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Abstract

ZnO:EU’™ (0.1 and 3 at%) with average particle size of 500 nm were prepared by the Pechini method. Photoluminescence spectroscopy

evidences that there is no energy transfer between ZnO afd Eu

ion. The emission spectrum at 77 K shoWs that Eu

ions occupy at

least three different sites in ZnO:Eu 3 at% sample. The experimental intensity paraipéneicates that EU™  ions in the sample doped
with 3 at% occupy sites where 4f-configurational levels can better mix with opposite-parity states than those in the sample doped with 0.1

at%.
0 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

The advantage of new technology demands more
sophisticated and smaller displays for visual communica-
tion. That is why the flat panel display (FPD) market share
has steadily grown, which is still dominated by the
standard cathode ray tube (CRT) [1]. Among the FPD
device, we can find liquid crystal displays (LCD), plasma
displays (PD), field emission displays (FED), and elec-
troluminescent displays (EL). One of the most studied
phosphors to be employed for FED applications is ZnO
because it has high efficiency at low-voltage operation [2].

Pure zinc oxide presents green emission when excited
with wavelengths in the range from 250 to 380 nm. This
emission could be attributed to oxygen vacancies or to
interstitial zinc excess [7,11,12], which means electronic
defects are present in the forbidden band of ZnO [8]. The
luminescent properties of ZnO will be strongly influenced
by experimental conditions for preparing the samples. The
energy gap of ZnO (3.2 eV) would offer a large spectral
area where the rare earth could emit, and give poly-
chromatic displays [3].

The Iluminescent properties of trivalent rare earth
(RE*") depend on their host. Different matrices doped
with different RE™ would exhibit a sharp emission in

RE®" doped semiconductors have taken special attention
since they are an important material for optoelectronic

devices. ZnS and ZnSe doped with rare earths are of
special interest as thin films in electroluminescent devices
[3]; however, few works have reported the insertion of

RE into ZnO [3-6].

Solid state reaction was used to obtain ZnO:RE in
[3—6]. Unfortunately, it was reported that only green
emission from ZnO was observed under wavelength
corresponding to zinc oxide valence band (VB)-conduc-
tion band (CB) transition. The authors also reported an
energy transfer from ZnO%o RE , which can merely be

observed if a small amount of a coactivator or a compen-
sator such as Li ions was added to the material. In this
case, thé RE ions are located at the surface of the ZnO
grains and just a few of them diffuse inside the ZnO
grains, where they undergo the impact of the hot electrons
generated at the grain boundaries, and then such material
shows luminescence.

The aim of this study is to obtain ZWO:Eu by using a
method which allows a mixing of the components at the

molecular level in solution and a stoichiometric control,

the Pechini method [9].

several wavelengths located in the visible range which 2. Experimental

implies a variety of applications to this kind of materials.

*Corresponding author. Tel.:#55-16-201-6634; fax:+55-16-222-
7932.
E-mail address davolos@iq.unesp.iiM.R. Davolos).

The zinc citrate solution was prepared by addition of
citric acid into a zinc acetate solution in ratio of 1.2:1 mol
of citric acid:zinc acetate. The europium citrate was
prepared by direct reaction of solid Eu,O with citric acid
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Fig. 1. SEM image of ZnO sample obtained from Pechini method. %%1W K ﬂ
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in aqueous media, under heating. After the zinc and wavelength / nm
europium(lll) citrate solutions were mixed, ethylene glycol g 3. Excitation spectra of ZnO:Eu 0.1 and 3 at% monitored at 612 and
was added and the mixture heated at 430 obtain the 616 nm, respectively, at room temperature.
polymeric resin that was fired at 90C in air leading to
the powders.
Crystalline powder structure was checked by X-ray characteristic of zincite. There is no evidence of,Ey O
powder diffraction (XRD) using a Siemens D5000 diffrac- formation.
tometer. The X-ray diffractograms were scanned over the The excitation spectra of 0.1 and 3 at% doped zinc oxide
angular range from 4 to 70n 26, with Cu Ka, radiation. ~ in Fig. 3 present one band at 376 nm attributed to
The samples were also characterized by scanning electrorfransition from valence band to conduction band
microscopy (SEM) (Jeol JSM T330A). The excitation and (VB - CB) characteristic of ZnO semiconductor and two
emission spectra were obtained using a Fluorolog SPEX peaks at 395 and 464 nm attributed fo,-FL and
212L with a 450-W xenon continuous lamp. The signal 'Fo— "D, transitions of the europium(lll) ion, respectively.
was detected using a water-cooled Hammamatsu R928The room temperature emission spectra of ZnO:Eu 3 at%
photomultiplier. in Fig. 4 and ZnO:Eu 0.1 at% (data not shown) were
obtained with the excitation monitored on VBCB ZnO
transition and on both F- °L and ’F,- D, transitions
from the Ed" ion. For the excitation at 376 nm on
3. Results and discussion VB - CB transition, the emission spectrum shows a wide
band centered at 525 nm and a lower intensity band in the
The SEM image in Fig. 1 shows that spherically shaped red region. This emission band is attributed to decay from
particles of europium-doped zinc oxide are obtained from electronic defects, which are present in the forbidden band,
Pechini method and subsequent thermal treatment. Theto the valence band or between different levels into
samples obtained by thermal decomposition at @@re forbidden band. The specific assignment of this band is yet
crystalline and their X-ray diffractograms in Fig. 2 are
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Fig. 4. Photoluminescence spectra of ZnO:Eu 3 at% obtained at different
Fig. 2. XRD scans of ZnO:Eu 3 at% and ZnO:Eu 0.1 at% samples. excitation wavelengths at room temperature.
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Fig. 5. Photoluminescence spectra of ZnO:Eu 0.1 at% obtained at 464 nm excitation at 77 K. The high-resolution spectrum shdwjng ‘the D

transition is on the right.

