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Enhancing Luminescence of SrBPOs: Sm** Phosphor by Codoping
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Abstract: An orange reddish phosphor StBPOs:Sm®” was synthesized by the traditional solid-state method. The phos-
phor component was characterized by the X-ray powder diffraction (XRD). The photoluminescence excitation (PLE)
and emission spectra (PL) were investigated. The influence of the concentration of Sm’" ions on luminescence proper-
ties of samples and concentration quenching mechanism were investigated. The results show that the as-prepared
phosphor can be excited by 342 nm, 358 nm, 370 nm and 399 nm UV light and the strongest one at 399 nm. On being
excited by 399 nm, the sample emits yellow, orange and red emission at different wavelength. The optimal activator
molar fraction in this phosphor is 0.016 and the only sintering temperature is 1000°C. It is meant for enhancing the
emission intensity of StBPOs:Sm® phosphor if appropriate Li" ions are added as charge compensator. The thermal sta-
bility was evaluated by emission spectra of phosphor at different measuring temperatures. This research studied the in-
fluence of reaction temperature and charge compensator on the luminescence characteristics. The chromaticity coordi-

nates of SrBPOs:Sm®, R" phosphor was explored. The results indicate that SrBPOs:Sm®", Li" is a potential or-

ange-reddish phosphor in near UV based white LEDs.
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Due to their intriguing characters such as durability,
small volume, long lifetime and environment friendly,
white light-emitting diodes (W-LEDs) are regared as the
next generation solid state lighting devices!'!. The most
common method for preparing the white light LEDs is by
coating appropriate quantities of yellow emitting phosphor
(YAG:Ce) to a blue GaInN chip. However, the color
rendering index of this kind of W-LED is low due to lack
of the red light in the spectra®*!. In order to improve the
color rendering index, some red emitting phosphor can be
added to the yellow phosphor. Otherwise, the W-LEDs
combining with UV chip and tricolor phosphor attract
more attention with the development of UV chip. Thus,
the red phosphor that could be excited by UV light or blue
is needed. Specifically, the Sm*" doped phosphors exhibit
a strong orange-red fluorescence and the excitation peak
of these phosphors can match with UV chip very well™.
Some phosphor activated by Sm®* ions are prepared and
the luminescent properties are investigated. For example,
Li,BaP,0,:Sm*"®, NaYP,0,:Sm*'!"), BaGd,04:Sm*'*),
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Ca;GdO(BO;)5:Sm* ™, BasLa(PO,):!"", Y,WO4:Sm* T,
Sr3Sn,07:Sm* 14 Ba;Bi(PO,);:Sm’ 1), LiBaBOs: Sm’ ',
S1,Si04:Sm™ "%, Y,8i,NC:Sm™ %) etc.

The SrBPOs compound was first prepared by Bauer!'”.
SrPBOs belongs to indirect optical band gap materials and
the gap between the conduction band minimum (CBM)
and the valence band maximum (VBM) is about 5.663 eV.
Thus, SrPBOs could be a category of good host for many
luminescent ions due to the large band gaps.

In this study, we synthesized a reddish orange lumines-
cent StBPOs:Sm”" phosphor and investigated its optical
properties by measuring its photo-luminescent spectra
with different Sm®* concentration and charge compensator
agent.

1 Experiment

SrBPOs:Sm®*, R phosphors were synthesized by a
solid-phase reaction method. The SrCO; (99.9%), H;BO;
(99.9%), NH4H,PO, (99.9%) and Eu,O; (99.99%) were
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used as raw materials. The stoichiometrical raw materials
were mixed thoroughly with alcohol in an agate mortar
and were preheated at 400°C to get the precursor. Then,
the precursor was sintered at 900°C for 4 h to get the
products. Finally, the samples were grounded into powder
for characterization. In this experiment, Li,CO;, Na,CO;
and K,COj; are used as raw materials of charge compen-
sator (Li", Na" and K").

The crystal structures of the samples were collected on
a Bruker D8 X-ray powder diffractometer with a CuKa
radiation (40 kV, 40 mA). A Hitachi F-4600 spectro- pho-
tometer with Xe (150 W) lamp excitation source was used
to record the fluorescence spectra. The whole measure-
ments were operated at ambient temperature.

