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Chapter 2. THEORY
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2.3 Solid State Lighting
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2.3.1 CCT (Correlated Color Temperature) & CRI (Color Rendering
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24 LCD BLU (Liquid Crystal display Back Light Unit)

Display & 474 tix~Zelo] LCDE BlApEFolnz Fd 43S BLU
(Back Light Units)E Z 2 34& AAst= 7ME 5238 ot
Agf P o 2ol LED Package o T4S 71¥ #Y AFo] A= A
@] dARE "ol Aol 7i7ke a9 FEE S 1 88 F Ue
Aol 7hsatAl H ATt [14,15]
2ZFol29 $&& fdlA= 94 LEDE o] &3 wags dojof 3t
ch w2l LEDE &3l WS chapter 1.914 A&3}3
Al @A LEDS] §82 27HA R st AR o] Al A
S W= 3719 LEDE Z£§tste] WMAS Fasks WRiolt. o] W2 &
vpo] magS whei=dl 3709 LED7F AbSE By ofuel, Zhzbo] LEDE
Aojsiof st ojE o] WETFHA WHE ¢ T /7S LEDE ' o|-&3tH

iu,

AAS A= WHez, HAolg Zpe] S WARSHE LEDE 7|8 #de=
o] &3t FFAE 7]t WAo]l Adnk. F FF ©l4e LEDE ©]835tH
WS de WS ZHLEDY FE Aot &g =g xo|7t Ji, 2%
EAoY &} Yo% Aol 7t 9o, CostE WFFEH AV U= 5 A&
32 93 FAt wo 3 FFo LEDS F3A £4S o] &5te] WAL
= HHS eI R AL Wi golsiAH Costs: RE T e Aol
AT} [5-8]
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Chapter 3. FFA|9] 94X H & (EnergyTransfer)

3.1 F33A9 T 9

% F A (phosphon) &t o 2] FEjO] YA & otz WS WEee E4&
st, 53] 7PA 3 delM FEe st BEES A= FFAY od
2 SQl(phosphorus)©] &7] SolA S = A T = A

2% (luminescence)o] 2Fal &}, FFA o] S FFA| L AqUAE olEo
F2 TR 7] @ Fdd A" FEHE HEoAA wolEo 3l o] 7t

YA G0 WESE Aol

s

IA ol Ewe=ol H7FE W, of uASEA (host, H)El slal, E¢E
S T4 (center)©]2} shEd], A& £2 WFS doHW FFA| o W
o] fglo] &= W3 FA (luminescence center)= QI9|H o= W= Hav) ¢l
th g2 FFANe ofe JHA & dRE AAA Hed detiew A
At FApe] o) gk A E A E A (host material)7} Sk, U THA

2 3G w9 AARAbeld Astoz Solrt xwke] A (activator)® o Y
A Aol dojubAl HAY - FEA WAl oA o7t dojus AA
g Sl(self-activating) H4-& AX A Bk FFEA oA A=A Hel7rt ¢
o= % whge) dglo] Hi o] 250l qUAE FEl B Ha &
T olo] PG R Fote WA dls WEsHA Frh ou, o]2E Aol
A2 Awe] 714 g olv A AL T4, L 9] A5 A8 ¢

sto] &k o] o] WEE UA|E TE o] oA HAFE= olvA AD (energy
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transfer)o] doldth AUAE FFdto] 7|8 o] 25 SHHAl (sensitizer, S)T}
3}l (B donon)THAIZNH UAE deiolx] WS WEshs oS &
3A (activator, A)el FHr}. o] gk o] AL FF 9 o] 2SR of
g} o] F 9] o2& Alelo A dojubm, MFo g5 STV R Shar, v
e AaA7E 4ol H7)% gt} o]efgh Al o3 wFde s [19
8]0l WEbAAT. [3,11]

3l o] o] o]7] AFE] (excited state)ol]l A 7]# AFE] (ground state)® 7 o]
(transition)3} A WrEehs HlS o] % o|&o] FFFToRMN 7] He ANS
EAll YA A (radiative energy transfer)®]2}al 3}, o] S ¢} o] A A}9]
o] oA dge] WS wiZfE shA il F ol HAE Ateld] s A
Gl oate] U7t AEH= AAE BEAL odhdA AE (nonradiative
energy transfer)o]2}al kol HIEHAL o %] Ad 3 F A o o] S ¢ o
UAl zpol7h 22 el oy Hdus oA % (resonant energy
transfer) o|2} 3}, oA e] o]zt GebA] oyA] o] 232 (phonon)©]
71otel oA doAuE AL FFA 7ol &gk oy H< (phonon -

assisted energy transfer)©]2fal ShE,
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Energy

/ \ transfer
i(III) Enerjy \ Enfrgy Er:ssiun
loss(heat) Eandssion losstheat)

Merwinite structure

[19 8] FFAe TFYele = tojol 13
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32 AR Ag @A B3 o]

3.2 UA A @4 vAlA 4

2 FAE WESE WA Aol (radiative transition)®} T ] X = (phonon)

I AT AES Fotel AR oUAE WEste BIUAE Ao
(nonradiative transition)”} JTF o WAl FEUF FUISHA FHWH WHHF
A5 Atol o] ARt A AALHAL M= Fhell ool oF A e

o] st A Tt Donor®EF-E] acceptor=9] H[HA} oA AY (nonradiative
transition)o] WA W o] 7] AEfQl donorZt AW FE v HARIF &
Aske AL ovlstH webA acceptorZt §ls mell H]sle] 7] ol w &
T U= donor®] FEEAIZEE FokA Al ®Th olggk gL oA Hdo] i
A wo] #EE = 7 tHEAQ ddelth 22t donor= Bl HALE FA}
7} acceptorZ 5o BAEHE WAL olUA] AE (radiative energy . transition)
o] 9ol acceptor®] F =0l whel donore] Y FAZke] A S W
A ko™ donor®l acceptor/b Lk 0] AdE WEH FAIF AR U
of thA] 73] Al =il (trapped) A o2 FHAIZFO] Sy 7|2 g

T Mo M2 2 FA2 D (donor)9t A (acceptor)Zte] w28l <]t
DAl A AR dyA] dde] WA= A5 WA el BrjE ghth aA)
ol A} donor®} acceptorAtolel o+ ddo] WAYst7] 9= WA donoret
acceptor®] 7| A Eje} o 7] E) Abolo] oA Aprb ofof sh=d| o]k o
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Uz 3 2712 donord] g AFE I} acceptore] F AFET o] FF
REAE Bo AL 5+ AT AUA Aol WA AT T el 2

