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Abstract: Recently, high-performance color converters excitable by blue laser diode (LD) have been 

sprung up for projection display. However, thermal accumulation effect of color converters is a non-

negligible problem under high-power LD irradiation. Herein, we developed a novel opto-functional 

composite (patterned CaAlSiN3: Eu2+ phosphor-in-glass film-Y3Al5O12: Ce3+ phosphor-in-glass 

film@Al2O3 plate with aluminum “heat sink”) via a thermal management methodology of combining 

“phosphor wheel” and “heat sink” for the lighting source of high-power laser projection display. This 

new composite design makes it effective to transport the generated thermal phonons away to reduce 

thermal ionization process, and to yield stable and high-quality white light with brightness of 4510 lm 

@ 43 W, luminous efficacy of 105 lm/W, correlated color temperature of 3541 K, and color rendering 

index of 80.0. Furthermore, the phosphor-in-glass film-converted laser projection system was also 

successfully designed, showing more vivid color effect than traditional LED-based projector. This 

work emphasizes the importance of thermal management upon high power laser irradiation, and 

hopefully facilitates the development of new LD-driven lighting source for high-power laser projection 

display. 

 

Keywords: phosphor-in-glass (PiG) film; laser-driven lighting; luminescent materials; heat dissipation; 

glass ceramics 
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1 Introduction 

As an indispensable part in people’s daily life, projection display is pursuing for higher brightness 

and wider color gamut [1-4]. The new lighting technology of light-emitting diode (LED) and laser 

diode (LD) has gradually replaced the traditional lighting sources with shortcomings of short service 

life, long response time, and the degradation of lighting quality with long-term usage, such as halogen 

lamps, high-pressure sodium lamps and high-pressure mercury lamps [5-7]. Among them, LD was 

proposed as an ideal choice, because of its ultra-narrow bandwidth and free of “efficiency droop” for 

high-power projection display [8,9]. Due to unparalleled color gamut, using red, green and blue (RGB) 

LD as a lighting source seems to be a perfect option [10,11]. Nevertheless, RGB LD-based projection 

is confronted with problems of the scarcity of green laser light, and severe laser speckle noise from the 

strong coherent of laser [12]. Therefore, using blue LD to excite color converters, as an alternative 

strategy, has recently sprung up for projection display. 

From the perspective of color converters, the phosphors in silicone (PiS) commonly used in white 

LED will carbonize under high power density laser excitation and become no longer applicable, 

because of its poor heat resistance and low thermal conductivity [9, 13,14]. In this context, three kinds 

of all-inorganic color converters - single crystal [15-17], transparent ceramic [18-22] and phosphor in 

glass (PiG) [23-32] have replaced the phosphor-organic polymer binders, and become the core material 

for laser-driven lighting source due to their robustness. By contrast, PiG and phosphor-in-glass film 

(PiGF) have the advantages of cost-effective fabrication, flexible design and tunable luminescence by 

mixing multi-phase phosphors. To be noted, the glass is a poor conductor of heat in nature, resulting 

in the fact that PiG easily gets luminescence saturation at low power density of 0.1~3 W mm-2 upon 

blue laser irradiation. PiGF sintered onto the substrate with high thermal conductivity (TC) has more 
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higher saturation threshold (6~20 W mm-2), and therefore has received great attention [26, 30, 31, 33].  

As known, thermal accumulation is a non-negligible problem under high-power LD irradiation. 

Even for PiGF-on-plate with high TC, efficient thermal management is essential for transporting the 

generated thermal phonons away and increasing the service life of constructed high-power lighting 

source [34, 35]. There are generally two approaches to improve the thermal transportation process: 

“phosphor wheel” [1, 36] and “heat sink” (HS) [28, 29, 33]. However, the saturation threshold is still 

too low to meet practical application because the neglection of effective combination of structure 

design and thermal management for the achievable luminescent performance of the constructed high-

power lighting source upon blue laser excitation.  

