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Synthesis and luminescence properties of Sr, . Ca Ga,S, : Ce,Na phosphors
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Abstract A series of Sr,_,Ca,Ga,S,: Ce,Na phosphors have been synthesized by solid-state reaction. The photoluminescence
and structural properties of Sr,_,Ca,Ga,S, : Ce,Na have been examined. The Sr,_,CaGa,S, : Ce,Na phosphors have a strong
absorption at 400 nm, which is the emission wavelength of a violet light emitting diode (LED). The emission peaks of
SrGa,S, : Ce,Na are logated at 448 nm and 485 nm. The partial replacement of Sr by Ca in Sr,_,Ca,Ga,S, : Ce,Na causes a
red shift of emission wavelengths. The Sr,_,Ca,Ga,S, : Ce,Na can be used as blue emitting phosphors pumped by the violet
LED for fabricating the multi-band white LED.
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Fig. 1. Photoluminescence excitation (A., = 450nm) and

emission (A, = 400 nm) spectra of Sr,4Ga,S,: 0.01Ce,0.01Na
phosphor.
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Fig. 2. Photoluminescence emission spectra of Sr,_,Ga,S, :
yCe,yNa with different values of y (a) 0.004, (b) 0.006, (c) 0.01,
(d) 0.02, and (e) 0.10.
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Fig. 3. Photoluminescence emission spectra of Sr,0,Ga,S,:
0.01Ce,0.01Na for different firing times (a) 60 min, (b) 90 min,

and (¢) 120 min at 850°C.
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Fig. 4. XRD patterns of Sr,_,Ca,Ga,S,: Ce,Na with different
values of x (a) 0.0, (b) 0.2, (c) 04, (d) 0.6, (¢) 0.8, and (f) 1.0.
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Fig. 5. (400) and (422) XRD peaks of Sr,_,CaGa,S,: Ce,Na

with different values of x (a) 0.0, (b) 0.2, (c) 0.4, (d) 0.6, (e) 0.8,
and (f) 1.0.
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Fig. 6. Photoluminescence emission spectra of Sr,_,CaGa,S, :
Ce,Na with different values of x (a) 0.0, (b) 0.2, (c) 0.4, (d) 0.6,
(e) 0.8, and (f) 1.0.
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Fig. 7. A of emission spectra as a function of x in

Sr,_.CaGa,S, : Ce,Na phosphors.
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Fig. 8. Schematic energy level diagrams of the Ce* ions as a
function of the crystal field in Sr,_,Ca,Ga,S, : Ce,Na phosphors.
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Fig. 9. The photoluminescence spectra of violet and blue emit-
ting LEDs, where Sr,Ca,,Ga,S, : Ce phosphors are coated onto
the outer sphere of a violet LED. Arrows indicate the changes
in the violet and blue emitting spectra when the amount of
Sr6Ca,,Ga,S, : Ce phosphor is increased.

£ Ce™ o]29 4f'9] NA AECFp, Fop)et EEH
o Y& 5d'9 oA FAEL Moz Yehd R0
o} o] wf 5d'e) oA el s7le] s* ol29] gzh
oM A7) A9l Dol dElM a, AElZE 7R <
A3t =, Sr, CaGa,S,: CeNa FgAe] dg A
Edo] 9 vHEe U F9e 5d'9) a' et
4f'e] 717 %}EH(2F5/27 2F7/2)°]E]'- w2 Sty CaGa,S,
CeNa FHA A Sr¥* o]Lo] Ca™ o]0z XL
2 AR A7 Z718ka, 5d'9) a, AEie} 4f'e) 7)A
R CFsp, ‘Frp)el oA 7470] Fepx|oz wsg s
2 Aoz olgstA "k &, SrGa,S,: CeNa F%
A= 448 nm®} 485 nmolA] #FSaL, CaGa,S,: Ce,Na
FFA= 465 nmSt 510 nmellA 2g3hA] =t

Fig. 9= Sr,,Ca,.Ga,S,: CeNa BFZAZ 400 nme)
Hepd g tholo=e] W= FHo| E¥éle] 9o ub
ZF tholexe] AHERo|T) 400 nme] Bz @y ot
ole=e] A= HE Sr,Ca,,GaS,: CeNa FFAE
S¥3 400 nm #Ee YFE SrCay,GaS,: CeNa
H3A 7 F548 T 456 nmet 500 nme] E-5-2E 7K
JAle wkgsitt B9 Sr, Ca,,Ga,S,: CeNa 372

ofo] =7} A4E 400 nme] -2 A7l AT
EA) 456 nmet 500 nme] A7) S71ERS BRlEit)

