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Abstract In this study, spherical monodispersed cerium-doped yttrium aluminum garnet (YAG : Ce’") phosphor particles were
synthesized via homogeneous precipitation method using the mixed solution of yttrium nitrate, cerium nitrate, aluminum
nltrate ammonium aluminum sulfate, and urea as a precipitant. During the process of precursors of monodispersed YAG :
Ce™, aluminum ions which form spherical aluminum compounds precipitated first and yttrium compounds precipitated onto
the surface of the ex1st1ng spherical aluminum compounds. Drying process using lyophilization could obtain monodispered
spherical YAG : Ce’ particles compare to using oven. The thermal calcination process of YAG : Ce’" precursors under the
temperature of 1200°C for 6 h was enough to obtain 400~500 nm sized YAG particles with pure YAG phase.

Key words Light emitting diode, Phosphor, Homogeneous precipitation method, Y,Al,0,,: Ce’, Luminous properties

Homogeneous precipitation methods 5 Uk YAG : Ce 3334 A 33
Ex]
3 O

O|ES*, HMHI* X2H* st Y

’ [ TS )
detdista A Fetat, £, 16419
e dgdt e vy adrlsd, 5749, 16419
e GRARF A7), AL, 06763
ek g g 7], Y, 14080
(20169 9€ 8L H4)
(20179 19 2 HALSER)
(20174 1€ 62 AANEA)

kskok skeskesk skskoksk =k,
sy, MBHY, 205

e of R 7o)X homogeneous precipitation methodE 53t T3 2] THEak(monodispersed) YAG : Ce™' & FA Ut}
GEA YAG: Ce'e) ATAS dAstE AN aluminum ionEo] WA AZEHo] aluminum IFES FASL Fo|
yttrium SFEEE°] aluminum SFEES THAN HEFHCH F4E AAE dFe 2 A7) A8 AxAH S AX+=
g, ovenoll A AZPE v B} FAAZRI NN AXPUL o vlwd 7 tHEt YAG: Ce™ ?31}3 AL T ATt st
2 HAAA FHL WPt 224 1100°CeF 1200°CE vwa] Bdth A3 A3 1200°Ce] =2 detelA 6A17F &
ete] a4 A S AU vl 400~500 nm PAAI|E 7HR wHEAHE T U YAG: Ce’ 011}7} 4 = At

LM B S 7 FEA AEEA 2 dEA dor, Fet
sebA KA, =& i FEE, WEEH 993 &
S ZH=TH1). ol gt olf=, laser A&, FTA= F
]2 o] Fofol|A] g-8=tofell sl *)’mﬂ%o}ﬂl A7}
N = o) EE 3+ 3+ 3+ 3+ =g 1o
"Corresponding author o] FoA| AL Q)T _?’l’ Cr ,_Eu , Yb, Er 53 72
E-mail: dhyoon@skku.edu S|EF #42 =33 YAG 3| (rare-earth-doped YAG

Hir
rlo
e
X,
[o
}L
r

Yttrium aluminum garnet(YAG, Y;Al0;,)=




Synthesis and luminescence characteristics of nano-sized YAG : Ce phosphors by homogeneous precipitation method 19

phosphory= Z53+ 48 540= <3 g 385
3 JuH_2]. dA white light emitting diode(WLED)Z
Fske 7P BEARl WS FMES Y InGaN
LED chip?t Ce’" o] S =33} Y,ALO,,: Ce’' (YAG :
Ce’) A FFAE A ol gslo] PP} wpnst
¥ Aol Al FEshs WoltH3, 4] YAG:
Ce'E skt oM EL JEE A7) dsiMe
T JARGE FAHshs Aol Fasith A B

[5]. B3 gape] Alel= HE3F YAG:Ce''ol B4
o

s 7HAl Hol F¢t WS 380 ¥ =okinte6).
YAG : Ce’'= spray method, solvothermal method, 2]
3L sol-gel method 5 o2 7HA| WHS Fotd Tl
7Fed Aoz BIHITHY, 7). 719 LA SRS
(solid-state reaction method)®] 73-¢- EE|HoZ E3HA]
7= Hxe] o] Fasith &3 YAGY A4S 471
SeliMe 1500°C ool F2oxe] Fgo] Q7E
ANH O R mpo]AR Alo]=o] AFNE-S A HrH8]
Hhdol| Hdo] sleka] MAPIHHSH (liquid-state reaction
method)®] 7AF AAEES sk o] ILAIE
Rl Hlsl golatal, HEAFAES e #dET)
ZF3lt}. Sol-gel process, co-precipitation method,
hydrothermal method, precipitation method, solvothermal
method, glycothermal method 5 2] 7}A] &}8h% B
PSS Bot] #dslal 5% YAG YAE 4
T ATHT, 9IGHAITE Adk= YAk Atel=st FHIE &
7] H€ &= Uth). L FXE homogeneous pre-
cipitation method= w¥stal =73 YAG UAE X4
skt v BE2Q1 Wholnt. o]FA #d3 A=
A4S 4 A& homogeneous precipitation method= urea
(NH,CONH,)®] gitallE 53t ¢fol2AE ol o]
E 7EEsl#E S 53 urea] OH 9F CO; 72 29]
258 33 YolEso] AEHh