At Foakgo] EAlsteoF gt 7|4 Az Aol
T 7PHAA Bsst S3E w YA exchange S
A A71A, A71A AsAEd R vk (1]
2 9] Agl7F R ®FF "o]X donore} acceptorAlo]9] olyx] A &
&= Argstr] flete] olyAl E=919k WA B F HolE yEhd Zlojt) o
714 *= o7 HE ArlstH gh(E)St ga(E)= 212t D*—D WAL Holg A*
—A 57 Aol +AstE A% 4 (normalized lineshape function)E LFEFU
i, ID*A>9 = <D, A¥= 22 271 Ee AU A] AE $o ZEHE dErd
t}. o] o] donor ¢} acceptorit] AFEAES Hpagl sHH YA AY &

(energy transition probability) Ppat o3 o] Foj Xt [17]
Ppa="251<D, A" Hipgl D*, A [2p(B) g a(BVIE . (1)

Ao AdA 59 ALIE WY FF &
donor=F-F| acceptor®2] o JA] A& Ppa®l 78] oEHS A8 v
FHEol wheh debA A e th WOk 4 E 28 HpaZk exchange 5 A8l ]
gk ZolZbA donor®} acceptorAbele] AR Ro] F7Fstol whe} A ow Zha
SHAl 3L, multipolar % 2b-8-of o]gk ZFoepbH RM| Hl#Este] fHAsA H
th o714 n g2 A8 FHlel| wekA AAE =4 dipole-dipole (d-d)
A& 289l 799 n=6, dipole-quadrupole (d-q) FEZ-8o] 49 n=§,

L
n:éi
m O
()
=
Oft
il
H

quadrupole-quadrupole (q-q) 2282 A 9-9 n=109] #= Z-=t
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|

AUAl A FE Ppa7b AR A REEA] oA Hdeo] dojrtrt
ou|= ofHt} donor®] A7 EHIE odlUA MY o]flo] T HE WMHOE o
UAE WEshAl H=dl delA AFd e 3 AP duA wE

3l A= WEHs HPAE oA wEo] ofdl] sidEth. whebA
AUAl A & PoaZb WA B APEAE &3 Ho] FE 0] Yl (PraatPrond) H-
ot Z wo] AR Hero] WASHA HUTE 714 Ppa=PuctPuonad & WO
donor$} acceptor{te] A& A A2 (critical distance) R.2} ST}

=

=
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gs(E)

g+ (E)

E_h-

[2¥ 9.] A=l7F R W E o X-donor 2} aceeptor Alo]oll o =] Z o]

WAs7] A7t YA £ R-EALF dolde T
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A% T2 o] o 2] HAlY ] dux] A o]Lfe AR o] JoJ=
wxE e FTES donor®t acceptorZH-E O] WS FEAQ AAANOE
Tatolof gt} ol gk FEAQl WAA S AYH R SAHNE WF AE T

1A donor7b obF F AIZE kel o7]E §- Aol Agel weEh of 7]/

i,
B
>,
o
N
oM,
A
i)
2
2
N
o
fu
9
e
L
%0,
fllo
ot
i
Y
]:2
_)«‘
L
2
rE
ot
Ir
i)

A7)l A TRpE 617]8 donor7t FHFE] FE g glo] adHE 1

- = Al ZH(intrinsic lifetime)©] ™, Wa n®HA] donoroll A n'®H A donor= ol 4

A7} A= donor-donor (d-d)ZFe] oA HEE (transfer tate)©] 31, Xy n¥H

Al donorZF-E 1A acceptor=2}- ol X " HAIFEO|H X, = YX,2A FTHEY

= acceptord] Wgh oz YT Wy THEY donorEZHH AUAE
Adirs AdES WeERATh

o 7] Efel = donor®] G+ donord F I Np9} R donor®} acceptor

of that Py(t)d Hr#kdl <Puy(ty>E wolH Hu = <Pyt e #ol o



<P, (t)= =—>,P,(t) 3)
Np

APH o7 T3k donore WG A7E Np<Py(t)>ol] AHA o=z H|d s

w51 webA] donore] W AW FHORRE <Py()>E TatAl HW oA
e

s AE He] oA A A Foll donoré} acceptoritell = o] gl
3l donorZX-E| acceptor=°] HdYTro] EAstE D-AFMES] A5 WA 1y
st W72 gt oy A @A NA WarrWan Ol -E 3L <Py(t)>oll the+ A
23k dj= ofef et ol yERd 4= 3l

< P(t) = exp(— T— - = ci+Ciexp(— X5+ )] @
R

o714 Caiz acceptorol] &l A] site7} A A StEo|a ]2 Aol &2
T siteg oU|Enh. WHeE Hio] Fol G2 of7] Fdel ol @2 donors©]
o7]E Age 2y A AL <P)>e F2 FHE A "o oeba]

B o AL XA o Z s AlgA sa 2708 &Y 29 gas

< P)>, g =—[—+ CaY Xy 5)

_31_



9] @) AolA H+= vRe} o] donor®} acceptorite] oYX HAEES &
Al ¥ D-A YA Aol 93t donore] AEHAE oz St ¢ 9l
oh [Z2¥ 10.] acceptor’} =ASHA] 22 wW(na=0)2} na/me=1, na/n=3< |
multipolar & 2}-8-o 2|3 D-Ao|HA] o] donord] WFFAo] wx=

Fe (6)2= ol&stq Aatel 2 ol
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< P(t) = exp[— € EF(l — i)(i)g/n (6)

TR ng n TR

Acceptor7} §l= ol D-AdU#] Heo] WAsA] g Aol
donor®] o] AFHo g Freth EY acceptord. FE na7t T 7FSHA
HH 7] Ao AESAL RXGFAH R At Al HAla/ngdt 2
THA A7E AojAl= AES  UEhdT olEEg dAe
= = donor®} acceptorAbole] AE| 7} 77 A Al ¥ AL
<3E D-A o] =5 7] olyA] dE=E Qs Z7]el= o749 donor©]
50| D-A AES Toto] wEA AdetA Hal o]F] 77l W D-ARto]
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I(t) =1 - exp(—t/7p) - exp(—=n Wpy - t) (7)

w4 donor®} acceptor (Fe] Hit D-A HAEES AR U9 E& sitedl
3t el 2CaXo ©1E 3L o17] AE] donoris (1/TR+CAZXg)2] 443 AHES
ZHA AL AgeH o g ZRAEA "k o] ghe SkellA YERd D-D Hde] gls
o] D-A A Hdo] 27| 71&7] #s HEtlE )3 B dAg
ok olel @ s = Ad HAlA st Hxell of7] 3 Hzo] o
donor7} 7] ¥ Fo donore] o17] v
27 olsste] B fAlolA e FEE FEHAL F99 acceptor®] =&

