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Currently, yellow phosphor of Y3AI5012:Ce3+ (YAG:Ce) fluorescent material is applied to a 450~480nm blue LED light
source to implement a white LED device and it has a simple structure, can obtain sufficient luminance, and is economical.
However, in this method, in terms of spectrum analysis, it is difficult to mass-produce white LEDs having the same color coordinates
due to color separation cause by the wide wavelength gap between blue and yellow band. There is a disadvantage that it is
difficult to control optical properties such as color stability and color rendering. In addition, this method does not emit purple
light in the range of 380 to 420nm, so it is white without purple color that can not implement the spectrum of the entire visible
light spectrum as like sunlight. Because of this, it is difficult to implement a color rendering index(CRI) of 90 or higher, and
natural light characteristics such as sunlight can not be expected.

For this, need for a method of implementing sunlight with one LED by using a method of combining phosphors with one
light source, rather than a method of combining red, blue, and yellow LEDs.

Using this method, the characteristics of an artificial sunlight LED device with a spectrum similar to that of sunlight were
demonstrated by implementing LED devices of various color temperatures with high color rendering by injecting phosphors into
a 405nm deep blue LED light source. In order to find the spectrum closest to sunlight, different combinations of phosphors
were repeatedly fabricated and tested. In addition, reliability and mass productivity were verified through temperature and humidity
tests and ink penetration tests.
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<Figure 1> Spectrums of Various Light Source
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<Figure 6> Realization of White LED using 405nm Deep
Blue LED Light Source and Phosphor
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<Table 1> Main Phosphor Combined with 405nm Deep
Blue LED light source

Phosphor Chemical Composition | Intensity | Width
Blue (Sr,Ca,Ba,Mg)10(PO4)sCl/Eu @) Narrow
Blue (Ba,Sr)MgAl;4017/Eu @) Middle
Blue (Sr,Ba);MgSi,Os/Eu (@] Narrow

Green SrGa,S4/Eu ©) Middle

Green [-sialon/Eu O Middle

Green SrSi;0;N,/Eu @) Middle
Red (Sr,Ca)S/Eu ) Broad
Red (Ca,Sr),SisNs/Eu ) Broad
Red CaAlSiN3/Eu o) Broad
Red La20,S/Eu A Narrow
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<Table 2> 405nm Deep Blue LED Light Source and
Phosphor Composition of 1st Sample
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Main . .
Net weight| material Curing Agent. Welght Weight
A B Ratio
(g (9] (2 (Wt%) (g
4 2 2 17 0.68
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10 0.0680 1 0.0068 10 0.068
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<Table 3> Average of Measurement Data of 1st Sample P(ngph?/” Ph%sgh%; 2 Ph1oosghcl;)3
(measured after curing process) : Wi%) (100wt%) _( wi%
WO | Weight | Ratio | Weight | oot | weight
ov(im) X y CCT | CRI(Ra) ! !
t% % t%
8.5 0.4166 03812 3175 70.2505 (wt%) ® (%) (®) (wt%) (&)
10 0.068 120 0.8160 5 0.0034
CRI(RIi) K(Im/W) SourcemA VFV
51 43 60 3285 <Table 5> Average of Measurement Data of 2nd Sample
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<Figure 7> Detailed Color Rendering of 1st Sample
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<Figure 9> Detailed Color Rendering of 2nd Sample
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<Figure 10> Spectrum of 2nd Sample
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<Figure 12> Detailed Color Rendering of 5th Sample
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<Figure 13> Detailed Color Rendering of 6th Sample
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{Table 11> Test Sample
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<Table 12> Silicon Stability Test Result of IVS Series

IVS4752 Exfoliation
# of samples 16
Bad 16
Ratio 100%

<Table 13> Silicon Stability Test Result of OE Series
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{Table 14> Silicon Stability Test Result

Silicon SMT High T™M bad ratio
IVS47** 1% 75% 92%
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<Figure 17> Silicon Exfoliation after Temperature &
Humidity Test
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{Table 15> Phosphors Used in Manufacturing Artificial
Sunlight LED Devices with High Color

Rendering
Maker Item X-Point | Y-Point F(‘g’n"q';"'
N#rx LAG354A100 | 03530 | 0.5740 110
N LAG384A100 | 03840 | 0.5630 11
Nk LAG394A100 | 03930 | 0.5610 12
N#rx LAG414A150 | 04140 | 05530 115
N#rx LAG414A180 | 04150 | 0.5540 114
prex PA537Al 03619 | 0.6045 121
Fres PAS37BI 03604 | 0.6059 123
Frox PAS540A1 03647 | 06027 123
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