HTML AESTRACT * LINKEES

APPLIED PHYSICS LETTERSB6, 191111(2005

Potential white-light long-lasting phosphor: Dy 3*.doped aluminate
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The white-light long-lasting phosphor CaAl,:Dy3* was prepared and investigated. The
white-light afterglow spectra under the irradiation of 254 or 365 nm are comprised of the blue light
emission and the yellow light emission, originating from the transition8Fgf,— °H,s /., “Fo,
—%H,4,, in the 4f° configuration of Dy*. The afterglow can last 32 min for the best sample with
Dy-doped concentration of 2 at. %. The decay curve and the thermoluminescence curve show to be
a second-order process. Thermoluminescence curves exhibit a complicated structure in the range of
230-450 K with the peaks at 244, 280, 310, and 346 K. The two thermoluminescence bands
peaking above room temperature have corresponding traps with the depths of 0.54 and 0.61 eV,
which are responsible for the afterglow emission at room temperature. This work provides a
promising approach for the development of white-light long-lasting phosphor.
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The long-lasting phosphors are a special kind of lumi-Dy®* has two intense fluorescence transitions from“4hg,
nescent materials with long phosphorescence lasting for sevevel to the®H, s, and®H 5/, levels with the blue light emis-
eral hours at room temperature. In recent years, the longsion at 477 nm and yellow light emission at 577 nm, respec-
lasting phosphors rare-earth-doped aluminates antively. The two color light emissions can produce white light
silicates, such as aluminates Sy@}:EW**,Dy®* "  through an appropriate combination. Therefore3Dgan be
CaALO,:EL?*,Nd®,* CaAlLO,:Th*,Ce*> and silicates the appropriate luminescence center for us to develop the
RsMgSi,Og: (R=Ca, Sr,B¥L**,Dy*" (Ref. 6 have been white-light long-lasting phosphors.
proposed and developed because of their long duration, high Recently, the long-lasting phosphorescence frorft @e
luminosity, and improved chemical stability. the host of CaAlO,, lasting up to 10 h, was observ&tThe

The colors of the developed long-lasting phosphorsCaAlQ, is a suitable host for us to explore white-light long-
range from blue to red. For example, the S@|: EL?*, Dy** lasting phosphor since defect-related traps can be easily
is an excellent blue long-lasting phosphor. Green, yellowformed when trivalent rare-earth ions are doped into such a
and red long-lasting phosphorescence was obtained ihost.

Mn2*-activated aluminate and silicate by Wasgal.” The In this letter, we report some preliminary results on
afterglow color even can be specially designed according tehe  white-light long-lasting phosphorescence from
the requirement of application using the concept of persistentaAl,0,: Dy**. The traps responsible for the long-lasting
energy transfer processes proposed byefial® phosphorescence are also studied using thermoluminescence

Unfortunately, no white-light long-lasting phosphor hastechnology.
been reported until now. Generally speaking, it is natural to  The CaALO,:Dy3* powder samples with different
consider that the white-light long-lasting phosphor can bejoped concentration of 0.5, 1, 2, 4, and 8 at. % were pre-
achieved through the combination with the current availablgyared by high-temperature solid phase reaction using the raw
blue, green, and red phosphors according to appropriate r&aCQ,, Al,Os, and Dy0; with the purity of 99.99%. The
tio. However, this method is hard to work in practice sinceraw materials were mixed then sintered at 1350 °C for 8 h in
we can hardly ensure the very consistent afterglow decayir. All of the measurements except for the thermolumines-
process for the different components, thus resulting in thgence curves were carried out at room temperature.
change in color with time. A more feasible approach is t0  The excitation and emission spectra of Cgy:Dy3*
find such a material that can produce white-light emissionyere measured with a Hitachi 850 fluorescence spectropho-
via the combination of different color emission from an iden-tgometer and are shown in Fig. 1. All of the emissions ob-
tical luminescence center. The afterglow decay process iserved are due to thef4if transitions of Dy*. Under the
controlled by the properties of traps in the host. As a resultexcitation at 349 nm, blue-light emission peaking at 477 and
the different color emission from the identical center will 491 nm and yellow-light emission peaking at 577 nm as well
have the same decay process, thus keeping the aftergloyg a rather weak emission peaking at 668 nm were observed
color unchanged. = , , . ~ and can be assigned to tffey;,— *Hyg “For,— "Hygp and

