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Significant effect of the introduction of @plasma discharge during pulsed laser ablative deposition

of SrBi,Ta,Oq4 (SBT) films on improving the crystallite orientation and ferroelectric properties has
been described. £plasma assists in the formation of highly crystalline films at a low 700 °C
temperature oveflll) oriented Pt films coated @00 single crystal substrates at a nominal
pressure of 200 mTorr. Plasma excitation potential, applied at an auxiliary ring electrode placed near
the substrate, has a profound effect on surface morphology, crystallite orientation, and remnant
polarization,P, values. At—350 V, SBT growth at 700 °C with predominara-p) orientation
showing highP,~6.5u.Clcn? in the as-deposited state has been obtained. In comparison, SBT
films deposited identically but without the plasma show a Rwof ~1.7 uC/cn?. lonized cationic
species along with ionic and atomic oxygen present in the plasma improve thermodynamic stability
of the film growth through enhanced chemical reactivity and thus eliminates the need for any severe
postgrowth crystallization anneal step in the synthesis of SBT films. Impingement of energetic O
ions and atomic oxygen helps lower the nucleation barrier for the growth-tf) (crystallites and
changes the-axis orientation from normal to near parallel to the film plane. Quality of the film
declines with the plasma excitation potential as enhanced kinetic energy of impingimgn©
introduce defects and reduce nucleation density by resputtering from the substrat9990©
American Institute of Physic§S0003-695(99)00423-4

Among the new ferroelectric oxide materials being in- planes, very little polarization exists along thexis which is
vestigated for application in nonvolatile random accesgperpendicular to the (BD,)?>" planes. Thus, as the sponta-
memory (NVRAM) devices, bilayered perovskites appearneous polarization resides along thelf) plane, growth of
more promisind.™ Recent studi€s’ have shown that thin  SBT films in this crystal orientation is essential for practical
films of strontium bismuth tantalatSBT), SrBi,Ta,Oq and  devices.
its solid solutions with  BjTi(Ta;—,Nb,)Oy and In chemical techniques, off stoichiometric Sr-deficient
BizTa, —yNb Oy exhibit excellent retention characteristics, SBT films1® texture control by buffer layer€ postgrowth
low leakage currents, and almost polarization fatigue freerystallization at low oxygen partial pressufésnd by rapid
operation for up to 1% switching cycles on Pt electrodes. thermal annealin§ are the important process variables em-
SBT films have been deposited by a number of vapor phasgloyed. In vapor phase techniques, pulsed laser ablation,
techniques, such as, metal organic chemical vapowhich is the most successful technique for SBT film growth,
depositiol (MOCVD), radio frequency(rf) sputterind and  variations in the Sr/Bi ratid? oxygen pressur® and sub-
laser ablatiorf;'®~**and solution phase techniques such asstrate temperatut® have been attempted. In this work, we
sol-get* and metal organic solution depositti'®  have carried out PLD growth of SBT films in the presence of
(MOSD). A major thrust of these deposition techniques is tooxygen plasma containing energetic @ns. We demon-
overcome two key issues involved in the application of SBTstrate plasma parameters, especially the excitation potential
thin films in high density(4 Mb) RAMs, namely the lower as an approach to form highly{b) oriented SBT films at a
values of remnant polarization and high temperat86® °Q  lower, 700 °C temperature. Under the plasma conditions em-
processing/crystallization steps involved in the film syntheployed in this experiment, the Qons cause enhancement of
sis. High temperature film processing is required to eliminatehe reactivity of component oxides and the modification in
pyrochlore phase formation, improve microstructure, and atthe film nucleation and growth kinetics. This has a profound
tain a critical grain siz&® Due to highly anisotropic nature of effect on the SBT film microstructure and crystal orientation
the ferroelectric properties on the crystal structure in bilay+esulting in the improvement in ferroelectric properties and
ered perovskites, orientation of the crystallites in the SBTelimination of any severe postgrowth crystallization step.
films is also relevant for attaining high, and lowE values. In the present pulsed laser depositi®LD) system, Q
Ferroelectric behavior of SBT is due to spontaneous polarplasma is excited by applying a high dc potential to a ring
ization from Sr—Ta—O perovskite lattice units stacked alterelectrode placed coplanar with the substrate at a distance of
natively between (BO,)?" layers in apseudtetragonal 10 mm between the target and substrate heater/hoigr
structuret’ Since the dipole interaction between the perov-1). A dc potential of 300—-700 V of either polarity can be
skite blocks is prevented by nonferroelectric {Bi)*"  applied to the auxiliary ring electrode with respect to the
target which is kept electrically grounded to create the glow

dpermanent address: Division of Electronic Materials, National PhysicaﬁjiSChar_ge under typical oxygen partial pressures of 80 tO_ 400
Laboratory, New Delhi 110 012, India. mTorr in the PLD chamber. The target was a 25-mm-diam
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FIG. 1. Schematic diagram of plasma-assisted pulsed laser deposition tech- Electric Field (kV/cm)

