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Abstract

Bis2sLap75TizO;1, thin films were deposited onto indium-tin-oxide (ITO) coated glass substrates by the pulsed laser ablation method at a
deposition temperature of 40C and an annealing temperature of 6680 An attempt to control the oxygen-induced defects in the ferroelectric
material was conducted by varying the conditions of the deposition pressures. The fatigue properties resulted in a constant polarization switching
due to charged oxygen vacancies for oxygen deficient 50 mTorr prepared films, and decreasing polarization with co-existing ferroelectric and
pyrochlore phase for excessive oxygen 500 mTorr prepared films. However, for the film prepared at 200 mTorr, an unusual increase in the
polarization value was observed. This might be attributed to the formation of a p—n junction with the n-type electrode and p-type ferroelectric
material that creates a built-in bias inside the ferroelectric film or near the interface, concentrating the polarity to the direction of thee electrod
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction Up to this point, (Pb, Zr)Ti@ (PZT) [7,8] and other re-
lated lead-based ferroelectric films have been most widely
Considerable attentions have been focused in develop-investigated. They usually have larges{—Pns) values of
ments of non-volatile ferroelectric random access memories 20-70uC/cn?, depending on substituting elements and
(NVFRAM) [1] based on bismuth layered structured ferro- processing conditions. However, when a capacitor is fabri-
electric (BLSF) material$2,3]. These BLSF materials are cated with a PZT film on a conventional Pt electrode, its
named Aurivillius phases after systematically synthesized value of Psw—Pns) usually becomes reduced after repetitive
by Aurivillius in the 1950s. Since then, results on the dielec- read/write cycles. It has been known that the oxygen vacan-
tric, ferroelectric, piezoelectric and electro-optic properties cies play an important role in inducing the fatigue failures

of the materials have been reported. [2].

Aurivillius phase BLSF materials can be described as The fatigue problem in PZT films can be reduced signif-
the intergrowth structure of fluoritelike (BD2)?" unitsand icantly by using oxide or hybrid metallic-oxide electrodes
perovskitelike (A-1B,0z,41)>~ slabs, wherer = 2-5. instead of Pt electrodg8-12] In this configuration, the ox-

The 12-fold perovskite A-sites can be occupied by cations ide electrode helps to control the amount of oxygen vacan-
like Ba?+, Caf+, SPPt, Bi®t, and rare earth elements, and the  cies at the ferroelectric interface which is responsible for the
six-fold B-sites are usually occupied by smaller cations like fatigue phenomena. Requirements in considering the effects
Ti*t, T+, Nb>+, and WP, Recently, the two-layem(= of defects in the perovskite units or at the film-electrode in-
2) ferroelectric SrBiTaxOg (SBT) [2] and the three-layer  terface are important issues for determining the ferroelectric
(n = 3), (Bi, Ln)4Tiz012 [3-6], were found to possess ex- properties and electrical conduction of these films.
cellent fatigue resistance (i.e. maintenance of remnant polar- In this letter, considerable attention has been paid
ization (Pr) under repeated switching cycles) characteristics to understand the role of oxygen partial pressures dur-
on using conventional Pt electrodes. ing preparation of lanthanum-substituted bismuth titanate
(Bis25Lag 75Tiz012, BLT) thin films on indium-tin-oxide
* Corresponding author. Tel#82-2-705-8430; fax#82-2-705-8426. (ITO) glass substrates. From the control of these deposi-
E-mail address: gpark@ccs.sogang.ac.kr (G. Park). tion pressures, we were able to study the oxygen-induced
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effects of the ferroelectric material. The measurements onerations. The surface micro-structural observations were
the surface microstructures and electrical characterizationscarried out by JEOL JSM-6700F field effect scanning elec-
of these defect-driven films will be reported. tron microscopy (SEM), and tHe-E hysteresis and fatigue
properties were measured by a computerized radiant tech-
nology RT66A system. The measurement of Au/BLT/ITO
2. Experimental procedures metal—ferroelectric—metallic oxide type capacitor config-
uration was carried out through a micro-meter manipu-
BLT films were prepared on conducting ITO coated glass lating probe method with gold (Au) dots of size 1ot
substrates by the pulsed laser deposition (PLD) method within diameter, thermally deposited for use as the top metal
a KrF excimer laser source of = 248nm, pulsed at a  electrode.
repetition rate of 3Hz with a laser fluence of 2.5Jcm
The target-to-substrate distance was stationed at 45 mm and
pre-sputtering was carried out for 3 min. Deposition was 3. Results and discussion
carried out at a substrate temperature of 4DGor 5min,
and post-annealing treatment was carried out in-situ for 1h  The use of an ambient gas during pulsed laser ablation
at 650°C. method can be characterized as either passive or active. The
The description of the fabrication process at various depo- passive use of an ambient gas is mainly to compensate for
sition procedures and its electrical measurements has beeisome loss of constituent elements, such as oxygen that is
given elsewher§l3]. On a well-matched substrate, the film evaporative when the deposition process takes place. Prob-
grows in the plane that maintains structural coherency with lematic issues such as oxygen vacancies or deficiencies of
the substrate. In this case, polycrystalline films are expectedthe films[2] are bound to arise when a powerful physical en-
as the crystallizations of the ITO layer took place during ergy, such as a laser beam, is supplied to the ceramic target.
the annealing process. Crystallizations of the ITO layer have During the process where the particles are transported to the
been observed with polycrystalline films showing weak crys- substrate via the plume, a passive method to regenerate the
tallizations to thec-axis[13]. lost oxygen was applied with the presence of a nozzle right
The microstructures and electrical characterizations of under the plume.
the films deposited at the given partial oxygen pressures Deposition of the films was conducted at partial oxygen
of 50, 200 and 500 mTorr have been taken into consid- pressures of 50, 200, 500 mTorr, and 1 Tétig. 1 shows,
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NONE SEI 20KV ¥50,000 100nm WO 20mm

