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Preparation and Properties of Low Melting Temperature Phosphor Glass Thick Films for White LEDs
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Abstract: Using commercial low melting temperature glass (LMTG) powders, Ce doped Y3Al5O12 (Ce:YAG) and acrylic resin as raw materials, LMTG with Ce:YAG phosphor films for high-power white LEDs were prepared through silk-screen printing and low-temperature melt-quenching. The LMTG with Ce:YAG phosphor thick films were studied by differential scanning calorimeter, X-ray diffraction, photoluminescence spectrum, and so on．The results show that the crystal structure of Ce:YAG phosphor forms after sintering, the glass phase is still the major phase in low melting temperature phosphor glass (LMTPG) thick films; The glass transition temperature of LMTPG films is around 305 ℃, and their glass melting temperature is around 450 ℃, both of which are significantly lower than those of ordinary glass. The emission peaks are a broad emission band whose center is located at 553 nm under the wavelength of 441 nm blue light excitation. The chromaticity coordinate is calculated to be (0.3794, 0.4296), the LE is 115.5 lm/W and the IE is 76.2%. 

Key words: low melting temperature glass; Ce:YAG phosphor; luminescent effect
[image: image1.wmf]10

20

30

40

50

60

70

80

 

LMTPG

 with 14

% 

Ce:YAG

LMTG

 with 8

%

 Ce:YAG

As-prepared glass

Intensity/a.u.

 

2

q

 /(

o

)

 


Currently, W-LEDs have been considered as a potential candidate for lighting source due to their merits of long lifetime, environmental friendliness and high efficiency, compared with conventional incandescent and fluorescence lamps[1-4]. At present, the W-LEDs are mainly assembled by a blue chip and phosphor with yellow, blue chip emit blue light and phosphor emit yellow light, and the light is mixed and generates white light. Although white LEDs combining a blue GaN LED chip with yellow phosphor Ce:YAG have been commercialized, they still have some inherent drawbacks such as low efficiency, poor uniformity, large light decline, short life, and poor physical and chemical characteristics due to their epoxy resin encapsulating material[5,6]. Meanwhile, a new generation of free package LED products appeared on the market, namely the chip scale package LED(CSP-LED). Considering these factors, it is urgent to develop pollution-free, cheap, low melting temperature, highly efficient luminescent glass materials[7,8].

Compared with common phosphors used for W-LEDs, LMTPG is considered to be as an alternative due to their homogeneous light emitting, good physical and chemical characteristics and better thermal stability[9,10]. For a long time, the LMTG with high PbO contents were widely used for reducing the softening temperature of the glass, PbO containing electronic waste is dangerous to the environment; otherwise, bismuth oxide cannot be considered as a glass network former due to small field strength of the Bi3+ ion[11]. Therefore, B2O3-ZnO-Sb2O3 systems of LMTG are of great value for researching[12-14]. In this work, LMTPG for high-power white LEDs have been successfully prepared through silk-screen printing and low-temperature melt-quenching methods. The effects of Ce:YAG phosphor doping concentration and luminescent properties of the films were also investigated.
1
Experiment
A yellow Ce:YAG phosphor powder was selected as a phosphor layer with a low melting point silicate (B2O3-ZnO-Sb2O3) glass matrix. The silk-screen printing and low temperature melt quenching methods have been used to synthesize the LMTPG films. The raw materials were commercial LMTG powders, Ce:YAG phosphor powder and acrylic resin. 
First, LMTG powers and Ce:YAG were dispersed in acrylic resin via high speed stirring for 1 h until all the ingredients were mixed well. Subsequently, the well-mixed raw materials were screened onto the substrate of the glass, and then the obtained films were heated in an oven at 80 ℃ for 0.5 h until solvent evaporation completed, and after that the films were calculated in temperature programming from room- temperature to 305 ℃, and dried at 305 ℃ for 2 h. Then, they were sintered at 550 ℃ for 1 h in the muffle furnace. To address the internal stresses, the composites were annealed at 320 ℃ for 3 h and then naturally cooled to room temperature. Importantly, these films could be easily cut to different shapes for test and application.

The as-prepared LMTPG films were studied by differential scanning calorimeter, X-ray diffraction, photoluminescence spectrum, scanning electronic microscopy, and so on.

2  Results and Discussion
Photographs of LMTPG with 12 wt% Ce:YAG phosphor  and the luminescence effect excitated by blue light are presented in Fig.1. 
Fig.1a sows that the LMTPG module exhibits a bright yellow color because of the embedded Ce:YAG phosphors. Fig.1b presents the LMTPG which is excitated by blue light to generate white light, and the luminescence effect is close to that of conventional products.

