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Abstract We synthesized a series of CaS,_,Se,:Eu red-emitting phosphors for application in phosphor-converted three-
band white light emitting diode (LED). The photoluminescence and structural properties of CaS,_,Se, : Eu were examined.
The CaS,_,Se,:Eu phosphors have a strong absorption at 455nm, which is the emission wavelength of a blue LED.
CaS : Eu has a red emission peak at 651 nm due to the 4£°5d" (Top) — 4f (°S,,) transition of the Eu’". The emission peak
of CaS, ,Se.Eu is shifted from 651 to 598 nm with increasing Se content. CaS,_,Se,: Eu can be used as wavelength-
tunable red-emitting phosphors pumped by a blue LED. We also fabricated a three-band white LED by doping SrGa,S,: Eu
and CaS,5,Seqs, : Eu phosphors onto a blue LED chip.
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Fig. 1. Photoluminescence excitation and emission spectra of
CaS : Eu phosphor.
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Fig. 2. Photoluminescence emission spectra of CaS,_,Se,:Eu

phosphors with different values of x (A) 0.00, (B) 0.25, (O
0.50, (D) 0.75, and (E) 1.00.
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Fig. 3. The wavenumber of maximum emission peaks as a
function of x in CaS, _,Se,: Eu phosphors.
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Fig. 4. XRD patterns of CaS,_,Se,:Eu phosphors with dif-
ferent values of x (A) 0.00, (B) 0.25, (C) 0.50, (D) 0.75, and
(E) 1.00.
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Fig. 5. SEM images of CaS, ,Se,: Eu phosphors with different values of x (A) 0.00, (B) 0.25, (C) 0.50, (D) 0.75, and (E) 1.00.
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Fig. 6. Schematic energy level of the Eu” ion as a function of
the crystal field in CaS, _,Se,: Eu phosphors.
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Fig. 7. Photoluminescence spectra of a blue LED doped with

various amounts of (A) CaS : Eu, (B) CaSys,Se;s: Eu, and (C)

CaSe:Eu phosphors. Arrows indicate the changes in the spectra
when the amount of phosphor is increased.
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Fig. 8. CIE chromaticity coordinate of photoluminescence

spectra produced by a blue LED chip doped with various

amounts of (A) CaS:Eu, (B) CaS,;,Seys,: Eu, and (C) CaSe:

Eu phosphors. Arrows indicate the changes in the spectra when
the amount of phosphor is increased.
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SrGa,S,: Eu and CaSg;,Se;s,: Eu phosphors onto a blue LED

chip.

M At Fig. 99 A A¥E x=0.34, y=0.33 o]
2 WA gy, A 212= 5350 Ko|t}. Fig. 10
AN dE o9 SrGa,S,: Eu, CaS,sSeys: Eu 3
BAS] A ;9L NTSC(National Television Standard
Committee)gl ;‘<—])~H l-:/k}l X%AH _o/] /\}] g,g]‘ﬁ_g CIE _1]:__?%]
°*°ﬂ HAGH 7;4\015} NTSCA A, =4, Ao A Ay
olojM TRE AAF] WAL A Fxe| FFE AFe
AMEETE A wg To] 9= SrGa,S,: Eu, CaS)5Se)s:
Eu gFAe] 4 FRHE oojr] e izbgel wze
NTSC 72H8 A9 89.5 %ot} dnkzog 7 o
2Zdole] FYor AMEHY] Haire A ewvt
NTSC wE|3k 80 % ol/dolojof strh. & Aol =)
2% 94 dbg Tho] 9 = NTSC thujsle] 89.5 %o]=
T 3t} wlebA PDAS}

e iﬁé 1‘4&~HIOH E} ?‘& e a7she wiglo)
E Sy =78 E]'O]_?_Eﬂ' §-3'+Z_—I]

o
o
Ln?
PE
s
e
o
j’:i
S O
3
£ o5

CaS, ,Se,: Eu F3AE whirg-ow AU X-
A B Y B 2wEHOo 2R (CaS,_ Se,: Eu
FPA A 8T olgo] s ojeoE I}ESHE AA
AAZY F7¥eE Sl Wsg o] wabgo g o3k

= ERISATE CaS,_,Se,: Eu F3A= A4 it o
ojl9x=o] WF IRl 455 nmelA 7 t‘z +TE 8,
651 nmoIAHEl 598 nm G| Thst mhge] ML
sggi), wEbA CaS,_Se,: Eu %%ﬁﬂ% A g
tole= 3 o =xEPE 3 G890 A WS AdS
= ot =2 wsy g9l SrGaZS4:Euﬂ- ESEURNC1
FFAQ CaSys0Sep5: Eus A2 W tolo= 3 ¢
of =¥ 3l NTSC tiH] 89.5 %21 #A Waf tlojo =
& A

228

[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. Iwasa and S. Nagahama,
“High-power InGaN single-quantum-well-structure blue
and violet light-emitting diodes”, Appl. Phys. Lett.
67(13) (1995) 1868.

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

[ 6] P. Dorenbos, “Energy of the first 4f - 41°5d transition
of Eu™ in inorganic compounds”, J. Lumin. 104(4)
(2003) 239.

{71 YR. Do, K.Y. Ko, S.H. Na and Y.D. Huh, “Lumines-
cence properties of potential Sr,_,Ca,Ga,S,: Eu green-
and greenish-yellow-emitting phosphors for white
LED?”, J. Electrochem. Soc. 153(7) (2006) H42.

[8] 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. B 130(1-3)
(2006) 189.

[9] K.N. Kim, J.K. Park, K.J. Choi, JM. Kim and C.H.
Kim, “Luminescent propertiecs of CaSe,_.S,:FEu and
application in LEDs”, Electrochem. Solid St. Lett. 9(8)
(2006) G262.

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

[11] Y. Hu, W. Zhuang, H. Ye, S. Zhang, Y. Fang and X.
Huang, “Preparation and luminescence properties of
(Ca, _Sr)S : Eu”™" red-emitting phosphor for white LED”,
J. Lumin. 111(3) (2005) 139.

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