Herein, we proposed a patterned PiGF composite material with excellent thermal management, 

i.e., co-sintering red-emitting PiGF and yellow-emitting PiGF into integration with pattern and coupled 

with appropriate metallic HS. In this research, the patterned “phosphor wheel” and HS are combined 

as effective thermal management method. The microstructure, luminescence performance, patterned 

structure and thermal management methodology have also been systematically studied. Due to the 

achieved photometric/chromatic controllability and excellent heat dissipation ability of patterned 

CaAlSiN3: Eu2+ PiGF-Y3Al5O12: Ce3+ PiGF@Al2O3 plate (abbreviated as “CASN:Eu PiGF-YAG:Ce 

PiGF@Al2O3”) with aluminum HS color converter, the constructed brand-new lighting source shows 

high-quality white light with luminous flux (LF) of 4510 lm @43 W and color rendering index (CRI) 

of 80.0. Moreover, a high-performance laser-driven projection display based on patterned CASN:Eu 

PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS was experimentally designed for the first time, which 

exhibits more details of object colors than LED-based projector and demonstrates a great potential in 

the high-power projection display. 
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2. Experimental 

2.1  Synthesis 

Synthesis of glass powders: The precursor borosilicate glass in a composition of SiO2-B2O3-ZnO-

Na2O-Al2O3-CaO-BaO-MgO (in mol%) was subjected to glass-melting at 1350 � for 2 h in a muffle 

furnace. Subsequently, the melt was casted into a brass mold and further pulverized into powders. 

Synthesis of patterned PiGF: The preparation procedure was schematically illustrated in Figure 1. The 

starting raw materials of prepared glass powders, commercial phosphor (Y3Al5O12:Ce3+ and CaAlSiN3: 

Eu2+, Grirem Advanced Materials Co., Ltd) as well as the organic vehicles containing 2 ml of ethyl 

acetate, 1 ml of pine alcohol, and 2.5 g of ethyl cellulose were homogeneously blended by grinding 

them in an agate mortar. The obtained paste was patterned screen-printed onto the alumina ceramic 

sheets (Foshan Xinghongfei Electronic Technology Co., Ltd) with thickness of 2 mm and diameter of 

25 mm, and then was dried at 120 °C for 1 h to eliminate the organic vehicles. After co-sintering at 

640°C for 30 min, the patterned PiGF@Al2O3 was obtained eventually. Finally, the patterned 

PiGF@Al2O3 is coupled with a metallic heat sink via using high thermal conductive silicone grease. 

 
Fig. 1 Fabrication schematic of the patterned PiGF@Al2O3 with metallic HS. 
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2.2 Characterizations 

The microstructure observations were conducted by FEI Talos-F200X Transmission Electron 

Microscope (TEM) operating at 200 kV, and COXEM EM-30 Scanning Electron Microscope (SEM) 

equipped with an Energy Dispersive Spectrometer (EDS). Confocal inverted microscopy (ECLIPSE 

Ti2, Nikon, Japan) records the spatial fluorescence distribution in the sample by using a 450 nm xenon 

light source as the excitation light. X-ray diffraction (XRD) analysis was conducted to determine the 

phase distribution of PiGFs and associated phosphors using a powder diffractometer (MiniFlex600 

RIGAKU) with a Cu Kα radiation source operating at 40 kV in the range of 2θ = 10°-70° (λ=0.154 

nm). Photoluminescence excitation (PLE), PL spectra, fluorescence lifetime and temperature-

dependent PL spectra were measured by a fluorescence spectrometer (FLS1000, Edinburgh 

Instruments, UK). In order to measure the photoluminescence quantum yield (PLQY), the sample was 

placed in a barium sulfate coated integrating sphere of 15 cm diameter attached to the 

spectrophotometer. Optical properties of samples under laser excitation, including luminous spectra, 

luminous flux (LF), luminous efficacy (LE), color correlated temperature (CCT), color rendering index 

