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Resumen. La investigacién en ciencia bdsica ¢ aplicada de peliculas delgadas cerdmicas es un
campn hastante amphio debido a la posimhdad de desarrollar una nueva generacion de paquefos
dispositives a escala micromérrica basados en las propiedades de estos materiales, wles coma:
permitividad dicléetrica, ferraelectricidad, prezoslectricidad, v piroeleciricidad. El reciente
crecumienio de la investigacion en peliculas ferroeléciricas ha permitido el desarrollo de nuevas
técnicas de deposicion de peliculas ¥ un mejor entcndimicnto de la ciencia de estos materiales,
ademds de su implementacion en forma de peliculas delgadas en novedosos dispositivos. Este wabajo
se enfoca en 18 sintesis de pelicnlas delgadas ferroeléctricas v heteroestructuras usando la técnica de
magneiron sputiering. Se ha desurrollado un sistema de spuntering a alta presidn que permite la
deposicion i s de dxidos: superconductors, conductores, magnéticos y anslantés, enuna atmostera
de voaigeno. Se ha depositado exitosamenie pellculas epitaxiales de alu calidad del material
ferrociéetrico Ph(Zr Ti, )0, mejor conocido como PET, enestructuras tipe capaciter can ¥ Ba U O,
¥ SrRuQy, como electrodos metdlicos mostrando una reduccion del fendmeno de fatiga en
comparacion con los capacitores basados en clectrodos metalices de Platino,

Abstract, Basic and applied science of eeramic thin films is an extensive research fizld due to the
possibility of developing a new generation of advanced micro-devices thatavail from the electionic
prupenies of these materials, like large dielecutic permitivity, ferto-electricity, piezoelectricity, and
pyro-electricity, The recent growth of regearch on ferroelectric than filmis has resulted n the devel-
vpmem of new film deposition echnigues and 2 substantial improvemeni in the undersianding of
related materials science and implementation of films in various novel devices, 'I'ms work tocuses
on the symthesis of ferroelectric thin filims and heterostructures by vsing the magnetron spurtering
method. We have developed a high pressure sputiering technique that permuits the “in sity™ deposi-
tion of superconducting. conducting, magnetic, and insulatng oxides in an atmosphere of oxygen,
We have successtillly deposited high quality epitaxial thin films of ferroclectne Pbidr 11U known
as PZT, in capaciwr suructures with YBa,Cu Q. and ScRuQ, conducting elecrrodes showing a
reduced polanzation Fatigue in comparison to capacitors using metallic-Plainum electrodes

1 Introduction

Different vapor-phase deposition lechmques such as Plusma Sputtering
Deposition (PSD), lon beam deposition sputter deposition (IBSD), Laser
Ablation Deposition (LAD), electron beam or thermal evaporation for
Muolecular Beam Epitaxy (MBE), and Chemical vapor deposition have been
apphied to produce ferroelectric films and layvered heterostructures. See ref-
erence !l for a review on these techmques. This work tocuscs on the syn-
thesis of ferroelectric thin tilms and heterostructures by using the magnetron
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sputtering method. We have developed o hgh pressure sputtering technmgue
that permits the Iy Sitw” depositian ol supereonducting, conducting, mag.
netic, and insulating oxides in an almosphere of oxygen that avoud the re

sputtering problem that appears in conventional commercial sputicring svs-
tems. This method has been successfully used for the deposition of Ingh
quality epitaxial 11T, thin films and is now being used for the in sita depo

siton of Pb(Zr Ti| )0, known as PZT, in capacitor structures with
YRa Cu (), and SrRu0, conducting elecirodes showing a reduced polar

sahon fatigue in comparison to capacilors using metallic-Platinum elec

trondes.

