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Inorganic Phosphor Materials for White LED Display
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Abstract : White LEDs (light-emitting diodes) are promising new-generation light sources which can replace
conventional lamps due to their high reliability, low energy consumption and eco-friendly effects. This paper briefly
reviews recent progress of oxy/nitride host phosphor and quantum dot materials with broad excitation band
characteristics for phosphor-converted white LEDs. Among oxy/nitride host materials, M.SisNg:Eu®", MAISiN3:Eu®*
M-SiON(M=Ca, Sr, Ba), o/B-SiAION:Eu”" are excellent phosphors for white LED using blue-emitting chip. They have
very broad excitation bands in the range of 440 - 460 nm and exhibit emission from green to red. In this paper, In this
review we focus on recent developments in the crystal structure, luminescence and applications of the oxy/nitride
phosphors for white LEDs. In addition, the application prospects and current trends of research and development of
quantum dot phosphors are also discussed.
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Inorganic Phosphor Materials for White LED Display
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Fig. 2 Schematic diagram for emission mechanism in
inorganic phosphor
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Table 1 Compositions and emission wavelength of
representative phosphorsl'ls)

LaSigN5:Ce K. Uheda 440 — 470 nm
Blue LaSisAl,ONg:Ce N. Hirosaki 465 — 495 nm
Sr3iALON, Eu H.T. Hintzen 460 — 480 nm
B—SiAION:Eu N. Hirosaki 530 — 540 nm
Green LnySigOgN,:Th H.T. Hintzen 540 - 545 nm
AESi;ON, Eu W.S. Schnick 505 — 565 nm
YAGICe S. Nakarnura

Yellow

550 - 580 nm

LasSi Ce Mitsubishi
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Fig. 3 Crystal structure and emission properties of
Sr,SisNg:Euy+ red phosphorM)

ox L
o

ro
2L
0 ox

ot o
o
rhu
lo
fu
it
oR
o
N
olf
_?L
0
o
o
e
N

N
)

ol
)

5] of 7] R g 2 :
©], 400014 450 nm LR}l A &] §-& o17] £
EM T glom o] 3k 2xFe] & A of o o] A]
A7 EAL o] FFH =4 LED ﬁ£7}‘—
o= S At EA 0|tk =3t Fig. 40f thiz 2]
SisNg:Eu®" 241 9] &2 43381 AK(thermal quenching)
Ureh 31 glom, o] Fol Ayt E vhE 8
& 33 91 CaAlSiNy:Eu’" &3] 241} GA8HE
e wofzm ol o174 150 Col A4 2] PL i
Apeju] of 85% 2 o} 945k AA ShY S e}
ek
7ol At 258 24 FFA} A FA AL
E red F3GA = 71 I 3E A 2] Red &4 Q1 MAISIN;:
Eu*’(M=Ca,Sr)*= orthorhombic ZAA12E 7}xvf*”
Fig. 404 ¢} Zro] (S/ADNAFAA 7} 3319 F o2 &
ﬁﬂﬂ“L¥ziﬂTﬁﬁ°W+ﬂ¥zﬂHMm
AAEE FAG AR Aelo] BFHHoR &
2 Axpe} Ashe] 2AIFT, B4 Y
Ao} A4S 7he] Bt 72l oF 2451 AR o4
A Qhek o] 243 2] FHAIE 600 nm o] k2] ML 1

i
m
ol
rlo
&3
aQ

[72) mlo ‘t:I‘
mmL“
]—J

Z oo ox 1o o
filo

& ox

A%t 4 Qe A0 FeA QI MA2|o] Arte] B
F20) 24 9 FebH] 2 2 Ao} 2y (orange-red)

[ Q 9 Q9 10
¢ D @ 9>
o k’ow " aog) o iw -\\
Do 6 Do & H
0,.) 9 @QQ) (] 00 §°“
€ D= € ] 0a [ —o= CaMSMES
(*] L,og, (7] ,og) (] EW —e— SN B
D @ D G
oeg @] »0¢ Q »0 o
[} [ [ ) o 50 100 150 200 2% 300
Temperature ('C)

