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Luminescence Characteristics of LiCaBO, : Sm’* Phosphor
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Abstract; LiCaBO,: Sm’*

phosphor was synthesized by solid state reaction and its luminescent properties were

studied. The emission spectrum consists of three major orange-red emission bands at 561, 602 and 651 nm, which

correspond to the *G,,—°H,,, *G,,—°H,, and *G,,,—"H,,, typical transitions of Sm’*, respectively. The excita-

tion spectrum for the strongest emission (602 nm) extends in 320 ~420 nm, which indicated that this phosphor can

be effectively excited by near-ultraviolet light-emitting diodes. The influences of Sm’* concentration (x) on the emis-

sion intensity of LiCa, _ BO,:xSm** phosphors were also investigated. The results showed that the intensity increases

with increasing Sm** concentration, then decreases, and reaches the maximal value at 3% Sm’*. And the concentra-

tion self-quenching mechanism is the d-d interaction according to Dexter theory. The emission intensity of LiCaBO,:

Sm’* can be enhanced by doping charge compensator Li*, Na*, K*.
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1 Introduction

Recently, the luminescence capabilities of GaN
chips under the range of near ultraviolet (UV) (350 ~
410 nm) have increased, and so the white LEDs ex-
cited by UV chips have become an important focus

1-7
research!' ~7.

Because the eyes are insensitive to
radiation in the range of 350 ~410 nm, the color of
this white LEDs depends completely on phosphor.
The kind of phosphors and the mixture ratio can be
varied to adjust the chromaticity of the illuminating
source according to different needs. Consequently,
optical conversion materials for the UV LED have
obtained extensively attention, and the emission
spectrum of these materials is an important index
which can scale the capability of the materials. At

present, there are a few reports about green and blue
phosphors excited by UV LED chips”®* ™', However,
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there have been few reports about red phosphor. Al-
kaline earth borate is an important luminescent mate-
rial because of its excellent chemistry and thermal
stability, facile synthesis and cheap raw material
(H;BO, ), so it has been extensively applied in
phosphor for lamps. In the present work, LiCaBO;:
Sm’* red phosphor was synthesized and investigated.
The results could help the development of white-
emitting LED.

2 Experiments

2.1 Preparation

LiCaBO,: Sm>* samples were prepared by solid-
state reaction. The starting materials are the analyti-
cal reagents CaCO,, H,BO,, Li,CO,, Na,CO,,
K,CO; and Sm,0,(99.99% in mass). After the in-
dividual materials were mixed in the requisite pro-

portions sufficiently, the powders were calcined at
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700 °C for 2 h. The obtained products are LiCaBOj,:
Sm’* phosphors.
2.2 Measurement

The structure was checked by powder XRD(D/
max-trA, Cu Ko, 40 kV, 100 mA). The emission
and excitation spectra were measured by Shimadzu
RF-540 fluorescence spectrophotometer. All the
photoluminescence properties of the phosphors were

measured at room temperature.
3 Results and Discussion

3.1 Structure of LiCaBO,:Sm’* Phosphor
The XRD pattern of LiCaBO,: Sm’"

with mole fraction 1% Sm**

phosphor
is shown in Fig. 1 and it
agrees well with references [ 11,12 ], indicating that
the doped Sm’*
change in the host structure. LiCaBO, has an ortho-

have not caused any significant

rhombic structure with Pbca space group, and its
lattice parameters are @ =1.322 7 nm, b =0.616 75
nm, ¢ =0.606 20 nm.
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Fig. 1 XRD pattern of LiCaBO,: Sm’* phosphor

3.2 Emission and Excitation Spectra of the
LiCaBO,:Sm’* Phosphor

Fig. 2 shows both the emission and excitation
spectra of LiCaBO,: Sm’* phosphor with 1% Sm’* .
Under 365 nm excitation, LiCaBO,: Sm>* phosphor
exhibits three major orange-red emission bands at
561, 602 and 651 nm, which correspond to the
*G,,—°H,,, *G,,—°H,,, and *G,,—°H,, typical

.. 3
transitions of Sm” "

, respectively. The strongest one
appears at 602 nm. The three typical emission peaks
are split in different ways. The energy level transi-
tion *G,,,—H,, is split into 561 and 567 nm emis-

sion peaks; ‘G, —°H,, is split into 602 and 611

nm emission peaks, and *G,, —°H,, is split into
651 and 659 nm emission peaks. These splits are re-
sulted from the crystal field effects, and their extents
are related to the structure characteristic of LiCaBO,
crystal field. The excitation spectrum for 602 nm
emission has several bands at 347, 374 and 406
nm, which correspond to the characteristic f-f transi-

tions of Sm’*

The strongest one is at 406 nm,
which is attributed to the °H,, —‘L,,, transition

of Sm**.