2 Thin Film Ferroelectric Materials

Must of the applications of ferroclectric materials like FEDRAM, IR sen-
sors, and FEFET transistors demand the deposiiion of these matenials as a
thin film in between two conductive electrades in a capacitor geometry:
Fig. 1 shows different types of devices that can be produced by using
feroeleeme thin films L The marriage of ferroelectric thin lm technol:
oy with silicon-based wchnology offers the powential of combining non
volatithity with fast read/write charactenstics along with the small cell size
al DRAM. [t should be noted that new matenials and additional process
steps will have to be implemented in the standard 1C processing environ
ment. The highest density is obtained with the memory cell having one
transistor and onc capacitor (| T/1C eell), as shown in Fig. 2.
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Fig. 2 Schemalic view of o FEDRAM.

The most promising materials for Ferroelectric Random Access Mcmorics,
FEDRAM applications are lead zirconate-titanate, Pb(Zr Ti, O, (PZT) and
strontium bismuth tantalite, Sr,BiTa,O (SBT). Both of these materials have
a perovskite-layered structure as shown in figure 3,

Fig. 3 {a) Crystal structure of PZT (b) Perovskite Struciure of SBT.
PZT is a solid solution of lead zirconate (PbZr(0) ) and lead titanate (PhTi0),)

that crystallizes in the perovskite structure like the crystal structure of
BaTiO,. Dcpending on the ratio of TuZr, the crystal structure and the
propertics can be tuned. At the morphotropic phase boundary (x=0.53),
independent of temperature, see Fig. 4, the rhomboehedral and tetragonal
phases coexist. In bulk ceramic, the strongest piezoelectne behavior 1s
observed at the morphotropic phase boundary, making this composition
interesting for piezoclectric applications U, For ferroelectric memory
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applications Ti-rich (tetragonal) compositions usually provide higher
polanzation values, For pure PbTIiO, oxide a spontancous polarication of
&1 mC/cm” was calculated from the ionic displacements. With increasing
Zr content (x = 00.4) Ps decreases to a value of 65 mC/om? 1.
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Fip. 4 Phase Diagram of PZT .

4SBT belongs to the Bi-layered compounds of the Aurivillius type ABi,B,O.
The tetragonal crystal structure above T _is shown in fig 3b, SBT consists
of perovskite building blocks ot TaOé octahedral separated by bismuth oxide
planes (Bi, 0, *7). SKT exhibits two phase transitions at approximately 310
C and 570° C' B Upon cooling below the upper transition temperature, the
symmetry changes to an orthorhombic, ferroclectric phase resulting in large
distortions in both, hismuth oxide laycrs and perovskite sheet, At the lower
transition, there is no change of symmetry; however, a sizable change in
the spontaneous polarization takes place. There is still a discussion on the
ferroelectric state of SB'T. Recent studics suggest that besides the Ta-O
distortion, a displacement of the Bi and oxygen ions in the Bi,O, ™ layer
contributes a significant part to the spontancous polarization in SBT. The
value of P_ ranges between 14 and 18 mC/em?’. However, it is agreed that
the spontancous polarization can only be switched in the a-b plane, and not
in the c-direction ™ (see Fig 3b). In SBT thin films, the coercive field, as
well as the remnanl polanization are significantly smaller compared to PAT
(fig. 5). By measuring the hysterctic loops of thin films with a thickness of
140 nm, typicul values tor tetragonal PZT and SBT were found: V_ =12V,
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P — 30 mC/em? (for PZT) and V= 0.6V, P = 10 mU/m? (for SBT). In
practice, one hinds mostly lower values ol polanzation and lngher coercive
fields for thin filins.
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Fig 5 Comparison between hysteretic loops o Pb{Z L‘lJTiL ,I,K_}]ulld SBT tan Ol
with a thickness of 140 nm. '

The decision on the best choice is still under discussion. Besides the
ferroelectric properties, the compatibility to the silicon CMOS technology,
the endurance of the ferroelectric capacitor, as well as the device concept,
all play decisive roles. For DRAM applications, a low cocrcive voltage of
the ferroclectric capacitor is required. In a first approach, this could be
carried out by reducing the film thickness: however, it should be taken into
account that by decreasing the film thicknesscs the coercive field is enhanced
and the remnant polarization i1s reduced. Thus, for each individual case,
the thickness scaling has to be verified with respect to the figure of ment,
which is 1llustrated in fig. 6. From these results, it is obvious that thin films
of PZT 20/80 arc rather suitable for low voltage application than arc thin
films of PZT 35/65. Thc thickness dependence of the coercive ficld, as
well as the switching properties in ferroelectrie thin films has been explained
by the assumption of the existence of a (non-ferroelectric) layer at the
interface between the clectrodes and the film, e.g. I,

