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Abstract Photoluminescence and photocurrent characteris-
tics of Eu* activated MAL,O, (M = Ba, Ca, Sr) phosphors
during and after Ultraviolet ray and visible light irradiation
have been investigated. The photoluminescence (PL) and the
photocurrent (PC) of the phosphors, in order to elucidate
the relationship between the PL and the PC, were measured
simultaneously on the same samples within a specially de-
signed measuring box. Composition effects, such as a pres-
ence of Dy** as a co-activator and Al-rich composition on
the PL and PC characteristics have been investigated. Also,
sensing characteristics on UV and visual light have been
tested.

The simultaneous measurement of PL and PC on the same
sample clearly indicated that the presence of co-activator and
vacant site, namely Al-rich composition, acted as a hole trap;
the introduction of co-activator and vacant site decreased the
PC and increased the PL during and after UV and visible light
irradiation, whose PC was much lower than that of MA1,O4
with only Eu?* as an activator. The electrical intensity af-
fected on the PL characteristics after UV and visual light
irradiation(afterglow); with increasing in the electrical inten-
sity, the afterglow lasted more longer and intensively. The PC
of MAI1,04 showed a good proportional relationship to UV
and visible light intensity. Especially, SrAl,O4 showed an ex-
cellent linearity within 1-5 mW/cm?2, but showed somewhat
delayed response and hysterisis as seen in CdS photoelectric
cell.
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1 Introduction

Eu?* activated alkaline earth aluminates with the co-
activators such as Dy for SrAl,Oy4, Nd for BaAl,O4 and Nd,
La for CaAl,O4 are well-known phosphors, which have a
longer duration of photoluminescence and a higher bright-
ness than traditional sulfide phosphors by 10-20 times [1-3].
The peak wavelength of emission spectra are 520 nm for
SrAlL,O4 : Eu, 500 nm for BaAl,O4:Eu and 440 nm for
CaAl,O4:Eu [4]. And the unusual long duration of pho-
toluminescence of those aluminates offers a large field of
applications [4—6]. As an explanation for the origin of the
long duration of the photoluminescence, hole trapping and
subsequent releasing of holes by thermal excitation was
suggested [1]. In this case, the co-activators and crystallo-
graphic defects such as vacant sites act as a trapping center.

The aluminates phosphors are known to show similar be-
havior in the photoluminescence and photocurrent decay, and
response to UV and visual light [3, 8, 9]. From the mecha-
nism mentioned above, one can expect the photocurrent of
those phosphors without the co-activator show a short de-
cay time behavior. And it is expected that the photocurrent
is strongly dependant on the host lattice, as is the case in the
photoluminescence.

In this study, we have performed simultaneous measure-
ment of photoluminescence (PL) and photocurrent (PC) on
the same sample to elucidate the role of co-activator and va-
cant sites, and the effect of the host lattice of Mal,O4 : Eu(M
= Sr, Ba and Ca). And also, sensing characteristics to UV
and visual light have been investigated.

@ Springer



320

J Electroceram (2006) 17:319-322

Fig. 1 Schematic diagram of
measuring system of
photoluminescence and
photocurrent
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2 Experimental

MAIL, Oy : Eu(Dy, Nd, La) have been synthesized with 3N-
grade MCO; (M = Sr, Ba, Ca), EUZO3 , Dy203 . Nd203 . La203
and 4N-grade Al,O3. The raw materials were mixed and
thermally treated at 1200°C for 2 h in the air atmosphere
with the agent of 8 mol.% B,03, and then ball-milled for
48h after crushing under 45 um. The obtained powder were
pressed into disk (Dia. 13 mm) and sintered at 1350°C for 2
h under a reducing atmosphere of 3% H,-Ar. XRD patterns
of all of the synthesized compounds showed single phases
in this study. Various electrode materials such as Ag, Au
paste containing frit, sputtered Au and fritless Pt paste were
tested on the sintered disks by sputtering and printing to the
comb-like shape with the spacing of 0.3 mm.

Photoluminescence (PL) and photocurrent (PC) of the
samples were measured simultaneously on the same samples
within a specially designed measuring box as seen in Fig. 1;
because MAIL, Oy : Eu is sensitive to visual light, the measur-
ing box was shielded from the external visual light. 20W-
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 con-
trolled 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 me-
ter (LX-1102, Lutron, Taiwan) placed beside the sample.
The photocurrent was measured using high resistance me-
ter (R8340A, ADVANTEST, Japan) with applied voltage of
0-30 V (R6144, ADVANTEST, Japan). The photolumines-
cence from the sample was measured using a digital mul-
timeter (R6452, ADVANTEST, Japan) and Si-photodiode
(S2386-45K, spectral response range 320—1100 nm, Hama-
matsu Photonics, Japan), which was placed above the surface
of the samples with a tilting angle of 45°C.

@ Springer

3 Results and discussions

The photocurrent according to the various electrode materials
at the same condition showed the best results with fritless Pt
paste; the resultant photocurrent was the most stable and the
maximum value. So, the photocurrent measurements were
conducted using fritless Pt paste hereafter.

