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A Study on High-Color-Rendering Silicate Phosphor for
White-Light-Emitting Diode

Jae Bum Lee

Department of Division of Image information Engineering,
The Graduate School,

Pukyong National University

Abstract

Blue-Red-light-emitting .~Ce’/Mn" . —codoped BasMgSizOs
phosphors/ are achieved: through solid-state reaction. All spectra
consist of the relatively broad blue and red emission bands.
Ce™/Mn* —codoped BasMgSi»Og phosphor show two emission
bands peaking at 400nm(deep-blue) and 620nm(red) from the
allowed 4f-5d. transition of Ce”" the forbidden “T,-°A,; transition
of Mn” ions and-the forbidden 'T,-°A; transitiontof Mn®" ions.
The strong interaction— between - Oe® “and—Mn® ions is
investigated in terms of energy transfer, crystal field effect, and
microstructure by changing their concentration. The correlation

between decay times and electron paramagnetic resonance



signals of Mn?ions demonstrates that local distortion around
Mn®" site are influenced by the doped ce” ions, which violate

their selection rule.

keyword : BasMgSiz:Os Ce”, Mn”, Energy transfer, crystal field effect
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o Higher efficacy

= Technology exists today

Blue LED +
(YAG:Y3Al50,5 : Ce®)
Yellow Phosphor
o Simple to create white
o Poor color rendering
o White point tunable by phosphors
UVLED +
o Excellentcolor rendering
RGB phosphor
o Weak UV LED Power
= Dynamic color tuning
Red + Green + Blue LED
o Suitable for Display
White

o Large color garmut

(% 1] W2 LED7A 48 1 54



A O o] &

A 12 33 A (Phosphor)

1.1 ¥344¢

, A7 o tdst FHie] dUAE F

-

(cathodoluminescence: - CL); 232 3 (photoluminescence: PL),
7 133 (electroluminescence: EL) %o 2 F== )7 o uk 3

) PR FRAE A TR AT S JER Aa

o

f

59 ggE=EA dFA EA (host lattice)® 43 Al (activator)

5o A7 A (sensitizer) E FAFTH o] EAAe dde kg

o



ofy
>,
=
S,
5
o
w0
o
o)
=]
—t+
o
o)
=]
—t
o
2
=2
>,
lo,
yu)
)
rf
d
S
>
=2
N
["O
ol
ol
rlr
po
o
fr

oA g A2 FAdol2olH, ofF-ol X TheA]= oA
ofsf &gol el AA7F 71A el 7] dEE st
7F Bl 71A dE R Eoks w L ey A s e s BeH

Atk Z o BTl WAA e Hefak oYX F9E

& AAshe Ao
A8 B4 0wl @ B SN A BAA)

I FH o] (o7|AE PFA EA|)e] vibrational interaction
S ¥3%3) configurational coordinate diagram (CCD) model &
FHEY. CCDE [ H. 2%k o] EF T A FH oAk
o] Ao 3k potential energy ] ol ojuf A= A
Aol ol x| eF o] o) o if=[e] &<l total o A= LEFATH
parabolic shapes UEFHATE  O]R L vibration motiong
harmonic motion®. 2 7} 7] wi&o|t}, o] restoring force

= Hooke' law (F = ~kx)& w2t} 0



Excitation Emission

Heat




[ 2] configurational coordinate diagram



o 4 X A<D (Energy transfer)
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(O Phosphor (Luminescent materials) : M(Ca,Sr,Ba) ;MgSi,0;:Ce’*, Eu*t, Mn**

hv, : excitation. ] c hv, : emission.(RGB)

S : Sensitizer (Ce**, Eu?*)
A : Activator(Mn**)

Energy absorption Partial Emission

\ Energytransfer :

Host lattice Sensitizer (Blue, Green)
Sensitizer, Activator Sensitizer+Activator Activator(Red)
%,
=
%
%

Energy transfer

Cet

Mn* H H Cet

(2% 3] FFA9 oluA o] mA®
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Al 248 Activatorg YR =9

2.1 Eu* o]€9 quyx &9

Eu 97te] A7 wjde [Xel6s’df ol i Eu*o]2]
e [Xeldf’ o]tk Eu® o]-o] &4 IS st 3l
ol A W AL Eu? o] 9] 4f AAAES] HAAES] YA
dololl 71Q1&ke}, o] 4fT Axt AL oA F$E o ALyl
o] A= 4% 28 (inter electron interaction)oll 2] af[ 17
611 A B/ T 2ol *SyerPy T, D o2 EeElEth dnt
Ao o]y T 7MF Fe FHE S FHola 1

