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Abstract in Chinese

=

% & 6 M (white light-emitting diodes, WLEDs) H A Zfin . REFEAK DA
MR BRSNS, B 2 0E. Bil, 2T#% LED M5k
WLEDs (phosphor-converted-WLEDs, PC-WLEDs) &2 371 i, %5 % 7 2k
FCa Gk LU A DG PRI, 586K A2 PC-WLEDs HICHMELZ .

NT B EER OB PC-WLED, %05 6K & 0 A .
SrSiz02Na: Eu?* (SSON)s& — Mt REL I ZR 08 e kn, B AIE MR 7808,
5w R WS (R A B EE O ) A R RO AR T . e R A
(high-temperature solid-state method, SS) il 1Z2¢ e, K IR 2% AT LA
TEBACII AR N, SRR A 4l AR 2] 1) SSON bk . R,
AR FERA T 2P Ak 2215 DL £ 5 £ SSON % AR F WLEDs.

(1) BXULREY-& BV ER, R T Pechini # i —#%E /1% (Pechini
sol—gel, PSG)iZEHI4¢ SSON. jfid DTA-TG K itEM B #LbHE T2, XRD
UESEAE 1400 °C fif 3 h o] DA 2I40AH, FORL g THIEMT, ARS8, 4
Eu* KN 0.04 mol% 43, sBIZfHm, WEPKA 531.4 nm. XMTR50H
PR TRCRH CIE ALKREEAT THFFT. il it #4 B4 ¢4 (Sr,Ca) AISiNs:Eu® %% Yo by
AT (450 nm)LED #5733 7B F G WLEDs. 45 RERW, %6 &5 )
AR [ A2 46 SSON 26K -

(2) WH9E T LA Sr2SiO4:Eu* (SSOVE T Ik % SSON i, AN Eu?
W) o5 BAH SSO HIAHARIE FE . PABVERTHIRE IR T — b B S m A
RCRFIE KA SRR S . BFFE R, 75 SSON 1, RITERL Xo A, FFRILH HEE1
MSe R T, WEEAIT 530 nm. HKIFELN 13.63 pm, PRI, kiR
N 60-65 nm. 5T I SSO A SSON (R EIERE S H AL IR R S5 RK
W, X%t SSON [RGHEREIN S, Eu* WREMEmMLL o'flS B H LLEIH Sz EE
LR
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(3) WHFT 1 PB4 SSON g, 28— D& iy SSO 1 a'HAN B AHH)
LEXT SSON %t it g2 . 25— 35K F LU € (co-precipitation, CO), SG, PSO
1SS Ak SSO, HIBEH SS LG SSON. ZE—Hh, AIRET7ikil 4 1)
SSO, %I%8 L FTiil1S SSON MR JatkREA B Eilm. W7 75— ofl B
#H SSO XFEE 74 SSON MR IGIREE . dhk RH A& FRCRIMsEmT . ik
W, SS &) SSON BA S MA LA, MRM SG. PSG Al CO iEHiI#3H]
SSON, R UGEI . RER, BIEARFEGISITSE, FE— SRR
B-SSO MHE &L, T B-SSO W& E 2R mALZE SSON %Gk 1) R FTE
XA BT = PERE R SSON %k,  LAHA3 H T 7E WLEDs H#i R H .

RBE: WIHE AN AR



Abstract in English

Abstract

White light-emitting diodes (WLEDs) have attracted great attentions due to
their advantages of long lifetime, compact structure, and low power consumption. The
phosphor-converted WLEDs (PC-WLEDs) that are based on blue LEDs are the
mainstream of the market. This strategy requires phosphor to generate white light.
Thus, the phosphor is a key material of PC-WLEDs.

The green phosphor is very important to get high color rendering index (CRI) in
blue chip based WLED. SrSi>O:N»: Eu®" (SSON) has received great attention due to
its high quantum efficiency, wide absorbance (from near-UV to blue region),
and good thermal/ chemical stability. Conventional high-temperature solid-state
method (SS) is commercially used to prepare the phosphors. The chemical methods
are alternative-efficient ways to improve the luminescent properties of the phosphors.
Phosphors can be prepared by chemical methods at relatively low temperature, and
are expected to have high purity and good morphology. Thus, in the present work,
several chemical ways are used to synthesis the green SSON phosphors for
PC-WLED:s.