Fig. 4 Crystal structure and thermal quenching of
CaAISiNs:Eu’ red phosphor >

24 pEapsdesn 8 - 2wladTe

=22 M4 F1E, 2014

ML 2 AGE 4= Qi) o| A 9] IBEA L Fig.3 of| A
AMﬁmwh” o] FA|e} fASE B yE
Ui, 4005 E] 450 nmo| 4 0] L3 2 o1 7] 40
2 37 white-LEDO| 9] HLE 1 Q). A& A
E A ®3} Fig. 404 150 Cof| A AF2tju] oF 89%2
PL EA O 2 A7 bgAS HojZ T glut,
A3 Green Ao F2 2L A F 7HA
2 B =51 M-SiON A & 1} SIAION A& & Bas 4
QTP w0 2 2-g8H HI7HE R Eu, Ce,
Mn, Dy 5] 2 A-&-Em Fx| 83}l L35
FA = Bt 7K F3A 7} iR Rolch Eu vt
71 M-SiON2 HMHE 5 G A7tz o] WgE
JE& BojFm of7|of] F&HM)o] H7tEl= &F L ON
H|&of wat 5= Wgutifo] HstkstA "t o]F B
-SiAION-2 [SisNs] 2] 7] A3}t 2o Al H 7}
Sz oFell what ON vl& 9 Sid] 5%=7F ¥sh= 2%
3H4 25 7HAv, Eu’ 7} 7HE B-SIAION &334
7732 AR AF-gEel 7 2 FEAH| = Fig. 50
Al Bojx]= ve} o] X Q) RE] FH 9]y of o
oA =2 07| &S Bolu, dof o3t I3t 22
AHE 7R 2L Qo EE a2 Al 72 2 ON Hj&
o E]'ﬂ- 530~545 nm7HA| Z& o] 713} vragel o

Lo

P

u

O:

A=A Uﬂ”xﬂg} vty F2 54 Eoltﬂ

o3 BLU 59| $-804] Mg £ 4 i 2
o 283} 2= 9lr}.

2|2k o 2 yellow &34+ CCFL, W
Fee tAlsh=d oA F, AMA]
=9 AsAT 545
B A2 2 Y = Yot &
&2t} o] 213t yellow FFAIS & 7F

l
r l

)
> ol
A=)

[e]
2 4 m&

jaad
1=
o
o 1 ot

l:l
-{o
o
e

= 2

2 & o o
>~ ot

oo

_0|L
e &

sl

|w)

ol

d
= wE

]

AG 59 *Pi}% A i‘é% 2 & Nichia
AAEol &

IowE

o
-

Sv

rﬁ ~

3_

i
E

O>~

o

s

N

i

o

N

lo

Il

Emission
P nm

Excitation
e = 540 NM

Intensity (a.u)

e 3% wWe 4 560 sk &0 ek 700 50 s % &0 o 7
Wavelength (nm) Wavelength (nm)

Fig. 5 Emission and thermal quenching of B-SiAION:Eu*"
green phosphorg'1 b



Inorganic Phosphor Materials for White LED Display

R
pacs

@ N
=
E r_lﬂ
fu g -y
s o
1o

:'-I‘ o,
:é (
o

o ot
otd

é

il

fu)