&2 Py #90th AElm 4 Ao e WA 5 shitel
AA7} 5d AER o] 7] Bo 4f°5d AR} HjD S o] & "= oY
A #2947 Pp ARG s AEe] gtk o714 TSz09
Py Abol o] o7 HdliE UVl s Bate oA o)y o]
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o[ Al A}
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=3 22 37FA el s 2=
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2.3 Mn*" o] &9 = F9
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Al 33 Light Emitting Diode (LED)

31 LEDY +x % o3 g

LED+= Light Emitting Diode®] ¢fAtZ4 direct band gap
compound semiconductor (SFZERZ=A) Y p-n-HFS o] &3
oA g Azpolrt, E AFolA = FFAE o]&ske W-LED
& weed A8HE Z3EA ¥4 LEDS 7xE d¥E:

o [1¥ 9] SMD ©Et9le] dslEA LEDS 7h=FZ<Q]
725 JelAt. @48 dstEe ¢ oE M-VE veA
sidEHdE 2y aFdY % 71#e] SASHA &t o -
ALOs, Si, SiC, ZnO, MgO,.GaAsS} o]F 713 90| 4371
o} ol SiC7} GaN$&k 2A T =, AR 4, @94 AlTe =
Holl A 7 FrAbsEAIRE zke)r] mEel o - ALO:7F e Ab
|51 de AAolth olFA FAHH pn FAFANA= [1H
10]¢F #Zo] oA M=rt FRHXA o o]lyE M= X

of &%k vlo]loj~E HolE W minority charge carrier’} F
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Y WAl depletion layer®lAl hole®} electron®©] FH
radiative recombinationg 3}H LED7} &2t=|al ®o] #Ash
ot =Wk vlolo 28 AW p-sidedl Al majority carrier?l hole
o] HFFE S FTH3Y n-sidezZ It} olw n-side®| A hole
minority carrier’} ®th. Wb £WEF wloloj vt AW A

o] & P ol minority carrier’} FHEA Hi FEFoll

oo

o minority carrier7} E)3tA €tk ©] Y minority carrier

it

2 A FHOS=Z o]F3= majority carrier®} A At
band gap oY Alel| sFst= AHAE WEsA-Hh vE=A|
7} direct band gap$l 739 electron®} holeo] &< W3}
glol A3 Agstal hv = Eg¢] Y AE 7IA= photons %
Z3t). ol Eg7Zl 1.8 eV ~ 3.1 eV o|® 7pA|3e] WS u&
sHAl E+= Aot
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LED Chip

Plastic Lens ety
Anode Lead Cathode Lead
....._._/ . —
Slug/Heatsink
(1% 9] Ashes) LEDS} A T2
v B, ¥

Confinement Electron

1 blocking
aye{ layer
!

Confinement x"-.

[2”] 10] AlGaN/GaN/GalnN multi quantum well 7-%¢]
W =tjolo] 1)
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3.2 White LED (W-LED)

A 7EA] JNEE LEDE o]-8-3F Wil 1§ vhHe I [13
11]3} o] ztzhe] AA, = g LEDE Z§she Widl’, 24}

9] LEDS} Aol & Fdto] 24, =4, FAS Bgshs F3A)

gzto] F& LEDY 5402 <late] Zzte] AHA =4 Ha. 4 &
Fe)A] ot M2 Hole Age] @dol MEhr] wid o)E Al
AAE o Feta=rl 712 desh He dis
ZHAI ok 229 LEDE: o8-8t BAS Fst= e o
A7AA 13 E o) ZAke) A LED7E N R] eolA 13z WS
Tt oewel Jdom, 294 [LEDS] Axwrbt Hxth

w3 7471e] s GuAlY LESHol e i) Be g

A
ofr
L
N
i

o] uug o].L‘ LEDoﬂ

_24_



o
-
BN
i
ﬂ}l“
QL
k]
30
v
QL
N
e
o
-
BN
rr
il
12
o2
12
i
i
1
o2
12

Zalo] dalgo] vrom, AN TEA Dol ola A

7

Lo
W
e
d

Ea‘ro
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o % 2 LCDS| BLUZ °|-§517]oc A3atA ek

Red + Green + Blue LEDs UV LED + RGB Phosphor Binary Complimentary

Combined

Phosphor Specum
Emission ElueLED:
Spectrum
- [

470 523 390630 (am)

470 525 590 630 (mm)