(1) Polymer-metal complex or Pechini sol—gel (PSG) method has been used to
prepare the SSON phosphor for the first time. The multi-heated stages were designed
depending on the DTA-TG curve. The XRD results confirmed that pure SSON phase
could be obtained at 1400 °C (for 3 h). Additionally, the particles were uniform and
well-dispersed. The photoluminescent properties indicate that the maximum
PL intensity was found in the sample doped with 0.04 mol% Eu?' with a green
emission peak at 531.4 nm. The quantum efficiency and the CIE chromaticity
coordinates of the prepared phosphors are investigated. The fabricated WLED lamp,
which is consist of the SSON, (Sr,Ca)AlSiN3: Eu?'red phosphor, and blue chip InGaN
(A = 450 nm), has warm white light. The result indicates that Pechini method is an

alternative way and showed close efficiency to the solid-state method to prepare

I
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SSON phosphor with higher homogeneity and more uniform size distribution for
applications of WLEDs in the blue region.

(2) The transformation of o'-phase to P-phase in Sr2SiOs: Eu?" (SSO) with
increasing the Eu?" concentration was investigated. SSO was used as a precursor in
the first step and then reacted with silicon nitride (Si3N4) in the second step to prepare
SSON phosphor by solid-state two-steps synthesis method. The phosphor prepared by
this method showed a higher luminescence efficiency and larger crystallite size than
that of the one-step method. The X>-phase in SSON was formed and showed a strong
green emission band at 530 nm. The particles were homogeneous and well-dispersed
with the size around 13.63 um and crystallite size between 60-65 nm. The relation
between the crystal structure and the photoluminescence of SSO and SSON was
studied.

(3) The effect of a'- and B-phases of SSO on the photoluminescent properties of
SSON phosphors was investigated. The SSON phosphor was prepared using a
two-steps process. The first step was involved the synthesis of SSO by four different
routes: co-precipitation (CO), PSG, sol—gel (SG), and solid-state reaction (SS)
methods while the second step was performed using the SS method to prepare SSON.
The differences in the preparation methods of SSO in the first step have a significant
effect on the luminescent properties of SSON in the second step. The effects of
the o'- and B-SSO ratio on the luminescent intensity, crystallite size and quantum
efficiency of SSON are investigated. The higher luminescence intensity of the SSON
phosphor was found in SS method and then decrease in the order of SG, PSG and CO
methods. The increasing of B-SSO phase in the first step using a specific preparation
method is an important key to obtain high-efficiency SSON phosphors for their

promising application in WLEDs.

Keywords: Sol—gel; Oxynitride; Phase transformation.
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Abbreviations

Abbreviations
SSL Solid-State Lighting
WLED White Light Emitting Diode
RGB Red Green Blue
CIE The Commission Internationale de 1'éclairage
CCT Correlated Color Temperature
CRI Color Rendering Index
PSG Pechini Sol—gel
CO Co-precipitation
SG Sol—gel
SS Solid-State Reaction
SSON SrSi,0,N,: Eu?’
SSO S1,Si04: Eu?"

DTA-TG Differential Thermal Analysis-Thermogravimetric

XRD X-ray Diffraction

SEM Scanning Electron Microscopy

PL Photoluminescent

QE Quantum Efficiency

FTIR Fourier Transform Infrared Spectroscopy
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Chapter 1 Introduct

ion

1.1 Introduction

1.1.1 Solid-state lighting

Solid-state lighting (SSL) is a type of lighting which uses solid-state materials by
using a combination of semiconductor chips as light generators and phosphors as light

converters, which exhibit higher energy conversion efficiency, compact structure, and

Chapter 1

longer life compared to conventional lamps.

The first demonstration of a light emitting diode source was in 1907 by Henry J.
Round, by applied a high voltage on a silicon carbide crystal (carborundum) to produce a
light emission. The first visible light emitting diodes (LEDs) emerged commercially at
1960°s[1, 2]. After the investigation of the gallium nitride (GaN) LED by Shuji
Nakamura in 1993[3] at the Nichia Corporation in Japan, make it possible to use a
semiconductor to produce white light. Recently, the LEDs have received a big attention

because of their performance has become increasingly rivals the traditional light sources,

see Fig. 1.1[4].
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Fig. 1.1 The evolution of lighting illustrated LED performance and compared to
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