-,

_O|L

rr

>

2 o
oy ©
e

oft

N
¥
B rlo o
=
o
_O'L

H
=
)
r o
ol
R
2
rfo
e Hl
s
o
o
=
-
o,
=2

oX o &

Eﬁ.oﬂrﬂm
Am
X
o 2
oN Jo
2
IOr_?i'
o
o =
i
Q
)
K
30,
o
o

2N o A2

=

ol oflf

il

W e
T N T

o [o o rlo 24 oX

ofll X

g o) g
ShE/ 4SS A = diA|skaat 617] wjitol )
E3] 22329 a-SIAION:E AL =A 2 3}
= FEA= 24 17 W, 24 Aojoll o3|
yellow o] 4] orange & Q711 2] 27| &2 UX O] NIMSS
FAo g AN 9@ RS W E QoY o
-SIAION Q] AH 722 Si*"E ALY 7} g H| 5} 22 [Si,All-
[ON]20f| Q1= AALE 91 2] ZH2] o] Li, Ca, Y&} 22
Folol Eol7kA QHFsE AAFLEHA [a
-SipNye] Q] 7| B2 2 EE doj x| M-a-SiAION-
%5 Fig. 60 VFEFi it o 71 A 7P o] =2 A
© 2 o 2 Ca-a-SiAION 33 &334 2] of 7] AsE
H 2] 79 Fig. 637} 0] Aen = 570 nmF A ) & 7| =S
2 300-450 nm, WFAHEH O] 9 Nex =450 nm Y
A& 7|22 & 500-600 nm F 742 B E| ek

2

23 LEDE UAE S&Hl JHE

=

A /b 2 kel Qi CdSe o 2L ILVI % 3
T WHEA] 7 (quantum dot, QD) %L WA
£ 9l QYA 0.2 LED ol o3t EH e A go] A=
=lof ik Fig. 772 opxp o] Az et 517 upE
W o4 w0 v
=3 o 1
eilA DS
A A

Wavclength [ren]

Fig. 6 Crystal structure and emission properties of Ca-a
-SiAIONEu*" yellow phosphorlz‘m

BLUE RED
LIGHT

a‘ LIGHT
. @ld
Long

v
"
Yy )',4 Wavelength

N ™

f /r’;

Short "Q“
Wavelength 44
“.

2to 10nm
(nanometers)

Fig. 7 Variation of emission wavelength with particle size
of QD phosphorlé'w)

B F2 A G9S ok EFSHE Cdse G 0]
A7]0] ek CdSe 419] 9= 3 M} 28] LED
oA 70-80% &S Bolm, CdSe AF-A2] A9t
ZAI LED O A 70% 9] 82 Holal, InGaP X4 2]
Aol 44 LEDAA 50%] &8 ®o|x gc
ShAIY Cdt 22 Q14 W Aol FNet ATl of
240 F AT YR LR FF 2 G W) ZHo|
2 AJopo] utE k. ubeha] 2ol o] 23 I1VI % o
A7 FHAES BAT S Y Clfree 24 2 MLV S
ALVIS So) A5 EA 880l o] Ay
L E3] 0]% InP 242 11V % 53HE vz
299] 73} CdSe AT ARG
=]

He aE o fo Rl
z 3o Mo
ﬂ‘ Pt

rlo off

WA Alg o) fApzio] o mjkRt Ly
Aol thek AL 22 FHE A A o] &F5o] £
B 712 B 24E FedAsiet Aol e
2 A1 Qe Uie FA) et s ek o
100 nm o3}e] 2715 2= FFA S 2ju]sir, 4
<= 7129 B 24S EEste] vt ddH
Z3 Apw o] ghek. 1ejLb LED 44 ]
upo] A& Atz 9] 7| g Aol vl 1 =g 9]
7} A8 AstElT BAAdo] Aoro] 9]

4 59 B8 M= T3 A=A = Aol Aol

re

Journal of Institute of Convergence Technology Vol. 4, No. 1, pp. 21-27 (2014) 25



oFLd-FARAE

Fig. 8 Photograph of QD rail and schematic diagram of
QD plate %

of i EH o2 AT Q= BERE A A
T EALS Ho]FELY,05E 9 YVOEL' So] Qi)
YVO4EW 9] A9 [VO, o2 HE Ev’'2o 587
1Y =] ol & e HA 549 H9 FAAEO]

il

70%0°] o] 2w, o]o} Zro] F& AR ES b= FF
A Ede FHoR Yo 23} st AF7F 3
532 QIep?. EFFLaPO, 7} 943 HFE A © &2 ¢13)
of 2 A7 A H L glom, of ZAA 7] o
2 ZHo] ek 912(Ce, Eu, Tb, Dy) S E4A|Z o]
g3lo] Z17) b2 wpao] BIEA S uHE sl Zo)
RnAs iyl S

