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(Shi—x, ZnY)1-y(Al1.98 Bo.0)Os:EU?" green phosphor particles for ultraviolet light-emitting diodes (UV
LEDs) were prepared by spray pyrolysis and their luminescent properties were investigated with changing
the reducing temperature, the concentration of the activator, and the ratio of Sr to Zn. For thesSr(Al
Bo.02)O4:EL?P phosphor, pure monoclinic Sr&b, phase was formed when the post-treatment temperature
was 1106-1200°C. Over 1300°C, however, the SAl140,5 phase appeared as a minor phase, which
induced a blue shift in the emission peak. The highest intensity of S5{A0.0)O04.EW?" phosphor was
achieved when the reducing temperature and the content?f\ere 1200°C and 10 mol % of the
strontium, respectively. It was found that the substitution 6f30% Zn atoms instead of the strontium
greatly enhanced the 520 nm green emission, especially for the excitation wavelength range from 380 to
420 nm. At the high Zn concentratior & 0.7), a new blue (460 nm) emission was observed and stable
even at ambient temperature. This blue emission disappeared when the Zn content became lower than
0.7. The excitation spectrum of (Sg, Zn,)(Al1.9s Bo.o)OsEW" phosphor X < 0.7) well overlapped
with the 460 nm blue emissions. Consequently, it was concluded that the new blue sites successfully
played the role of sensitizer for the energy transfer, which is responsible for the enhancement of the
luminescence intensity. Finally, the optimized phosphop SEno.4)o.o(Al1.0s Bo0)Os:ELP 1 showed
185% improved emission intensity compared with that of the(8t1.9s Bo.02)O4:EW? 101 phosphor under
ultraviolet @ex = 393 Nm) excitation.

1. Introduction consisting of a blue GaN chip and YAG:Ce yellow phosphor,
however, have a low color rendering index (CRI) and no
full range of visible light. This drawback limits the expansion
of LED application. One of the potential markets of white

The advent of GaN-based blue light-emitting diodes
(LEDs) enables production of white light by means of

combining various phosphors which can convert the blue . . - .
light to green, yellow, and rett In a comparison with the LEDs is backlight for liquid crystal displays (LCDs). Then,

conventional incandescent and halogen lamps, the white-the packlight should have a_fuII_range of visible light as \_/ng|
light generation through the blue LED combined with &S high brlghtn.ess. The white light generated by combining
phosphor has many advantages such as low power consump? Plue-LED chip and a yellow phosphor does not meet the
tion, long lifetime, and small size. Thus, many researchers requisition for LCD backlight. Therefore, it is necessary to
are trying to develop a new light source with enhanced develop a new strategy that generates the white light with
efficiency in order to save electrical energy, expecting high CRI and brightness. Recently, a suggested solution is
substantial reduction in carbon-related pollution and creating to use a UV-diode with a primary emission of 37410 nm
a new optoelectronics-based lighting industry. instead of the blue LEB.'° That is, the UV LED chip is
YAG:Ce*" phosphor has been used as a yellow phosphor used as the excitation light and combined with red, green,
for GaN-based blue LED to make white lightWhite LEDs and blue phosphors. To successfully generate the white LED
through phosphor-combined UV LED, the phosphor materi-
*To whom correspondence should be addressed. E-mail: kyjung@kongju.ac.kr. als should work under long-wavelength UV and have high