F48to] Beer-Lambert W22} 7ol SrCa,,Ga,S,: Ce
g Fo] 7t E4E 400 nmollr 9] F4EE =
F Aot} Wb 400 nme| i A7) A
Al Hrh S48 SryeCayGa,S,: Ce FBA Fol F7t
&= 456 i@t 500 nme] F A7)7E SR Zlolth
Fig. 9= 5929 Wde] §o] dHsA H=E xFEs)
NZl Zolt}. &, Sr,_,CaGa,S,: CeNa FFA|= nef

A dhgrio] @ mof| Q)3A] & of7|EHA A F A
TIE WS R FPAelth we B Agelie
wepd Wy vlolommne ol wge) wa w o
oo =g weEEd S, ,CaGa,S,: CeNaZb g it
e A1 FHANE 4YTS BAFA

- O

ol

4.4 E

Sr,_,CaGa,S,: CeNa FZAE dukgo =z 43}
Aok A4 Ce'Y ol FEE 1.0mol%eE s
28 850°C3IaL 90%-7F &S o o] g &

Ak, XA A Aoz Sr_ CaGaS,: CeNa
FA7L #LdsA 2 PR F silen, s oo
o] Ca” o]l g XNFHELE AR} BATS ¥
13159}, Sr,_ Ca,Ga,S,: CeNa &FA|ox S o]

o oft nlo

[

o] Ca’" olfog XFEFE Wy upgo] Aupgog
ol st A o)lFe AAAR ] Wl wlE 4F

olzoz MWk Sr,_CaGa,S,: CeNa FEA|
Hepd kg go]o=o] By w400 nmollA 7
5 okal, ohdsh sbdel AAS wegsict meba
Sr, ,CaGa,S,: Ce,Na FFA= By s rlojor-
o] AL & FF 3 & FAS Wgske Ashe IE
9] FFAYS AU

S 0 o

ZAlel 2

o] A= AEAl AFekA FEAKE (No: 10555m093231)
o] Aoz FYHAUS.

ik

f

Gl
ree

[ 1] T. Mukai, M. Yamada and S. Nakamura, “Current and
temperature dependence of electroluminescence of
InGaN-based UV/Blue/Green light-emitting diodes”,
Jpn. J. Appl. Phys. 37(11B) (1995) L1332.

[2] S. Nakamura, M. Senob, N. Twasa and S. Nagahama,
“High-power InGaN single-quantum-well-structure blue
and violet light-emitting diodes”, Appl. Phys. Lett.
67(13) (1995) 1868.

[31 S. Nakamura, “The role of structural imperfections in
InGaN-based blue light-emitting diodes and laser
diodes”, Science 281 (1998) 956.

[4] P. Schlotter, R. Schmidt and J. Schneider, “Lumines-
cence conversion of blue light emitting diodes”, Appl.
Phys. A. 64 (1997) 417.

[5]1 Y.D. Huh, Y.S. Cho and Y.R. Do, “The optical proper-
ties of (Y,_,Gd,); (Al ,_,Ga);0Oy, : Cez phosphors for
white LED”, Bull. Kor. Chem. Soc. 23(10) (2002) 1435.



272 Hye-Jin Sung and Young-Duk Huh

[6] Y.D. Huh, JH. Shim, Y. Kim and Y.R. Do, “Optical
properties of three-band white light emitting diodes”, J.
Electrochem. Soc. 150(2) (2003) H57.

[7]1 C. Guo, D. Huang and Q. Su, “Methods to improve the
fluorescence intensity of CaS : Eu" red-emitting phos-
phor for white LED”, Mater. Sci. Eng. B130(1-3)
(2006) 189.

[8] FL. Zhang, Y.C. Stoffers, J. Penczek, P.N. Yocom, D.
Zaremba, B.K. Wagner and C.J. Summers, “Low volt-
age cathodoluminescence properties of blue emitting
SrGa,S,: Ce™ and ZnS : Ag,Cl phosphors”, Appl. Phys.
Lett. 72(18) (1998) 2226.

[9] M. Matsumura and W.B. White, “Photoluminescence of

sulfide phosphors with MB,S, composition”, J. Electro-
chem. Soc. 139(8) (1992) 2347.

[10] A. Kato, M. Yamazaki, H. Najafov, K. Iwai, A. Bayra-
mov, C. Hidaka, T. Takizawa and S. Iida, “Radiative
and non-radiative processes of Ce related transitions in
CaGa,S, and SrGa,S,”, J. Phys. Chem. Solids 64(9-10)
(2003) 1511.

[11] T.E. Peters and J.A. Baglio, “Luminescence and struc-
tural properties of thiogallate phosphors Ce’* and
Eu’" activated phosphors”, J. Electrochem. Soc. 119(2)
(1972) 230.

[12] R.C. Weast, CRC Handbook of Chemistry and Physics,
70th Ed.; CRC Press (1995) F187.