(CRI) and CIE chromaticity coordinates, were measured in a reflection mode using a system consisting 

of an integrated sphere (30 cm diameter, Labsphere, Inc., USA), a blue laser source (LSR445CP-FC-

40 W, Lasever, Ningbo, China) and a CCD spectrometer (HR4000, Ocean Optics, USA) (Figure S1). 

The irradiated laser spot was tuned by the lens system to a circle with a diameter of 1.8 mm (i.e., 

corresponding to an area of 2.543 mm2) (Figure S2). The surface temperature of samples was captured 

by an infrared thermal imaging camera (TiS75, FLUKE, USA). The infrared thermal imaging camera 

was placed at 20.0 cm away from the sample and adjusted by its focus. 
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3. Results and discussion 

3.1 Microstructure and luminescence performance  

The preparation procedure and home-made laser illumination system were schematically illustrated 

in Figure 1, Figure S1, S2. The sintering temperature and duration are set as 640 � for 30 min to 

fabricate patterned CASN: Eu PiGF-YAG: Ce PiGF@Al2O3, based on the overall consideration of the 

evaporation of organic vehicles and the repair of glass network (Figure S3). The visualization on the 

cross-section of luminescent patterned CASN: Eu PiGF-YAG: Ce PiGF@Al2O3 shows clear boundary 

between red-emitting CASN: Eu PiGF and yellow-emitting YAG: Ce PiGF by a fluorescent 

microscope, providing the possibility for the construction of phosphor wheel with patterned structure 

(Figure 2a). SEM images of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 are shown in Figure 

2b, 2c, respectively. YAG:Ce PiGF and CASN:Eu PiGF appear to be densified, which indicates a good 

wettability of viscous glass flow under the selected preparation condition. The side view of PiGF shows 

that PiGF is tightly bonded with the Al2O3 substrate while the luminescent particles embedded in glass 

matrix. By repeating the screen-printing process, the film thickness can be well controlled from 40.87 

μm to 54.98 μm (Figure S4). The morphology and size of the embedded YAG: Ce particles and 

CASN:Eu particles have not significantly changed, in comparison with that of the pristine phosphor 

powders, which indicates that the phosphor does not suffer from serious corrosion by glass 

composition during the sintering process (Figure 2d, 2e and Figure S5). From the results of 

accompanied EDS map-scanning analysis, it can be seen that there are obvious rich regions of their 

own composing elements in the embedded particles, while the signals of borosilicate glass component 

are very weak in these areas, which confirms their chemical compositions (Figure 2d, 2e). 
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Fig. 2 (a) Visualization on the cross-section of luminescent patterned CASN: Eu PiGF-YAG: Ce 

PiGF@Al2O3 upon 450 nm blue light irradiation. SEM observation on the side view of (b) YAG:Ce 

PiGF and (c) CASN:Eu PiGF; inset presents the corresponding visualization. SEM image of the 

enlarged region and accompanied EDS mappings of (d) CASN:Eu PiGF and (e)YAG:Ce PiGF. 

In Figure 3a, XRD patterns of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 show that the 

diffraction peaks are almost identical to their respective phosphor counterparts, except for the 

amorphous hump from glass matrix and diffraction from alumina plate, with no obvious impurity 

phases detected. PL and PLE spectra of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 were 

measured and compared with their phosphor counterparts (Figure 3b). It was found that PL and PLE 

spectral profiles of samples keep almost invariable after co-sintering, which indicates that the prepared 

PiGF maintains the luminescent properties of the pristine phosphor. All PL and PLE spectra of them 

show typical broad emission/excitation bands from Ce3+/Eu2+:5d↔4f parity-allowed transitions [22, 

37, 38]. The emission around 690~700 nm is caused by Cr3+ emission attributed to 2E→4A transition 

in the Al2O3 substrate [29]. Due to the strong excitation peak at approximately 450 nm, the designed 
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composite is effectively excitable by blue LD. In fact, the YAG:Ce PiGF@Al2O3 and CASN:Eu 

