAG: Pr composite phosphor ceramics prepared by

tape casting
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BUOCHE R ELYGHE ; (o) 3T = BHALS M ZOEM BB H G LED 78 B & (d) = BHIR 25 19 28 Y60 RO 15 i i A2 7R
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PEN

Fig.2 (a)Physical and lighting pictures of YAG: Ce TC-CASN: Eu PiGF composite ceramics. (b) EL spectra of YAG: Ce TC
and YAG: Ce TC-CASN: Eu PiGF composite ceramics. (¢) Schematic diagram of a white LED based on sandwich struc-

tured phosphor material. (d) Schematic diagram of the light transmission paths of the sandwich structured phosphor

material
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Fig.3 (a)Physical pictures of CASN: Eu PiGF-on-YAG: Ce PiG composite phosphor material. (b) SEM of the cross-section of
CASN: Eu PiGF-on-YAG: Ce PiG composite phosphor material. (¢)EL spectra of CASN: Eu PiGF-on-YAG: Ce PiG com-

posite phosphor with different CASN: Eu contents under 12 W/mm® blue laser excitation. Physical image(d) and EL spec-
trum(e) of CASN: Eu PiGF-LuAG: Ce PiGF-on-sapphire phosphor material
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(a) SEM images and physical drawings of LSN: Ce PiGF@diamond section. (b) The thermal conductivity of PiGF@dia-
mond and PiGF@sapphire at different temperatures. (¢) EL spectra of LSN: Ce PiGF@diamond and LSN: Ce-CASN: Eu
PiGF@diamond. (d)SEM images, physical drawings and lighting photographs of S@PiGF@S. (e) LF of S@PiGF@S at
different sapphire thicknesses. (f) S@PiGF@S outdoor lighting diagram under laser drive. (g) SEM image of YAG: Ce
PiGF@sapphire@alumina section. (h) Schematic diagram of YAG: Ce PiGF@sapphire@alumina. (i) LF of YAG: Ce
PiGF@sapphire@alumina of different thicknesses
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Fig.6  (a) Physical diagram of hexahedral structure YAG: Ce tubular ceramic. (b) Lighting photographs of hexahedral structure

LED chip. (¢)Lighting photographs of tubular ceramic-based LED device. (d)—(e)Physical diagram of YAG: Ce tubular ce-

ramics. (f) Relationship between viewing angle of tubular and disc YAG : Ce ceramics for building white LED light sources
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Fig.7 (a) Physical photographs of rod-shaped YAG: Ce ceramics. (b)Schematic diagram of the influence of rod-shaped YAG:

Ce PC on the optical path of excitation light. Physical image(¢), SEM image((d)—(e)) and transmittance spectra(f) of

YAG ceramic fibers
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