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ABSTRACT

Eu*-activated barium magnesium silicate phosphor, (Ba,Ca),MgSi,0,:Eu_, has been known to emit blue-green light. In this
study we report the manufacturing processes for producing either pure green or pure blue light-emitting phosphor from the same
composition of Ba, CaMgSi,OyEu, (0<x<1) by controlling heat treatment conditions. Green light emitting phosphor of
Ba, ,CaMgSi,04:Eu,, can be produced under the sample preparation condition of highly reducing atmosphere of 23% H,/77% N,,
while blue or blue-green light emitting phosphor under reducing atmosphere of 5~20% H, / 95~80% N,. The green light-emitting
phosphors are prepared in two steps: firing at 800~1000°C for 2~5 h in air then at 1100~1350°C for 2~5 h under reducing atmo-
sphere 23% H,/77% N,. The excitation spectrum of the green light-emitting phosphor shows a broadband of 300~410 nm. The
emission spectrum has a maximum intensity at the wavelength of about 501 nm. The CIE value of green light emission is (0.162,
0.528). The pure blue light-emitting phosphors can be produced using the Ba, CaMgSi,O,:Eu_ by introducing additional firing
step at 1150~1300°C in air before the final reducing treatment. The XRD analysis shows that the green light-emitting phosphor
mainly consisted of Ba, ;,Ca,,SiO, (JCPDS # 36-1449) and other minor phases ie., MgSiO, (JCPDS # 22-0714) and Ca,BaMgSi,0,
(JCPDS # 31-0128). The blue light-emitting phosphor mainly consisted of Ca,BaMgSi,0O, phase.
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1. Introduction

igh efficiency phosphors of UV (ultraviolet) excitation

have been drawn interest for the purpose of producing
white light lamp using UV-LED as a possible substitute for
blue-LED:YAG. Alkaline earth silicate is one of useful host
materials with stable crystal structure and high chemical
stability. Therefore, numbers of studies have been made
using alkaline earth silicate as host materials”: such as
A MgSi,0, (A=Ba,Sr, Ca), A,MgSi,0, (A=Ba, Sr, Ca),
A,Si0, (A = Ba, Sr, Ca), and AMgSi,0, (A = Sr, Ca).>® Barry
et al., studied the Eu®* luminescence in the sub-solidus phase
boundary by Ba,MgSi,O,, Sr,MgSi,O,, and Ca,MgSi,0,.*”
The emission band becomes narrow and shifts toward short
wavelength as the radius of the major alkaline earth ions
(Ca, Sr, and Ba) increases. Normally, the phosphorescence
of Eu* in: the most of host materials is believed to be caused
by the 4f — 5d transitions. Although the 4f electrons of Eu®*
are not sensitive to the changes of the crystals field strength
due to the shielding effect of outer shell, the 5d electrons can
be easily split by the crystal field change. The peak posi-
tions in the emission spectra depend strongly on the nature
of the Eu** surroundings that can be changed by either
atomic substitutions or crystal structures. Therefore, Eu®*
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ions can emit different visible lights under the different
crystal fields.?

Recently the phosphors, X3_yMgSi208:yEu2+ where X com-
prises at least one of Ba, Ca or Sr have been reported that
they emit blue and green lights simultaneously in one sam-
ple.” The relative intensity between the green and blue
light-emission peaks varied with composition. But the blue
light was a major emission peak, while the green light was a
minor emission peak. In our preliminary study we had
found that, in the Xg.yMgSiZOS:yEu2+ (X =Ba, Ca), the rela-
tive intensity of green to blue light strongly depends on the
heat treatment conditions.?

In this study we report the PL (photoluminescence) char-
acteristics of the Ba, CaMgSi,O,Eu, (0 <x < 1) phosphor
under varying heat treatment conditions, especially reduc-
ing atmosphere and firing temperatures. The dominating
factor determining the relative intensity of green/blue light
in this phosphor has been clarified. We could attain either
pure green light or blue light emitting phosphor by control-
ling the heat treatment conditions from the same Ba,Ca
MgSiZOS:Eu2+ composition. For the understanding of these
PL measurement results we investigated the relation
between PL characteristic and crystal phases.

