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A combination of blue LED and phosphors having longer wavelength of excitation can be a
candidate for LED device lighting or display. Breakthrough occurred in the field of not only
LED but also phosphors about two decades ago, then nitride phosphors appeared for the first
time. Created several nitrides have been actually used in LED business and industry. Here, |
describe the process of our discovery of new phosphor, blue-excited yellow La;SisN4:Ce
(LSN). LSN has a significantly longer
wavelength of excitation than a similar nitride,
LaSisNs5:Ce, has. In this article, the reason of
significant difference in wavelength of excitation
between LSN and LaSi;N;:Ce was studied by use
of Dorenbos theory concerning polarizability y
and coordination distance in phosphors. The \
study indicates that the calculated difference in cé WWIWANT
energy level between 5d orbitals centroid and 4f Wit

orbital at one of the two Ce sites in LSN is much igjiic \> W Blue LED
shorter than that at another Ce site in LSN and : ==

that at Ce site in LaSi;N5:Ce, roughly coinciding =T
with the centroid of the long wavelength of 7
excitation in LSN. Not only high polarizability % Y
and shorter coordination distance but also Ce F— 2 = i .
local structure of symmetric eight coordination ' 2= Sy 1 235igN11:Ce
is suggested as the reason of longer wavelength i /i

of excitation.

Keyword: Nitride phosphor, LED, Wavelength of excitation, Polarizability, = Coordination
distance
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Table 1. Effect of prepared La/Si ratio on the formation of La;SigNy; phase and LaSi3Ns phase

Prepared La/Si  Composition Normalized emission intensity ~ Crystal phase on XRD
molar ratio on preparation Blue Yellow LaSi3Ns LasSigN1
0.5 LaszSigNy 0.71 0 - -
0.56 Laz 36SigN11.36 0.39 0.83 0.13 0.45
0.62 Laz 75SigN11.72 0 1.0 0 0.68
0.66 La,SicN;, 0 0.62 0 1
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Figure 1. Excitation and emission spectra of
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Table 2. Comparison of CeN and CeO, starting materials

Molar ratio of Ce

Blue emission _Yellow emission

Relative intensity in case of CeN

Relative intensity in case of CeO,

Blue emission  Yellow emission

0.015 0 0.41
0.03 0 0.48
0.055 0 0.67
0.1 0 1
0.15 0 0.85
0.3 0.05 0.57
0.6

0 1
0.15 0.74
0.32 0.42
0.5 0
0.47 0
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Figure 3. Structural image of LasSigNy
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Table 3. Calculated centroid shift € in LaSi;Ns:Ce

Distance R; Contribution to & (cm™)
of each La-N (A)  =1.79x10"a"/(R-0.6AR)°

2.571 3685

2.485 4526

2.922 1701

2.591 3516

2.578 3625

2.888 1826

2.943 1629

€ (sum) 2.05x10* cm™

Excitation centroid 3.07x10* cm™ (326nm)

"AR: 0.018 A. Polarizability o™:; 7.066

Table 4. Calculated €. in La; of LSN

Contribution to & (cm™)
=1.79x10"a"/(R-0.6AR)°

Distance R;
of each La-N (A)

2.551 4024
2.853 2051
2.623 3406
2.853 2051
2.853 2051
2.674 3031
2.863 2009
2.674 3031

£(sum) 2.17x10* cm™
Excitation centroid 2.96x10* cm™ (338nm)
"AR: 0.010A. Polarizability o™: 7.503
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Table 5. Calculated €. in La, of LSN

Distance R; Contribution to & (cm™)
of each La-N (A) =1.79x10"a™/(R-0.6AR)°

2.650 3200
2.644 3244
2.650 3200
2.644 3244
2.650 3200
2.644 3244
2.650 3200
2.644 3244

€ (sum) 2.58x10" cm™
Excitation centroid 2.54x10%cm™ (393nm)
"AR: 0.010A. Polarizability o™: 7.503
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