Trivalent dysprosium Wlth # conflg_uratlon hgs compli- *Fg;n— °Hy,, transitions of Dy*, respectively. One can also
?e}ted Iene'lfﬁy levels and Vk;’:II’IOUS pois'g:; trallnsmons_ br‘]"ltweeﬂ?]d that the emission lines of By are broadened somewhat

evels. The transitions between thekdevels are highly 6
selective and of sharp line specrét is well known that Ei%?gﬁegﬁgri;rﬁée\ﬁ:ﬁl j tgglf(_(lj%vgelz fggtfi%nig?io;"]of

2 at. % has the strongest emission intensity. For most of the
¥Electronic mail: lbo@ustc.edu.cn samples except for the By 0.5%-doped sample, the blue-
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FIG. 1. Excitation(\en=577 nm, left, solid lines emission(\,=349 N, FiG. 2. Afterglow decay curves of Cafd,:Dy*" after irradiation with

right, solid lines, and afterglow(irradiation with 254 nm-250 uW/cn? 254 nm~ 250 W /cn? for 10 min (solid line9 and with irradiation with

for 10 min, right, dashed linespectra of CaAlO,: Dy*". 365 nm~ 50 xW/cr? for 10 min (dashed lines The dotted line shows the
limit of eye detection. The fitting formulas are for the curves after 254 nm

light and the yellow-light emissions from By can produce iraciation.

the white light for human eyes. While for the By0.5%-
doped sample, the yellow-light component is somewhat Figure 2 shows the afterglow decay curves in spectral
strong compared with the blue-light component, thus showintegral intensity after irradiation with 254 nm for 10 min
ing slight yellow light for the eye. This is because the (solid lineg and 365 nm for 10 mindashed linesfor the
yellow-light component with the transition 8Fg,—°H,;, five samples with different concentrations. In the dark, the
is more sensitive to the crystal field environment. The exci-afterglow emission from the best sample of Ca2J:Dy
tation spectra with the emission at 577 nm consist of a serie at. % is shown to be white light which can be observed by
of line spectra in the 230—400 nm range with the strongeshuman eyes, lasting over 32 min, after irradiation with
one at 349 nm and some lines at 256, 295, 325, 365, ang54 nm UV for 10 min. The decay curve is well fitted by
388 nm, which are ascribed to the transitions from thehyperbolic curve, indicating that the afterglow process meets
ground state to excitation states in th€ 4onfiguration of a second-order mechanismThe duration times for the dif-
Dy3* but not easy to be clearly assigned due to the dense arfdrent samples are summarized in Table |. The irradiation
somewhat overlapped levels of 4onfiguration of Dy* in  time of 10 min was enough. It was also found that increasing
the high-energy region. The excitation with the wavelengththe irradiation time cannot significantly prolong the after-
shorter than 230 nm is involved in the interband transition ofglow time. From Table |, one can find that the duration time
the CaALO, host whose band gap is about 5.78 eV derivedof afterglow is dependent on the intensity of excitation
from the photoconductivity spectra measurenfent. source. After irradiation with 254 nm for-250 uW/cn?,
Since the monochromic excitation light through a mono-the afterglow lasted over 25—32 min for different samples.
chromator from the Xe lamp is not strong enough to creatén contrast to the case of 365 nm irradiation with
afterglow long enough for observation, we used the mercury-50 uW/cn?, the afterglow times of 10—13 min were ob-
lamps with 254 nm(low vapor pressure~250 uW/cn?)  tained. This is reasonable because the afterglow intensity is
and 365 nmhigh vapor pressure;50 uW/cn?) to irradiate  dependent on the dose rate for the shallow tragshe con-
the samples for the afterglow spectra, decay curves, and thezentration of trapped electrons will attain an equilibrium
moluminescence curves measurements. The afterglow speealue during irradiation. This value is expected to be propor-
tra after irradiated with 254 nm UV light for 10 min are tional to dose rate.
shown in Fig. 1(dashed lines The measurement was per- The thermoluminescence curves are shown in Fig. 3.
formed 5 min after stopping the irradiation when the after-Several dominant peaks were observed at about 244, 280,
glow decay curves became flat in order to ensure that thd14, and 346 K, which are related to traps with different
spectrum shape did not distort so much. The afterglow spedepth. Only these thermoluminescence bands peaking above
tra show same spectrum shape with the emission spectra. room temperature are responsible for the afterglow at room

TABLE |. Afterglow duration time for the samples after irradiation by 254 and 365 nm.

