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Abstract: A series of samples 2MgO·Al2O3·P2O5 doped with Eu, Tb, Mn were prepared by the solid state reac鄄
tion at high temperature. And their photo鄄luminescent properties were investigated. The phosphor 2MgO0. 95·Al2O3·
P2O5 颐 0. 02Eu, 0. 02Tb, 0. 01Mn can exhibit intense red, green, and blue light emiss under near鄄UV light excita鄄
tion. The luminescent properties were investigated and its CIE chromaticity coordinates (0. 35, 0. 25) are close to
white light region. The phosphor has potential application for near鄄UV emitting diodes.
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近紫外光激发的单一全发射荧光粉的发光性能
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摘要: 利用传统的高温固相法合成了 2MgO·Al2O3·P2O5掺 Eu, Tb3 + , Mn2 + 系列荧光粉,并研究了它们的

发光性能。 荧光粉 2MgO0. 95·Al2O3·P2O5 颐 0. 02Eu, 0. 02Tb, 0. 01Mn 在近紫外光区具有很强的吸收。 在近

紫外光激发下,样品发射谱中包含明显的红光、绿光、蓝光 3 种发射。 其 CIE 色度坐标(0. 35, 0. 25)接近白光

区域,在近紫外发光二极管方面有潜在的应用前景。
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1摇 Introduction
Semiconductor鄄based light鄄emitting diodes

(LEDs) have many advantages, such as high effi鄄
ciency, long lifetime, low power consumption and
environment鄄friendly characteristics[1鄄2] . In particu鄄
lar, white light generated by LED is considered to
have great potential as solid state light source. The

white LED can be generated by several different
methods[3鄄6] . At present, the commonly used method
is to mix the red / green / blue tricolor phosphors with
a GaN / InGaN chip. This type of white LED can
offer superior color uniformity with high color rende鄄
ring index and excellent light quality. But it also
shows some shortcomings, such as, low luminous
efficiency and high manufacturing cost[7] . The white



摇 第 1 期 XIONG Li, et al: Full Emission from Single Near鄄UV Excited Phosphor 41摇摇摇

LED based on single phosphor with tri鄄color emiss
has no re鄄absorption of the blue light by green and
red phosphors, compared with the white LED based
on the red, green, blue phosphors. In addition,
there is no need to mix two or three phosphors during
the packaging of LED. Hence the luminous efficiency
and color rendering index can be enhanced. In order
to improve the luminous efficiency and reduce the
fabricating cost of white LEDs, single phase phos鄄
phors with full鄄color emiss are preferred. Herein,
new phosphors 2MgO·Al2O3 ·P2O5 doped with
Eu, Tb3 + , Mn2 + were investigated, and they show
intense red, green and blue emiss under near鄄UV
light excitation.

2摇 Experiments
The samples 2MgO·Al2O3·P2O5 doped with

Eu, Tb3 + , Mn2 + were prepared with solid鄄state re鄄
action technique at high temperature. The stoichio鄄
metric mixtures of MgO (A. R. ), Al ( OH) 3 ( A.
R. ), NH4H2PO4(A. R. ), MnCO3(A. R. ), Eu2O3

(99. 99%) and Tb4O7(99. 99%) were heated at 1 400
益 in CO atmosphere for 4 h. The structure of the
final products was determined by X鄄ray powder
diffraction ( XRD ) using Cu K琢 radiation on
RIGAKU D / max 2200 vpc X鄄ray diffractometer. The
excitation and emission spectra were recorded on a
JOBIN YVON FL3鄄21 spectrofluorometer at room
temperature and a 450 W xenon lamp was used as
excitation source.