3. 2 E

B =Fof A= white-LED-& F7] g 3A| 9] 7|& &
3}o]| el Afekd o 2 Arm E ottt LED A2 A
o FHAUES AT 4= Q= 3 54 9] &
A=A, B A AT ulel Zro] g o x| A3
I BEFFY HOA wE AT Qo] PG dAA o w
S8 AAEE A = Qe 7P R F
EHOM szt @A o] 2]k LED #ofoll §lof 7H
E2 9] A/ dto] AYEI ¢ Hofps xwg

[

_l

=
_132
—
o]
o
Ar
o]
by
i
mlm
&7
9
o
B
Siid
-
L=
lo
%
=
° 9
fo

4kQ] Bofolth. o] 2lgh Hoko] X4 el WS 913
o1 3Stolel 2T 45 WA 13l )

ol FAS Hlop gl wato] A4, Aol
Wﬂﬂ%ﬂﬁwﬁiﬂaﬂﬁ%lﬂEATR“
MwéwﬂLlou-g ol vl e
KRSl vla A oFH = A7 ol 7] 45 )
Tﬂﬁﬂ“ﬂﬁmﬂuiz l@ Jolc. whebA
U LED 7140 et Absh ol 350 2419 e
Tl ARA LN A0 AFH A D F47} B
asteha Pk,

A
o
o

=22 M4 F1E, 2014

1)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

References

K.W. Lee and J.A. Gieseke, “Collection of Aerosol
Particles by Packed Beds”, Env. Sci. Tech. 13 (4),
p.1761, 1978.

K.W. Lee, J. Kim, and J.A. Gieseke, “Collection of
Aerosol Particles by Packed Beds”, Env. Sci. Tech. 13
(4),p.1761, 1978.

R.J. Kee, F.M. Rupley, and J.A. Miller, “Chemkin-II:
A Fortran chemical kinetics package for the analysis of
gas-phase chemical kinetics”, SAND&9-8009, Sandia
National Lab., Livermore, CA, Sep. 1989.

J.C. Tan, “A Study of the Regeneration Process in
Diesel Particulate Traps Using a Copper Fuel
Additive”, M. S. Thesis, Michigan Tech. Univ.,
Houghton, M1, 1995.

R. Mueller-Mach, G. Mueller, M.R. Krames, H.A.
Hoppe, F. Stadler, W. Schnick, T. Juestel, and P.
Schmidt, “Highly efficient all-nitride phosphor-
converted white light emitting diode”, Phys. Stat. Sol.
(a) 202 (2005) 1727.

H.A. Hoppe, F. Stadler, O. Oeckler, and W. Schnick,
“Ca[Si202N,] - ein neuartiges schichtsilicat”, Angew.
Chem. 116 (2004) 5656.

R.-J. Xie and N. Hirosaki, “Silicon-based oxynitride
and nitride phosphors for white LEDs — A review”, Sci.
Technol. Adv. Mat. 8 (2007) 588.

Y.Q. Li, A.C.A. Delsing, G. de With, and H.T.
Hintzen, “Luminescence properties of Eu*"-activated
alkaline-earth  silicon-oxynitride =~ MSi;02.5N2+235
(M=Ca, Sr, Ba): A promising class of novel LED
conversion phosphors”, Chem. Mater. 17 (2005) 3242.
W.M. Yen and H. Yamamoto (EDT), Phosphor
Handbook, 2™ Ed, (CRC Press, 2007), pp.331.

R.-J. Xie, N. Hirosaki, T. Suehiro, F.-F. Xu, and M.
Mitomo, “A simple, efficient synthetic route to
S,SisNg:Eu’"-based red phosphors for white
light-emitting diodes”, Chem. Mater. 18 (2006) 5578.
K. Uheda, N. Hirosaki, Y. Yamamoto, A. Naito, T.
Nakajima, and H. Yamamoto, “Luminescence
properties of a red phosphor, CaAlSiNs:Eu”" for white
light-emitting diodes”, Electrochem. Solid State Lett. 9
(2006) H22.