Tel: J)?]g};‘l@%gf;“ghisg;‘;;g_z‘“'858'2575' emission efficiency. In this work, a potential green phosphor
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Ew'-doped MALO, (M = Sr, Ca) is well-known as a  easily. Moreover, the produced particles have spherical shape,
persistent phosphdt:*?SrAl,O..EW* has the tridymite-like  fine size, and narrow size distribution.
structure and good phosphorescence under UV irradi&tion,  |n this work, highly luminous SrAD4:Ew#+,B3 particles
but gives very low persistence. So the incorporation of Dy with spherical shape and fine size were prepared by spray
ion into the SrAJO4:ELP* is necessary to effectively enhance pyrolysis. First, we optimized the luminescence intensity of
the long lasting phosphorescence as a consequence 0Er(Al, g5 Bo.o)OsEW particles under the excitation of UV
forming a highly dense trapping level located at a suitable |ight with changing the E&f concentration and the prepara-
depth in relation to the thermal release rate at room tion temperature. To enhance the emission intensity, we tried
temperaturé? The SrAbO4.EW?*,Dy%*,B*" phosphor was  to substitute zinc atoms for the strontium site and investigated
reported by Murayama et al. to have enhanced phosphoresthe luminescent properties. Finally, it was found that the Zn
cence. When a solid-state reaction is applied to preparesubstitution makes it possible to greatly enhance the pho-
aluminates, boron oxide ¢(B) is used as a flux to accelerate  toluminescence of SrAD4EWt,B3* phosphor.
grain growth'®> According to previous studié$,!” the added
B,O; is substituted in the AIQ framework of SrA}O,, 2. Experimental Section
resulting in the enhancement of luminescence intensity at
low concentration but the persistent phosphorescence sup- Strontium aluminates with composition (St Zn),-y(Al2-z B,)-
pressed with increasing the boron concentration. In the LED O+EU?" (0 < x < 0.9, 0.005< y < 0.15,z= 0.02) were prepared
phosphor, the long persistent property is not necessary, bu?y SPray pyrolysis. Sr(N€), (Aldrich, 99+%), Zn(NQ;).6H,0

the enhanced luminescence intensity is needed. So wel'9n Purity Co., 99.9%), AI(NG)-9H,O (Aldrich, 98+%), and

4 o . .
considered the SrAD,EW?+,B%* phosphor without the Dy HsBO; (Aldrich, 99.5+%) were used as the starting materials. These

. ial h hor for UV-LED precursors were dissolved in water, wherein the total solution
coactivator as a potential green phosphor for B : concentration was kept as 1.0 M. The nitrate solution prepared

The optical properties of luminescent materials are fre- above was modified by the addition of NGH. Then the aluminum
quently affected by the preparation metH&é The particle hydroxide molecules changed to polycations,(@H),(H20),)*,
size and the morphology of phosphors are also importantin which thex andy depend on the concentration of aluminum
variables, especially when a dense and thin phosphor layerydroxide and pH of the solution (4:2}.4 in this work)®
should be formed or the phosphor handling process requires An ultrasonic aerosol generator with six vibrators (1.7 MHz)
phosphor particles with fine size and spherical shape. TheWas used to atomize the precursor solution and the produced
LED phosphor is well-mixed with epoxy resin and loaded droplets were carried by air (45 L/mln) into a hot furnace with a
on the LED chip by the nozzle dispensing process. Then quartz tube (length, 1200 mm; inner diameter, 50 mm) at @O0

. . . . . ' The formed particles were collected by a Teflon bag filter and post-
the phosphor particles with spherical shape and fine size A€ eated at the temperature of 166D400°C for 5 h under a reducing

better than the irregular-shaped one. A solid-state rele}cuonatmosphere (5% N, mixture gas) for crystallization and activation
has been frequently used to study new compositional of givalent europium. The crystal phase of the prepared particles
phosphor. The process requires a repetitive milling processwas analyzed by an X-ray diffraction pattern measured by diffrac-
to reduce the particle size. Nevertheless, the solid-statetometry (RIGAKU DMAX-33). The morphology was observed by
method yields relatively large particles of irregular shape. scanning electron microscopy (SEM, Philips XL 30S FEG). The
The aerosol processing, for example, spray pyrolysis, is photoluminescence emission and excitation spectra of all samples
known as a promising techniqé®;2* especially to prepare  Were obtained with a spectrophotometer (Perkin-Elmer LS 50) using

the multicomponent oxides such as the SGYIEWH B3 a Xe flash lamp.
phosphor. One particle is produced from one droplet. So the
stoichiometry of multicomponent oxides can be controlled 3. Results and Discussion
Figure 1 shows X-ray diffraction patterns of Sr(Ad
11) gleilla, F.; Levine, A.; Momkus, MJ. Electrochem. Sod.96§ 115 Boo)EW?* particles. All the as-prepared particles have
(12) Blasse G.; Bril, APhilips Res. Repl968 23, 201. amorphous phase because the reaction temperature is low