—Em(A.,=365 nm)
- - - Ex(A.,=602 nm)
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Fig.2  Emission and excitation spectra of LiCaBO,: Sm’*

phosphor. Emission spectrum consists of three major
orange-red emission bands at 561, 602 and 651 nm,
and excitation spectrum for 602 nm extends in 320 ~

420 nm.

3.3 Effect of Sm’* Concentration on Emission
Intensity of LiCaBO,: Sm’* Phosphor

A variety of samples with different Sm’* con-

centrations (x) were synthesized, and the effects of

Sm’* concentration on the emission intensities of Li-

Ca,_,BO,: xSm’* phosphors were also investigated.

The Sm’*

the emission intensity with different Sm>* concentra-

concentration is varied in 1% ~6% , and

tions is displayed in Fig. 3. The results show that the

+

emission intensity is influenced by Sm”" concentra-

tions. At low Sm’* concentrations (x <3% ), the
luminescence center is not sufficient and the emis-
sion intensity is weak. The emission intensity increa-
ses with increasing Sm’* concentration, and reaches
the maximum at 3% Sm’*. Concentration quenching
occurs when the Sm®>* concentration is beyond 3% .
The reason for the concentration quenching is that,
as the concentration of Sm’" increases, the proba-
bility of Sm®*-Sm’ " interaction increases, leading to

the emission intensity decreases.
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Fig.3 Emission intensity of LiCa, _ BO;: xSm’* phosphor as
function of Sm** concentration. Firstly, the emission
intensity increases with increasing Sm’* concentra-

tion, and reaches the maximum at 3% Sm’* | and

then decreases.

Dexter /!

3 proposed that the interaction type
between sensitizers and activator can be determined
by lg(1/x) =c - (6/3)lgx when the concentration is
high enough. Among the concentration quenching
caused by the electric multipole interaction, the
dipole-dipole (d-d), dipole-quadripole (d-q) and
quadripole-quadripole ( q-q) correspond to 6 = 6,
8, 10, respectively. According to the method, the
emission intensity of LiCa, BO,:xSm’" phosphor is
measured under the condition that Sm>* concentra-
tion is 3% , 4% , 5% , 6% , the concentration de-
pendence curve [ lg(I/x)-lgx ] is shown in Fig. 4.
From the slope of the linear, we can obtain § =
5.98=6. The result indicates that the concentration

self-quenching mechanism of Sm’* in LiCaBO, is the

d-d interaction.
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Fig.4 Relation between the lg(I/x) and lgx of Sm’

3.4 Effect of Charge Compensator on Emission
Spectra of LiCaBO,: Sm’* Phosphor

When a trivalent metallic ion, such as Sm’*,

is incorporated into a host lattice and substitutes for
a divalent metallic ion, the charge balancing is ne-
cessarily required. For LiCa,  BO,:xSm’*, Ca’" is

+

substituted by Sm’*, and should produce positive

univalent charge surplus; when Ca’" is substituted
by Li*, Na’

charge univalent surplus, the whole presents elec-

or K", should produce negative

tricity neutrality due to the attraction of particles with
opposite charges. Consequently, we dope Li*, Na*
or K* into LiCa, _ BO,: xSm’" | and investigate the
emission spectra of LiCa,  BO,: xSm>* phosphor.
Li*, Na® or K" concentration (y) are all in the
range of 1% ~6% , and x is 3% in this research.
Under the condition of doping Li*, the influence of
Li" concentrations on the emission spectra of Li-
Ca,_x_),BOfom}*,yLi* phosphor is observed, and
the result is shown in Fig. 5. The results show that
the emission intensity increases with increasing Li”*
concentration , and reaches the maximal value at 4%
Li* then decreases. Under the condition that Na™ or
K™ is introduced, the same results can be obtained.
However, the charge compensator concentration cor-
responding to the maximum is different with different
charge compensator, and the concentration is 4%
and 3% corresponding to Na* and K*, respectively.
We compared with the maximal emission intensity
with doping Li*, Na® and K*, as shown is Fig. 6.
And the results show that the maximal emission in-
tensity of doping Li" is higher than that of Na™® or
K™, the result is well agreement with the Ref. [ 14 ].