The electrical properties of the interface layer differ from those of the film.
Under an electrical field, charges are injected through a surface dielectric
layer resulting in a change of the switching behavior %,
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3 Orientation of Ferroelectric thin films

In standard systems for ferroelectric thin films, e.g. PZT with platinum
electrodes on an oxidized silicon wafer and the measured remnant
polarization is only about half of the spontaneous polarization; the reason
is Lhe orientation of the crystallographic axes of PZT in the (111 )-direction.
In addition, ferroelectric domains, which can still exist after a poling process
prevent i complete switching of the spontaneous polarization. Ferroelectric
thin Lilms are typieally erystallized at high temperatures (about 700 "C).
The growth of the ferroelectne ilm on the substrate is favored in that
onentation delivering Lthe best match of substrate and thin film. Due to the
dilferent thermal expansion coefMicients, the subsequent cooling results in
elasiic stresses on the interface (either compressive on tensile, due to the
lattice musmatceh). Crossing the ferroelectric phase transition evokes, besides
the spontanecus polarization, a spontanecus defonmation of the lattice cell.
Assuming a tetragonal structure of the ferroelectric film and a compressive
stress by the substrate, the c-axis of the distorted cell is predominantly
oriented perpendicular to the surface (001}, For tensile stress, the a-axis is
Favored perpendicular o the surface (100) . Because of the “clamping”™
conditions by the substrate, the ferroelectric thin films suffer elastic stress.
I order to reduce this stress (as well as electrical stray field energy)
ferroelectric thin films are driven to split into domains. Notice that lowering
the elastic energy requires the formation of non-180"-domain walls between
adjacent domains, e, 90° (for tetragonal structures) or 71% and 109" {for
rhombohedral structures), whereas elecirical energy is already reduced by
torming 180" -domzins.
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The process is quite similar to bulk ceramics where cach grain is
mechanically clamped by its surrounding neighbors U1,

In Fig. 7 possiblc domain patterns of different textures of tetragonal film
are depicted, For (001 )-oriented PZT, which was preparcd by deposition
on magncsium oxide substratcs causing compressive stress, 20V as well as
I80“-domains are expected. Under the influcnee of an cleetric field the
number of 1 8{('-domams is deercascd.

The resulting pattern predominantly consists of 90°-domains. Notice that
the polarization is arranged in a “hcad-tail” configuration to avoid
discontinuitics in the polarization (div P = ii). A (100)-orientation of PZT
is realized by using a buffer layer of yorium-stabilized zirconium and an
oxide electrode of lanthanum strontium cobaltate.

The change of domain structure by poling is similar to the (001)-orientation,
but the a-axis oricntation is still preferred. In (111)-oriented PZT, poling
will evoke the single domain state while the “head-tail™ configuration is
required. However, there is still discussion on whether the 90°-domain
walls are generally mobile.