(13) Ruiz-Gonzalez, M. L.; Gonzalez-Calbet, J. M.; valet-Regi, M.; and the residence time (about 0.8 s in this work) of droplets
gﬂ;dn?nz%lcl)%' £ Escribano, P; Carda, J. B.; Marchal, MMater. or particles is too short to induce the crystallization. Thus,
(14) Matsuzawa, T.; Aoki, Y.; Takeuchi, N.; Murayama, Y Electrochem. all samples were treated under a reducing atmosphere with

(15) f/loucre%g:nﬁams'z'?;?éuchi N.; Auki, Y.; Matsuzawa, T. U.S. Patent Changing the temperature from 1000 to 148D. The
No. 53'1240()6,"1995. T T ER particles had a hexagonal structure (JCPDS No. 31-1336,

(16) Niittykoski, J.; Aitasalo, T.; Hisa J.; Jungner, H.; Lastusaari, M.;  space grouf6;22,a = 5.140 A,c = 8.462 A) at 1000°C.
Parkkinen, M.; Tukia, MJ. Alloys Compd2004 374, 108. o

(17) Nag, A.; Kutty, T. R. NJ. Alloys Compd2003 354, 221. When the p(_)s_t-treatment temperature was H1#DO °C,

(18) Cho, T. H.; Chang, H. Leram. Int.2003 29, 611. pure monoclinic SrAl0, (JCPDS No. 34-0379, space group

(19) Lu, C.-H.; Hsu, W.-T.; Huang, C.-H.; Godbole, S. V.; Cheng, B.-M. — = = =
o . < P2, a=8.447 A,b=18.816 A,c = 5.163 A, = 93.42)

(20) Jung; K. Y.; Lee, D. Y.; Kang, Y. C.; Park, H. D. Lumin.2003 were formed. As the temperature became higher than 1300
105 127. . . °C, the major phase was monoclinic Sg8l, but SgAl 14025

@1 59?”491'_\(' C.; Roh, H. S.; Park, H. D.; Park, S.@eram. Int.:2003 phase appeared as a minor phase. According to Nag and

(22) L1|légg, K. Y.; Kim, E. J.; Kang, Y. Cl. Electrochem. So2004 151, Kutty,'” the formation of SAl140.5 is due to the reaction

(23) Shifnomura, Y.; Kijima, NJ. Electrochem. SoQ004 151, H192.

(24) Jeoung, B. W.; Hong, G. Y.; Yoo, W. T.; Yoo, J. B.Electrochem. (25) Brinker, C. J.; Scherer, G. V8ol-Gel ScienceAcademic Press: New

So0c.2004 151, H213. York, 1990.
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Figure 1. Dependence of XRD patterns on the reducing temperature for
Sr(Al1.0s Bo.0)O4EWR particles.
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Figure 2. Emission spectra of prepared strontium aluminates at several
temperaturesigy = 393 nm).

of B,Oz; and SrAbO,. They reported that SrAB,0; cubic

or hexagonal phase is formed at highCB concentration.

In this work, the boron content was not high. As a result,
there was no peak for the SeB,0; cubic or hexagonal
phase even at 140TC.
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Figure 3. Emission intensity of strontium aluminates as a function of the
Ew* concentration.