Blue LED

RGB LEDs UV LED + RGB phosphor 5
Yellow phosphor

i

¢ (

[2® 11.] LEDSol 8% 4 =
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3.3 W-LED& #3344

HHAE T3+ white LED =, phosphor converted white LED
o] AHEEE FFA o= thee] Fo] a7k (1) LED chipolA
sk B Gl B F5E vERRoloR 3, 4" — 4f5d]
transition?} o] 27 parity B 3&H Fo]E Yehfoiof stk
@ FAEEC] 0 % olFolojek g (3) Oy CO, HO! thal 2H
3ok 3}™, high photoexcitation density 373 3}oll A ¢Hgsfof gl
@) Az FHolv Fx AN EA A YA golok
st} (5) =2 = S &(extraction efficiency)S 34 LED. chip2]
2HEH =gk 2HEE 7HAF itk (6) 98 X18FQ1 AE Aok
gk M @z ArgslE WALEDY]  AMEEE SlE WLED®
Y:ALOR:Ce™ ¢} (Ba, Sr, Ca)SiOgEs™ FBAE ¢ 208 & us
& 53] A4 LEDS] W53 3F tid) 450 nm AN B F¢
MEZS ZEx 3 Qe SlARE 4 LEDO 34 g VAROp:Ce™ 2
(Ba, Ca, Sr)SiOEu”" FFAS Exsta] ¥ [EDS wh=x 79,
halo effectt} A2 EA 52 EA7} 1o UV LEDe|| &2, A =
A PFAE Txsle] WAl [EDE YT A%} o]Foix|a Jth

e obE UV LEDE F8AE 71 vAe] Qe ol

_26_



}

A MY 4 3

&

EE R

Al 18 FFA Am FA
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&l H (pyrolysis

H] (molar ratio)

)=}
e
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[e)

119900 FubelF i FgA AT}

A (sol-gel method), 3 3% (combustion

T (hydrothermal ~ method),

=

(solid state- reaction)

2 AMgEle] ghou}!
o|Bo] HEHUA

method),

method), A= FAH(Low=temp. precipitation method) 5-2] TFF

==
T

e
il

j
-

1000 ~ 1500 C 9] A2o=® &=
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- 5
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51838 A7] 3}Z(tube furnace)dl 2L F, Ced} Mns Z+7+
7hel 27k 2 wrEo] F7198lA Ho/N: (5% / 95%)°] &7t
Lo A dAE ATk A8 &%= 1200 Tolw 1.54%
S 2EE IR 44 B dXYE AT o

i HAel Hg TES
A2 PFA BT =g FAAI7] etk
1 Ba;MgSizOs:Ce’’, Mn”', Li'

R 5
o] @4 (single phase)2A o] &3] JFHA X & 5 3
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=
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>
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B dge] HeatA AdEel HAACl FAA AR T ol

g 2= [29 12]9 JeEhRSd
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Host materials : BaCoj; MgCO; SiO,
Activators : JM”COS, Ceo;), Lf;)Cﬂ_g
Flux: NH,F

¥

[ Mix by Slurrying in-efhianol/ ball mill == Dry-in oven ]

pe

[ Synthesis : Seild-State reaction ]

1200°C for 4k ina reducing atmosphere (3% H, /93 % No), heating rate : 5°C/mim

-

[ Milling : particle size(1p) controll ]

-

[ Ba;MgSi,03:Ce, Mn™, Li* ]

[ 12] BasMgSi:Og Ce®', Mn?', Li" a2wkgs o] vhAd A%

ol

%
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kV, 30 mA¢Y x=73d oA X-ray diffractions =43},
Bruker ESP-300E spectrometerZ  ©]-&3}o]  Ab2o] A 9]
Electron paramagnetic_resonance (EPR)S =743} t}.

E3 BasMgSixOg Ce’, Mn”, Li' 334 2344 54¢ =
Abst7] 918l Hitachi F-4500-5  ©]-&ske]  Photoluminescence
excitation (PLE)S S48k a, 281 A7\ 38 A2
3 FaAe A gAA e o £dor AFF o F3 Y
3} CRI(color rendering index) =74 3st7] €sfo] & & (Ocean
optics(USA)," USB-4000) & ¢] 83} S T} (3% 13)/ 2l /A
T A AF-8-% Photoluminescence =73 “&H] <l Hitachi F-4500

o) AMermet A Apzlolt);
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Sample cell

N
K
Excitation \
monochromator
Xe lamp
emission
monochromator '\

Photo detector

[2& 13] PhotoLuminescence =4 &% /M=
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A NG 23 2 13