B A4 urea-based homogeneous precipitation
methodZ ©]&3t] &9 THA e YAG:Ce'" &
BA Y] AFAE AT PPE AAE AR
st S Bl £5F YAG: Ce'® wskEn &
o X-ray diffraction(XRD), scanning electron microscope
(SEM), photoluminescence(PL)S 53l 3% YAG:
Ce’'E s3]

2. oF Y

Yttrium nitrate(Sigma-Aldrich, 99.9 %), Cerium nitrate

(Sigma-Aldrich, 99 % pure)e SFTl &3lA1A 0.1 M
&%} solution AE YHET}. Aluminum nitrate nonahydrate
(Sigma-Aldrich, >98 % pure), Ammonium aluminum
sulfate dodecahydrate(Sigma-Aldrich, >98 % pure)S
Tl &8lAA 01M & solution BE FHETH
Solution A} solution BE Y>3 AI''¢] 3}8lk22] )
o] 3:57} HEgs TSIl 30% ol stirringdttt.
80 mle] &&E 48 (solution A +B)ol| urea®} F5%F
o] 9] EH|&o] 20:1°] H=F urea(Sigma-Aldrich,
99.5% pure)s 413 & 37} 1000 mt 2 w7 &
FrEe 9o st £ 78HS 90°CAlA 3AZE
stirring, 2A17F 304 aging &F - Zd=2llA 30:7}F cooling
gttt Washing> &7 olghe= wzol 7hA s
t}. HA7A%7](Iyophilizer)ol A <F 24X7F <k AZA]
A FHe] FEE AS F, 1200°CoA 6217k S)
I (calcination processye AAX FHYPAFe] THEAE
U YAG:Ce's deth $HE YAG:Ce' 9
SEM, XRD, PL, thermal quenching ¥4 ¥ H]E
3l YAG: Ce™'9] 432 548 s

SO

N
F{F

of

3. &3 3

Homogeneous precipitation methodZ TAE YAG:
ce’o) AR o= WA aluminum 3E0] HA
hAl 3o JeE AFo] "tk 2 o uread] ©]
af Zafioll 711t yttrium 3FeHEESo] WA REEo(Rl
aluminum 3}5HE2] ®H flo] MEHc). o)} e
Qo] THAE A7A YA FAsk=t 28 7] sulfate
iono] =83k 9S g}7, 10].

Fig. 1> homogeneous precipitation method= 43S
YAG : Ce’" @34 £&e] SEM imageolt}. T4 ®
T3 YA=e] FHE A SEM images S3t] &
g = Afem, A A71= °F 400~500 nmAt. A
Z 5 4E F 9YE YAG:Ce'Y A7 £ SEM
image Fig. 1(a)% A¥EH sii #FE 53 543
22 9AHE YAG:Ce 9 4A=7191 400~500 nmEch
2 °F 800nm AES] YAAVE 2= AL IRIT F
Atk ol= 1200°CY] 3k #Ho] HEEE F<F H,0,
OH, CO;, SOy ¢t Z& AFAe 4 94 F d¥7}
Hajgo] QlojA|7] wEo]t}h[7]. Fig. 1(by= ovenollA
100°CollA 18A17F &<t AZAFLS AX F 1200°C=
sk AL YL} Fig. 1(c)2] A= 5de =4
oM FHE YAG:Ce' AFAZS washing g F oF
2407 Bt FAAE AR F FLsAl 1200°CNA 6
AIZE B ]t 2AoA skaE AT xR 9
ZAo] thE F AME°] SEM imageES Hlws| HOES



20 C.W. Lee, S.B. Kwon, E.K. Ji, Y.H. Song, B.W. Jeong, E.Y. Kim, M.K. Jung and D.-H. Yoon

Fig. 1. SEM images of (a) YAG : Ce’" precursor, YAG : Ce’" particles drying with (b) oven, and (c) lyophilizer.
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Fig. 2. X-ray Diffraction patterns of synthesized YAG : Ce’
with different calcination temperature and drying method.
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Fig. 3. Photoluminescence of synthesized YAG : Ce™".
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Fig. 4. Thermal quenching of synthesized YAG:Ce’* and
comparison among the maximum value of intensity in each
temperature.
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