PiGF@Al2O3 samples do yield bright yellow and red emission under blue laser irradiation, respectively, 

which is consistent with the results above (Figure 3c). In Figure 3d, the corresponding decay lifetimes 

were evaluated by the equation of 𝜏𝜏 = ∫ 𝐼𝐼(𝑡𝑡)𝑑𝑑𝑡𝑡/𝐼𝐼0, where 𝐼𝐼0 is the peak intensity and I(t) is the time-

related emissive intensity. The decay lifetimes of YAG:Ce powder, YAG:Ce PiGF, CASN:Eu, 

CASN:Eu PiGF were all single-exponential fits (χ2 of 1.06, 0.93, 1.20, 1.26, respectively). The studies 

on luminescent kinetic decays demonstrate no change in lifetime of YAG:Ce (66.11 ns→63.14 ns) and 

an obvious lifetime drop of CASN:Eu (670.16 ns→579.84 ns) after co-sintering. Based on the result 

of CASN: Eu phosphor (lifetime: 580.16 ns) after sintering treatment, it can be deduced that the 

thermal corrosive effect cannot be trivial for CASN:Eu. However, PLQY of prepared CASN:Eu 

PiGF@Al2O3 can still reach as high as 70.53 % (in comparison, PLQY is 86.27 % for pristine 

CASN:Eu phosphor) (Figure S6). Meanwhile, PLQY of attained YAG:Ce PiGF@Al2O3 is 97.44 %. 

Compared with YAG:Ce, CASN:Eu is more susceptible to thermal corrosion because of their different 

chemical composition and thermal stability [26,39]. Given the fact that there is huge heat generated 

from the irradiation of high-power-density excitation light, the resistance to thermal quenching is very 

important for color converters. In Figure 3e, 3f and Figure S7, the studies on the temperature-dependent 

luminescent intensity suggest that due to the encapsulation of robust glass matrix, the resistance to 

thermal quenching can be obviously improved by transforming phosphor powder form to the glass 

ceramic film. The PL intensities of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 at ~200 °C can 

remain 87.06 % and 89.58 % at room temperature, while those of YAG:Ce phosphor and CASN:Eu 

phosphor are 79.76 % and 83.19 %, respectively. 
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Fig. 3 (a) XRD patterns of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3. Comparison made on 

(b) PL/PLE spectra and (d) luminescent decay curves of YAG:Ce PiGF@Al2O3, CASN:Eu 

PiGF@Al2O3 and their phosphor counterparts. (c) Appearance of the YAG:Ce PiGF@Al2O3 and 

CASN:Eu PiGF@Al2O3 sample under day light and blue laser light irradiation. (e) Thermal quenching 

behaviors of YAG:Ce PiGF@Al2O3 and YAG: Ce phosphor. (f) Thermal quenching behaviors of 

CASN:Eu PiGF@Al2O3 and CASN:Eu phosphor. 

 

We further attempted to optimize the composite by varying the weight ratio of phosphor powders 

to glass powders and the film thickness. Through plotting input power density dependent LF, it was 

found that LF of all YAG:Ce PiGF@Al2O3 or CASN:Eu PiGF@ Al2O3 samples keeps increasing until 

gets saturated (Figure S8). Considering that glass is not as a good conductor of heat as Al2O3 plate [39], 

the increase of layer number would reduce the saturation LF and saturation threshold due to the 

decrease of thermal conductivity (Figure 4a, 4b). Each phosphor could be perceived as a “micro 

heating source” due to the Stokes shift. A series of experiments were performed by varying the weight 

ratio of YAG:Ce phosphor powders to glass powders (defined as YtG ratio) and the weight ratio of 
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CASN:Eu phosphor powders to glass powders (defined as CtG ratio). The saturation threshold also 

decreases with too much phosphor loaded, because the heat effect will take control the luminescence 

quenches. The maximal saturation threshold of 12.78 W/mm2, LF of 5795 lm and LE of 178.3 lm/W 

is attainable for YAG:Ce PiGF@Al2O3 (YtG = 60 %, 1 layer). Meanwhile, the optimized CASN:Eu 

PiGF@Al2O3 (CtG = 30 %, 1 layer) can yield bright red light with LF of 440 lm @ 5.9 W/mm2. 