< donor o|&E°] HHAL R dAL-REE = AoE A SHA HHt [3,
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3.3 A3 E (CIE 1931)

ko] Mo] AlzZtH o5 AH3ks| A2 & H9S Matched Color® 3}
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[Z1¥ 12.] The CIE standard observer color matching functions.
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[Z2¥3 13.] CIE 1931 color space chromaticity diagram
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Chapter 4. MEASUREMENT

4.1 XRD (X - ray diffraction) 57

AL Ftel dolnl wwe] AYYL HAbey

878 st7] #1834 XA 3= (XRD
: Xeray diffraction)s 7838tk S8¥ XA 34 peak®] ZHE=ZFE AR A
“(lattice constant)E Braggx71S ©]-&3to] sttt
(1) 2dhlein0 =nA

o714 di= Wt A Aol e] Ao

I (hkl)S W S, 0
B Az A XA sgolu QTR S wiAte] <]
Aelsk AR Apolel=
1
) di (B +E+17)? =a

+
20,
5
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del 5 v shopd s goxin F Zhel ARAE Uehle g
< Braggd# H|SEHAl & 5 gtk ZEu o)A AR AFE Wik A
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2tsinf, = (m+ 1)\
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2t cos( 5 )sin > A )

a4y, o @ o, & W o 0 Hes] 7k ghelth
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4.2 Photoluminescence (PL(E)) =7
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5.1.1. 37498 (Solid State Reaction)

Chapter 5. EXPERIMENT
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5.2. YAG phosphor

Y:AL01:Ce’" @FA = garnet FEje] AATEE 71X 7] wjEol Yttrium
aluminum garnet®] FAZ TH YAG:Ce' FFA g FE2vh ZA9H 99 uv
- A BlE Feste] A Ce o9 4f:5d ol ofa &4 wgs st

= A o] YAG FFA= F7FG0] 450 nm FZolM M =2 F

LED® 7}% A3est &3 = slito|vh. T3 90 %ol 7H7hE =& %z a8

% 7445 97 el White LED #&o] SloA HHe] A& 25 gt
FYAolth. AA FEFoZA g G AHga gom, FAmeR 14
WMo 1400 C oSl IE FHom o]FolAy] mES. Qe =717

(¢
~5 mE o] Fol Xt}
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+ Blue LED based GaN

[2¥ 18.] Commercial White LED structure
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Chapter 6. EXPERIMENTAL PROCEDURES

6.1. BaSi,O,N,:Ev** PHOSPHORS

TEEA WAl FHekt Hol & YA o= LED PKGH oA
gk Aol 3l

BaSiO.N,:Eu™' S 14Huk-S-R(Solid State Reaction) 2 2. A3 ¢4
BaCO; (High purity chemical, 99.9 %), SiO, (High purity chemical, 99.9 %), «
-SisNy (Ube, SN E-10, 99.99 %), —L# 3L Eu,Os (shinetsu, 99.99 %)= TaFH| o]

an

2 AAA & (OHAUS, AR2140)2 10* orderZbA] # &al7 S#Fslal, 12
23S gt 25kE ATAE 1A S 201400 ~ 1500 TolA Ny 297
ZAste] 10 AR B9k EAEE v W, £ dE T BaC0s¢ COE
A 1wkl e EEE A
=l

o F TZAM No' SHEW di

il

A7), o g 12 A E 7 B ATAE 2xH 02 1450 Coll A Hy/N,
(4 % : 96 %) 7F=E flow JHZ SHREUY, H7|29 EH7]E AR 7]
2 A 6 AZHEeE f-X5e] ATA o st T = TAHS AP ste] A

ok (19 16.]
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bR

AA AT T Aot B =EollA AThE BaSihO.No= 1AFeF 23F

FA 2748 2l T3 nitrate, oxideZl H7HE(Additive)S &3] FxH
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6.2. Y3Al:012:Ce’” PHOSPHORS

(Solid State
Reaction) .2 §A435l7] 93 Y,0; (High purity chemical, 0.4 m, 999 %),
ALO; (High purity chemical, 0.4 m, 99.9 %) 1|3l CeO, (High purity
chemical, 2 rm, 99.9 %)= FFvlol A AAA & (OHAUS, AR2140)S 107

order7bA] A &sHA| SEFatal, A4 == AARH =3E ATAE 1300
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6.3. Sn:SisNg:Eu’* PHOSPHORS

LCD BLU (Liquid Crystal Display Back Light Units)o|t} 3112873, 3144 7]

Aol o] gat= WA LEDE MG GoolA TFaEol ¢ A4 P
A7h dastv], JEOR (CaSnAISINGEL A4 FFAE wo] A&t gl
= Aotk o] A= w2 A IAAE AL L, HA w93
Ag Egatel e AQRRSEL FAsEY AEExm g oy
(Ca,SPAISIN:EY™ @A Aol v o2l $r], mrte) 7AANE P43

aL Slof A7kA Rl tidk A rh weol 3 v I tiAl FEA=
St:SisNg:Eu”" &334 71 714 83 Smwtolt) [25]

wEbd B Ao SeSiNgEeT  FFAE i Ay
(Carbothermal Reduction Nitridation; CRN)= &3lo] A3kt ©add s}
B2 AR Axg 5 don &7 T A B s dheddo) 2 2
st=s =98 g2oA $4S XA Fotk He AslEs dE5E A
st &4 FAol & Aol 'aet A AR HE A FAIRA SrCO;
(Aldrich 99.99 %), @-SisNs (Ube, SN E-10, 99.99 %), “12]3l Eu,0; (shinetsu,
99.99 %)= WEFH]o] A HAA S (OHAUS, AR2140)S 10 order7bA A%
A Zwela, A4 ERe AN EE EdE ATASURACOR 1400 ~
1500Col M N,E-917]12 zAstel 10217 Bk AA2e s} o, 23 9=
F S1C0:0 €Ol Gas FehE A¥al v, wolgls ATAe A8 F)
S181 900 CAA 1A2E fABY 2 WA A Bx Ar)ze] 9]
g A3 FA5 1
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6.4. White LEDS] &4 37}

0>.’