The results can be explained by the following
reasons; when the charge compensator is incorpora-

ted into a host lattice, the aberration is brought in
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Fig. 5 Emission spectra of LiCa, _,_ BO;: xSm’*,yLi* phos-

phor as function of Li* concentration.
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The difference of ionic radius can be used to

1 L.+\I explain that the charge compensator concentration
70 L1

4%Na'~__| , corresponding to the maximal emission intensity is

different with different charges. The radius of Ca’*

IamEt W(ﬁ\{\\%\ } \ \ /%L\ in the host lattice is 0. 118 nm, and the radii of Li ",
' Na® and K* are 0.059, 0. 116 and 0. 133 nm, re-
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4 Conclusion
Fig.6 Effect of Li", Na® and K" on emission spectra of
LiCa, , ,BO,:xSm’* ,yN(N=Li*, Na*, K*) In summary, LiCaBO,: Sm* phosphor is syn-

phosphor. thesized by solid state reaction. The emission and

the crystal lattice, which would induce the probabi- excitation spectra show that this phosphor can be ef-

lity change of transition emission and enhance the ficiently excited by ultraviolet LED, and emits 602

emission intensity of LiCa, ,_, BO, : XSm**, yLi* nm red light. The emission intensity of LiCaBOj,:

3+ . . . . 3+
phosphor. However, the emission intensity does not Sm™" phosphor increases with increasing Sm™" con-

increase all along with increasing charge compensa- centration, and reaches the maximal value at 3%

3+ .
tor concentration. This means that only portion Sm™", then decreases. The concentration self-

charge compensator is incorporated into a host lat- quenching mechanism is the d-d interaction accor-

tice, when the doping concentration is higher than ding to Dexter theory. The emission intensity of

. . 3+ e o .
the Sm’" concentration, the excrescent part will LiCa,_,_,BO;: xSm™", yLi" is enhanced by doping

.+ + +
substitute for the Ca " site, and the excrescent nega- charge compensator Li", Na®, K". Therefore,

. . 3+ . .
tive charge should make the emission intensity LiCaBO,;: Sm™"  phosphor is an appropriate red-

decreases' ™. emitting phosphor for white LEDs.
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(1. ey YR SEOR e, Wb A€ 0710025 2. Wbk TRg2Be, WL fRE  071002)

FIZE . 1 CaCo, (99.9% ) .Li,CO, (99.9% ) . Na,CO4 (99. 9% ) K,CO, (99.9% ) ,H,BO, (99. 9% ) ,Sm,0,
(99.9% ) Fy 5t FE T T Ak 2= 1 U AR DA B 508, TEF BT oA tiR 5 38 50 0 7840 WHIES , 26 AN RT3
SR FHE A 4 LiCaBO,: Sm® A4} ; 8 18 3¢ [ XRD6000 B X HF & A7 5 ORI H 4% 5t RF-540 2564566
FEXE AR P REREA T AR , BT TN B 7 23R 45 0 B AT, LiCaBO,: Sm®* bHRLY & S 63 th = AMB L1 (0 %
S Y, A7 T 561,602,651 nm, 43 HIXHRE Sm’* #)* Gy, —°Hy,, Gy, —H, , I Gy, —° H, , BRAE ; Wi 602
nm % G 75 3 HOM & G 320 ~ 420 nm Y SECR AL, B AR BTHEIE A H, LiCaBO,: Sm® " g4y
RO AN LED Rk, BRI A6, BFFE T Sm® WK E () X LiCa, _ BO;: xSm® " A4RL &2 S 58 3E (5% ) , 45
SR Bt S’ R PE IR, 2 S 9 R S SR S U L S T IR IR IR A RICK 3% ), % S S K, 4K 4 Dexcer
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