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Abstract: Sr,S04:xEu? phosphors were synthesi zed through the solid-state reaction technique. The crystal phase of Sr,SiO,:xEu** phosphor
manipulated by Eu?" concentration was studied. The phase transited from B to o” in Sr,SiO,:xEu?" phasphor with increasing europium con-
centration. The single B phase was formed as x<0.005 and changed o phase when x>0.01. The emission spectrum of the B-Sr,SO,EW?*
phosphor consisted of a green-yelow broadband pesking at around 540 nm and a blue band at 470 nm under near ultraviolet exditation. The
white LEDs by combining near ultraviolet chips with B-Sr,SOy: Eu?" phosphors were fabricated. The luminous efficiency (15.7 Im/W) was

higher than a’-Sr,SiO,:Eu?* phosphor white LED.
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In recent years, growing interest has been focused on
white light emitting diodes (LEDs) for lighting because of
their benefits in terms of energy-saving, reiability, mainte-
nance and safety. The white LEDs fabricated with InGaN
blue LED chips and yellow phosphors such as conventiona
Y 3Als01:Ce*, yellow oxynitride or silicate phosphors, have
been investigated extensvely due to their easy fabrication,
low cost and high brightness*®. However, the blue chip
based white LEDs have color variation with input power and
low reproducibility owing to their strong dependence of
white color quality on the amount of phosphor. In compari-
son with white LEDs fabricated with blue chip and yellow
phosphor combination, the GaN near ultraviolet (NUV)
LED chip (400 nm) based white LEDs have higher color
stahility because dl the colors are generated by the phos-
phors. The NUV chip with excitable phosphors thereforeis
another attractive combination for white light generation.
Rare earths doped slicate phosphor is a good candidate for
NUV white LED owing its good photol uminescence proper-
ties and chemical-physical stahilitied* ™. As a yellow emit-
ting phosphor, o’-Sr,Si0,:Eu”* has been utilized to combine
with NUV chips to fabricate white LEDs. The color coordi-
nates were x=0.39, y=0.41, with the color rendering index
(CRI) of 68 and the luminous efficiency of 3.8 Im/W!".
Eu?*-activated Sr,Si0, phosphor has two phases, i.e. o and

B. The B-Sr,SiO.EU** dso emits astrong green-yellow band
under NUV excitation, exhibiting a promising candidate for
white LED phosphor. However, the white LEDs utilizing
NUV chips with B-Sr,SO4EUW?" green-yelow phosphors
have scarcdy been demongtrated yet.

In this letter, we synthesized Sr,SO4xEU?* phosphors
with various Eu?* concentrations (x) in the range of 0-0.06,
and observed that the single  phase was only formed as
x<0.005. With increasing x higher than 0.01, phase transition
from P to o’ occurred. To obtain o’-Sr,S0,Eu*" with EU?*
concentration less than 0.01 to compare the optical proper-
ties with single-phased B-Sr,SiO.EW**, a small amount of
B&* was introduced into Sr,SiO, host to replace Sr* for
forming single o’-Sr1e5xBayesS0XEW? ™. The photolu-
minescent properties of B-Sr,SI0LEUW” were studied as a
function of Eu?* concentrations, demongtrating that
B-Sr,Si0,:0.0035EU*" had stronger luminescence than
o’-SrSIO.EU? for any EU?* concentrations with our syn-
thesi's method. Findlly, the white LEDs by combining NUV
chips with the single-phased B-Sr,SiO,;Eu*" phosphors were
fabricated.

1 Experimental

All the samples were synthesized through the solid-date
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reaction technique. SrCO; (99%), BaCO; (99%), SO,
(99%), and Eu,05 (99.99%) were employed as the raw ma-
terials. These raw materias in the desired ratio were well
milled. The mixture was fired at 1280 °C for 4 hin adightly
reducing atmosphere (a mixture of 5% H, and 95% N,) in an
electric furnace. The final phase was checked with a con-
ventional X-ray diffraction (XRD) technique. Photolumi-
nescence (PL) and photoluminescence excitation (PLE)
spectra were measured at room temperature with a Hitachi
F-4500 fluorescence spectrophotometer. Based on the stan-
dard LED technology, GaN (395 nm chip) based B-Sr,S Oy
Eu?* white LEDs were encapsulated in transparent epoxy
resin. The color coordinates and the color rendering indices
(CIR) as well asthe correlated color temperature (T,) in kel-
vins of the fabricated white LED were measured usng
USB4000 Miniature Fiber Optic Spectrometer.