 

 

Fig. 4 Saturated LF and saturated threshold of (a) YAG:Ce PiGF@Al2O3 and (b) CASN:Eu 

PiGF@Al2O3 with different phosphor contents and different film thicknesses. (c) The derived input 

power and power density (Pin) dependent LF of YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 

under the various excitation modes (static/rotation). (d) Luminescence intensity variation of the rotated 

YAG:Ce PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 “phosphor wheel” upon high-power blue laser 

irradiation (output optical power: 20 W and 10 W). 



12 
 

The color converters need to cope with the huge heat and high-photon flux irradiation from high-

power-density blue LD excitation. The “phosphor wheel” of YAG:Ce PiGF@Al2O3 and CASN:Eu 

PiGF@Al2O3 are constructed into a round plate with diameter of 2.5 cm. The “phosphor wheel”, on 

one hand, boosts heat dissipation, and on the other hand, turns the excitation at a point to pulse-like 

excitation, which leads to the improvement of saturation threshold and luminous brightness. YAG:Ce 

PiGF@Al2O3 and CASN:Eu PiGF@Al2O3 show a much higher maximum LF (5795 lm→6827 lm, 

440 lm→1402 lm), and exhibit superior saturation threshold of 12.78 W/mm2 (32.5W)→the power 

limit 16.9 W/mm2 (43 W) for blue laser, 5.9 W/mm2 (15W)→14.2 W/mm2 (36W) under rotation 

(Figure 4c), which indicates the effectiveness of “phosphor wheel” [27, 40]. In addition, the stability 

of lighting sources is also highly concerned. As shown in Figure 4d, when irradiated with high-power 

blue laser, the luminous intensity of YAG: Ce PiGF@Al2O3 and CASN: Eu PiGF@Al2O3 can keep 

stable in the long term. 

 

Fig. 5 (a) Photographs of the CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 (YtG = 60 %, 1 layer, CtG = 

30 %, 1 layer) with different patterned structures. (b) Luminescent spectra and (c) color coordinates of 
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CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with different patterned structures upon 10 W blue LD 

excitation. (d) The comparison made on the correlated color temperature (CCT) among the patterned 

structures with the same total areas between yellow and red. (e) Photographs of the CASN:Eu PiGF-

YAG:Ce PiGF@Al2O3 phosphor wheel with varying speeds upon 10 W blue-laser driven as time 

evolves.  

The CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 samples with different patterned structures were 

fabricated (Figure 5a). The corresponding luminescence spectra (the input power of 10 W was chosen 

as a typical case) are presented in Figure 5b. Total areas of yellow and red patterned parts can mediate 

luminosity and chromaticity. As the area of red patterned part increases, the proportion of red emissive 

component gradually rises, while the green component decreases. The corresponding color coordinates 

shifts from yellow-white region to red-white region (Figure 5c and Table 1), due to the variational ratio 

of the excited blue laser light power to the emission yellow/red light power. Furthermore, if the total 

areas in red and green parts are the same, there is a very limited difference in photometric/colorimetric 

parameters among different patterns (Figure 5d). Remarkably, rotation speed exerts important 

influences on the observed lighting effect (Figure 5e). Only if the rotation speed is over 3300 rpm, the 

emitting light does look like warm white light because of the human eyes’ persistence of vision effect 

(Movie S1 and Movie S2).  