It is known from research on ferroclectrie thin films that cocreive voltage
in thin films also depends on the cxcitation signal frequency 1. The
dependence is more pronounced in SBT than in PZT thin films, as illustraicd
in fig. 8. Inercasing the cyele frequency could lead to a reduction of the
remnant polarization because the coercive ticld becomes equal to the
operating voltage and the switching process is incomplete. However, more
detailed investigations show that a different mechanism from the nucleation
of domains and thcir kinctics might be decisive for the polarization
switching, cven though the characteristic frequency dependence of E_ s
observed. Lohse ! found that by applving voliage steps in the order of the
cocreive voltage, a Curie-von Schweidler behavior is displaved, 1e. I at?
during the whole time when the polarization reverses. Thus, switching
appears as a polarization process with a broad distribution of relaxation
times, which arc typical for all clectro-ceramic, ferroclectric, as well as
diclectric thin films.
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4ElectrodesPlatinum electrodes are widely apphed in integrated
ferroclectric capacitors. They arc normally deposited by sputiering. For
the case of bottom elecirodes on an oxidized silicon waler Pt is used along
with a thin Ti (or Ta) film acting as an adhesion promotor. The thickness of
the Pt and Ti films are typically 70 — 200 nm and 5 — 10 nm, respectively,
when the Pt bottam electrodes arc annealed in an oxygen ambient or are
hcated after deposition of PZT, hillocks are formed at the surface. In
addiction, the T adhesion films are oxidized o TiO ™", Both processes
have to be limited tv avoid both short-circuiting and the possible formation
of non-ferroelectrnic intertace films. This can be done by reducing the
thickness of the Pt and Ti layers as much as possible while maintaining a
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good adhesion and pinhole-free layers. Good results with relatively Tew
and shallow hillocks can be obtained "%, When mmperlections such as
pinholes are present in the Pt film. the PZT can react with the underlying
S10 or silicon and lead silicates will he formed

The morphology of the bottom electrade has heen fonnd to strongly mfluence
the microstructure of the PZT film. In sol-gel technology, nucler are
necessary to obtain well-crystallized films, and the hillocks can serve s
such.

Compared to the bottom electrode, the top electiode is less affected by
subsequent processing. This gives more freedom in the selection of top
clectrode material. However, for FEDRAM applications a synimetry i
the two switching dircctions 15 required, so for this reason the use of the
same material (e.g. Pt or Ru) for both top and bottom clectrodes is strongly
preferred. Furthermore. it has been found that a rapid thermal anneal after
deposition of the top electrode to a temperature higher than T improves

the ferroclectric properties. This can be ascribed 1o stress related effects
| 1rs]

Pt'PZT/Pt structures satisfy many of the demanding requiremenis for high-
density non-volatile memories. The main problems are encountered with
the controlling and minimizing of the fatigue of these capacitors. Tn this
respect any or all routes can be followed: (1) optimizing the properties of
the PUPZT/P1 stack (i.¢. interface control), (2) using altemative electrodes,
and (3) using other ferroelectric materials.

Recently it has been reported that low-fatigue capacitors can be fabricated
using layered ferroelectric materials deposited with sol-gel and with Pt
clectrodes [l Onc example is the system SrBi(Ta, Nb},O, " Results on
the endurance indicate that in such materials the fatiguc is substantially
less than in PZT; published experimental data show switching up to 107
cycles. Tlowever, polarization values reported are significantly smaller (P -
6mC/em’) than those for PZT "7,

As alternative electrode materials (di) oxides of (noble) transition metals
such as Ru, Ir, and Os that combine a low resistivity with a high thernmal
stability have been used. Their bulk resistance ranges from 30 - 100 mW.ermn.
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Besides the oxides, the metals themselves can also be used us cleetrodes
for ferroclectric matenals, cither in the elemental state or as allovs. As a
consequence, a number of different combinations of the noble transition
metals and their oxides have been used in ferroelectric capacitor structures.
RLJD3 is the most widely applied. For PZT with Ru{'}_, electrodes, the fatigue
1s much improved compared 10 PZT with Pt electrodes. Recently it has
been reported that 1r(), shows similar properties 9.

The formation of a second phasc, presumably PbRu), at the PZT grain
boundaries has been observed. This is probably the cause of the significantly
higher conductance of PZT deposited on RuO, as compared (o comparable
PZT deposited on Pt electrodes. The conductive oxide electrodes are
generally prepared by reactive sputter deposition.

5 Deposition methods for Ferroelectric materials

Deposition techniques for complex oxide materials which are also viable
for large-scale device fabrication include sputter-deposition *', spin-coating
sol gel 1921 and organ metallic CVD (OMCVD) P, With (hese methods
one is capable of fabricating homogeneous films over waler memorics with
150-200 mm diameter having thicknesses in the range of interest for
ferroelectric memories (0.1-.04 mm). Although sputtering is applicd for
preparation of PZT in the first commercial non-volatile memory ¥4 the
methods of spin-coating and chemieal vapor deposition (C'V1)) are currently
morc broadly applied.