Al 12 BasMgSizOs: Ce™ FAe] EA4

1.1 BasMgSisOg: Ce®" 8 gA 2] =

(23 14]8 e S o] g3 UMsl g uow o

o H H

rlo

rr

43 BasMgSiOs Ce¥, Li'®@349 XRD 34 Y
JCPDS (Joint Committee on Powder Diffraction Standards)
#10-0074 <F vl Ay @A (Single Phase)d = 213kt

113 #Zo] A7) ¥4A = Othorhombic T%9¢ P2i/a

e
ot
B

5

ZEA AR} FRE AL (28 15=] 48 83 9
Fz%o|th, BasMgSiOs Ce’'Li'=3349] PLE= [18 16]
o /] Bl z]zo] 330 nmol A Hul-FFIAFgoz x| b

] FH(250 ~ 350 nm)e] W WY FFAGS HE
o} ol 229l LED Hoz 977k 7hesithe As o F
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2 100 nm¥ ¥Fx] Zo =2 380 nme FHu &F
F44S JellE AS 2 5 9k PL¥F PLE 2% Ce’'o] 5d-4f
Aololl 7]eldty, =3 [1¥ 17]0A ¢F o] Ay E£3H

BasMgSisOs:  Ce”', Li' 3ol Ce’olee w77}

7} | Ceol &3k Ceo]-&AFo] o 2 5|

= 2384083 A ¥ 5 gt

Compound Crystal system Space group  Unit cell Reference #

Ba;MgSi 0, /a JCPDS#10-0074

(X 2] BasMgSix0s FB3A e +24 54
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(1—x=0.01
(2— x=0.02
(38— x=0.03
(4— x=0.04
(5)— x=0.05
(6)—— x=0.06
JCPDS#10-0074

XRD intensity (arb. unit)

T T T T T

20 30 40 50 60 70 80

Wavelength (nm)

[19 14] BasMgSi:Os: xC@e” /Li" @3¢ Ce’ ol Hm ®Walo]
e XA 314 94
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7000

|—°— Ba,MgSi,0,: 0.04Ce™, 0,04Li"

60004 A e =380nm

€

5000
4000
3000
2000

1000

PLE intensity (arb. unit)

200 ; 240 ' 250 ' 350 ; 3(150
Wavelength (nm)

[28 16] 34 ¥ BayeMgSipOs: 0.04Ce*/LiT 834 2] PLE

~HE
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PL intensity (arb. unit)

6000 ) (1)--— x=0.01, y=0.01
] EAY (2)-+— x=0.02, y=0.02
5000 - TN (3)-:— x=0.03, y=0.03
v o Y, (4)- - x=0.04, y=0.04
; % (5)-— x=0.05, y=0.05
0 ; f‘%‘\ (6) - x=0.06, y=0.06
3000 ; h “ : Ay = 330nm
2000} :v A ©)
o
1000 -] vv' g
1 #
O-M 1 ; : : l ) l
360 400 440 480

Wavelength (nm)

[2% 17] Bas:MgSiOs: xCe'/Li' @@Ale] Ce¥ o] 2 9] PL

23 E
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Integrated intensity (arb. unit)

350000

300000

T

1 : [1]:' a : / : . ~: ' [2] :

2500004 . i e

] : . ./ : : : “‘ :

200000 / | | n i

Ty
150000

u
100000 +————+——————
0.01 0.02 0.03 0.04 0.05 0.06

Ce* Concentration (mole, x)
[2% 18]1F ¥ Baso:MgSioOs: xCe™ /Li" BBA 2] Ce’ o] 29

S A
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A 23 BasMgSiOg Ce* /Li", Mn>' 83| E4

2.1 BasMgSi-:Os: Ce’’/ Li', Mn* 3 3] +=%

BasMgSisOs: xCe/Li", yMn* 333Ae] Ce o] &3 Mn”
oj2¢] Fx wWsld wW& XM 3d sidolnt. [d 19]=
4%Ce™ ol &g mAsa Mn¥ole9 TEES WA wE
XA 3" ddel, [Z7 20]e4 Bl & F lFo] Mnel
o] Z7} 4= Low angle shiftE 18kal 9lth ol= Mn* o]

o] Aol B om Qs A Fe] ol 7)QldEd.

