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The dielectric properties ofBa, STiO; films were found to be remarkably sensitive to the
postannealing treatment atmosphere. This study demonstrates that postannealing in an oxygen
atmosphere increases the dielectric relaxation phenomenon and that postannealing in a nitrogen
atmosphere produces a slight dielectric relaxation. Such dependence of the dielectric relaxation was
related both to oxygen vacancies and to the presence of negatively charged oxygen, trapped at the
grain boundary and/or at the electrode/dielectric film interface.2@0 American Institute of
Physics[S0003-695000)00817-3

Because of its high dielectric constar(Ba, S)TiO4 (140 nm was used as the bottom electrode. The BST film
(BST):* thin film has important potential applications in a was then sintered at 700 °Crf@ h in air (film thickness of
variety of technologies that require high charge storage der#80 nm).
sity materials in thin film devices. Using the sputtering technique, the 0.3 mm diameter top

The main advantages (Ba, (SIp 4 TiO5 are its paraelec- Au electrode was then deposited through a shadow mask at
tric properties in the operating temperature range. It is a gerroom temperature. After deposition of the top electrode, the
erally acknowledged fact that these capacitors, formed by thélm was subjected to a postannealing treatment in a tube
metal—dielectric—metal configuration, present Schottkyfurnace, at 350 °C, in an £and N, atmosphere for 8 h.
barriers at both electrodé€®p and bottorn In this work, the first annealing treatment, after BST

Hwang et al® reported that different production pro- production, was performed inOthe second annealing in
cesses and processing conditions produce different trap statbls, and the lastin @ All the postannealing treatments were
at the film/electrode interface that are responsible for differcarried out on the same sample. Electric measurements were
ent electrical interfacial characteristics. In addition, BST thintaken after each treatment in different atmospheres. Dielec-
films show a remarkable dielectric relaxation phenomenodfic constant and dissipation factor values, in the 100 Hz—10
that strongly affects the dielectric properties of the fifns. MHz frequency range, and capacitance—voltage-Y)

Many researches have reported the effect of the postarfe'® measured with a HP 4194A impedance analyzer.
nealing treatment under an,@nd/or N, atmosphere in the For C-V measurements, a small alternating current sig-
behavior of BST film leakage currents. Jebal® have re- Nnal of 10 mV of amplitude and 100 kHz frequency was ap-
ported oxygen vacancies in BST films, obtained by the Sputpl|ed across the sample, while the direct curr@d electric

tering technique, that are usually generated during the pr ield was swept from th_e_posmve_ bias fo negative bias anq
duction of PYBST/Pt capacitors. These vacancies ar ack again. Ferroelectricity was investigated using a modi-

responsible for the higher leakage currents of BST films, a led Sawyer—Tower circuit attached to a Tekronix 2232

well as for the degradation of dielectric propertfe$More- digital oscilloscope.

. Figure 1 shows the variation of the dielectric constant as
over, some recent studies have revealed that electron trag_function of frequency for the BST film as-deposited. Dost-
ping in thin films induces a voltage offset in the polarization- 9 4 P P

voltage characteristic f'inn_ealed at 350‘?C fB hin oxyg_en,_second postannealing
. . o _ ._in nitrogen, and final postannealing in oxygen. It can be ob-

This letter investigates the influence of postanneallngserved’ in Fig. 1, that the sample postannealed in aatO
treatments on the d|eleqtr|c pr.opert|es of BST Fhm films, af'mosphere presents an intense drop in the dielectric constant
ter top electrode deposition, in oxygen and nitrogen atmoy, e low frequency regiofil00 Hz—100 kHz It is possible
spheres. ) ' . that this decrease in the dielectric constant in this frequency

(Bao-6sr0-4)T'O3_fl'LmS were prt_apared by the Po'yme,”c range is caused by space charge polarization or Maxwell—
precursor methdd -and deposited by the spin-coating \yagner type interfacial polarization. The space charge po-
technique on a PUTI/SISI substrate. A platinum layer |rization is inherently related to the nonuniform charge ac-
cumulation. These charges can be originate during the
dElectronic mail: derl@power.ufscar.br postannealing treatment in an oxygen atmosphere.
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FIG. 1. Dielectric constant vs frequency characteristics¥f és-deposited, FIG. 3. C=V curve for (@) as-deposited film and®) postannealed in
(#) postannealed in oxygenM) postannealed in nitrogen, an®§ post- oxygen.
annealed in oxygen.