2 Reaultsand discusson

The crystd structure of the SO, xEU** phosphor is con-
firmed to be the monoclinic B phase when x<0.005. The
phase trandits to the orthorhombic o phase as x>0.01. For x
value around 0.01, the sampleisamixture of § and o phases.
Fig.1 depicts the XRD patterns of S, SO, xEU** (x=0, 0.005,
0.01 and 0.02) samples. The XRD patterns for x=0 and 0.005
match well with JPCDS 38-0271, i.e. -Sr,SO,, with JPCDS
39-1256, i.e a’-Sr,S0,, for x=0.02. It is shown that the
carystal phase of the phosphors is EU** concentration de-
pendent. All the Sr16sBay0sS Oy XEU?* samplesare a” phase.
The S,S0O, crystal lattice may be digorted by addition of
Eu?* or Ba?*, leading to the crystal phase transits from p to
a .
Fig.2(a) shows the PL and PLE gpectra of B-Sr,SOy:
0.0035EuU**. The PL spectra consist of a broad blue band at
about 470 nm and a broad green-yellow band at around 540
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Fig.1 X-ray diffraction patterns of the Sr,SO.xEU*" (x=0, 0.005,
0.01, 0.02) phosphors
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Fig.2 PLE and PL spectra of the B-Sr,Si0,:0.0035Eu" (a) and the
0'-Sr1 65B 30055 04:0.0035EL*" (b)

nm. Because the two emission bands overlap each other, the
PLE spectra of the two samples monitor a 430 and 590 nm
for B-Sr,Si0,:0.0035EU%", respectively, and 450 and 600 nm
for o'-SrygsBagesSi04:0.0035EL7", respectively. The PLE
spectra monitoring each of the two bands are different,
demongtrating that the blue band prefers the shorter wave-
length excitation in UV spectral region, and the yellow band
isin favor of longer wave ength excitation in NUV and blue
region. The intendty ratio of the green-yellow to the blue
band thereby increases with increasng excitation wave-
lengths, as shown in the PL spectra. The PL is dominated by
the blue band under 310 nm excitation and by the green-
yellow band with aweak shoulder at the blue under 400 nm
excitation. In comparison with the PL spectra of the yellow
emitting o’-Sr1 0sBa00sS04:0.0035EL7* phosphor, as shown
in Fig.2(b), the emission bands of p-Sr,SiO,: 0.0035EU** are
located at the short waveength sde at the same excitation
wavel ength with green-yellow luminescence

Fig.3 (8 and (b) present the PL spectra of the S,SOy:
XEU?* samples with different EU?* concentrations under 310
and 400 nm excitations, respectively. The PL spectra under
310 nm excitation are dominated by a blue band at 470 nm
with atail on the longer-wave ength side for Eu?* concentra-
tion x<0.01. As EU”* concentration increases over 0.01, the
blue band shifts to the longer wavelength sde around 490
nm and a yellow band appears around 570 nm. Under 400
nm excitation, the PL spectra are dominated by a green-
yellow band around 540 nm with a wesk shoulder around
470 nm for x<0.01. For x>0.01, the 570 nm ydlow bands
dominate the spectra. It dearly exhibits that the emisson
pesk shifts in the PL spectra as x exceeds 0.01 for both 310
and 400 nm excitaions,
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Fig.3 PL spectra of Sr,SiO,; XEU?" under 310 nm (&) and 400
nm (b) excitation wave ength

Both XRD and PL spectra suggest that 0.01 is a critica
concentration of Eu?* at which the luminescent properties
are given by both  and o phases. The spectra shift with x

valuesistheresponse of crysta phasetranstion fromptoa’.

The emisson bands remain at the same positions as the x
value changes in the same phasg, i.e,, the emission band po-
sition is phase dependent.