misleading in the literature. According to the ZnO energy
levels diagram [8] the wide band centered at the yellow— at% obtained at liquid nitrogen temperature are in Figs. 5

green region can be attributed [7,11,12] to;ZaV,,

transitions: BC»V at 1.75 eV (708 nm) and/or ¥ BV
at 1.75 eV too, and/or § -V, at 2.1 eV (590 nm).

the emission spectrum in Fig. 4 presents the, -OF,
(J=0-4) intraconfigurational transitions. The feature and
the high intensity of the hypersensitive transitibn, D'F,

indicate that E&"

occupies a low symmetry site. In

addition, exciting this system at 393 nm dn,F°L,

transition of Eu(lll) ion, that also has contributions of zinc
oxide transitions, a combined emission spectrum of ZnO
and Eu(lll) ion has been observed. It is important to state
some differences observed on emission spectra of the

Intensity / arb. unit.

T=77K

LS

systems. The emission spectra of the ZnO:Eu 0.1 and 3

and 6, respectively. The fine structures of the 4f—4f
transition and the tail at red region includes the following transitions of Eu(lll) ion, Fig. 6, substantially differ from
the emission spectrum of Eu(lll) ion in pure Eu, O (data
not shown). This indicates that there are europium ions in
Probably all transitions occur when the sample is excited the obtained ZnO lattice. The high relative emission
and the wide band is a result of the sum of these intensity of europium ion in this case when compared to
components. On the other hand, when this system isother work [13] that used lithium as a co-doping suggest
excited at 465 nm, that is a pure transition of Eu(lll) ion, that the charge neutrality on the present case is balanced
by the presence of Zn(l) ion produced by thermal treat-
ment. On the other hand, the emission spectrum of doped
ZnO:Eu 0.1 at%, Fig. 5, present a broad band assigned to
® ,-D'F, transition that is very sensitive to the chemical
environment suggesting that europium ions are in a variety

of different sites with similar symmetry. AS Eu

higher charge

tHan Zn

has

, the presenéd of Eu  must be

associated to Zn , these associations may occur in a

similar way but not equal for efch Eu
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Fig. 6. Photoluminescence spectra of ZnO:Eu 3 at% obtained at 464.5 nm excitation at 77 K. The high-resolution spectrum shdwjng ‘the D

transition is on the right.
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causes the broad line transitions observed in the spectrum. ratio between the intensities Of ,theéF,Dand

In addition, the wide® Q- 'F, transition band of ZnO:Eu  ° D 'F, transitions. The ZnO:Eu 0.1 at% has a hRp,

0.1 at% observed at liquid nitrogen temperature, Fig. 5, value indicating large J-mixing effect. In this case sug-
indicates europium ions are in a close chemical environ- gesting the presence of strong ligand field characteristic of
ment as observed in glasses which present an inhomoge- symmetry sites.

neous broadening. Under the same measurement condi-
tions, the ZnO:Eu 3 at% presents this transition band
splitted indicating that Eti  ions occupy at least two
defined symmetry sites, Fig. 6. 4. Conclusions

The experimental intensity parametes and (2, were
determined from the emission spectra obtained at room Emission spectra characteristic of europium is observed
temperature by using the D. F, e °D,— 'F,, transition, on the green—yellow band luminescence attributed to ZnO.
respectively, and by expressing the emission intenkity ~The diffusion of europium ion into the zinc oxide lattice
[10] in terms of the integrated area under the emission depends on several parameters, e.g., preparation method,
curves. In Eq. (1w is the transition energylN is the thermal treatment, doping ion content. In this work the
population of the emitting level®( D ). The coefficient of Pechini method of preparing doped zinc oxide has fun-

spontaneous emissiod, is given by the expression (2). ~damental importance because it allows a homogeneous
distribution on zinc oxide precursor. A high intense

| =hwA N (1) emission of europium ion on zinc oxide was observed, in

particular, due to the presence of Zn into zinc oxide
46w’ S T s \2 lattice produced by thermal treatment. The®Eu in the

Acad = 3c? X - QA< U™ D0> (2) structure allows the stabilization of Zn by a charge
compensation mechanism. The energy transfer from ZnO

where y =n,(n3+2)°/9 is a Lorentz local field correc- t0 europium ion is not observed probably due to the

tion, n, being the index of refraction of the medium difference of energy levels.

considered (1.5). The magnetic dipole allowed, DF,

transition was taken as r7eference. Th2e values of reduced

- @50\ —
matrix elements are< JU DO> =0.0032 and  Acknowledgements
<F4||U(4)||5D0> =0.0023. The values of experimental

intensity parameters in Table 1 can be related to changes in Financial support by FAPESP is gratefully acknow-
the chemical environment around the rare earth ion. The edged. SAML. and FAS thank FAPESP for scholar-
high (2, value obtained for zinc oxide doped with 3 at% of ships.
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