2. Experimental Procedure

The phosphor samples were synthesized by solid state
reaction method.” The high purity BaCO,, CaCO,, MgO,
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Si0,, and Eu,0, powders were used as raw materials.
According to the nominal composition of Ba, CaMgSi,Oq:
Eu, (0 <x < 1) the raw materials were weighed and mixed
thoroughly with an appropriate amount of ethanol in an
agate mortar and then dried at 80°C for 10 h. Fig. 1 shows
the samples preparation routes. Three types of sample prep-
aration routes have been adopted. The first type of route is a
generally reported method in the literatures. The samples
were calcined at 800~1000°C for 2~5h in air and then
reheated under reducing atmosphere of 5~20% H,/95~80%
N, gas mixture at 1100~1350°C for 2~5h. Using the first
type of route, blue-green light emitting phosphor was pro-
duced. In the second type of sample preparation route, the
reducing atmosphere, ie. the H,/N, mixture ratio was
increased to 23% H,/77% N, with keeping the heat treat-
ment conditions the same as the first route. Green light-
emitting phosphor was produced under this condition. In
the third type of sample preparation route, the samples
were calcined at 900°C for 3 h and then fired at 1250°C for
3 h in air. Finally the reactants were fired at the reducing
atmosphere of 5~20% H,/95~80% N, gas mixture at 1100~
1350°C for 2~5 h. Pure blue light-emitting phosphor could
be produced from this route. The PL spectra of the sample
were obtained using a Perkin Elmer LS55 fluorescent spec-
trophotometer. XRD diffraction study has been carried out
for the phase analysis.'**?

3. Results and Discussion

The PL spectra of Ba, ,CaMgSi,0,:Eu,, prepared by the
first preparation route [Fig. 1(a)] are shown in Fig. 2. The
samples show both blue and green light emission simulta-
neously. The sample preparation method of Fig. 1(a) is a
very typical procedure that has been adopted in the most of
the literatures. In the previous study by Park and Kim, the
XS,yMgSizogzyEu2+ (X = Ba, Ca or Sr) phosphor also showed
the blue and green lights simultaneously in one sample” in
accordance to our study.
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Fig. 1. Three types of sample preparation routes for (a) blue-
green light emitting phosphor, (b) green light-emit-
ting phosphor, and (c) blue light-emitting phosphor.
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The PL spectra of the Ba, ;CaMgSi,O,:Eu, , phosphor pre-
pared by the second route [Fig. 1(b)] are shown in Fig. 3.
The H/N, mixture ratio in the reducing atmosphere has
been increased to 23%/77% compared to the 5~20% H,/
95~80% N, in the first route. As can be seen in Fig. 3 com-
pared with Fig. 2, the H/N, ratio in the reducing atmo-
sphere is very important for producing pure green light-
emitting phosphor. The temperature of reducing atmo-
sphere could be also an important factor for refining PL
characteristic of Ba,,CaMgSi,O,:Eu,, phosphor to pure
green light emission. The main emission peak wavelength is
about 501 nm. However, the emission intensities have been
changed by heat treatment conditions, especially reducing
atmosphere and calcination temperatures: the higher calci-
nation temperature before reducing treatment, the higher
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b,d-900°C, 1200°C H,N, (17/83), 1200°C HyN, (15/85)
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Fig. 2. PL spectra of blue-green light emitting phosphor,
Ba, ,CaMgSi,Oy:Eu,,.
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Fig. 3. PL spectra of green light emitting phosphors, Ba, ,Ca
Mg8i,04:Eu,, prepared under reducing atmosphere of
23% H,/77% N,
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emission intensity by final firing at the same reducing
atmosphere.

The PL spectra for pure green light-emitting Ba,,
CaMg8Si,0,:Eu, phosphor with the variation of Eu content
are presented in Fig. 4. The samples have been prepared
through two steps: firing at 1000°C for 3 h in air and then
firing at 1200°C for 3 h under reducing atmosphere (23% H,/
77% H,). The excitation spectra show a broadband absorp-
tion from 300 nm to 410 nm. The emission intensity reaches
to a maximum at x = 0.07 and then diminishes with further
increasing Eu content. The main emission peak at 501 nm
can be attributed to °D,-'F, transition of Eu* ions and
ascribed to an impurity trapped exciton emission. The emis-
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Fig. 4. PL. spectra of green light emitting phosphors, Ba,,
CaMgSi,0,Eu, with the variation of Eu contents.
Samples are prepared through two steps: firing at
1000°C for 3h in air then at 1200°C for 3h under
reducing atmosphere of 23% Hy/77% N,.
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Fig. 5. P spectra of blue light-emitting phosphors with the
ccmposition of Ba, ,CaMgSi, O, Eu, , prepared by vary-
ing the H/N, ratio (Reducing treatment was given
twice for the sample b).
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sion spectrum of the Eu** ions depends on the host lattice,
the size of cation and the strength of the crystal field and
covalency and so on.”

The PL spectra of Ba, ,CaMgS8i,0,:Eu,, prepared by the
third type of sample preparation route [Fig. 1(c)] are shown
in Fig. 5. The characteristic feature of this sample prepara-
tion route is the introduction of an additional firing step in
air at 1200~1350°C before the final reducing heat treatment
under gas mixture of 5~20% H,/95~80% N, at 1100~1350°C.
As can be seen in Fig. 5, the Ba, ,CaMgSi,O,:Eu,, phos-
phors prepared by this procedure emit pure blue light. The
excitation spectra show a broadband from 300 nm to 410
nm and the emission spectra also show a broadband from
400 nm to 600 nm. The main emission peak wavelength is
about 443 nm. It can be ascribed to 4f’-4f°5d interconfigu-
ration transitions of Eu®* ions. There are no other emission
peaks. This indicates that Eu®** has been completely reduced
to Eu® in the host phase .’ The relative emission intensi-
ties are varied with heat treatment conditions, especially
reducing atmosphere and temperatures. The sample d pre-
pared under the gas mixture of 5% H,/95% N, shows the
highest emission intensity. The above results indicate that
the PL characteristics of Ba, ,CaMgSi,04:Eu, , phosphor can
be refined from pure green light-emission to pure blue light-
emission by controlling the heat treatment procedure and
reducing atmosphere.

