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Preparation and Optical Properties of B,O3—Zn0O-SiO; Gradient Index Fluorescent Glass

LI Hong, YUE Yi, WANG Peng, YANG Jie
(State Key Laboratory of Silicate Materials for Architectures, Wuhan University of Technology, Wuhan 430070, China)

Abstract: Phosphor in glass (PiG) is widely used as a fluorescent conversion material for light emitting diode (LED) device
packaging. However, for the PiG with a single refractive index (SRIN) structure, the optical loss is large when light transmits from air
through PiG to the packaging material due to large refractive index difference between the interfaces. In addition, the sintering
temperature of PiG is high, thus reducing the light conversion efficiency of phosphor. To address the problems above, lead-free
B,03;—Zn0-Si0, matrix glass with gradient refractive index structure matching with yellow phosphor was prepared. Also,
B,0;—Zn0-Si0, system fluorescent glass (phosphor in matrix glass with gradient refractive index structure) was prepared via
multi-layer screen printing and low-temperature sintering process. The glass was used in LED packaging to improve the optical
performance of LED devices.

Keywords: fluorescent glass; multi-layer screen printing; gradient refractive index; low temperature co-firing; optical properties
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Table 1 Composition of matrix glass (mole fraction) x/%

Sample No. B,03;+Zn0+Si0,+Li,0 La,05 WO;
B-1 100 0 0
B-2 94 3.00 3.00
B-3 88 6.00 6.00
B4 82 9.00 9.00
B-5 76 12.00 12.00
B-6 70 15.00 15.00
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Table 2 Molar volume of 1 mol oxygen ion of the matrix
glass V, the partial molar volume V, of oxygen,
the packing density of oxygen (OPD), and the

electronic polarizability of oxygen ions a

SampleNo. V. fem®mol™) Vi /em®mol™) OPDM% @,
B-1 17.82 17.24 40.15 1.36
B-2 17.81 17.13 40.38 1.51
B-3 17.78 17.01 40.67 1.67
B4 17.60 16.74 41.32 1.81
B-5 17.38 16.43 42.11 1.93
B-6 17.25 16.22 42.68 2.03

2.1.5 FBEEPEE  i#id Monte Carlo BHLl 115 H
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Table 3 Optimal transmittance of refractive index » structure with different layers

Layer Chip Structure Matrix glass Air Transmittance/%
1 2.5 1.52 1 90.28
2 25 1.84 1.52 1 92.73
3 25 1.84 1.69 1.52 1 93.11
4 25 1.84 1.73 1.66 1.52 1 93.23
5 25 1.84 1.77 1.73 1.66 1.52 1 93.27
6 2.5 1.84 1.81 1.77 1.73 1.66 1.52 1 93.31
7 2.5 1.84 1.81 1.77 1.73 1.69 1.66 1.52 1 93.30
2.1.6  RELHIRE  ERBEEMRIRGHRE SN SFERHEE R, N R TR R R e

PR E I A AR EA R, TR e B AT

frbessif e, F LS8 LED 2RI HEE. BT
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Fig. 8 Microscopic morphology of PiG with single refractive index and gradient refractive index structure
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Fig. 9 Fluorescence spectra of PiG composite with single refractive index and gradient refractive index structure
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