2 Results and discussions

2.1 Crystal structure of the SrBPOs:xSm**

The XRD patterns of SrBPOs:xSm®* phosphors are
shown in Fig. 1(a). Obviously, all the diffraction peaks
match well with the JCDPS card 54-0615, which demon-
strates that no significant change to the crystal phases of
the products caused by doping limited Sm®" ions. The
crystal lattice parameters are shown in Fig. 1(b) and both a
and c are reduce with the concentration of Sm*" ions iucre-
asing. It is generally recognized that Sm®* ions will replace
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Fig. 1 XRD patterns of xSm*" doped SrBPOs phosphor (a) and

influence of Sm®* concentration on the crystal lattice parameters (b)

the sites of Sr*" ions after entering the crystal lattice, while
the ionic radius of Sm®" ions (0.0964 nm) is smaller than
that of Sr*" ions (0.112 nm), which induces the lattice pa-
rameters decrease with the Sm*" ions quantity.

2.2 Photoluminescence properties of SrBPOs:
Sm*" phosphor

From Fig. 2, the photoluminescence excitation (PLE)
spectra of Sr 934BPOs could be seen: 0.016Sm’" monitoring
for different emission peaks (598, 613, 561 and 644 nm).
The excitation spectra take on similar shape though the
intensity is different. It indicates that the excitation spectra
composed of four narrow bands in the region of 300420 nm
and the excitation peaks locate at 342, 358, 370 and 399 nm,
which is corresponding to the transition from ground
level °Hs), to higher energy levels 3H. ), “Dsy, °Pojy and
*K11/, respectively. The strongest excitation peak lies at
399 nm, thus this phosphor can be excited by near UV
light efficiently.

Photoluminescence (PL) spectra of Srg¢34BPOs:
0.016Sm>" phosphor under 342, 358, 370 and 399 nm are
illuminated in Fig. 3. The emission spectrum excited by
399 nm is strongest and all the emission spectra include
three groups of emission bands. The main emission peaks
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Fig. 2 Excitation spectra of StBPOs:Sm®" phosphor monitoring
for different emission peaks
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Fig. 3 Emission spectra of StBPOs:Sm®" phosphor excited by
different wavelength light
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locate at 561 nm, 568 nm (*Gs) to °Hs)), 598 nm, 610 nm
(*Gsp to *Hyp) and 613 nm (*Gs, to “Hyp), which is as-
signed to the f-f transitions of Sm*" ions. Among the three
groups of emission bands, the transition at 598 nm (4G5/2
to 6H7/2) satisfies the selection rule of AJ=+x1 and it is a
magnetic dipole (MD) and the other transitions belong to
completely Electric dipole (ED) natured!'®).

It is obvious that the transition between Sm®" ions and
host is not observed and the interaction between them is
very weak. The emission band from 590 nm to 620 nm is
stronger than that of others; therefore this phosphor can
emit orange-red light very well"”.

Fig. 4 shows the possible energy transfer mechanism of
Sm®* ions. The Sm®" ions transfer from ground state to
excited state after absorbing energy and the energy state
moves to the lowest excited energy level (*Gs;,) through
relaxation'”’,

2.3 Influence of Sm** ions on the luminescent

properties of SrBPO5:Sm** phosphor

Fig. 5 shows that the intensity of emission peaks
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Fig. 4 Schematic energy level diagram of Sm®" ions and the
possible energy transfer
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Fig. 5 Influence of Sm®" concentration on the emission of
SrBPOs:Sm** phosphor

increases with the concentration of Sm®" ions from x=
0.002 to x=0.04, thereafter, it decreases because of the
concentration quenching. The concentration quenching
ascribe to the distance between Sm®" irons become shorter
with the concentration and the energy transfer from one
activator to another. The critical transfer distance (R.) can

be calculated by Blasse’s equation®'):

3 1/3
RC:Z{ r } (1)

4rx N

Where V is the value of the unit cell of host, x. is the Sm®"
ions concentration when the concentration quenching oc-
cur, N is the number of cations in the unit cell. For the
SrBPOs host, 7=0.27687 nm3, N=3, x=0.016, from Eq. (1)
the value of R, is about 2.23 nm.