}7] o s

moﬂ'

P Green &334 (BaSi,0.N,), Yellow &3] (Y;AlsOn)
¥
133

ek, AR &-E (National Television System Committee ;NTSC)% gel3}7]

#13 LED BLUE Al#tstivt. A% #7Fgho] oA olX| & (Edge type BLU)

{-J

Red &3 A (Sr.SisNg) FFAE &35t LED PKG (@5630, 60 mA)E
sh3lo™, White LEDS] F5A4& 743kl A4 (CRDE U3t

|

™,

461 %] LED BLUE A|Ztstglom, #|z2te F5°9 =2 7020 Size LED PKG (7.0
X 2.0 X 0.9, PKG 140ea Epistar), Pattering LGP (Light Guide Panel, A% 5.24])
712]3 LED module (2ea)E AF§-318lth PCBi= MCPCBE #8319l 2w, PCB
Sizet™= 590 X 6.1 X 1.6%2 AZ=3ew 7] PCBel= 7020 PKG7}F 707 A7

ok (28 19.)= A5 S5 WhH e A ARlo|t) HUE A SR-3E AL

ol

tgom, 84 208 @ w2 de 35 2A0A 4 s,

A ¥OE 7|FEL [1¥™ 20.)3 #o] VESA 7tZ 7]+ 9 POINTS A
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[Z1¥ 20.] VESA 714 =74 POINT
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6.5. FA &4 H7}

GFA el QoM EAY AL FFA ] WA L 2ES Aok
T8 ARt Az FFA FEEY AR AR EE =

o] Rigaku Model DMAX-33 X-A 3| d§47]E AL&31% 2™, Cu-Ka, Ni ZH,
40 kV, 40 mA3}e] 20 = 10 ~ 90°7}4] =703} AL step Size = 0.02°, scanning

speed = 10 deg/min 7oA X-A 314 S FA48Ql T

6.5.2 Scanning Electron Microscopy (SEM) 7
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o] TESCANAFS] VEGA A}

Tl B =
& 2 BEx

il

Photolumiescence (PL)°]&t & oYX E F38to] 7HAF9 oyA&E W=

St ARe St Aoz FBA duAe H: e, 5 )
(excitation) g dd3}

g (Emission) g F9] A7k wEEe £4E
&

il
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ATt H Ao A FH2] PSIAHY] 35W Xe lampE source® dF= A
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St om, Blue LEDE @A ZHA o 7|32 450 nm= B3F 95 A

STt

rU

6.5.4 Thermogravimeter - Differential Scanning Calorimeter (TG-DSC)
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6.6 3§ A|EHo]A (LightTools Ver. 6.3)

w Aol = YAG FFAe] Ak el

2 1 FH A H 3
&S XA}Eal ORAAMY] LightTools Ver. 6.3 &-&3lo] Al E# o)A
LightTools9] A& ]S &3] LEDWIAY 3 Z7]ol ujet
EA4S BT
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Chapter 7. RESULTS AND DISCUSSION

7.1. BaSi,O:N, : Eu*

[2% 21.]014 B A3} o] Blue LED 74 WAl 18 o A= 2 A
iz tiwel Az =4 delalels] o] REsich olel uw
BaSi,O:N> =54 HFA| = Blue (Em=450 nm)ol| 4| excitation®o] 7}Fg #<

Stokes’s shift® 7}% & FAZMH 495 nmol| A Eu®' f-d Hol= 2Asle] vk

rot

o}, w3k FEZEA BaSi,O:N,+=  Orthorhombic . 1-Z©] ™, SrSi,O.N, 183l
CaSi;O;:N>+= Monoclinic 7-22°]™ Space Group 27} P2y/M, BP2)/CE AM=Z U=
o} [26]
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¥ O 6 g® © 0%0%%¢%%¢ N
] 7 \ | ] !
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“0.8.05 T VR
% % % (° o %% c%%¢%
CaSi,O;N, SrSi,O;N,
WE | o 1ok
[ 08 08k ry
[118 08 0 wavelength (o)
Lol 04 0k
L= 02 0z
Op  wmeficme | af  emeSpeew | 0p Lack of the color

P :
Qﬂmmmmmmmmwmmmmmmmmmm /

CaSi,o,N, SrSi,O,N, | BaSi,O N,

s 250-500nm 250-500nm 260-490nm

Ao 560 nm 540 nm 549? nm

Space Group P2,/C P B s 2,/M ;
Crystal System  Moneclinic Monoclinic Prthorhomlglc

[Z13 21.] MSi,O,N, (M=Ca, Sr, Ba) &3¢ 54
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BaShO,N,©= ARG O R 4 Siglon, VA8 S StetdFdud 2
g3 AES 2n7l F71g wWE TG-DTAS ZA3ste] [23 2209 YE
ATt

Foll Al 900 C7HA] A FEHE FA4 2 Edld  AEF NS X8 &
o] o]folth.

ggk 1200C ¢} 1300C ] FEukg a7k G2l H ATk olw 1200C ol A=
Ba,SiOs phase’} FAE o™, 1300C F-oldE BaSise] A3LE F3lo]
BaSi,O,No7F A E S & F Utk o= XRD W E A %= 5 Akl e

[27, 28]
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2 2 21100

DIA (W)

2
| -85
i

1200 1400

[Z1% 22.] BaSix0.N»9| A1/ HHg- TG-DTA L8| >Z
a) BaCOs Pyrosis, b) Formation of Ba,SiOs Phase area, c¢) Nitridation Ba,SiO,

phase area
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7.3. BaSi,O,N, : Eu’"¢] XRD Patterns

wko] wel BaSibO,N,o st dis SA stk [19 23] A=t
o 7ol 1200Cel A Ba,SiO4 phaseZ} 1= ASH, 7] =3 A5l SizNIF
EAslE Aoz el Pt
T3 1300Col A= BaSiOZ7F A48 Ast7t =W A Si;Ny phaseZ} AFehA] AL,
Ba;SisO9N4 phase’} WA &/d 31, BaSiO.N, phase® ZFHo] H o] o]¢
A= AAAZELE olEd HETHoE PAE BaSiO:N,i= Space Groupl =

Cmeme 7FA]+= Orthorhombic % ©|T}.

22 | 1200 C 1300 C 1450 °C 1475 C 1500 C
Ba,SiO,4 + . . . .
ALEAL Si:N. 4 BaSi,OzN; + BaSi,O:N; + impurity
O Ba;SicOsN: | ICDS code Number : 98-017-3758
impurity

[£ 4] &5 W& BaSi,0,N,¢ AW 3}k
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——1300°C
Ada A .'AAA A A
— 1200°C
W
‘ == o-SizN,
| M | \‘ hm RN EE R
‘ ‘ N Ba SO,
I 1 1 1 1 L ‘ b
20 ‘30 40 ] 50 J 0 70 80
29 (degree)

—— 1500°C

S
lEMmLU Y .
e

S e a e

HEE BaSi ON, orhtohonrbic

'u.hvl.l lv
50 60 70 80

29 (degree)