If onc compares the deposiion of large-area PZT filins by methods of
sputtcring, sol-gel, and OMC VD, the greatest efforts in recent years have
been directed towards sol-gel technique. This situation is chunging: cfforts
are increasing on OMCVI) methods. However, the continuous deposition
at a temperature where the PZT phase is directly formed, leads to very
homogencous and reproducible films having very good ferroclectric
propertics. This, together with the aceeptable (conformal) step coverage,
explains the increased interest in this method. The sol-gel technique’s
advantage is that it is a sirnple processing technology, which does not require
very expensive apparatus. This means that on a substrate with topography
variations there are also film thickness variations, this can result in ctching
problems causing difficulties in device production.
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The sputtering method, is now a very attractive method for preparing
heterostructure oxide films, the requirement of high-oxygen partial pressures
during the deposition has been solved by using high-pressure processes at
high temperatures, as will be described in section 7.

6 Sputtering Deposition

The simplest spuitering system is the so-called DC-sputtering, which is
schematically shown in Fig. 9a. Tn a vacuum chamber the target material,
which is eroded, is at the cathode side (negative potential), and the substrate
for the film 1s located at the anode side. The potential of scveral hundreds
of Volts between these plates leads to the ignition of plasma discharge for
the typical pressures of 10— 10 mbar and the positively charged ions are
accelerated to the targel. These accelerated particles sputter off the deposits,
which arrive 10 the substrate mostly as neutral atoms. The discharge is
maintained as the accelerated electrons continuously ionize new ions by
collisions with the sputter gas. Fig. 9b shows the potential distribution: as
the plasma 1s a good conductor, there is no major potential drop in the
plasma region, and, due to the different mobility of electrons and ions, the
main voltage drop is observed at the cathode regions (darkroom). This
potential distribution is advantageous as the acceleration of the spurtering
gas ions proceeds directly in front of the target and not in a region far off,
where the ions would undergo additional collisions and loose their energy
on a long path to the target.
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Flg. 9 (a) Schanatics of @ DC-Sputter system. (b) Potential between anode and Cathude,

The spuitening process is schematically illustrated in fig. 10a. The on,
which has been accelerated within the darkroom, with nearly the full voliage
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ol 50 to 1000V applicd. strike the surface atoms. The following collision
cascade leads 10 a heating of the target and finally, also to some bhack-
retlected atoms which can leave the surface. The details of these collision
cascades can be simulated very reliably by molecular dynamic methods,
and some results on the sputtering vield, and the dependence ol the relative
masses of projectle and target atom arc shown in Fig. 10b1% The threshold
energy for sputtering is much higher than the surface binding energy, E__ of
the atoms, which is in the order of 4 to 8 ¢V, This difference can be directly
undersiood, as several collisions are necessary in order to obtain an stom in
backward direction. Hence, the threshold is observed at 4k 1o 8E,
corresponding to a threshold energy of 20 to 50 eV, A lincar increase 1s
observed for many conditions up to voltages of 1000 V. At higher energies
the ions penetrate too deeply into the target and the yield decreases again.
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Fig 10 (a) Principle of sputtenng by collisions sequence
(b) Dependence of the sputtering vicld on oo energy and Lurge: composition.

As shown for the example of Co and Ti, different yields are ohserved for
different target atoms and this difference, in principle, yields the deposition
of a film of different stoichiometry. However, there is generally a good
sell~regulating mechanism: due to the very low penetration depth of the
sputtering process, the faster croded component is denuded alier a short
initial ime and finally, in a quasi-equilibriwm the difference in vield is
compensated by the enrichment. Therefore, sputtering quite penerally allows
the deposition of films with the same stoichiometry as the larget,

