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Abstract

Effects of crystal structure on the photoluminescence (PL) and photocurrent (PC) characteristics of Sr; _,Ba,Al,Oy: Eu?*, NiZ* phosphors were
investigated as a function of Ba** content (0.1 < x < 0.5) and/or type of doping ions. PL of the specimens was blue-shifted with Ba?* content. With
increasing of Ba** content, the PC of the specimens was increased up to x = 0.3 and then decreased. These results could be attributed to crystallinity
and structural changes from monoclinic spinel (0.1 < x < 0.3) to hexagonal tridymite (0.4 < x < 0.5). With doping of Ni** ion, the response time
of PC was remarkably shortened while the intensity of PL was slightly decreased to the incident light, which are due to the formation of trap energy

level in the band gap generate from Ni** jon.
© 2011 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction

Recently, much attention has been paid to the europium
activated alkaline aluminate oxide as typical phosphor
materials [1-3]. These phosphor materials are available to
the various applications, because of the high luminescent
intensity, long lasting time, suitable emitting color and
chemical stability, and so on [4]. These properties could be
explained by electron transition between ground state 4f” and
4f%5d" excite state of Eu?*, which is strongly affected by mother
phase of materials. It is also expected that the characteristics of
photoluminescence and photocurrent are dependent on the
intrinsic properties of mother phase. However, europium
activated alkaline aluminate oxide phosphors have fatal
problem for the sensor applications with afterglow phenom-
enon because the hole trap level does not exist in energy
band gap.

As to the various application of phosphors for visible light
sensor and displays such as LCD, PDP and FED, the wide range
of emission spectrum and high efficiency at low voltage are
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essentially required, along with the good performance
characteristics such as high ratio of photocurrent to dark
current, photocurrent stability with applied voltage and fast
response time to the incident light.

It has been reported that SrAl,O, showed high quantum
efficiency and good stability, and BaAl,O, showed fast
dropping time [5]. Also, the wide range of emission spectrum
could be expected from the solid solutions of SrAl,O4—
BaA1204.

Nickel ion is a well known transition metal ion, which has
complicated optical spectra such as f—f transition and d—d
transition. Many excitation spectrum peaks and longer
oscillator strength than that of europium ion were reported
for the addition of nickel ion on the europium activated alkaline
aluminate oxides [6].

Comparing to the photoluminescence (PL) and photo-
current (PC) characteristics of SrAl,0,~BaAl,O, solid
solutions doped with Eu®*, the doping effects of Ni* on those
of SrAl,04,~BaAl,04 have been investigated to search the new
materials applicable to visible light sensor and various
displays operated at low voltage in this study. Dependence
of PL and PC on the crystal structure and crystallinity of the
specimens was also discussed with respect to the response time
to the incident light.
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2. Experimental procedures

Sr,_,Ba,Al,0,: Eu**, Ni** phosphor materials prepared by
sol-gel process as a function of Ba®* content with co-doped
and/or type of doping ion. The raw materials AI(NO3)3;-9H,0,
Sr(NOs),, and Ba(NOs), were dissolved in distilled water for
1 h. Eu(NOs3)3;-6H,O and/or Ni(CH;COOH), were also
dissolved in distilled water, respectively. The precursor
solutions were uniformly mixed for the desired compositions
with 0.01 mol of Eu** and/or Ni** and then vigorous stirring for
3 h. The precursor solution was poured into a crucible with a lid
and introduced into oven at 110 °C for 12 h. The xerogel was
calcined at 1200 °C for 10 h under a reducing atmosphere of
97% Ar with 3% H,. These calcined powders were milled with
ZrQ, balls for 24 h in distilled water and then dried. Dried
powders were pressed into 15 mm diameter disk at 1000 kg/
cm? isostatically. Theses pellets were sintered at 1350 °C for
5 h under a reducing atmosphere of 97% Ar with 3% H,. And
then, sintered specimens were coated with Pt electrode, comb-
like shape with the spacing of 0.3 mm.