B
81
8

[2% 23] =% 12 BaSi0.N,2] XRD Patterns
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7.4. Additive-added BaSi,O,N, : Eu’'¢] XRD Patterns

s QA BaSEONA AFAe]l Aok welh 1 of=
Orthorhombic T-Z2M E& o2 EQFg3t +x7F 1 olfF < 3shuolt). uhe}
A TEAR AR A AEAES 3 LAl Ba BT Atomic sizeZ} #}
< Additive (Sr, Al, B, Mg)E& At 1 A¥ [1% 24]3 o] XRD
Patterns= %1 & & AT} AdditiveEo]l H7FHE BaSibO.N,&= AAFe] o=
oF7] Al A Orthorhombic T-%ZE Monoclinic 7%= W3} Al Z v} Additive 95 =
AIN, MgO, Ba(NOs),, BN& FH7lstl o, T%FH] 0.1 wt% (AIN, 0.05 wt%)?]
A7) ot AINe A5 e 292l Orthorhombie. T3} vl & = 3 om,
AN AAA o] "olX il BN9 7% XRD Intensity”} Folghell we} AAA
o] ol Ao g <l FHATk Monoclinic 772 W3l MgO2b Ba(NOs), =
72 YErST o] Ba(NOs),E 3 7F @S W Monoclinic %% ¥o|7} ¥
RNom, MgO9] AF =AY FHE EAleA B ¢ + Atk aEa A
el AR Al aA HstEA fskor, T et A J¥E A
A A & Ao@ AlY "tk 1 o]fFEE BaSihOo.N,9) TEAY 5
layer to layer FE O] Fx+ AR s A BA @ FEEA Eu ol
& FHe AR A7 S el E S
Additive =7} H7F HAS W F5ALl ™
HstE o] A FFs = Aom AtHd
.

[Z28 25]A " %9 W3+ Y. Gu et al. / Materials Letters 63 (2009)

1448-1450 “Enhanced emission from CaSi,O,Ny:Eu* phosphors by doping with
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ions”oll Al A= o Zl A3} gEo] Additiveol whe} o] ff=ro] dojds

Y3+
T OAUTE[29] E THE ] W3te] o] f+= BaSi0:N>9| Oxygen¥} Nitrogen®]

jud

of whel st & 4 Slvk tAIA Q! Oxynitride Al 748 =24 ON9|

P2/m (No. 10)

BaSi.O>N Monoclinic
Zeae a=14.070 Ab=7.276 A, c=13.181 A

Cmcm (No. 63)

BaSi,O,N, | Orthorhombic
Zeee a=14.3902 A b=5.3433 A c=4.8326 A

ALL-A TV —B.WNN

JF ; r o 0.1wt% MgO

L _.;L ’ . YR = 0w%BN

|,I|| ||| A ST s -Il\/bnOdlnlc

(L et B TR

2 30 40 50 &0 70 5
2 (degree)

[Z1¥ 24.] Additiveol] T2 BaSi,0.N»2] XRD patterns
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7.5. Additive-added BaSiO:N, : Eu’"9] SEM images

Additive (Flux) 37} Az H¢ 5o = ofF 73 Afrel 27 248
O S=Ho] & Nitrate AlE 22l wWE 7|87t H & 48 AASHY F
o e

Qatoich ol FFA 24

oL
o3
o
o
rot
&2
]

<

1o

26.]<> Additive 7 7}ol ™S MorphologyS Q138+ SEM AFzlo]th SEMol| A H
=rlel 2ol Additive AlEE0] HA7EAS W ©X %S BaSiON, SEM ARZ
S HashE YA 22 BaSi0N,2 A9 rod typel®Z WOl AZ R YFolar,
Additive”} 371 BaSi,O.No| 4% ZLEHY F o 739 FHE 25 o
o, 19 ot} o= Additive H7F7F Flux &2 283 Aoz selg
o} wetbA] G382l MorphologyQ! BaSi,0.N,= FEA4]0

]
WUl 29 oz Al o) pL AHEHAE Sl 4 9)

ek
N
Y
(ol
ol
o)
o]
~
rlo
ofl
ot
—_>‘4—"4
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Normal BaSi,O,N, Additive BaNO,

- A | &
EEM HV. Z0.00 kY SEM MAT: 5,00 kx \"EEM‘\TEE:AN SEMH\"ZDWM' SEM MAG: 500 kx

Wi Tighd. 5338 Det SE 0 Wiew figdd: 5333 pm Dat 5E 10 um
Hame: 121130-B50N FIN-2 [Bg WD 100470 mem Hame: 0320 1454 BaNC3-2 jpg

Additive MgO

WO 50,0300 mm

Additive BN

Wi Tl 5333 pm Det SE 0
WO 10,0440 mm Hama: D20 1454 BN-2 2

10 um
Hame: 0270 1458 SrNO3-T jpa

WD HIITI‘W_

[1¥ 26.] Additiveol] U BaSi»0:N»2] SEM images

_76_



7.6. BaSi,O:N; : Ev*'9] PL ~FEH

 AolA F/d% BaShooN, @FA= 450 nm= 7|3k 495 nmE
F3h ol BaSihb,ON, FFHAL Eu'Y  fdHoE  FHalAd  IF3th
BaSi;O:N,9| FA o2 129} 22} AA O R 2step AR 1 FEAHLS 1249}
23} 2 ow = xpolvtt,
3 HAZ XRD Patterno| A% &l FHAxo], 1200 T AAAE=AdU=
BaSi:O;N, phase”} FAE A 2%0m™, 1300 ~ 1400 C AHEoA BaSi,0.N;
phase”} Fd ¥ o] AAYGS o] &k
gasim 9171 = BaSi,O;N, phase ¥4, F
TAoZ vdt mEbA Phased] FAS WA S ¥ Buol 3494 2+=
Reductions &}7] wji#ol| PL-intensity i2°] 2}o|7} dr}. [Z¥ 27] a), b)olA
B vpel o] 134 AAeA 1500 Told 7Hd w2 EA4S e vk
Yk 22k &/ 2 Reductions 713 a1 # BaShoNo7F GO =
HoR ME 5 PL intensity®] F7F F2 1475 CoA 71 =2 S7HES Y
R AT

[Z2¥ 27.] o)« Additived] W& BaSiO.N>e] PL =3 E= 0|t} AdditiveE
A7F P& we] 9= Flux &35 Yeldol X7t oA &
S 9 PL intensity:= S 7F3FTE Ba(NO:),E #H7F 311

intensity S F<135} 3 T}

iy

o TR A WA 2AHeE N,

h8s

2

A2 H, GasE =9 Reductions 3f+=
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a)

b)

PL Intensity (a.u.)