Fig. 1. Surface microstructures of films prepared at partial oxygen pressures of (a) 50 mTorr, (b) 200 mTorr, (c) 500 mTorr, and (d) 1 Torr.
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in alphabetic order, the surface microstructures of the films Table 1

with average grain sizes of 20, 50, 80 and 100 nm at the Measured dielectric and ferroelectric quantities of the thin film capacitors

' ial f 50, 2 T
respective pressures. It can be seen that smooth columPrepared at partial oxygen pressures of 50, 200, and 500 mTorr

nar grains are obtained for the films deposited at 50 and Film-A Film-B  Film-C
ZQO mTorr,.whiIe porou.s.-like grain structures have been ob- processing pressure (mTorr) 50 200 500
tained at higher deposition pressures. In an overall observa-Grain size (nm) 20 50 80
tion, larger grain sizes are obtained at increasing pressuresDielectric constants) 250 365 70

The effects of oxygen induced defects in the perovskite units Lss tangent (taé) 00011  0.0007  0.0122
or at the film-electrode interface can be studied through this SPOntaneous polarizatiomClen?) 115 26.0 B

g Remnant polarizationp(C/cn?) 5.8 15 -

method. Coercive field (Kv/cm) 95 90 -

The optimized conditions for PLD deposited BLT thin
films with large polarization values and totally fatigue-free
were reported to have a deposition pressure of 200 mTorr.in & co-existing phase with ferroelectric and pyrochlore
In controlling the partial pressures, we were able to com- properties.
pare the electrical properties of defect driven films with defi- ~ The measurements of electrical characterization for all
ciencies or excessive oxygen contents. The oxygen deficientfilms are sorted imable 1 Dielectric properties were mea-
film prepared at 50 mTorr will be denoted as “Film-A”, op- sured using a computerized HP4194A impedance/gain-phase
timized film of 200 mTorr will be named “Film-B”, and the ~ analyzer at a given frequency of 1MHz. TiR and Ec
excessive oxygen film as “Film-C”. The BLT film prepared Values of Film-C were not noted as they were very low with
at 1 Torr was excluded, as it did not possess any ferroelec-a& small dielectric constant)value, implying the reduction
tric property. It was assumed that this film was rather in the of ferroelectricity. (Ferroelectric films are known to possess
non-ferroelectric tetragonal phase or some other phase tharlargee values.) The measured valador Film-B was about

BLT. 365, probably known to be the highest reported value from
The measurements of the hysteresis loops for the films OUr survey. _ . _ .

are shown irFig. 2 TheP; andE; (coercive field) values of The fatigue properties of all films are given fiy. 3

Film-B were measured to be in the range of 14x03cn? Three different characteristics can be observed. Film-A

and 90-100kV/cm, respectively. This value was similar maintained constanPgw—Pns) values throughout the mea-
or even greater than those of other BLT films prepared surements as charged vacancies under cycling frequencies
by the same methoB,14]. However, for Films A and maintained their state that stabilized the fluoritelike and
C, relatively poor ferroelectricity was obtained, giving Perovskitelike layers. Film-B had an unusual increase in the
clear insights that defects are present. In comparing thepolarization value. This might be attributed to the formation
measurements made on both films, Film-A should have of a p—n junction with ITO (n-type) and the ferroelectric ma-
a higher magnitude as oxygen deficiencies result in the terial (p-type) creates a built-in bias inside the ferroelectric
presence of charged oxygen vacancies. On the other handtilm or near the interface which concentrates the polarity in
Film-C with excessive oxygen concentration should be the direction of the ITO lay€gd5] The decreasing switched
polarization for Film-C is due to non-ferroelectric phase
present in the film.

30+ 200
mTorr 20
< 20 e -0, %
E omT o ® .’“\“a ( )
o 50mTorr = 200mTorr
Pr (&)
QO 104 = 15- .
= S
c 0 g 50mTorr
2 £ ol" n-ng-Vy_ g -at-mm
N 101 N T
— =
s 20 %
n? o 54 i
.30+ 2 500mTorr Ask_ahoda
T T T T T T T ~— - — -
400 -300 -200 -100 O 100 200 300 400 § A A Ad- A
o T
Electric Field (lecm) U;) 10° 10" 10% 10° 10° 10° 10° 107 10° 10° 10™ 10"

Fig. 2. Polarization—electric field hysteresis loop measurements of Switching Cycles

AU/BLT/ITO capacitors that were prepared at partial oxygen pressures of

50, 200, and 500 mTorr. The capacitor prepared at 1 Torr was excluded asFig. 3. Fatigue properties for the thin film capacitors prepared on partial
it was in the non-ferroelectric phase. All measurements were taken with pressures of 50 mToril|), 200 mTorr @), and 500 mTorr A), measured

an applied field of 5V. with an applied voltage of 5V and an external frequency of 500 kHz.
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behavior seems to be caused from the material character of

(a) 301 the electrodes.
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