The CIE color coordinates in chromaticity diagram of the
pure green and pure blue light-emitting phosphors of
Ba, ,CaMgQBi,0,:Eu, are shown in Fig. 6. The CIE coordi-
nates of the green light-emitting phosphor (sample a in Fig.
3) is x=0.162 and y = 0.528. The CIE coordinates of pure
blue light (sample a in Fig. 4) is x = 0.200 and y = 0.275.

The XRD patterns of the four types of phosphors are
shown in Fig. 7. Pattern A is for the Ba, ;CaMgSi,Oy:Eu,,
sample fired in air at 1250°C at the final preparation step,
which does not emit any light. Pattern B is for the green
light-emitting Ba, ,CaMgS8i,0,:Eu,, phosphor prepared by
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Fig. 6. CIE chromaticity diagram of the green (sample a in
Fig. 3) and blue light-emitting phosphors (sample a in
Fig. 4).
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Fig. 7. The XRD patterns for four types of samples.

: Ba, ,CaMgSi,04:Eu,, (900°C, 1250°C in air)

: Ba, ,CaMg8i,0,:Eu, , (900°C, 1200°C under
23% H,/T1% N,)

: Ba, ;,CaMgSi,04:Eu,, (900°C, 1250°C in air, 1150°C
under 5% H,/95% N,)

: Ba, ,,Ca,MgSi,04:Eu,  (900°C, 1250°C in air, 1200°C
under 5% H/95% N,)
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the route b in Fig. 1. Pattern C is for the blue light-emitting
Ba, ,CaMgSi,0,:Eu, , phosphor prepared by the route ¢ of
Fig. 1. Pattern D is for the blue light-emitting Ba, ,,Ca,MgSi,0O,
:Eu, , phosphor prepared by the route ¢ in Fig. 1. The
results of XRD pattern analysis are summarized in Table 1.
The pattern A can be indexed consisting of the three phases:
Ba, ;,Ca ,,SiO, (JCPDS # 36-1449), MgSiO, (JCPDS # 22-
0714), and Ca,BaMgSi, O, (JCPDS # 31-0128) (in the order
of relative peak intensity). The pattern B appears to be the
same as that of the pattern A. The pattern C consists of four
phases: Ca,BaMgSi,0,, Ba, ;,Ca,,SiO,, Ba,MgSi,0, (JCPDS
# 10-0074) and MgSiO,. The pattern D consists of the three
phases: Ca,BaMgSi,0,, Ba, ,,Ca,;,510,, and MgSiO,.

The relation between the PL characteristics and the crys-
tal phases consisting the phosphors can be deduced based
on the XRD analysis results. The blue light-emitting phos-
phors (sample C and D) are mainly consisted of
Ca,BaMgSi,0,. On the while, the pure green light emitting
phosphor (sample B) is mainly consisted of Ba, ,,Ca, .;,SiO,.
The variation of PL characteristics with H,/N, ratio and
sample preparation routes can be ascribed to the change of
crystal phases produced in the phosphors.
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4. Conclusion

The PL characteristics of Ba, ,CaMgSi,O,:Eu,, phosphor
can be refined from blue-green light emission to either pure
green light-emission or pure blue light-emission by control-
ling the heat treatment procedures and H,/N, ratio in the
reducing atmosphere. The pure green light-emitting
Ba, ,CaMgSi,OyEu,, can be prepared under the highly
reducing atmosphere of 23% H,/77% N, mixture. The green
light-emitting phosphor can be prepared in two steps : firing
at 800~1000°C for 2~5 h in air then at 1100~1350°C for 2~5
h under reducing atmosphere of 23% H,/77% N,. The excita-
tion spectrum of the green light-emitting phosphor shows a
broadband (300~410 nm). The emission spectrum shows
maximum intensity at the wavelength of about 501 nm. The
blue light-emitting phosphor, Ba, ,CaMgSi,O,:Eu,, can be
obtained when an additional firing step in air at the temper-
ature range of 1200~1350°C is introduced before the final
reducing treatment. The variation of the PL characteristic
by the sample manufacturing route can be ascribed to the
variation of crystal phases consisting the phosphors. The
blue light-emitting phosphors are mainly consisted of
Ca,BaMgSi,O4 (JCPDS # 31-0128) phase, while the green
light emitting phosphor is mainly consisted of Ba, ;,Ca, ,SiO,
(JCPDS # 36-1449).
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