PL Intensity (a.u)

200004 1% Synthesis — 1200°C
——1300°C
——1400°C
15000 — 1425°C
——1450°C
——1475C
— 1500°C
10000
5000
Ex=450nm
0 T r ; ¥ v u
a0 40 50 S0 60 60 70
W\avelength (nm)
12 Syrthesis = Terrp. 1450°C/ 6hrs/ H, — 1200°C
20000 — 1300°C
—— 1400°C
— 1425°C
150004 — 1450°C
—— 1475°C
— 1500°C
10000
5000+
| Bx=a50nm
0 v I T T T T ' I ' I '
400 450 500 550 600 650 700

Wenvelength (nm)




C

N

PL Intensity (a.u)

25000 .
BﬁZOZM

—— 0. 1W%BN

0000 — 0. 1W% MO
—— 0.1W%BaNO,

15000

10000

50004

Ex=450nm

(o]

[ 27.] a) 1%}

Wenvelength (nm)

b) 27} &4

% 4
&
T

A %o w2 PL spectrum

o
Lo mE PL spectrum

¢) Additive F7}ol] w2 PL spectrum

_79_



7.7. BaSiO:N; : Eu*"9] Aging properties

HoAgoA gAE BaSho.No| 2o wE w3AY] #as A3
t} ol dHow FH3 BaSi,ONol  Additivert FH7bete] FxRFHow
Monoclinic©. 2 R ol7} dojdt a3& &l & 4= Qt} [19 28] a) 43
2ol w7t S7kgel wEl Additives Ba(NOs).7} H7Fd AMZo] 7Hg =&
WIS YET o] = Ba(NO;),7t 3 7Fe BaSi,0,N,+= Monoclinic 7322
Aoz WdAdo] e Aoz FETt o]E 56%30 PKGO st A

e

ol W& 3w WslE gelatgdul. (23 28] b)ollA HolFE I o] 30
AlZE 74 3HA] Orthorhombic -39 BaSbOoNo7F 7HE A1 YA RE A]7lo]

Aol wet 3% At Fo| mobxlth HF 120A1F 2] Ba(NOs),E H 7T
3l Monoclinic 7Z%7F 3% 5 % A% A YERS:

Aoz JAEA BaShoN, & A /NES S84 Additives &8
24 wssl 799 Mopholody® Mo A Ae 4 A2+ 2
=

mﬂ
ol

9

4
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—=— BaS,ON,
a) 1004 —8— 0.1W% MgO
—&— 0.1Wt%BaNO,
04 —v— 0.1Wt% BN
T
Q, ]
£ -
E 70_
z ]
Oo+—FT——"FT——7T 7T T T T T T T T
20 40 60 80 100 120 140 160 180 200 220
Termperature (°C)
00 —+—BaS,ON,
—&— 0.1wt%BaNO)
b) - —e— 0.1w%MgO
—— 0.1W%BN

Lumin (%)

[1% 28.] a) &% wWZ PL Spectrum, b) A]7tell 2 LED PKGe| 3| %=
H 5}
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7.8. High efficiency Y3AlsO0p2:Ce’ Phosphors

=
=
I xudEs S A7 agE 89l

7.9. Y3Als0y:Ce™ Phosphors Properties

YAGE Ce'e] fdol@ o7 el A E R HolxHa wgsis
AAUSS 7HAa Stk [8] Y:AOLE RSl S8 adweHe 283t
on, dAA7IE Eol7] He] 27 ARAAES Aojste] 42 dsE &
Fel A2 945 shalth 450 nmoll A o1 7] =] 555 nmell W33k NY432

(VS commercial YAG432 H, Njil, Ex=450 nm, Em= 555nm)& &A33s}Slt}h [

A
&

Oft

H 29] ARo® FAHHE Y:ALO0, FFA ] AAA SAFolIH 7Hd Tad
NP2 Aot A7 Ds?|FL 2 NY432+= 2.5 molH, SEMC. & 2]l
A3 d@qkE AR SRIFJAT A BAO R NY432 FFA=

AG FFA (Red. YAG432)ETE JAA7|E 22 Aoz yeigon, 19

I
&
Hd
[-40

o

FEAAE & Fo=2 YERT NY4327% -9 PL Intensity®] A|7]& 63.7

[e]
%= St Ao yeiwth o= 4RI 7ol Hleldte] yebd A 3FolH, o] &
Aoz JdxA|E A A4 2 EHAE §9S u 3w Aty Ao A
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sto 2 2d Fase AA "oRt [30]

{YAG : Em= 565nm YAG properties J

Powder =4 M Imasas
Lao00 CPet Y AR
& [\

[~ \ ——

s /BN i
- / ANN
- / AN

Jo S

400 450 500 550 600 650 700 750
SAMPLE (P/D) Y CIEx CIEy HOHF = (%)
Ref. YAG432 4959 0.455 0.529 100.0
NY432 3161 0.450 0.532 63.7
+ Powder Luminance [64%])
Volume |'l'{;m Dso Dso § :
f : Increased surface area By Size control
RefYAG432 [ e | 7 141 R 525
b | B | 2 159 I ~ Decreased Intensity by decreased Size

[Z1¥ '29.] NY432 powder properties (vs YAG432)
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7.10. LightTools Simulation

ol dS Agsiadnt. AlEwelde] =12 sty Sl 2 FFA FA

o
=
o
e
o
ol
ol
32
o
I
o
w
(e}
rlo
e
o
it}
oS
Y
kol
o
=
=)
—
e
=Y
H
(@)
=N
w2
o
N

a
Z71% 9483 aygolth. &= A LED PKG9F HwEAS 9ste] Alg=
PKG Size (56*30 size, Forepi model: FI200KDZ-BL)®] AA|=HE &7 F7}
stk 2 Ao AR YA 7]el Wt MFP (Mean Free Path)gto] =
HAk JAre] Z717F 2S5 Ray Pathe F3A JAS whd 3Fo] =o}
A3 MFP#-2 Wolxith MFP#Lol 4IRSl 7)7F-2tol A 4=% Rays Wi
o] WoldoaM, T mE 89 HetE oAk & S glrh Ee JFA
of wEtAE AEHA o] EEAE F8 WFE Agdt (%
Aol wh WAl M 27 (Cx=0.27, Cy=0.22 : NY432)°l 2] w7

1o,
a
}«
O::I, JE &1-4

Sk Al E#ol A ok WAl #3027, 0.22)°] wWASFe] NY432 (Dsp=2.2 )=
FAA] vgH]= Ref. YAG432 WH| S} 4.8 wt%= SH&FH| 7} ZolX ). o=
FFA EAoA &1 niet ol A F2 AH oy o mE FEA o]

AA8] doAA M A e 7E Skt Ao Hejdn.