Figure 2 shows the photoluminescence decay behavior of
three types of composition; SrAl,O4 activated with only 1
at% Eu?*, SrAl,O, activated with 1 at% Eu?* and 5 at%
Dy, and Al-rich composition of (Srpg9Eug 1)0.9Al04,
which have vacant lattices in Sr sites. The sharp drop of
PL after UV light off is seen in the composition without any
co-activator and vacant sites; on the other hands, the compo-
sitions, which contain co-activator and/or vacant sites, show
delayed decay behavior. The aspect of the delayed decay
behavior in PL is more effective in Dy co-activated compo-
sition.
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Fig. 2 Photoluminescence decay behavior of (Srgg9 Eugo;)Al,Oq,
(Sto.94 Eug 01 Dyo.05)Al2O4 and (Srg.99 Eug.01)0.9Al204
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Fig. 3 Photocurrent decay behavior of (Srgg9Eugo1)Al,O4, (Sroos
Eug.01Dy0.05)A1204 and (Sro.99Eug 01)0.9A1,04

Figure 3 reveals the photocurrent decay behavior of three
types of composition. It is found the photocurrent produced
during UV light irradiation in (Srg.99Eug o1)Al,Oy is higher
than that of (Srg.99Eug o1)0.9Al,O4 by one order of magnitude,
and higher than that of (Srg.94Eug 01 Dy0.05)Al,04 by two or-
ders of magnitude. From the simultaneous measurement of
photocurrent and photoluminescence on the same sample in
this study, it is clear that co-activator and vacant sites act
as trapping center, and capture the charge carriers of holes
created in the valence band during excitation of Eu®*.

Yuan et al. reported that the photocurrent of single-
crystalline (Srg.99Eug01)Al,O4 was three orders of magni-
tude higher than that of single-crystalline (St 9sEug.01 Dyo.01)
Al,O4 [9]. Although the composition and measurement con-
dition of photocurrent is different, it is thought that the
smaller difference between the photocurrent of (Srg.g9Eug o)
Al,O4 and (Srg.94Eug.01Dyo.05)Al,O4 obtained in this study
originates from defects; namely, there are more defects in
polycrystalline sample than single crystal, and the defects
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Fig. 4 Photoluminescence decay behavior of Eu>* activated MA1, O,
(M = Sr, Ba, Ca)
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Fig. 5 Photocurrent decay behavior of Eu?* activated MAL,O, (M =
Sr, Ba, Ca)

presents in both composition reduce the difference in the
photocurrent.

Figure 4 shows the photoluminescence decay behavior of
1 at% of Eu* activated MAL,O4 (M = Sr, Ba, Ca). There are
little difference in decay curves between (Srg.99Eug ;)AL Oy
and (Bagg9Eug o;)Al;O4, on the other hand, delayed decay
behavior is observed in (Cagg9Eugo;)Al,O4 composition
without any co-activator. It is thought that the mechanism
of long duration of photoluminescence may be much more
complicated than simple adoption of trapping center.

Figure 5 shows the photocurrent decay behavior of 1 at%
of Eu?* activated MAI,O, (M = Sr, Ba, Ca). The photocur-
rent generated during UV light irradiation in (Cagg9Eug o1)
Al Oy is higher than that of (Srg99Eug;)Al,O4 by one or-
der of magnitude, and the current drop when UV light off is
small.

After the current drop is occurred, the photocurrent of
(Sro_ggEu0,01)A1204 and (Ca(),ggEu0.01)A1204 decay linearly
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Fig. 6 UV light(peak wavelength 368 nm) respondence of (Srg.g9
Eug01)AL, O4
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with time. (Bag g9Eug 91)Al,O4 composition shows very low
photocurrent, and decays fast within about 2 min.

As shown in Fig. 6, (Srpg99Eugo1)Al,04 composition
shows very good responsibility to UV light (peak wavelength
of 368 nm); within the intensity of 1-5 mW/cm?, the pho-
tocurrent shows fast responsibility and linearity (Fig. 7). And
it is found that the weaker the UV intensity, the longer the
response time.

Figure 7 shows the sensitivity of (Srg.g9Eugo1)Al>,04,
(Barg.99Eug01)Al,04 and (Cagg9Eug0;)Al,O4 composition
to UV light and visual light of D65 standard light source. The
three compositions show linear responsibility to UV light, but
(Cag.99Eug o1)Al,O4 showed somewhat delayed response and
hysterisis as seen in CdS photoconductive cell.

As shown in Fig. 7(d), (Srp.99Eug 01)Al,O4 reveals the sen-
sitivity to visual light; shows good linearity from 80 Lx to
1000 Lx, but the slope is changed in weaker intensity. The
sensing characteristics of MA1,O4 (M = Sr, Ba, Ca) to visible
light requires further studies.

4 Conclusions
The simultaneous measurement of photoluminescence and
photocurrent on the same sample have been performed and

clearly indicated that the presence of co-activator and vacant
site, namely Al-rich composition, act as a hole trap. The hole
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traps, which are introduced by the co-activator and/or vacant
sites, captur the holes and resultsin the lower photocurrent.
The captured holes in the hole traps are released thermally
after light-off, and results in the higher photocurrent and pho-
toluminescence.

(Mo.99Eug 01)Al,O4 (M = Sr, Ba, Ca) shows very good re-
sponsibility to UV light (peak wavelength of 368 nm) within
the intensity of 1-5 mW/cm? and the photocurrent shows fast
responsibility and linearity, especially, (Srg.g99Eug 01)Al,O4
reveals the sensitivity to visible light; shows good linearity.
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