Generally, the energy transfer will be induced by ex-
change interaction if the critical distance between the ac-
tivator is shorter than 0.3~0.4 nm'*?. Otherwise, it will be
attributed to the multipolar interaction and the later is in
point for SrBPOs:Sm®" phosphor. On the basis of the the-
ory of Dexter, the relationship between emission intensity
(/) and activator concentration (x) could be expressed by

this equation'®":

Toc(1+ A)/ yla™ /301 +5/3)] (a=1) )
Where o =x[(1+4)X, /}/]3“ I'(l1-s/3)c x, x represents

the activator concentration (x=0.016), s is the series of
electric multipolar, y represents the intrinsic transition
probability of activator, 4 and X, are constant. The slope is
the value of s/3 when a double logarithm coordinates is
constructed using lg(//x) and lgx. When the value of s is 6,
8 and 10, the quenching mechanisms are dipole-dipole
(d-d), dipole-quadripole (d-q) and quadripole-quadripole
(g-q), respectively. By calculating the slope of the curve
from Fig. 4, the value of s is about 5.67(=6), which mani-
fests that d-d interaction is the quenching mechanism of
Sm*" in SrBPOs:xSm®* phosphor.

2.4 Influence of sintering temperature on the

emission of SrBPOs: Sm** phosphor

The emission spectra of SrBPOs:Sm®" phosphor sin-
tered at different temperatures for 4 h are shown in Fig. 6.
The emission intensity increase with the sintering tempera-
ture and the shape of spectra do not change which may be
due to higher temperature that make the sample crystallize.
Gradually, increasing the temperature will make sample
sorming glass state. Thus 1000°C is the optimal sintering
temperature for StBPOs: Sm*” phosphor.
2.5 Influence of charge compensator on the
SrBPOs: Sm** phosphor

Sm®* ions will replace the Sr** ions sites when they are
introduced into the SrBPOs host due to the similar ions
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Fig. 6 Emission spectra of StBPOs:Sm>" phosphor sintered at
different temperatures

radii. This kind of displacement will introduce the charge
imbalance for the non-equivalent substitution of Sm*" for
Sr**ions. An excess of positive charge in the lattice should
be compensated to maintain the electro neutrality of
SrBPOs:Sm’®* phosphor. In our experiment, an alkali metal
(A=Li", Na" or K") is used to compensate the charge im-

balance. The process can be expressed by Eq. (3) *!:

Sm®" + A" — 28r** (3)

As shown in Fig. 7, SrBPOs with 1.6mol% Sm®" ion
doping prepared from solid state reaction at 800°C exhib-
its red emission. The red emission intensity of the phos-
phors increased with the addition of equivalent molar
Li,CO;3 (Na,CO;3 or K,CO;) charge compensation agent.
Apparently, the optimal charge compensation agent is
Li,CO;, which may be the Li" ions with smaller radius and
hence it is easy to enter the crystal lattice.

One of the significant factors for phosphor is color co-
ordinates. In this case, the color coordinates for
SrBPO;5:0.016Sm™", 0.016Li" is (0.58, 0.42), respectively,
and they are given in the inset of Fig. 7. The value is com-
puted using intensity calibrated emission spectra data and
chromatic standard issues by the Commission Interna-
tional de I’Eclairage in 1931 (CIE 1931). The results indi-
cate that this phosphor is a better orange phosphor.

2.6 Luminescence thermal stability of SrBPOs:
Sm*" Li* phosphor

Fig. 8 depicts the emission spectra under various tem-
peratures excited by 399 nm (50°C to 250°C). The emis-
sion intensity has mild increase with the temperature and
no temperature quenching occur, which indicates that the
host material has better stability and is a kind of suitable
material for phosphor.

3 Conclusions

In summary, a novel orange emitting phosphor SrBPOs:
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Fig. 7 Emission spectra of SrBPOs:Sm®" phosphor prepared
with different charge compensators
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Fig. 8 Emission spectra of StBPOs:Sm**, Li* phosphor at dif-
ferent temperatures

Sm®" was successfully prepared by solid phase reaction
technology. This phosphor can be excited by 342 nm,
358 nm, 370 nm and 399 nm UV light and the strongest
excitation peaks locates at 399 nm. There are three groups
of emission peaks excited by 399 nm, which includes the
yellow emission at 561 nm and 568 nm, the orange
emission at 598 nm and 613 nm, and the red emission at
644 nm. The optimal activator molar fraction in this
phosphor is 0.016 and the only sintering temperature is
1000°C. It is meant for enhancing the emission intensity of
SrBPOs:Sm’" phosphor if appropriate Li" ions are added
as charge compensator. The results indicate that this
phosphor is a better orange candidate for UV based
white LED.
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