CaAlLO,: CaAlLO,: CaAlLO,: CaAlLO,: CaAlLOy:
Dy 0.5% Dy 1% Dy 2% Dy 4% Dy 8%
Duration of afterglow for eyes (min) (min) (min) (min) (min)
After 254 nm
(~250 wW/cn?) irradiation for
10 min 29 28 32 25 27
After 365 nm
(~50 uW/cn) irradiation for
10 min 10 11 13 10 10
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120 T T T 20T T T TABLE II. Trap parameters for CasD,:Dy 2%.
100 | % % Peak temperaturé) 310 348
3 el 5 Trap depthE (eV) 0.54 0.61
% L - Frequency factos (s™) 1.2x 107 1.7x10
Z 60F PR TR Lifetime at 300 K(s) 209 2206
§ L Temperature (K)
£ w0}
- 0.59 L - .
20l spectra is still due to the transition ofl 5s 4f from EW?*. It is
reasonable to consider that the role of dopingOgns is to
0 L : . . . . . introduce new types of traps or significantly increase the
200 250 300 350 400 450 500 550 600 concentration of traps responsible for the afterglow. From the

Temperature(K) thermoluminescence curves with very complicated structure,
, o _ one can believe that the types of traps are also very rich. We
FIG. 3. Thermoluminescence of Ca@l,:Dy%* after irradiation with

254 nm for 10 min. The inset is the separated thermoluminescence bands B?ntatlve_ly propose_ two pOSS|bI_e types of the traps _m
CaAlLO,: Dy 2 at. % for the peaks above room temperature. The heatind=@ALO4:Dy. In the first case, Dy 1ons act as not only lumi-
rate is 0.2 K/s. nescence centers but also trapS, since Dy ions can form some

electron trap levels in the band gap. In the other case, the

temperature. Therefore, we will focus on the thermoluminesiraps can occur because of the charge compensation due to
cence band peaking at 314 and 346 K for the GaiDy the substitution of trivalent DV ions for divalent C'%fjons .
2% sample which has the longest afterglow. The thermoluin the host of CaAJO,. The fact that the characteristic exci-
minescence bands overlapped each other. In order to separ@éion of Dy** can lead to the afterglow emission from Dy
the overlapped thermoluminescence bands, a special meth§dggests that the trap filling process may occur through the
was applied. In this method, the irradiated sample was heatedirect transfer of electrons from the excitation states of'Dy
to about 320 K, thereby substantially emptying the traps relO trap centers without via conduction band since the excita-
sponsible for the bands below 314 K. The sample was theHon energy is less than the band gap. During the afterglow
rapidly cooled and reheated to 450 K, so the thermoluminesemission, the trapped electrons are released and produce vis-
cence curve consists of only 346 K band was obtained. Similble emission from Dy".
larly, the thermoluminescence curve containing 314 and In conclusion, CaAlO,:Dy** exhibits white-light long-
346 K bands was also obtained. The latter curve was supasting afterglow which is due to the combination of blue and
tracted from the former curve, and then the thermoluminesyellow light from the transitions betweerf 4evels of Dy?".
cence curve containing only 314 K band was obtained. Thd he afterglow can last over 32 min under the 254 nm irra-
two separated thermoluminescence bands peaking at 310 aflt@tion and its decay process meets hyperbolic curve prin-
348 K are show in the inset of Fig. 3. ciple. The traps above room temperature have the depths of

The symmetry of the two thermoluminescence curved).54 and 0.61 eV, with the corresponding thermolumines-
suggest that we can process them using a second-ordeence peaks at 310 and 348 K, respectively. This is a poten-

mechanismt? The depth of traE can be estimated by using artial white-light long-lasting phosphor although its afterglow
equation given by Chest al.* requires it to be improved in terms of practical application.
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