Al140,5 phase appeared as a minor phase when the post-
treatment temperature was over 13@ Therefore, the blue
shift in the emission spectrum of Sr@Ak Bo.02)O4sEuw 1
particles is channeled into the change of the crystal field
strength by the formation of $%l140,5s phase with increasing
the post-treatment temperature. Finally, the optimal temper-
ature, giving the highest luminescence intensity, was 1200
°C. So, for the following phosphor, the reducing temperature
was fixed at 1200C.

The luminescence intensity of the phosphor is strongly
influenced by the activator concentratié$! When consider-
ing an ideal situation where there is no concentration
guenching, the emission intensity should be proportional to
the number of E# existing within the layer to which the
UV light reaches. But there is always a critical concentration,
which is defined as the concentration at which the emission
intensity begins to decrease. The optimaf'Econtent also
depends on the preparation method. Thus, the critical
concentration of Eif ions was experimentally studied to
optimize the photoluminescence of the Sk(&) Bo.o)Ox:
EW' particles when they are prepared by spray pyrolysis.
Figure 3 shows the emission intensity of prepared strontium
aluminates as a function of the Euconcentration. The

Figure 2 shows the effect of the post-treatment temperaturehighest intensity was observed when the content 8f uas

on the emission spectrum of the prepared Sr§&\IBo.o2)-

10 mol % / = 0.1 in Figure 3). Thus, the content of Eu

O4EW* particles. The particles with hexagonal phase showed was fixed at 10 mol %.
a very weak photoemission, whereas all the monoclinic phase The codopant B ions is substituted for the At sites,
had an intensive green emission. A blue shift in the emission which is proved by IR and NMR measureméh#ccording

spectrum of Sr(Ales Bo.02)O4:Ely 1 particles was observed

to Clabau et al®? an increase in the concentration of oxygen

with increasing the post-treatment temperature. The broadvacancies by codoping with 38 is responsible for the

emission results from the 4$S)—4f55d! transition of Ed",
which strongly depends on the crystal field symmetry of the
host latticeg?®2” That is, the excited state involving the 5d
orbital is split in a different level by changing the crystal
field strength, which results in the different emission color.
It was reported that pure Srf&), phase has the emission
peak at 520 nm, whereas pure/Ar4O.s phase shows the
emission centered at 490 ¥%°As shown in Figure 1, St

(26) Perkowitz, SOptical Characterization of Semiconductors; Infrared,
Raman, and Photoluminescence Spectroscapgdemic Press: New
York, 1993.

(27) Dorenbos, PJ. Lumin 2003 104, 239.

(28) Smets, B.; Rutten, J.; Hoeks, G.; Verlijsdonk] JElectrochem. Soc
1989 13, 2119.

improvement of photoluminescence. It was also reported that
B.Os; induces the phase transformation from Sy to

SiAl 140,51 Thus, a large content of boron does not increase
but decrease the photoluminescence because the luminescent
intensity of SgAl140,5:ELP" is lower than that of SrAD:

EW" when they are prepared by spray pyrolysis. So we
checked whether the codopant'Benhances the photolu-

(29) Nag, A.; Kutty, T. R. NMater. Res. Bull2004 39, 331.

(30) Yu, M,; Lin, J.; Wang, Z.; Fu, J.; Wang, S.; Zhang, H. J.; Han, Y. C.
Chem. Mater2002 14, 2224.

(31) Kim, K.-B.; Kim, Y.-1.; Chun, H.-G.; Cho, T.-Y.; Jung, J.-S.; Kang,
J.-G.Chem. Mater2002 14, 5045.