Table 1 Photometric and chromaticity parameters of the CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with 

different patterned structures upon 10 W blue LD excitation  

Patterned structure CCT (K) FWHM (nm) Ra CIE (x, y) 
Y7C1 4548 110.71 57.9 (0.37, 0.43) 
Y6C2 4552 121.48 66.1 (0.36, 0.36) 
Y5C3 4381 135.88 74.9 (0.36, 0.34) 
Y4C4 5088 130.11 80.5 (0.34, 0.29) 
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Fig. 6 (a) Local temperature at laser spot for CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with/without 

metallic HS samples upon blue-laser driven as time evolves. (b) Luminous flux as well as (d) CCT and 

CRI of CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS upon 28 W blue LD excitation as 

time evolves; insets of (b, d) shows the corresponding PL spectra and the illumination effect of laser-

driven YAG PiGF or patterned PiGF composite white light. (c) The thermal imaging photographs of 

CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with/without metallic HS samples upon blue-laser driven for 

30 min. (e) Local temperature at laser spot of CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with/without 

metallic HS dependent on incident laser power; insets show the dependence local temperature at laser 

spot on irradiation duration and the luminescence effect of the developed composite. (f) Schematical 
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illustration of the enhanced luminescence mechanism by the proposed thermal management 

methodology.  

Solving thermal accumulation effect has recently received great attention for laser-driven lighting 

sources. The thermal management greatly influences the luminous properties of color converter under 

blue laser excitation [41, 42]. Aiming at controlling the temperature variation at laser spot as the power 

increases, the patterned “phosphor wheel” and HS are combined for the first time. When the input blue 

laser power is increased, the local temperature first increases and then remains unchanged (Figure 6a). 

The first increase is consistent with the result that the higher input of blue laser leads to the stronger 

thermal aggregation effect. The subsequent unchanged temperature is caused by the balance between 

produced heat and exported heat, considering that the rotated phosphor wheel boosts heat convection 

to air and converts the excitation mode from continuous to pulse-like, and on the other hand, metallic 

heat sink is a good conductor of heat. The measured time dependent heat dissipation effect for 

CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with/without metallic HS confirms that heat dissipation is the 

fastest in the CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS (Figure 6a, Figure S9 and 

Figure S10). Correspondingly, the maximum surface temperature of CASN:Eu PiGF-YAG:Ce 

PiGF@Al2O3 with aluminum HS is merely ≈95.2 °C @ 28 W under blue LD continuous irradiation 

for 30 min; and in contrast, those of samples without HS and with copper HS are 137.0 °C @ 20 W 

and 121.1°C @ 28 W, respectively (Figure 6c). Meanwhile, almost no shift of LF (~2500 lm), CCT 

(~4000 K) and Ra (~80) occurs for CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS upon 

28 W blue LD excitation as time evolves, which complies with the requirements for laser-driven 

lightings sources (Figure 6b and Figure 6d). These results indicate that the thermal management can 

well suppress the thermal saturation and improve the luminescence stability of the design composite. 
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As expected, a very fast temperature elevation up to ~ 236.4 °C and structure destruction was observed 

in CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 without HS within power range of 2 W to 32 W (Figure 

S11). However, there is only gentle temperature variation (~165.4 °C) in the CASN:Eu PiGF-YAG:Ce 

PiGF@Al2O3 with aluminum HS over a larger power span of 2~43 W (Figure 6e). To be noted, when 

continually irradiated at 43 W, the surface temperature of CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with 

aluminum HS remains at approximately 170 °C (inset of Figure 6e). Correspondingly, the emitting 

white light has CIE color coordinate of (0.378, 0.322), LF of 4510 lm, LE of 105 lm/W, CCT of 3541 

K, and CRI of 80.0 (Figure S12). Therefore, it can be found that benefited from the high-thermal-

conductivity aluminum HS (~217.7 W×m-1×K-1) and pulse-like rotatory excitation mode, this novel 

thermal management method effectively controls the local temperature at the laser spot. 