Powder X-ray diffraction (XRD) analysis (D/Max-3C,
Rigaku, Japan) was used to identify the phase of the specimens.
Full width at half-maximum (FWHM) values of (2 2 0) peak
were determined from XRD patterns. The luminescence
properties of the specimens were measured by a photolumi-
nescence (R6452, Advantest, Japan). The emission spectra of
the specimens were obtained the excited light intensity as
function of wavelength by Xe lamp. The photocurrent of the
specimens was measured in a specially designed measuring
box. Because Sr;_,Ba,Al,O, co-doped with Eu** and/or Ni**
specimens were very sensitive to visual light, the measuring
box was shielded from the external visual light. 20 W-
fluorescent lamps (Sankyo-denki, peak wavelength 368 nm,
Japan) and D65 daylight fluorescent lamps (Gretagmacbeth,
Canada) were used as a UV source and a visible light source,
respectively. The UV and visual light intensity were controlled
by adjusting the distance between light source and the sample
according to the indication of UV radiometer (VLX-3W, Vilber
Lourmat, France) and visible light meter (LX-1102, Lutron,
Taiwan) placed beside the sample. The photocurrent was
measured by a high resistance meter (R8340A, Advantest,
Japan) with applied voltage from O to 40 (R6144, Advantest,
Japan).

3. Results and discussion

The specimens of Sr,_,Ba,Al,0, doped with Eu** and/or
Ni** were prepared by sol-gel process. The specimens were
sintered in H, reducing atmosphere at 1350 °C for 5 h. Fig. 1
shows the X-ray diffraction (XRD) pattern of Sr;_,Ba,Al,O4
doped with Ni** specimens. A single phase of spinel with
monoclinic structure was observed at x = 0.1. With increasing
of Ba®* content, the crystal structure of the specimens was
changed from monoclinic spinel to hexagonal tridymite for the
specimens with x > 0.3.

As confirmed in the insert of Fig. 1, the X-ray diffraction
peaks were shifted to lower 26 (26 = 28.44-28.12°) with the
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Fig. 1. XRD patterns of Sr;_,Ba,Al,O4 doped with N i2* specimens sintered at
1350 °C for 5 h.

increase of Ba®* content, due to the larger ionic size of Ba®*
(1.50 A) than those of Sr** (1.27 A) and/or Eu®* (1.30 A) [7].
According to Wu et al. [8], the unit-cell volume of
Sr;_,Ba,Al,0O4 specimens was increased up to x=0.3, and
then drastically decreased for the further substitution of Ba**
for Sr**. There is a small peak at 20 = 25.1°, 31.2° indicating the
existence of SrAl,O5 or SrCOj as intermediate phase [9,10]. It
has been reported that these peaks can be disappeared with
increasing the sintering temperature up to 1400 °C [9]. XRD
patterns of Sr;_,Ba,Al,O4: Eu** and Sr,_,Ba,Al,O4: Eu**,
Ni** specimens showed a similar tendency of Fig. 1.

As shown in Fig. 2, the emission spectra of the specimens
were blue-shifted (A, ~ 10nm) with increasing of Ba®*
content due to crystal field effect [11]. The energy level was
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Fig. 2. Reflective emission spectra of (a) Sr;_,Ba,Al,O4: Eu?* phosphor, (b)
Sr,_,Ba,Al,O4: Eu**, Ni** phosphor.
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Fig. 3. Photocurrent of (a) Sr;_,Ba,Al,O,: Eu**, (b) Sr;_,Ba,Al,O,: Eu*",
Ni?* sintered specimens with applied voltage at 500 Lux.

splitted from 4f” to 5d' with substitution of Ba®* for Sr** of
Sr;_,Ba,Al,O4. It is well known that 5d electrons are very
sensitive to the lattice environment [11]. Also, the character-
istics of photoluminescence (PL) were strongly depended on
the intrinsic properties of mother phase.

The intensity of the emission spectra was decreased with the
substitution of Ba®" for Sr** of Sr,_,Ba,Al,O,. And, the
intensity of Sr,_,Ba,Al,O, doped with Eu®* specimens was
higher than that of the specimens co-doped with Eu®* and Ni**
due to the formation of strong trap energy levels by Ni** ion in
the energy band gap, which level interrupted the electron—hole
recombination.

