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Abstract

For the reduction of power consumption of light-emitting devices, the importance of phosphor
research is increasing. It is necessary to investigate new efficient phosphor materials for the applica-
tions, such as white light-emitting diodes (LED) or electroluminescence (EL) devices.

Phosphor materials including Si and rare-earth ions have been studied for use in various light
sources and displays. In particular, thiosilicate phosphors have the advantage that a low temperature
is necessary for fabrication, and various luminescence wavelengths from blue to infrared have been
reported. In addition, EusSiSs, EusSiSs:Er3t and CasSiSs:Eu?T have been fabricated directly on a
Si substrate. Phosphor materials have been used for emission layers of EL devices and solid-state
laser media. The application of thiosilicate phosphors as light emitters on Si substrates should be
examined.

Eu,SiS, has low internal quantum efficiency (IQE) due to concentration quenching between Eu?*
ions, and CaySiS4:Eu?t undergoes hydrolysis in air. The purpose of the thesis is to improve the
internal quantum efficiency of phosphor layers on Si substrates using Eu?*-doped barium thiosili-
cate phosphors and investigate novel rare-earth thiosilicate phosphor materials having high water
resistance.

Structural and optical properties of barium thiosilicate (Baj_,Eu,Si2S5) powders are investigated
for 0 < 2 < 1. A monoclinic structure similar to SrSisSs is maintained for the whole range of x.
Green photoluminescence (PL) originating from the 4f°5d-4f7 transition of Eu?* is obtained. The
maximum IQE of 52% is found for x = 0.01. Green PL and EL are obtained from (Ba,Eu)SizSs
fabricated on silicon substrate.

Novel yellow rare-earth thiosilicate phosphors (Gd;_,Ce;)4(SiS4)3 and (Y;_.Ce;)4(SiSys)s are
invented. PL and photoluminescence excitation (PLE) spectra have broad profile, and originate
from the transition between the ground 4f state of Ce3* and the 5d state. The broad PLE spectra
indicate that these phosphors are excited efficiently by near ultraviolet to blue light for white LEDs.
The maximum IQEs of 39% (z = 0.1) and 62% (z = 0.15) are obtained. In addition, they have

higher water resistance than other thiosilicate phosphors using alkaline-earth thiosilicates.
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x Space group a/A b/A c¢/A B/° Reference
BaySiS:  Pnma 893 678 12.01 [107]
BaySiSy  Pnma 8.93 6.79  12.02

0.01 Pnma 8.91 6.78  12.00
0.02 Pnma 8.93 6.78 11.99
0.05 Pnma 8.87 6.78 11.98
0.1 Pnma 8.90 6.78 11.98
0.2 Pnma 8.80 6.79 11.94
0.3 Pnma 8.77 6.79 11.89
0.4 Pnma 8.71 6.79 11.83
0.5 Pnma 8.66 6.79 11.79
0.6 Pnma (P21/m) 8.62  6.79 11.77
0.7 P2;/m (Pnma) 6.51 6.63 842 108.6
0.8 P2:/m 6.51 6.63 8.34 108.6
0.9 P2:/m 6.51 6.61 8.27 108.4
EusSiSs  P2i/m 6.51 6.59 8.22 108.4

EusSiSs  P2i/m 6.52  6.60 822 1084 [118]
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a/ A 15.106
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B/° 105.67

AN
SISt V3
structure

0 2.5.5 RbysSiyuS;o 000000

000 2530000 BaSi,Ss 0 152.0 em™' 00 6179 em~ ! 000000 80000000000
00RbsSi,S;000000000000SiS," 0000000000000000000IRO0OO0O
00000000000000000000000 BaSi,Ss000000000000008Si4S,.™ 0
00000000000000000000000000000000000000000000000
0000000000000000 NagSisS1o 000 BrySisS1o 00000 [111,123)00000000
00000000000000000000000000000000

0 2.5.6 SiuS,,,~ 000000



2 00000000 O0OOOOO

0252 0000000 RbsSisSio [123]000 BaSi;Ss 000000000000000000
00 SiuS,; - 0000000000000
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F, 141.3 ecm™! 152.0 cm ™!
E 156.5 cm ™! 175.2 ecm ™!
F, 191.4 cm ™! 204.7 cm ™!
Ay 264.1 cm ™! 279.8 cm ™!
Fy

Ay 368.1 cm 1 380.8 cm ™1
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E 535.2 cm 1 538.7 cm ™1
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Atom x/a y/b z/c Atom x/a y/b z/ec
Gd1 0.6113 0.9831  0.1251 Cel 0.47753 0.73133  0.54087
Gd2 0.8775  0.6526 0.06 Ce2 0.58162 0.57886  0.1666
Gd3 0.5329 1.377  0.1298 Ce3 0.83025 0.91349 0.34206
Gd4 0.3237  0.7595 0.289 Ced 0.12796 0.43096 0.32673
S1 0.5059 0.7756  0.1882 Ceb 0.39393 0.11542 0.18165
S2 0.4189 1.1529 0.183 Ceb6 0.94665 0.23952  0.00062
S3 0.7499 1.213 0.136 Sil 0.25 0 0.4154
S4 0.8478 0.8357  0.1888 Si2 0.2487 0.441 0.0773
S5 0.6131 0.7617  0.0134 Si3 0.7311 0.9382  0.0987
S6 0.9093 0.8482 -0.0535 Sid 0.7735  0.5567  0.3949
S7 1.0441 0.437  0.0941 S1 0.8407  0.5015  0.0567
S8 0.3491 1.4803  0.2273 S2 0.4863  0.0036  0.3771
S9 0.6664 0.4733 -0.0222 S3 0.3159  0.5179  0.4673
S10 1.1525 0.7311  0.1263 S4 0.6059 0.7 0.346
S11 0.6582 1.0591 -0.0281 S5 0.1785  0.0192  0.0428
S12 0.7582 1.5431  0.1886 S6 0.7972  0.4107  0.3047
Sil 1.2218  0.554  0.1167 ST 0.5097  0.8719  0.1133
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Si3 0.7097 0.7155  0.2336 S9 0.4578  0.3527  0.0476

S10 0.1145  0.2886  0.1605
S11 0.4282  0.3547 0.279
S12 0.2054  0.1905  0.4598
S13 0.1883  0.8649  0.5373
S14 0.8674  0.7844  0.1666
S15 0.1445 -0.0297  0.2926
S16 0.7477  0.1134  0.1681
S17 0.9818 0.652  0.3981
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