Othorhombic TZ & w23 9} [18 20=-Ce* oL}
Mn®' o] &9] s Wbl whgh XA 34 sjEle] mAg o] Fo]
wEE QAT 25 XRD AHle] LAl 26 = 002 °& Y
olub#] st gtk o] Ce’ % Mn® o]29] Hi o]

72 (093A)0] Ba®™ 9 o] & wrA(1.16A)7 & o7 U &7
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Ao 2 o A

5000

5 (1—— x=0.01
= 1 < (2—x=0.03
S 4000 (3 x=0.05
-] g (4—— x=0.07
3 N (5) x=0.09
- g 3 e (6)—— x=0.12
' & =
2 1 1
B 2000 VS
&
o ] M IA J
£ wof |
>< 0+ L Y H i L -VA 1Y Y

3 Pl : ' v JCPDS#10-0074
¢ T T u T T T T T

20 30 40 50 60 70 80

20 (degree)

[28 19] BageMgr «SixOs 0.04Ce* /Li', xMn*" J 34 XA 34
Eih=]
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5000

= (1——x=0.01

= L o (2——x=0.03
"= 4000+ = (3) x=0.05
= (4y——x=0.07

i (5) x=0.09
'E 3000 (6y——x=0.12
© —v— JCPDS#10-0074
'
>
= 2000
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c
3
}= 1000 -
(]
14 04
X : : ‘

Y T T T T T r
21.60 21.75 21.90 22.05 22.20
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[72¥ 20] BasewMg «SixQs 0.04Ce* /Li", xMn®" 339 XA 314
&l o] shift
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(1— x=0.01
(2—— x=0.03
(3) x=0.05
(
(
(

(130)

4000
4y—— x=0.07
5) x=0.09
6)—— x=0.12

(111)

3000

2000 ——-J

(103)

040)

XRD Intensity (arb. unit)

1000 -
A
0l ‘_ﬁ-‘}u lJ ) : " \ T TS 1
| . 1. ¥ JCPDS#10-0074
T T . T L T . T T T !
20 30 40 50 60 70 80

20 (degree)

[j_aEI 21] Ba:;fogo,glsiz()g: XC63+/Li+, O.O9Mn2+ 63%]’5“"94 Xﬁ §]7§
e
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4500 - ~
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4000 - N
3500': M 5)—— x=0.09
3000 | 6)—— x=0.12
2500 J\ (6)
1500 i 3
1000_- j\ (2)
500 ; (2)
- A (1)

; : I ; : . *IV*'JCPIDS#I10-OIO74
44.0 44.2 44.4 44.6 44.8 45.0 45.2 454
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XRD Intensity (arb. unit)

0

[29 22] Bas MgonSixOs xCe’/Li", 0.09Mn* & & o XA 34
&l shift
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0.0 , , y . : . .
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Wavelength (nm)

[2% 23] BasoiMgooiSisOs: 0.04Ce” /Li", 0.09Mn”' & 34 ) <)

ol7] 29 EY

[ 23] BaiMgSi-:Os: 0.04Ce™/Li", 0.09Mn”" & 332} Ce™
o] 9] 5d-4f #e]ol B AW (Aems 370 nm)F-Mn”" o] &9
“Ti-°A; Aolol ek -A M (A= 610 nm)e AFstE 7]

s Egolty, %A% A AY BE 320 nm F2olq Hy

§4 332 wolrd, 250 nmA 350 nmel He FF 99S
Hola glow, Ag e FuE =a gk ol A4 w4y

_46_



A Mn® o] o9 oA He Az e wetom e
2= g} BT

[ 24]-2BasMgSi:Os: 0.04Ce” /Li’, xMn” &3¢ w4
sAEGoR Ce¥ ol FEE 1A A7 Mn® o9 ¥
Wk A7IEA g 2 ER Y] WstE 3 stk 350
nmol Al 450 nm7HA ¢ W A wbago Ce¥ o] e 4f-5f A
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PL intensity (arb. unit)

PL intensity (arb. unit)

T T
550 600

Wavelength (nm)
X

T T
625 650

10

T T T T T
350 400 450 500

T
550

600 650
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33 Ce’'ol 29 TR sl mE P sAEY
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of wAds AAL & A o [2d™ 2613 [2™ 272
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1200
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14,

- 1 . * x=0.01 (7, =28.24 ms)
< %ﬁaﬂ - x=0.03(z,, =27.94ms)
-é *,*** . x=0.05 (1, = 27.33 ms)
8 **{2%% v x=0.07 (z,, = 27.65 ms)
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©
£
™
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0 50 100

Decay time (ms)

[72% /29]  BaneMgixSisOs: 0.04Ce™ /Li"; xMn®" 8 4 9
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