O_l.l
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ﬂ AEEAETDT =&
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[Z2¥ 30.] LightTools Al E#o]d %71, LED PKG AAI=H 183 A& 9]

2

2

Quantum Yield AI=S?}
Ref.YAG432 NY432
0.9323 0.6971
100 % 75 %

J
Hol8ed & ] ] Mean Free
A &g o)A B Path |
=T b (mm) |
Sy = YAG432
Color 278 ¥l #¥] 53 . 4.400 0.260
Cx : 0.270 (QE93.2)
Cy : 0.220 NY432 (QE69.7) 4.700 0.081

[3£ 5.] a) NY432 &34 2] Quantum yield %t
b) M3t ol| wWE NY432 (vs YAG432) HI3FH] 2} Mean Free Path
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7.11. LED PKG Properties

e

Ao A#E V;A10,:Ce’ FFAZ Forepi 5630 PKG Ho] 27
2 PKGd}o] #EA] 313t} [19 31.]2 NY432E5 LED PKG3&}e] 60 mA°]

5 5 =43 dolgolth. MAZ (0.27, 0.22)9] A-$ RefYAG4329] F= Wit

o

4.687 cdo]™, NY4329] 749 4280 cd2 <l A} L3 FU MAF oA
Al ui Rl = Al EEol g Adet vz v R 3.028% TFEHUTE o=
Weight percent®] 2}ol= glou, AlEdold @3 TUd3 s Har Urh
ahAWE F o] 9lojAE 92.08 % (Ref. YAG432 100 % thH)EA &3z 2t
I v gs weh= A Abol7t YERR T wepd-@3A dA 2717
el e 543 LED PKGOA o EAo] WEEH & d3s vt &
4= 9lth =3 LED PKG 9] #g Auuw Aoz Ax7t & Ref YAG432
© Ua T8 jidldAE A2 NY432= | BohS o 5 9
A Y27 Resin? 34l dojips EAE S o ¢ Qlom, gxiar|et #49

of we} ej¥to] ¥k

Leles B8R

s

XN

e
>
e
o
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{YAG : Real LED PKG data YAG432

Cx Cy Min Avg Max
(Ref.) YAG432 0.2695 0.2213 4.485 4.687 4824
5630
NY432 0.2655 0.2152 4.092 4.280 4.437 @60mA
PL Spectrum PL Spectrum
1.20E+00 0.50
—Ref.)
1.00E+00 —(Ref ) YAGA32 .3 YAGA32
—— NY432
2. 00E-01 \  Nvaz2 5
5.00E-01
\ 0,20
4.00E-01 \ m
2. 00E-01 — 0,10 J \
0.00E+00 \/\ 0,00 . - .
380 480 580 E&0 780 480 530 1] E30 E&D
CxFitting [Ref.) YAGA32 NY432 EEH L —
0.260 4.20 4.20 moaper" (Ref.) . |- (Ref.) T2 -
0.265 445 227 | esam YAG432 & ’
0.275 2.97 .!.41 33,68% - Ref. CHd]
o 3.0
0.280 5.23 A X o h
f b1
=
2 KG 54 \
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7.12. LightToolsE &3 F3A dA A7) & Wy

LED PKGoA 9] AA| FEAS &2lgk Ay} ReftH] 92.08 %o FE5HS
kA3 vk [ 6. NY432 FJFAE LightToolsoll A A -8-3Fe] 2 32710

Aol s g Adfolrt. &2 HigH] 2 483kl LightTools A& o]/d&
At A FEE 913 % (YAG432 )] F=s verdiglon, o=
Al LED PKGE 283 23} 92.08 %9t W23 °F S =2 LightTools A]H ] °]
A ogrel o= A AEAS 2t ASS & F JdTh JAE A2 dHE
ShAlslo 2 NY432 FFAo] wdel Y-S Quantum Yield #to] 8 mA %=
O 280 SV AEdelder Felst

Aok 2 A AU BT 1235 %2 E FOoR2 adol S7kssith
A 2 APdA L] Fagt Wl A A7l FFA 3N v
ot TS Aoz WA= DefectE =9 Quantum YieldE Aok 3}

ol vt Z82 FU8 A 4 A= Qx| =712

i

Hl 3L YAG(Ref.YAG432)9} oW

_89_



71 A]

d) o] E]-§-3] 3] 3z <
o573 3G A 2= (cd) ,\J.?l/jll:_
g Ref.YAG432(QE93.2) 4.69 100.0%
(phosphor ratio =<l) | Ny432(QE69.7) 4.28 91.3%
A& o] A Ref.YAG432(QE93.2) 21.28 100.0%
QE-5¢ NY432(QE93.2) 26.28 123.5%

[3 6.] NY4329] LightTools A& o] ZA}
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7.13. Sr:SisNg:Eu’" Phosphors

Blue LEDE J9¥Y o2 3= Red Phosphors=Z# x4l CaAlSiN;:Eu"

ogh

FAE del dEA sdvh shARE A FA ol W oE e A Sl %
=13
h

i, 7 E JdEE 29 AE H3E Y8 CaNyot HHgAo] Hojy FEH
2= (Glove Box)WlollA zFdafof &b EHo] wErh. E3F Color control
A3 AT E o222 o] tE =4 o] (ex. Sr, Ba etc)E A $hst|7F o
oh wetA 2 Ao e oy EAES ekt 9o ol
& 4 JdE SeSisNgEu’ HIE k-

Reduction Nitridation; CRN)S AF&-3lo] UHb Tube A 7|24, &97] A2 E
Abgato] AT B SRS SrSiNgEu” HFAS ¢ A=
A g Jdom I 27 eV AEEYeR O 3 vfg kst [31]

[ 32.]
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- CaAlISiN;:Eu?* Phosphors - 8r.SigNg:Euzt Phosphrs

_ CaAlSiN;:Eu?* SrySisNg:Eu,,

Synthesis Method

Materials

Color control

Resistance

[ 32/]

CRN - TubeorBox

GPS .

: - (Carbothermal Reduction
(Gas Pressure Sintering Method) Nitridation Method)
Ca;N, Srco;

Very difficult ot | L B aFas
(Ca Site € substitution of SrSite) ~ (conce

Very Qood Good :

)42l LED& Red HH Aol EAF} T-%
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714. Eu =59 Gx7 3Fo] = SnSisNg:Eu' XRD

Patterns

[1% 33] a) © Eu X9 W& XRD Patterns®|T}. Euo] 7} &=
Patterns®] W 3}= A A §1ou, SrSiO:N, phase (JCPDS CARD No.49-0840)7}
SHIE T} o] Eud FsXo] mE phased] Wol= ol Fo=z A7ZtE) |
A Ao gAE A ZMN Carbonoll o3 A3l7l b o] FA A ¢
oz Aty ) o= 2xF EAFE g MESY XRD Patterns .2 &1 o] %
ok [29 33.] b)E 23 I E]E 3 XRD Patterns©| U 1H I} o] 2 A

rlo

A S 233 WZol - kAo ZHA JCPS CARD No:85-01013 %] 3},
ol 12} 2oz HAF SrSih0oN,, SrSisNg2] Aol 12k A4 A
Aste] A3tE W] Al71A] KaFlom, 2af A 0w =AY = A
aol g AAEL A7t o] ([ dojuHA T o Adwol

At webA w8 Fieol] wah Aol tiste] g3k wzitia

4t
s
rot
uu?
A

i
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JCPDS #49-0840 (S'SLON))  JCPDS#85-0101(Sr,Si.N))

a)
oo L 0.3
| I i Eu0.25
A A AMA aha -

—_—

?d m Eu0.2
,S Eu0.15
o DY V. N
g Eu0.1

& o ha o

Eu 0.05]

..l___u___‘.kuh—A PO SO ST S
‘ l.l - ...I ml A s . re ahad .