2.1  Thermodynamic of the films
Fig.2 shows the DCS curves of LMTPG with x% Ce:YAG phosphor (x= 0, 6, 12) which are detected to get thermodynamic data for the decision of heat treatment temperature. The glass transition temperature of LMTG is around 285 ℃, and
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Fig.1  Photographs of LMTPG module (a) and the luminescence effect excitated by blue light (b)
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Fig.2  DSC curves of LMTPG with x% Ce:YAG phosphor (x= 0, 6, 12)
the glass transition temperature of LMTPG with 6% Ce:YAG phosphor is around 305 ℃. Thus the mixed oxide powder was heat-treated at 305  ℃ for 2 h, and then temperature-programmed to 550 ℃ to prepare LMTPG films.
2.2  Microstructure of the films
The XRD patterns of the as-prepared and sintered LMTPG with x wt% Ce:YAG phosphor (x= 8, 14) (sintered at 550 °C for 1 h) are shown in Fig.3. 
XRD pattern of as-prepared LMTG shows no diffraction peaks, indicating its amorphous structure. After sintering at 550 ℃ for 1 h, some intense diffraction peaks corresponding to LMTG emerge, which indicates that LMTG has been successfully elaborated. In addition, there is no peak related to Ce indicating the doping ions cannot form new phase, while the peak intensity at about 2θ=32º, 45º, 53º increases and the crystal structure does not change with increasing Ce:YAG phosphor concentration. It is due to Ce as an activator just to substitute Y into the crystal lattice, which does not affect the formation of YAG phase. 
[image: image6.jpg]


Fig.4 shows the SEM photographs of Ce:YAG phosphor and fractured sections of the LMTPG with 12 wt% Ce:YAG sintered at 550 ℃ for 1h. It seems that the distribution of particle size is uniform and the average particle diameter 
Fig.3  XRD patterns of LMTPG with x wt% Ce:YAG (x=0, 8, 14) 

(heat-treated at 550 ℃ for 1 h)

is about 18 μm, and this kind of particle size distribution is helpful to the luminescent efficiency. There is no obvious impurity but are a small amount of air holes in the grain boundary of the thick film, which could be improved by extending sintering time in order to absorb much more blue light for the films.

2.3  Luminescent properties of the films

Fig.5 presents the excitation spectra of the LMTPG with 12 wt% Ce:YAG phosphor by monitoring the emission wavelength at 441 nm. The strongest absorption peak occurs at 441 nm. The emission peaks are a broad emission band (Half-peak width=119.9 nm) that the center is located at 553 nm under the wavelength of 441 nm blue light excitation, a red-shift appearing. 
Fig.6 presents the chromaticity coordination of LMTPG containing 12 wt% Ce:YAG phosphor excitated at 441 nm in the CIE 1931 chromaticity diagram. The LE is 115.5 lm/W, the IE is 76.2% and the color temperature is 4339 K. The chromaticity coordinate was calculated to be (0.3794, 0.4296), and it is obvious that the chromaticity coordinates of LMTPG locates at the green-yellow junction region, lacking of a red light component. We knew that the red light component of Ce:YAG phosphor luminescent material is important to improve the color rendering index, and this could be enhanced by Sm3+ and Ce3+ co-doping[15]. Thus, the LMTG can be applied to White-LEDs when mixed with some suitable and moderate Ce:YAG phosphor.
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Fig.4  SEM photographs of Ce:YAG phosphor powder (a) and fractured sections of the LMTPG with 12 wt% Ce:YAG (b) sintered at 550 ℃ for 1 h
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Fig.5  Emission and excitation spectra of LMTPG with 12 wt% Ce:YAG film


Fig.6  Color coordinates of LMTPG containing 12 wt% Ce:YAG in CIE chromaticity diagram

3
Conclusions
1) The glass transition temperature of LMTPG thick films is around 305 ℃, and their glass melting temperature is around 450 ℃, both of which are significantly lower than those of ordinary glass. 
2) The stability and luminescent effect of the films are better than expected.

3) The main properties of this material have met the requirements of LMTPG, so the material can be applied in white LEDs packaging. 
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稀土掺杂荧光玻璃的制备与性能
李海洋1, 2，樊  博1，薛  白1，阮双琛1，章向华2，罗仲宽1，李  刚1
(1. 深圳大学，广东 深圳 518000) 
(2. 法国雷恩第一大学，法国 雷恩 35042)

摘  要：将商用的低熔点玻璃粉、稀土荧光粉与丙烯酸树脂混合，经过丝印成膜、程序升温与淬火制备了全无机低熔点高稳定性发光玻璃。采用DSC、XRD、SEM、激发发射光谱等对低熔点发光玻璃进行了各种性能分析。结果表明，稀土荧光粉的平均粒径约为18 μm；低熔点玻璃的玻璃化转变温度为285 ℃，添加适量稀土荧光粉后玻璃化转变温度升高到305 ℃左右；荧光玻璃膜中有少量孔洞，可以通过添加适量消泡剂或者延长保温时间来改善；荧光玻璃的晶相为玻璃相，烧结后出现了稀土荧光粉的特征峰。将0.6 mm厚的荧光玻璃经过激光切割（尺寸为2 mm×2 mm）与叠加蓝光发光芯片形成发光模组后，测得荧光玻璃光效为115.5 lm/W，发光效率为76.2%。

关键词：低熔点玻璃；Ce:YAG荧光粉；发光效率
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