3摇 Results and Discussion
It is well known that the excitation and emission

of Eu2 + are broad band in many hosts, which is ben鄄
eficial to the application on phosphor鄄conversion
light鄄emitting diodes[8鄄9] . Such as Sr2SiO4 doped
with Eu2 + was used as yellow phosphor for GaN
chip[8], and Sr3MgSi2O8 doped with Eu2 + was used
for near UV InGaN chip[9] . Here we first investiga鄄
ted the photoluminescent properties of Eu doped
2MgO·Al2O3·P2O5 . The excitation and emission
spectra of 2MgO·Al2O3·P2O5 颐 0. 02Eu are shown
in Fig. 1. The broad excitation band from 250 nm to
410 nm in curve (a) of Fig. 1 is due to 4f鄄5d transit

of Eu2 + in the host lattices. The excitation band at
~ 260 nm of curve ( b) is attributable to charge
transfer (CT) transition of the host, and the sharp
lines in 300 ~ 550 nm range are intra鄄configurational
4f鄄4f transit of Eu3 + in the host lattices. For the
7F0寅 5L6 and 7F0寅5D2 transit at ~ 395 and ~ 465
nm, there are also two strong absorpt. This result
shows that both Eu2 + and Eu3 + co鄄exist in this phos鄄
phor. Curves (c) and (d) in Fig. 1 are the emis鄄
sion spectra under excitation of 300 and 395 nm, re鄄
spectively. In fact blue and red light emission can
be observed in these two curves. The broad blue
emission at ~ 435 nm is due to the electronic transi鄄
tion between 4f7 ground and 4f65d1 excited state of
Eu2 + . The mainly red emission is due to the 5D0寅
7F2 transition of Eu3 + at 613 nm, other transit, such
as 5D0 寅 7FJ transit in 570 ~ 720 nm range and
5D1寅7FJ transit in 520 ~ 570 nm range, are very
weak. Comparing curves (c) and (d), the intensity
ratio of blue to red emission is different. The ratio of
blue light to red light emission under 300 nm excita鄄
tion is obviously higher than that under 395 nm
excitation. The result is in good agreement with the
excitation spectra.
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Fig. 1摇 The excitation and emission spectra of the phosphor
2MgO·Al2O3·P2O5 颐 0. 02Eu
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The Tb3 + can produce intense green light emis鄄
sion in many hosts[10鄄13] . As discussed above, the
blue and red light emission can be observed in the
phosphor 2MgO·Al2O3·P2O5 颐 0. 02Eu simultane鄄
ously. Then the red, green and blue light emiss are
expected from the phosphor 2MgO·Al2O3·P2O5 颐
Eu doped with Tb3 + . Mn2 + is also a very good sen鄄
sitizer of red luminescence in many hosts[7,14鄄15] and
the red emission of Mn2 + is a broad band, which can
enhance the color reproducibility of the white light.
So the phosphors 2MgO0. 98 - x - y · Al2O3 · P2O5 颐
0. 02Eu, xTb, yMn were prepared and their lumi鄄
nescent properties were investigated as follows. The
excitation spectra of the phosphors 2MgO0. 98 - x - y ·
Al2O3 · P2O5 颐 0. 02Eu, xTb, yMn ( x = 0. 01,
0. 02. y = 0. 005, 0. 01) monitored at 435 nm are
shown in Fig. 2 ( a). These four curves are of the
similar shapes, but the excitation intensity is diffe鄄
rent. With the increasing of Tb3 + and Mn2 + content,
the intensity of the excitation is decreasing, this
means the introduction of the Tb3 + and Mn2 + de鄄
crease the blue emission. Fig. 2(b) is the excitation
spectra of the phosphors 2MgO0. 98 - x - y · Al2O3 ·
P2O5 颐 0. 02Eu, xTb, yMn( x = 0. 01, 0. 02. y =
0. 005, 0. 01) monitored at 544 nm. The excitation
peaks of the 4f鄄4f transit of Tb3 + in many hosts ap鄄
pear in the range 360 ~ 550 nm. Comparing with
Fig. 2(a), a few sharp peaks ( such as the peak at
~ 370 nm) can be observed in Fig. 2 ( b), and
some peaks are overlapped by the excitation band of
Eu2 + . These sharp peaks are assigned to the intra鄄
configurational 4f鄄4f transit of Tb3 + in the host. The
excitation intensity increased with the improvement
of Tb3 + content. In the host of Fig. 2(c), only the
7F0寅5L6 transition of Eu3 + can be observed, and
other 4f鄄4f transit are overlapped. The excitation
from 300 nm to 400 nm is a broad band. This is
useful to absorb the near UV light emitted by the
near UV LED chips. The excitation intensity in鄄
creased with Mn2 + content, but decreased with Tb3 +

content. This result shows the introduction of Mn2 +

is useful to enhance the red emission. However, the
Tb3 + will decrease the red emission.