(32) Clabau, F.; Rocquefelte, X.; Jobic, S.; Deniard, P.; Whangbo, M.-H.;
Garcia, A.; Le Mercier, TChem. Mater2005 17, 3904.
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Figure 4. Emission (a) and excitation (b) spectra of S®J:EL?* and
Sr(Alx—z, B,)O4EW" phosphor fex = 395 nm andlem = 520 nm).

minescence or not. Figure 4 shows the emission and
excitation spectra of $yAl,—, B,)OsEW',, particles,
whereinzwas changed as 0.02 and 0.05, respectively. It was Figure 5. SEM photos of strontium aluminates prepared by spray pyrolysis
clear that the substitution of boron was helpful for increasing from the solution of nitrate (a) and polycation (b).
the luminescent intensity. The increase of the luminescent
intensity, however, was weakened when the fraction of boron changed, to induce the volumetric precipitation rather than
was 0.05. According to the XRD analysis, more/8§,0.s the local one. In a previous stud$*we proposed a solution
phase was formed at= 0.05 compared witlz = 0.02. So technique that makes it possible to obtain solid phosphor
it was confirmed that increasing the boron content acceleratesparticles when the spray pyrolysis is applied to prepare
the formation of S¥Al 14025 phase, which is responsible for ~barium magnesium aluminates (BaMg#d.7). The same
weakening the positive effect of boron on the photolumi- solution technique was applied to prepare the strontium
nescence. The phosphor for the UV LEDs should have aaluminates. The nitrate precursors were dissolved in purified
good excitation spectrum in the wavelength from 370 to 410 water, which is called “nitrate solution”. This nitrate solution
nm. As shown in Figure 4, the codoping o#'B(z = 0.02) was modified by the addition of N4DH to obtain aluminum
greatly enhanced the excitation property in the wavelength polycations® Figure 5 shows SEM photos of 63(Al1.¢s,
of shorter than 400 nm. From the results so far achieved, it Boo)OsEU* particles which were thermally treated at 1200
was confirmed that the codoping of*Bis helpful and °C for 5 h. The patrticles prepared from the nitrate solution
necessary to improve the luminescence of strontium alumi- were agglomerated and did not have spherical shape because
nates under the long-wavelength UV illumination. the as-prepared particles had a hollow structure, whereas the
When the spray pyrolysis is used to prepare the phosphorparticles prepared from the polycation solution had spherical
materials, one of the advantages is production of a sphericalshape, which means that the as-prepared particles are not
phosphor with fine size. The spray pyrolysis, however, hollow but solid. The aluminum polycations in droplets easily
frequently produces hollow-structured particles because theinduce the gelation when the concentration increases by
precipitation of ingredients begins first at the surface of the €vaporating the water in a hot furnace. Thereby, the local
droplets due to the fast evaporation of water passing throughprCipitation is inhibited and the volume precipitation occurs.
a hot furnace. Then the hollow particles collapsed and
agglomerated during the post heat treatment. As a result, the33) Lee, D. Y.; Kang, Y. C.; Jung, K. YElectrochem. Solid-State Lett.
spherical shape could not be maintained. To avoid this bad 2003 6, H27.

I . ] ] (34) Jung, K. Y.; Lee, H. W.; Kang, Y. C.; Park, S. B.; Yang, Y.Chem.
situation, the properties of the spray solution should be Mater. 2005 17, 2729.
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Figure 6. Emission spectra of strontium aluminates prepared by spray
pyrolysis from the solution of nitrate (a) and polycation (b).
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As a result, solid particles were produced. The particle

morphology influences the photoluminescence intensity as
shown in Figure 6. The spherical particles prepared from
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Figure 8. Dependence of the emission spectrum on the content of Zn atoms
for (Shi—x, ZnY)(Al1.08 Bo.0)OsEW2+ phosphor.
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with zinc, no emission peak was observed under the LY (

= 393 nm) illumination. A new peak, however, appears at
460 nm in the samples for = 0.8 and 0.9. The sites for
dopants in the host are determined by their ionic radii. The
radius of E@", SP*, and Zi#* is 0.120, 0.121, and 0.083
nm, respectively. Thus, the Euions can readily occupy
the SF* sites rather than the Znhsites. For the samples in
which the content of zinc is 8890%, the E&" ions occupy
the S?* sites. Such a significant addition of Zn, whose size
is much smaller than Sr, leads to some shrinkage of the
lattice. This will exert larger crystal field on the Eu dopant.
Therefore, the 460 nm emissiole{ = 393 nm) for thex =

0.8 and 0.9 samples results from thésthk — 4f7(8S;,)
transition of E@" ions located at the 3r sites.