Figure 6f schematically illustrates the mechanism for luminescence enhancement via the 

proposed thermal management methodology. Each YAG:Ce and CASN:Eu phosphor particle would 

generate heat because of the Ce3+ and Eu2+ nonradiative transition upon blue laser irradiation. Due to 

the combined action of high-thermal-conductivity aluminum HS and rotatory mode, an effective heat 

conduction network is established to quickly deliver the generated thermal phonons to air, making it 

difficult for the excited electrons to overcome the energy barrier between Eu2+/Ce3+: 5d level and 

conduction band minimum (i.e., thermal ionization process), finally enabling efficient luminescence 

of CASN:Eu PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS under high-power blue LD irradiation. 
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Fig. 7 (a) Illustration of light path for the PiGF-converted laser-driven projection system. (b, c) 

Projection display performance of PiGF-converted and LED-based projectors, respectively. 

Sepreating light experiment of (d) developed composite and (e) traditional LED constructed lighting 

sources for tri-LCD projection display.  

 

In order to evaluate the real effect of the fabricated patterned PiGF composite material with 

optimized thermal management for high-power laser projection display, we construct a laser-driven 
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projection system (Figure 7a). The part of blue LD light excites the color converter through the beam 

splitter, while another part is reflected and combined with the converted light for obtaining lighting 

source. After further equipping this lighting source in front of the liquid crystal display (LCD) screen 

followed with a projection lens, a prototype projector is successfully fabricated. 

Compared with the traditional LED-based projector refitted based on a commercial projection 

system (HCP-U32N, Hitachi, Japan), the projection display adopting CASN:Eu PiGF-YAG:Ce 

PiGF@Al2O3 with aluminum HS as color converter exhibits more vivid color with comfortable visual 

effect (Figure 7b, 7c). For instance, for the projection display of green/red object, the developed 

projection system presents more intense green/red color and more remarkable color rendition. In 

addition, the present composite also illustrates the promising application in projector display with tri-

LCD, due to the brighter separated light of blue, red and green light from designed composite than 

traditional LED (Figure 7d, 7e). These results certainly demonstrate the bright prospect of the 

developed patterned phosphor-in-glass films with efficient thermal management for next-generation 

high-power laser projection display. 

4 Conclusions 

In summary, we have proposed an effective thermal management, the combined action of 

“phosphor wheel” and “heat sink”, and developed a patterned CaAlSiN3: Eu2+ PiGF-Y3Al5O12: Ce3+ 

PiGF@Al2O3 plate with aluminum HS to high-power laser projection display for the first time. 

Research suggests that total areas of yellow/red patterned parts and rotation speed have a major impact 

on the vision effect of emitting light. Under this design, the temperature variation at laser spot is taken 

control as the power density increases. The optimized patterned CaAlSiN3: Eu2+ PiGF-Y3Al5O12: Ce3+ 

PiGF@Al2O3 with aluminum HS can produce stable and high-quality white light with a maximum 

javascript:;
javascript:;
javascript:;
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luminous flux (LF) of 4510 lm @43 W and color rendering index (CRI) of 80.0. Surprisingly, when 

continually irradiated at 43 W (the power limit for blue laser), the surface temperature of CASN:Eu 

PiGF-YAG:Ce PiGF@Al2O3 with aluminum HS remains at approximately 170 °C, while a very fast 

temperature elevation up to ~ 236.4 °C and structure destruction are observed in CASN:Eu PiGF-

YAG:Ce PiGF@Al2O3 without HS within power range of 2 W to 32 W. Finally, we have constructed 

laser-driven projection display system to evaluate the application feasibility of developed composite 

materials. Compared with the traditional LED-based projector, the demo based on CASN:Eu PiGF-

YAG:Ce PiGF@Al2O3 with aluminum HS as color converter exhibits better display effect. Therefore, 

this study demonstrates an effective design to develop lighting source of for high-power laser 

projection display. 
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