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Abstract Phosphor-converted white LEDs have the advantages of high energy efficiency, low cost, and long life. They
are widely used in lighting area. Improving the luminous efficiency of phosphor-converted white LEDs has always been a
research hotspot. In order to design and optimize the high-performance packaging of white LEDs, combination of
simulations and experiments are used to research and analyze LED chip packaging. We use a special bracket and dual-chip
package to increase luminous efficiency. On this basis, the phosphor coating process is improved, the phosphor excitation

efficiency is improved, and the overall LED luminous efficiency is increased by about 6%. This study also investigates the

change in LED luminous efficiency when the distance between the remote phosphor and chip changes.
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Fig. 1 Schematic cross-sectional view of white LED. (a) With
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conventional phosphor; (b) with remote phosphor
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Fig. 2 Simulation 3D model. (a) Side view; (b) top view
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Fig. 3 Simulation results when £ is 20 um. (a) Light intensity distribution; (b) optical power density distribution
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Fig. 4 Simulation results when A is 40 pm. (a) Light intensity distribution; (b) optical power density distribution
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Fig. 5 Simulation results when £ is 60 pum. (a) Light intensity distribution; (b) optical power density distribution
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Fig. 6 Simulation results when £ is 80 um. (a) Light intensity distribution; (b) optical power density distribution
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Fig. 7 Simulation results when /A is 100 pm. (a) Light intensity distribution; (b) optical power density distribution
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Table 1 Simulation results of Light Tools

Maximum light

h /pm ntensity /cd Total power /Im  Efficient :
20 513.78 1179.9 0. 86815
40 531.48 1230. 3 0.90523
60 528.79 1249.4 0.91928
80 548. 68 1260.0 0. 92708
100 561. 24 1262.2 0.92870 L Se—
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Table 2 Comparison between special bracket and traditional bracket

Point of improvement

Traditional bracket Special bracket

Light angle /(*) 92/92 133.6/116.9
Distance between chip and reflective layer /mm 0.76 0.5
Thickness of silver plating /pm 0.5-1.0 2.0-2.5
Chip connection mode in series in parallel
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Fig. 9 Flow chart of remote phosphor LED packaging
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Table 3 Parameters of phosphor

Material Rare earth aluminate
Density /(g+cm *) 4.840.2
Excitation wavelength /nm 450-455
Domain wavelength /nm 570.440.2
Peak wavelength /nm 553+1

2=0.441=40.002;

CIE y=0.541-0. 002
Peak half-width bandwidth /nm 111.5+0.5
Color purity /% 94.7+0.5
Particle size (D;,) /pm 23.5+1.5
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Fig. 10 Physical pictures of remote phosphor LED lamp beads. (a)-(c) Top view of the lamp beads with low, medium and high bottom

=

sealing glue thickness; (d)-(f) cross-sectional view of the lamp beads with low, medium and high bottom sealing glue thickness
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Table 4 Optoelectronic performance of remote packaged LED lamp beads

Light effect / Domain Peak
h/pm  Current /mA  Voltage /V  Power /mW . Te /K Ra
(Im-W™) wavelength /nm  wavelength /nm
19 59. 867 2.7049 161. 93 221.521 5067. 1 565. 14 452.52 71.09
90 59.9 2.7064 162. 10 221.968 5115.3 564.12 452. 50 71.13
107 59.9 2.6999 161.72 225.106 5042. 6 564. 94 452.76 70. 82
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