Poort et al. reported the SrA&),:Eu phosphor has an
additional emission peak at 450 nm when the measuring
temperature is 4.5 R They suggested that the 450 nm
emission also originates from the®8ét — 4f7(8S;),) transi-
tion of EL?* located at a strontium site which is different

_the pqucation squtiQn showed h?gher photoluminescgnce from the site for the 520 nm emission. At room temperature,
intensity compared with that of the irregular-shaped particles. however, the 450 nm peak disappears. Thus, it is surmised

To improve the luminescence intensity, an attempt was

made to replace strontium with zinc. Figure 7 shows the
emission spectra of (8k, ZMN)o.o(Al1gs Boo)OsEWR o1
particles which were prepared from the polycation solution.
All spectra were measured by the illumination of UM(=

393 nm) light. The emission intensity was remarkably
enhanced until the content of zinc increased up to 4% (
0.4). When the content of zinc was over 60%,
emission intensity was much lower than that of $6Al ;1 s,
Bo.0)O4:ELPTo 1 particles. The highest intensity at= 0.4
was about 185% higher than that of the §6Al1 .05 Bo.oo)-
O4Ewty, particles. It is notable that the maximum peak

that the 460 nm emission for the= 0.8 and 0.9 samples
arises not from the same sites reported in the literature for
the 450 nm emission of SriD4.EW"® but from new
emission sites that are stable at ambient temperature. These
new emission sites seem to be produced by replacing the Sr
site with the Zn atom. As the zinc content decreased, the
green emission was dominated (see xhe 0.7 sample in

however, the Figure 8). One interesting finding was that only one peak,

either 460 or 520 nm, was observed in all the samptes (
0.0—1.0). The 520 nm emission is obviously due to tH&df

— 4f"(8S;,) transition of E@" located at a strontium site in

the SrALO, phase. According to the XRD results shown in

position of the emission band was not changed until the Figure 9, the monoclinic SrAD; still remained as a major

content of zinc atoms was 70% & 0.7). As mentioned
before, the emission of Bt is highly dependent on the
crystal field strength. The addition of Zn can change the
surroundings of B and the crystal structure. Then some

different emission sites can be formed. This postulation was

identified from the samples in which the zinc content was
higher than 80% X = 0.8 and 0.9). Figure 8 shows the

phase even when the Zn conter} goes up to 0.7. When
the Zn contentx) was over 0.8, however, the zinc aluminates
became a dominant crystal phase, whereas theSsfhase
existed as a minor one. On the basis of XRD and photolu-
minescence results, Sk Zn)o.o(Al1gs Bo.o)OsEWP o1
phosphor appeared to have the green emission at 520 nm if

emission spectra of the samples prepared at the zinc conten{%) Poort, S. H. M.: Blokpoel, W. P.: Blass, Ghem. Mater 1995 7

of higher than 80%. When 100% strontium was substituted

1547.
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Figure 9. XRD patterns of (Srx, Zny)(Al Bo.09)O4:EL? phosphor. ) -
9 P (S ZnJ(Alse BoodOs phosp Figure 11. Excitation spectra of (Sry, Zn)(Al1.0s Bo.0)OsEWZ" phosphors
and emission spectrum of a commercial GaN chip.