A A R o A

2 ace b nsshal A

PO 1 Y1) T ST W T el e
10 20 30 40 50 60 70 80

25(Degree)

[72% 33.] a) Eu ¥ %9 T2 Sr,SisNg:Eu’"¢] XRD Patterns
b) Eu &= wWZ 22 44 SrSisNg©] XRD Patterns
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7.15. Carbon 5= WE Sr,SisNg:Eu”" Properties

L =3I Ego|t}h SnSisNgS A5}
& SrCO;9F Eu,0s0 ok 2kAa g
FH|E Al4FsEe] Oxygen 1mold Carbon 1 mols 100%% ¥A|SFITE HEgH

[(1¥ 34.] a) & Carbon &%= W&
7] fla 2oqA e dm T AkAa

]

il
|
o

rot

(o,

¢

N

Carbon Free A Z&2 Carbone YA F2 AZolth ~dEHA Fely =

18

3} o] CarbonS BA 2% W] SrSL,ONyEu 2] 5491 545 nme] 233
o UEbwtth webA [2¥ 34] b) oA Hi= wkek o] SrSi0,N,9 Ao
A Hol s &Sl shlh [32]

oA R ARSI AsIHe HY Fe% WeR A8k
Carbon %ol W& As}go|th SrSisNgEu” 9] @ AAS A5, PL Intensity
7V 7V =4 detde A A st Addo] Hasi o Oxygen®] &
Hlol mE Carbon $H7FH|7} CO7t WOl AStHe W2 o= 1 o] 23 3]
© AdA oy, giMad Ay o] dsis HA o= st 7] 98
SrCOso| A&l ok +H SH4ol we} Asl&o] Mslele] SrSi,0.N22k SrSisNs
AR At A T A™R SFH 15 wi% ~ 8.5 wt%E 1

ot

i
)
o
il
rr

wt%® W3lale] S WAt [18 35] )9 2ol SrSisNg:0.03Eu* <]
Carbon T H|7} S7}eh45 k3 ul7go] Red shift$hS 2FQlslith, 18)a &

F AE Cartbon THH|7F S71E#-5 PL Intensity7k S7Fotith. o= WA
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7.16. SrSisNge] 33 HAYS
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7.17. High CRI LED PKG for Solid State Lighting

oo F43t ¥ %A Green (BaSi:O;Ny:Eu’, Em=495 nm), Yellow
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7.18. High NTSC LED PKG for LCD BLU

Ao F43t ¥ %A Green (BaSiO:Ny:Eu’’, Em=495 nm), Yellow
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+  Size: 46’ edge LEDBLU HE
- Measurement equipment: SR-3
- Condition: &2, &5, £, &4

(30min aging VESA T+ 9 point)
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Chapter 8. CONCLUSION
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Synthesis, optical properties, and LED applications of Green BaSi,0,N,:Eu”,
Yellow Y3Als01,:Ce’ and Red Sr,SisNg:Eu®' phosphors

Sung Hoon Lee

Department of Image Science Engineering, The Graduate School,

Pukyong National University

Abstract

This thesis focuses on material synthesis, optical characteristics, and- LED applications

of three phosphors-(1) green phosphors (BaSi,O.N;:Eu*"), (2) yellow phosphors
(Y3A15012:Ce3+) and (3) red phosphors (SrZSisNg:Eu2+)—to achieve high color-rendering
white LEDs and high color- gamut displays.

(1) Green phosphors BaSi,O,Ny:Eu’® were synthesized in 1400 ~ 1500°C under a
reducing atmosphere by a solid state reaction. The green showed the 500 nm emission
peak with 40 nm half width due to the f-d-transitions of Eu’' ions. Some various fluxes,
Ba(NO3),, AIN, BN and MgO “were. added. The best luminous-efficiency of the green
phosphor was achieved at the- optimal  condition of - 1450C - at 10 hours. The
post-annealing  process was done to improve a luminous efficiency. The
temperature-dependent PL spectra were measured. The green phosphor was packaged with
blue LED, and its reliability test was done (90C, 56*30 LED PKG).

(2) Yellow phosphors (Y3AlsO1,:Ce’) with various particle sizesn) were synthesized.

Then the real white LED with small-size YAG:Ce’" phosphor was compared with the
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simulated white LED by LightTools program (56*30 LED PKG at 60 mA). The smaller
starting materials-Y>O3 (high purity chemical 0.4 pm), AlLOs (high purity chemical 0.4
pm), CeO, (high purity chemical 0.4 pm)-were used for small-size YAG:Ce’". The
obtained small-size YAG:Ce" phosphor has the emission peak of 550 nm and the
particles size of 2.5 um (Dsy). As a simulation result, the small-size phosphor showed 24
% higher luminous efficiency than the large-size commercial YAG:Ce™' phosphor in the
same color coordinates and the same quantum yield. This is the reason why the
small-size phosphor has larger surface area than the large-size phosphor.

(3) Red phosphors St,SisNg:Eu™" were synthesized by a carbothermal reduction
method. The single-phase and brightest phosphor was obtained at the carbon ratio of 6.5
wt%. The emission colors were tuned by Eu concentrations. The Eu ions occupy two
different Sr sites: low-energy Eu(SrI) site and high-energy Eu(SrH) site. The energy
transfer from Eu(SrI) site to high-energy Eu(SrH) was observed.

We fabricated white 'LED (56*30 LED PKG) with blue InGaN chip and a mixture
of our three phosphors: Green (BaSizOzNz:Eu2+, Em=495 nm), Yellow (Y3A15012:Ce3+,
Em=550 nm) and Red (SrZSisNg:Eu2+, Em=620 nm). Its color rendering index is 90. The

color gamut in LCD lis 88.4 %.

Key Word : color gamut, NTSC, Color Rendering Index, Nitride, oxynitride, Phosphors
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