Fig. 3 shows the emission spectra of the phosphor
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Fig. 2摇 The excitation spectra of the phosphor 2MgO0. 98 - x - y·
Al2O3·P2O5 颐 0. 02Eu, xTb, yMn. (a) 姿em = 435
nm. (b) 姿em = 544 nm. (c)姿em = 613 nm.

2MgO0. 98 - x - y·Al2O3 ·P2O5 颐 0. 02Eu, xTb, yMn
under 395 and 370 nm excitation, respectively. As
shown in Fig. 3 ( a), the red, green, and blue
emission can be observed. The blue emission at
~ 440 nm is the 4f7 鄄4f65d1 transit of Eu2 + . And
the green emission at ~ 544 nm is mainly due to the
5D4寅7F5 transition of Tb3 + , other 5D4寅 7FJ transit
are very weaker. The strongest red emission is at
~ 613 nm, which is due to the 5D0寅7F2 transition
of Eu3 + . A broad emission from 560 nm to 720 nm
can be observed, which is overlapped by the red
emission of Eu3 + . This broad emission is ascribed to
the 4T1寅6A1 transit of 3d5 levels of Mn2 + . Fig. 3(b)
is the emission spectra under 370 nm excitation. As
same as the Fig. 3(a), three kinds color emiss can
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Fig. 3 摇 The emission spectra of the phosphor 2MgO0. 98 - x - y ·
Al2O3·P2O5 颐 0. 02Eu, xTb, yMn. ( a) 姿ex = 395
nm. (b)姿ex = 370 nm.

be observed also. However, the red emission in Fig.
3(b) is mainly due to the 4T1寅 6A1 transit of 3d5

levels of Mn2 + , and the red emission of Eu3 + at
~ 613 nm is overlapped by the emission of Mn2 + .

The CIE chromaticity coordinates for the emis鄄
sion of the phosphors 2MgO·Al2O3·P2O5 颐 0. 02Eu,
xTb, yMn under 395 nm excitation are calculated,
and they were shown in Fig. 4. With the increased
Tb3 + and Mn2 + content, the CIE chromaticity coordi鄄
nates of the phosphor is close to the white light region.
The CIE chromaticity coordinates of 2MgO0.95·Al2O3·
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Fig. 4摇 The CIE chromaticity coordinates (x, y) of the phos鄄
phors 2MgO0. 98 - x - y·Al2O3 ·P2O5 颐 0. 02Eu, xTb,
yMn under 395 nm excitation in the CIE 1931 chro鄄
maticity diagram.

P2O5 颐 0. 02Eu, 0. 02Tb, 0. 01Mn are calculated to
be x = 0. 35, y = 0. 2 (Fig. 4d).

4摇 Conclusion

In conclusion, new phosphors 2MgO·Al2O3·
P2O5 颐 Eu, Tb, Mn with full color emiss were pre鄄
pared by the solid state reaction, and their photo鄄
luminescent properties were investigated. The blue
emission originates from the Eu2 + , and the green
emission is mainly due to the 5D4 寅7F5 transit of
Tb3 + in the host. The red light is ascribed to the 4f鄄
4f transit of Eu3 + and the 4T1寅6A1 transit of Mn2 + .
The phosphor 2MgO0. 95 ·Al2O3 ·P2O5 颐 0. 02Eu,
0. 02Tb, 0. 01Mn shows intense tri鄄color emiss un鄄
der 395 nm light excitation, and its CIE chromaticity
coordinates (x = 0. 35, y = 0. 25) are close to the
white light region. It may be a potentially full鄄color
phosphor for near UV white LEDs.
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