1409 =——x=09, A,=393nm
o] T-T R S0m excitation spectra of the &Al1.es Bo.0)OsEWR 1and (Sks,
Zno )0 oAl 1.08 Bo.0)O4EWPT 1 samples. It was clear that the
= 100 ~TTS s excitation spectra of both &(Al1.9s Bo.0)O4sEW 01 and
AP (Sto.s, ZNo.a)oo(Al Lo5 Boo)OsELZ+o.1 well overlap with the
%’ 60_“ -~ 460 nm emission for the (81, Zno.9)o oAl 1.0 Bo.0d OsELR 1
8 . sample. From the results so far achieved, we concluded that
= 40+ the substitution of zinc atoms into the Sr sites produces new
20 blue emission sites that play the role of sensitizer for the
energy transfer, which consequently results in a large

enhancement in the luminescence intensity of (SZNny)o.o-
Wavelength [nm] (Al1.98 Bo0)O4EWPtg 1, Whereinx is lower than 0.6.
Figure 10. Emission spectrum of (85, Znog)(Alsa BoodOsEWR* and Figure 11 shows the excitation spectra ofi({rZn)o.o

excitation spectra of (86, ZMo.4)(Al .08 Bo.0)OsELZ* and Sr(Ak g Bo.od- (Al1.98 Bo.0)Os:ELP* o1 phosphor. The emission spectrum of
OsEW?* samples. the commercial GaN chiplfax = 405 nm) was also

displayed in Figure 11. As shown in Figure 11, the addition
the phosphor has the monoclinic SgB} phase as the major  of zinc atoms greatly increased the excitation intensity of
crystal phase. The significant changes in the structure for the Spo(Al1es Boo)OsEW o1 phosphor, especially in the
the samples in which the Zn conten) (s over 0.8 lead to  wavelength range from 370 to 450 nm. Given that the
the change in the crystal field strength, exerting th&"Eu  phosphor for the UV LED application is required to have
dopants, which directly affects the luminescent property. good excitation in the wavelength range from 380 to 420
These changes are well-correlated with the appearance ohim, the optimized (S ZNo4oo(Al1os Boo)OsrEWR* 01

0 T T T T - T T T
250 300 350 400 450 500 550 600 650

the 460 nm emission. phosphor can be successfully used as a promising green
For the samples in which the zinc conterj {s lower phosphor.

than 0.7, the luminescent sites for the 460 and 520 nm

emissions should coexist. However, no peak at 460 nm was 4. Conclusion

observed in the samples with the Zn content lower than 0.7.  \y/a have prepared (S5, Zn)1 y(Aliss Bood):ELR",

The disappearance of the _460 nm emission a_nd the enhan_ceﬁhosphor with spherical shape by spray pyrolysis and
ment of the 520 nm emission support the belief that there is j, e stigated the luminescent properties. Pure monoclinic
an energy transfer from the sites for the 460 nm emission to SrAL,O, phase was formed until the post-treatment temper-
the sites for the 520 nm one. It is well-known that the energy 4re was increased up to 1200. The S§Al1.Oss phase

transfgr from a sensitizer .t.o an activator _occurs when t_he appeared as a minor phase when the temperature was over
emission band of the sensitizer overlaps with the absorption 1 309°c. As a result. the intensity of the green emission at

of the activatorP? That is, the sites for the 460 nm emission 550 nm had the maximum value at 1200, The concentra-

play the role of sensitizer and effectively transfer the energy o, quenching of the emission intensity was observed when
to the sites for the 520 nm emission. To satisfy this the E3+ content was 10 mol %. It was confirmed that the
postulation, the excitation band of they&Al1 9 Bo.o2)Ox: B3+ codoping is very helpful and necessary to enhance the
Etf o1 and (Si-x, ZnJodAl1os Boo)OsELF o1 phosphors  |yminescence intensity, but the large content accelerated the
should overlap the emission band of the sites for the 460 fgrmation of SEAl1.Ozs phase and thereby reduced the
nm emission. Figure 10 shows the emission spectrum for gmjssjon intensity. It was found that the substitution of Zn
the (Sb1 Znogos(Alres Boo)OsEW o1 sample and the  atoms instead of the strontium produced a new blue (460
nm) emission site that was stable at ambient temperature and
(36) Dexter, D. L.J. Chem. Phys1953 21, 836. appeared to play the role of sensitizer for the energy transfer.
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