An ionization degree of less than 1% of the atoms is characteristic
lor a plasma and consequently a rather low sputter rate. "l'o improve the
wonmization ratc, magnetic fields can be used forcing the electrons on helical
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paths close (o the cathode and yielding a much higher ionization probability.
A typical arrangement using permanent magnets and the corresponding fields
is shown m fig. 1. Additionally, this magnetron arrangement allows for
lower gas pressure; howcewver, it has the disadvantage of a more
mhomogeneous target crosion than a simple planar geometry.
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Fig. 11 (a) Schematics of the deposition process L4 [ neron sputtering.
(b) RF-plasma spunter system with RF matching nenwork

DC sputtering works fine as long as the target material has a minumum
electrical conductivity; however, there is electric load for insulating targets.
T'his problem can be solved by a high frequency plasma discharge as shown
m fig. 11b. A typical frequeney of 13.6 Ml 1z is capacitively coupled to the
target and there is only a small voltage decay across the clectrode. The
substrate and the deposition chamber are gencrally grounded. As the
electrons are much faster than lons, a negative potential at the electrodes —
as compared to the plasma potential — evolves during each cycle. With a
symmeltncal arrangement of cathode and anode, we would obtain similar
re-spullering rates, but no film growth; however, non-symmetries are
introduced by the capacitive coupling of the RI, which yields some bias
vollage and ditferences in the gecometry, ¢.g. different sizes of target and
substrate. Nevertheless, deposition rawes are much lower than for DC
sputtering.

7 Sputtering Deposition
Compared to the other physical deposition methods, the partial pressure of
the sputtering gas is an additional and important process parameter that
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must be considered and opltimized. This pressure controls the free path
length of the atoms and therelore their energy, angular distribution, and.
finally, their incorporation mio the films.

[For oxide layers, the gas pressure 15 even more imporiant as negative oxygen
ions are formed, which can re-sputter from the film. As the re-sputtering
yield also depends on the dilferent elements, the stoichiometry of the
growing tilms is changed and these changes ot the film arc not compensated,
as was the case for the sputter yield from the target discussed above. One
possibility to reduce the re-sputtening, effect 1s by using the “off-axis”
geometry; in this method the substrates are posinoned perpendicular 1o the
target on one side to minimize the number of (3 ions impacting on the
growing films. This method is shiown o hip, 12 [26]. This system works at
a partial oxygen pressure of about 0.1 mbar and an Ar pressure of
approximately 0.3 mbar, producing high-quality oxide thin films with the

correct stoichiometry, but at very low deposition rates.
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Fig, 12 “Ofl-axis” sputteniy sysiem as per J, Geark et al. [26]

The re-spultering can be reduced by the high pressure sputiering methiod
developed by L. Poppe ct al [27] in"on-axis™ geometry, as shown in fig.
13 With this system it 1s possible to deposit high-quality oxide thin films
in pure oxypen at pressures of about 3-4 mbar, at these pressures the mean
free path ol the Oxygen ions is some micrometers that conduct to a
thermalization of the ncgative oxygen ions in the space between target and
substrates (1-2 cm), reducing the re-sputtering of the deposited material on
the substrate by the collision of the negative oxvgen ions.

The method permits the deposition of conductive oxides like YBa Cn O |
La,, Ca MnO., and SrRuO, by using DC and also insulator oxides hkg-
srl 1{_]'3 BaTlD3 and PbZr Tl O, by using RF spattering. In the case ol
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Pb-bascd perovskite oxides like PZT, the deposition is complicated by the
fact that PbO is known as a very volatile oxide.

This vaporization must be considered and controlled in the deposition of
the different compounds. Under atmospheric pressure the volatile species
is PbO and the vapor pressure of Pb is 3 orders of magnitude lower; in
contrast, under UV conditions, the dominant species in the vapor phase is
Pb. The high-pressure sputtering method permits an adequate control of
the Pb stoichiometry of the deposited films, due 1o the high-oxygen pressure
used during the deposition,
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Fig13 (2] High-oxygen pressure sputlering system.
(b) HETEM image of a tri-layer axide structure deposited “in-siru .