The characteristics of photocurrent (PC) of Sr;_,Ba,Al,O4:
Eu’* and Sr;_,Ba,Al,0,: Eu®*, Ni** at illuminance of 500 Lux
are shown in Fig. 3. The photocurrent of the specimens showed
the linearity with applied voltage from —10 V to 10 V. For the
entire range of compositions, the PC of the specimens were
increased up to x=0.3 and then decreased. It could be
explained by crystallinity of the specimens which confirmed in
Table 1. The crystallinity of the specimens was evaluated by
full width at half-maximum (FWHM) of main peak (2 2 0) at
20=28.41° of XRD patterns [12,13]. With increasing of
crystallinity, the PC of the specimens was increased.
Comparing to the PC of the specimens doped with Eu?*, that
of the specimens co-doped with Eu** and Ni** was remarkably
improved. This result could possibly be attributed to the
increase of hole transference. The hole transference should be

Table 1

Full width at half-maximum (FWHM) of main peak (2 2 0) at 26 = 28.41°.
Composition Dopant

x (mol) Eu®* Ni%* Eu®*, Ni**
0.1 0.406 0.204 0.278

0.2 0.357 0.198 0.255

0.3 0.219 0.180 0.223

0.4 0.223 0.210 0.264

0.5 0.227 0.204 0.253

2+

16 —&—Sr,_Ba ALO: Eu
g s O\ —e—sr, BaALO: N
14 - / \ - A Sr_BaAlO;Eu",Ni"|
" _ / A\
/ N
1wl / A

dark

I,/1

/. A

R / - “A
8 ¢ ] e
6 o A

7 . .

L N _e
4
2+ _/

| []

0 1 . 1 . 1 . 1 . 1
0.1 0.2 0.3 0.4 0.5

x(mol)

Fig. 4. Ratio of photocurrent (/) to dark current (I4,4) for Sr;_,Ba,Al,O4
sintered specimens at 10 V with 500 Lux.

increased because the electron-hole recombinations are
inhibited by the strong trap energy levels with doping of
Ni* jons.

Fig. 4 shows the ratio (Iy/l.) of photocurrent (1) to dark
current (/g,) of the sintered specimens. The value of Iy/Ij.x
was increased with Ba?' content up to x=0.3, and then
decreased for further substitution of Ba?* for Sr**. The
specimens with Ni2* showed much hi gher value of Iyy/I .« than
those of the specimens with Eu** and/or co-doped with Eu**
and Ni**. These results could also be attributed to the formation
of strong trap energy levels by Ni**.

Photocurrent responsivity of Srg,Bag3AlLO4: Eu**, Ni**
specimens was measured for the light-on and light-off
conditions at 10 V. As shown in Fig. 5, the photocurrent
responsivity of the specimens at 10 V with 500 Lux was very
fast and stable. When light-off, the PC of the specimens showed
fast time response (<1 ms). Also, the photocurrent was very
stable with 3 cycles of 500 Lux light-on and light-off during
1200s at 10 V.
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Fig. 5. Photocurrent responsivity of Stq;Bag3ALO4: Eu?*, Ni** at 10 V with
500 Lux.
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Fig. 6. The relationship between relative photocurrent and relative photolu-
minescence intensity of Sr;_,Ba,Al,O, sintered specimens.

For the application of novelty technology, the photocurrent
and photoluminescence characteristics of Sr;_,Ba,Al,Oy:
Eu?*, Ni** have strong advantages. Especially, the specimens
of Sry 7Bag 3A1,0,: Eu**, Ni** showed high photocurrent at low
voltage. Fig. 6 shows the relationship between relative PC and
relative PL intensity. In the range of dash line, the specimens of
Sr;_,Ba,Al,O,: Eu®*, Ni** specimens showed the character-
istics of good PL and excellent PC, simultaneously, which
suggested the possibility of novelty application.

4. Conclusions

The photoluminescence (PL) and photocurrent (PC)
characteristics of Sr;_,Ba,Al,0, phosphors were affected by
Ba”* content and doping of Ni** ion. With increasing of Ba**
content, the crystal structure changes from monoclinic spinel
(0.1 €£x<0.3) to hexagonal tridymite (0.4 <x <0.5), and
crystallinity was increase up to x = 0.3 and then decreased. The
PL of the specimens was blue-shifted with the increase of Ba**
content.

Ratio of photocurrent to dark current (Iv/lgax) Wwas
increased up to x=0.3, due to the intrinsic property of
BaAl,04. With doping of Ni** ion to Sr;_,Ba,Al,O,, the

intensity of PL was decreased, while PC was increased. These
results could be attributed to the formation of strong trap energy
levels by Ni** ion in the energy band gap. Especially, the
specimens of Srg,Bag;ALO4s: Eu®*, Ni** showed the
characteristics of good PL intensity and excellent PC,
simultaneously.
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