Two Eu?* emission bands are observed in both § and o’
Sr,SI0.EV®. It is known that there are two different stron-
tium gites, denoting Sr(1) and Sr(11), in a’-Sr,S O, with equal
amounts in the lattice. Sr(l) has ten oxygen coordinates and
Sr(I1) surrounded by nine oxygen ions. The shorter-wave-
length emission is attributed to EU?* on Sr(11) sites; whereas
the |onger-wavelength emission to the EU?* on Sr(l) sited™,
In the o'—f phase trandtion a rotation of SO, tetrahedra
occurs, so that polyhedra lose their mirror symmetry, and
each pair of symmetricadl S—O bonds splits into a shorter
and a longer bond, keeping their average length approxi-
mately congtant. An overdl increase of the S—O bond va-
lence is produced™. It may result in the srength of the
crystal fiedd around Sr* ionsin p phase stronger than that in
o’ phase. Therefore, the emisson bands shift to the short-
wavelength sde. The excitation wave ength dependence of
the emission bands (Fig.2) can also be reasonably attributed
to the different properties of thetwo S** sites.

Fig.4 gives the dependence of rdative PL integrated
intensities of B-Sr,.S0.LXEU, o'-S,SOLxEW*" and o'
Sr105Ba0sSIOLXEUW?* on EU?* concentration under 400 nm
excitation. The optimal compostion, a which the maximal
luminescenceisrecorded, isfound to be f-S,SiO,: 0.0035EL7.
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Fig.4 Emission intensities of Eu?" fluorescence as a function of
Eu® concentration in Sr,S0,Eu? and Sty gsBagsSOxEU?
phosphors (emission intensity is measured under excitation at
400 nm)

It is aso observed that both o-S,SIOXEU” and
0'-Sr1 05BasSIOsXEW?*  have strong luminescence for
x=0.02. The PL intengties gradualy reduce as x further in-
creases, owing to the concentration quenching. At low Eu?*
concentration of x<0.005, pure o” phase is formed only in
1 95Bay,0sSI O XEL?* but not in Sr,SiO,XEU?*, One reason
isthat the addition of Ba resultsin the lattice distortion and
defects, which compete with luminescent centers in absorb-
ing the excitation energies, and thus reduces the luminescent
intensity in comparison with B-Sr,SIO.xEU?*. At high EU?*
concentration of x>0.01, concentration quenching occurs
both in o-SSIOLXEW™ and  o'-Sry esBanesS Oy XEL.
Therefore, the maximal luminescent intensity occurs in
B-Sr,SIO,XEU” system.

As a reault of the drong PL emisson, the p-
S,S04:0.0035E0*" sample is sdected to fabricate LEDs
using the NUV InGaN chip. The emission spectrum of the
white LEDs measured under a forward-bias current of 20
mA is shown in Fig.5. The color coordinates are x=0.32,
y=0.40 with the color temperature of 6045 K and the color
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Fig.5 PL spectra of white InGaN-based -Sr,Si 04:0.0035EU?* LED
under 20 mA forward-bias drive current
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rendering index (CRI) of 66. The luminous efficiency is
15.7 Im/W, higher than that (3.8 Im/W) fabricated with
NUV chip and o’-S,SiO.Eu®* phosphort™. The two-color
emitting B-Sr,SiO,Eu*" phosphor has grest potentias in
solid sate lighting if an orange or red phosphor is added to
improvethe color coordinates and color rendering index.

3 Concluson

Green-yellow -Sr,SiO,:EU?* phosphors were synthesized
and concentration manipulated crystal phase in S,SOy
XEu?* were observed. The single p phase was only formed at
x<0.005, and o single phase a x>0.01. Different emisson
bands were observed when Eu** replaced Sr(l) and Sr(ll)
sites, corresponding to 540 and 470 nm bands in
B-Sr,SIO.EU*, respectively and 570 and 490 nm bands in
o’-Sr,SIO.EU?, respectively. As a consequence, a spectral
shifted to longer wavdength side in Sr,.SiO.xEu** when
Eu?* concentrations higher than 0.01 was observed. The lu-
minescent intensity of B-Sr,SIO.XEW?* was higher than
0/-SS O XEU? and o-Sry 6By 0sS O XEU? under excita-
tion a 400 nm. Therefore, the luminous efficiency of the
B-Sr,SIO.EU?* phosphors white LED was higher than the
o’-Sr,SI0.EU? phosphors white LED. The B-Sr,SiO4EU®
phosphor could be a good candidate for generating white
light in phosphor-converted white LEDs.
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