nique.
FIG. 2. Polarization hysteresis loop for PLD grown SiBi,Oq thin films in

disk of stoichiometric SrBira,0q4 prepared by the conven- the as-deposited state not subjected to any postdeposition annealing step.
tional ceramic route. The rotating target was irradiated bycurve (@ formed without plasma and curv) formed with G plasma
excimer laser(Lambda Physik LPX300utilizing 248 nm using a-350 V' excitation potential.
KrF radiations operating at 10 Hz and an energy density of
1.5 Jcm2 The usual distance between the target and subties. The plasma excitation potential constitutes an important
strate was 60 mm. In this study, the SBT films were deposprocess variable in this regard. Earlier stutfiéSon pulsed
ited over a (111) oriented Pt film (1800 A coated laser deposited SBT films have found that postdeposition
TiO,Si0,/Si(100 single crystal substrates at 700 °C underannealing at 800 °C is an inevitable process step in order to
an oxygen pressure of 200 mTorr in the presence of plasmfmrm a fully crystallized SBT phase and increase the remnant
excited by application of negative 350, 450, and 700 V to thepolarization values te-4.0 uClcnf. SBT films deposited at
auxiliary electrode. Some films were subjected to a post700 °C with the assistance of,(lasma have a dominant
growth oxygen annealing for periods ranging from 30 to 90growth of crystallites where thea{b) plane lies along the
min, especially when a comparison was required with SBTfilm plane. This is evident from the x-ray diffraction patterns
films grown without the plasma assistance which needed tof the as-deposited SBT films formed with and without
be optimized for ferroelectric properties. It was necessary foplasma and not subjected to any postgrowth anneal as shown
all films to be annealed for 10—20 min at 750 °C with a topin Fig. 3. All films are well crystallized. Film deposited with-
Pt electrode to improve the contact and enable recording afut the plasma exhibit mainly the (QOdiffraction peaks
the polarization hysteresis. Ferroelectric properties weralong with a(115 peak implying a preferred orientation of
measured by RT66A tester under virtual ground conditionsc-axis perpendicular to the film plane. A dominant number of
For this, an array of Pt contacts, each of nominal area Zrystallites grow with thec planes lying along the film sur-
X 10 “cn? were sputter deposited using an appropriateface. Films withc-axis oriented crystallites, due to extremely
shadow mask. low polarization values are unsuitable for application in

As-deposited SBT films formed without plasma did not memory devices. However, laser ablative deposition of SBT
show a ferroelectric behavior initially. It was necessary tofilms, if carried out in the presence of plasma, but otherwise
subject them to a postdeposition crystallization annealinginder conditions identical to those used for SBT film growth
step at the deposition temperature for over 60 min in thevithout the plasma, pronounced effect on crystallite orienta-
presence of flowing oxygen and an additional 20 min aftettion is observed. At a-700 V excitation potential, (00
the top Pt contact has been depositedvalues for conven- diffraction peaks have either diminished in intensity or dis-
tionally coated SBT films are still poor1.7 uClcnt. Rem-  appeared. In the diffraction pattern, the peaks corresponding
nant polarization values vastly improve for films grown in to (008 and(00 14 planes are no longer seen and oftl96)
the presence of plasma. We observed a dramatic improvés observed. At a still lower plasma excitation potential of
ment in the ferroelectric properties for SBT films deposited—350 V, there are multiple peaks belonging tokQ) or
at a plasma potential of 350 V. First, it was not required (hOl), but none from (0D planes. Thg115 peak present
for these SBT films to be subjected to any postdepositionn both sets of SBT films is the main peak corresponding to
crystallization anneal and second, tRe values were sub- perovskite phase. The full width at half maximuFWHM)
stantially high. Figure 2 shows the comparison of fwE of (115 peak for a (00) oriented SBT film formed without
curves. Thickness of these films was O0(&thout plasma  plasma is 0.68°. It decreases for films deposited in the pres-
and 0.16um (with plasma. The remnant polarization of 1.2 ence of plasma to 0.60° foer 700 V and remarkably to 0.35°
and 6.6 uClcn? and coercive field values of 40 and 51 for —350 V plasma excitation potentials indicating a growth
KV/cm were observed in the two cases, respectivelyof large @-b) oriented crystallites in SBT films deposited
Clearly, the presence of {plasma assists in the growth of with  plasma  assistance. = The intensity ratios
SBT films displaying much improved ferroelectric proper-12(00)/1 >~ (hkl) decreases from a high value of 1.53 in the
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20 the presence of Oplasma enables growth at a lower tem-
perature of 700 °C and eliminates the need for any long term
FIG. 3. X-ray diffraction pattems of PLD grown SiB@,Q, thin films in = hostgrowth crystallization step. Crystallite microstructure is
the as-deppsned stape formed without @asma and with @plasma using highly compact with an average grain size-690 nm. The
the excitation potentials of- 700 and—350 V. - Rt .
crystallite orientation changes from a preferceaxis normal
to film plane to near parallel to the film plane. In this orien-
case of films formed without the plasma to 1.22 and 0 fortation, the perovskite stacks are arranged across the film sur-
SBT formed in Q plasma at—700 and—350 V, respec- face with (B,O,)?>" sheets at near normal to the film plane.
tively. It is thus inferred that pulsed laser deposition of SBTThe SBT films grown in @ plasma show high remnant po-
film in the presence of Pplasma has a strong effect on the |arization ~6.5 uC/cn?.
crystallite orientation, with lower plasma potentials enhanc- ) ) )
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