Figure 3 shows the relationship between the dc bias and
When the film was postannealed in nitrogen, a reductiorcapacitancéC—V curve applied. Although the curves were
of the dispersion of dielectric constant was observed at a lowneasured with both an increasing and a decreasing bias volt-
frequency. This result indicates that there was a reducedge, only a slight hysteresis was observed in a ciase
charge space effect in the dielectric properties. When the filndleposited film. This indicates that there is a low concentra-
was again postannealed in oxygen, the phenomenon of th®n of movable ions or charge accumulation at the interface
space charge polarization appeared and a large dielectric rbetween the dielectric and the electrode.
laxation was once more observed. This result strongly indi- TheC-V curve showed typical paraelectric behavior for
cates that the dielectric relaxation observed is not a bulkthe as-deposited film. On the other hand, when the capacitor
related phenomenon, but an oxygen-related interfac&as treated in an oxygen atmosphere, Whg voltage at
phenomenon. which the capacitance is at its maximu@y, value is not
Figure 2 shows the influence of postannealing under diflocated at the zero bias field, but shifted toward the negative
ferent atmospheres on the dissipation factor fams a func- and positive bias region. The higher capacitance, which de-
tion of frequency for BST films. These curves showed apends on the bias polarity, suggests that the existence of
distinctly visible characteristic peak around the frequencyadditional capacitance at the interface arises from the space
range of 100 Hz—10 kHz when the film was postannealed ircharge, originating from the postannealed film in an oxygen
oxygen. These curves demonstrate that the oxygen atmetmosphere.
sphere contributes to the relaxation phenomenon in the di- Two maxima can be observed on the positive side of the
electric behavior. The curves became fRig. 2) after post- C-V curve for the sample postannealed in oxygen, one at 3
annealing in a nitrogen atmosphere. This result strongly and the other at 1 V. Another maximum can be seen on the
suggests that the relaxation phenomenon arises from theegative side of th€—-V curve, which may be caused by the
postannealing treatment in an oxygen atmosphere. These reresence of some positive charges, such as oxygen vacan-
sults are in agreement with the dielectric constant measuresies. These oxygen vacancies may originate during the pro-
ment. cess of heat treatment of the films due to the organometallic
decomposition of the polymeric precursor. The negative
15 charges may be associated with the presence of negatively
charged oxygen trapped at the grain boundary and/or the
film’s electrode/dielectric interface. The negative charge of
the oxygen may be caused by charge transference between

=

§ 101 the metal vacancy and the oxygen, as shown in

g Vi +12G=V},+1/20;, (2)

"g‘ where J, Vy,, V},, and J represent, respectively, the neu-
LER tral oxygen ions in their normal position, metal site vacan-
2 cies doubly negatively charged, neutral metal site vacancies,
[m]

and oxygen ions doubly negatively charged.

In BST film, theV,, must be a barium vacancy§,),
0.0 since a barium deficiency was identified by an inductively
coupled plasma chemical analysis of the precursor solution
with an approximate barium deficiency of 3%.
FIG. 2. Dissipation factor vs frequency characteristics'®) (as-deposited, Figure 4 ShOWS the polar|z_at|on versus 8|e°m° .fleld
(#) postannealed in oxygerM) postannealed in nitrogen. an®i post-  (P—E) hysteresis loops of BST films postannealed in differ-
annealed in oxygen. ent atmospheres. A typical hysieresis loop, related to ferro-

Frequency (Hz)
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mospheres contributed significantly to the dielectric proper-
ties of BST films. Postannealing in an oxygen atmosphere
increased the dielectric relaxation phenomenon, while a
slighter dielectric relaxation phenomenon was observed
when the capacitor was postannealed in a nitrogen atmo-
sphere. These results suggest that the postannealing treat-
ment in an oxygen atmosphere can increase the trapped
charge and the relaxation phenomenon. On the other hand,
the results also demonstrate that the best atmosphere for BST
films to reach good dielectric properties, free of the relax-
ation phenomenon, is postannealing in a nitrogen atmo-
sphere.
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FIG. 4. P-E hysteresis characteristics of BST filnllj postannealed in  PRONEX, and CAPES.
oxygen and @) postannealed in nitrogen.
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