J.H. Ryu, H.S. Won, Y.-G. Park, S.H. Kim, W.Y.
Song, H. Suzuki, and C. Yoon, “Synthesis of EuySis-
,Al,O,Ns-, green phosphorand its
properties”, Appl. Phys. A, 95 (2009) 747.
W. Schnick, oxonitridosilicates
(sions), and oxonitridoaluminosilicates (sialons): New
materials with promising properties”, Int. J. Inorg.
Mater. 3 (2001) 1267.

luminescent

“Nitridosilicates,



14)

15)

16)

17)

18)

Inorganic Phosphor Materials for White LED Display

X. Song, R. Fu, S. Agathopoulos, H. He, X. Zhao, and
X. Yu, “Synthesis of BaSi202N2:Ce3+,Eu2+ phosphors
and determination of their luminescence properties”, J.
Am. Ceram. Soc. 94 (2011) 501.

D.S. Yoo, J.H. Ryu, H.-L. Park, S.-H. Lee, and Y.-C.
Chung, “Atomic and electronic structure investigation
and luminescence property of Eu2+—doped SiAION
green phosphor: Ab initio calculations”, Jap. J. Appl.
Phys. 49 (2010) 06GJ07.

R.-J. Xie, N. Hirosaki, M. Mitomo, K. Takahashi, and
K. Sakuma, “Highly efficient white-light-emitting
diodes fabricated with short-wavelength yellow
oxynitride phosphors”, Appl. Phys. Lett. 88 (2006)
101104.

R.-J. Xie, N. Hirosaki, M. Mitomo, K. Takahashi, K.
Sakuma, and N. Kimura, “Wavelength-tunable and
thermally stable Li- o -sialon:Eu’" oxynitride phosphors
for white light-emitting diodes”, Appl. Phys. Lett. 89
(2006) 241103.

R.-J. Xie, N. Hirosaki, K. Sakuma, Y. Yamamoto, and
M. Mitomo, “Euy-doped Ca- a.-SiAION: A yellow
phosphor for white light-emitting diodes”, Appl. Phys.
Lett., 84 (2004) 5404.

19)

20)

21)

22)
23)

24)

JH. Ryu, Y-G. Park, H.S. Won, S.H. Kim, H. Suzuki,
J.M. Lee, C. Yoon, M. Nazarov, D.Y. Noh, and B.
Tsukerblat, properties of Ca-a
-SiAlON:Eu** phosphors synthesized by gas-pressured
sintering”, J. Electrochem. Soc. 155 (2008) J99.

O.I. Mi¢i¢, J. Sprague, Z.H. Lu, and A.J. Nozik,
“Highly efficient band-edge emission from InP
quantum dots”, Appl. Phys. Lett. 68 (1996) 3150.
D.V. Talapin, N. Gaponik, H. Borchert, A.L. Rogach,
M. Haase, and H. Weller, “Etching of colloidal InP
nanocrystals with fluorides: photochemical nature of
the process resulting in high photoluminescence
efficiency”, J. Phys. Chem. B, 106 (2002) 12659.
http://www.nanosysinc.com, webpage, Nanosys, Inc.
G. Pan, H. Song, X. Bai, Z. Liu, H. Yu, W. Di, S. Li, L.
Fan, X. Ren, and S. Lu, “Novel energy-transfer route
and enhanced luminescent properties in YVO4
Eu’'/YBO3:Eu®" composite®, Chem. Mater. 18 (2006)
4526.

K. Riwotzki, H. Meyssamy, A. Kornowski, and M.
Haase, “Liquid-phase synthesis of doped nanoparticles:
Colloids of luminescing LaPO4:Eu and CePO4:Tb
particles with a narrow particle size distribution”, J.
Phys. Chem. B, 104 (2000) 2824.

“Luminescent

Journal of Institute of Convergence Technology Vol. 4, No. 1, pp. 21-27 (2014) 27