Fig 14; shows a multutarget high-oxygen pressure system operated in DC/
RF mode for the “in-situ” deposition of electrically conducting SrRuQ,
oxide films and ferroelectric Ph(Zr ,Ti )O.. A perfect control of the
mterface and the epitaxial growth can be obtained by this rather slow growth
process as shown by the cross sectional HRTEM image shown in figure 15
[28]. The sputtering conditions used for the depeosition of these
heterostructures are summarized in Table 1. Two different electrodes have
heen employed Lo obtain the ferroelectric properties of Sputtered PZT films;
YHHZCUHU.I.. and SrI{uUJ,,
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{n) (b
Fig 14 (a) Multitarget system for the “in-sitn” deposition of Oxide heterostrsctures,
(b Details of the three targa holder.

20nim

(#) (b)
Fig 15, (a) }.ow mugnification image of SROPET/SRO Trisluyer deposited Tinesitu” by
Migh-pressure sputtenng methed. (By Migh reseluton TEM image showing the
sharp interfoce in the helerostructure [28]

Table 1 Sputtering condition for the pregavation of PZT and SRO thin (Tims,

Pb{zrﬂ:h.ﬂ(ﬁ ﬁrlluﬂ;
Power RE B0 - 120'W DC 320 V150 mA
Targets Pb, Ezrﬁv;‘.ﬁ. SrRu0,
Substrates 10, SiTr Sr1i0,
Sputtering Gas 0, 80% Ar 20% O, 100% T
Gas Pressure 3.5 mbar 3.5 mhar
Subsirate emperature | 600 °C 600 'C

film is displayed v figure 16. A metallic behavior is observed with a
paramagnetic to ferromagnetic transition at about 130 K. The insct shows
AFM-measurements of the SRO film. . A Root Mcan Square (RMS)
roughness of 20 A was observed for a 100 nm thick SRO film on a STO
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(100) substrate. This is o typical value for an area of 4x4im*. SEM analysis
shows very homogenous and atomically sharp interfaces without defects,
these properties allow the use of the SRO as an electrode in a PZT
capaciltors.

Figure 17 shows the X-my diffraction pattern for PZT films on YBCO and
on SRO deposited on S8rTi03 (001) substrates, From (hese measurements
we concluded that PZT layers grown on both oxide electrodes are highly ¢-
axis oriented. 1t is worth to explain the identification of the peak at 2q 36.5
degrees in the diffraction pattern of figure 1 Th. This peak can be reasonably
associated with the diffraction of Til_Zr O with 0.5<x< 0.7, labeled TZ0).
The coexistence of titamum oxide with ilﬂi{l oxide, T/0). explains the
formation of the Pb{Zr, T1}O, phase n the sputiering deposition process.

Ferroelectric hysteretic loops and fatigue behaviors were performed using
the ferroelectric tester TROGA from Radian technologiesd for STO/YBCO/
PZT/Prand STO/SROMPZT/SRO capacitor structures, with PZT thicknesses
ranging from 50 nm to 150 nm. Well saturated hysteretic loops with good
square shapes were observed for PZT on these types of oxide electrodes.
The use of SRO as an electrode significantly improves the fatigue behavior,
as shown in figure 18.

- SrRUOY/SITION(001)

-
-
E

-
[
1

Resisitivity (m Qcm)

cn
i

T T T T T

1] .ﬂl.'}litllolf;lim 80 300 350
Temperature ( K)

Fig, 18  Resisiivity as function of lemperature for ¢ sample of SeRués,
The insel shows the AWM of the film surfsce.
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Fig 18. Dolanzatian hystoratic loops for DZT eapocitors depogited on SrTi0, (001)
subslrates (@) ¥ BOOPET/PLaud (b SEO/PLTEEQ. all measuesments were Llaken al
S Nolls on 250w chameter top electrodzs
by {'oneclusions

The mgh-pressure sputtering method has been used for the “rm-sind”
deposibion ol lngh-guabty PZT thin films on superconducting ¥ Ba Cu 1),
and conduciing SrRul), electrodes onsingle SrT10 | at temperatures below
600 . THighly c-on ented PZT Rlms with shap atomic interfaces between
the P21 [1lm and the electrodes have been oblaned. Remmnant polarization
values in the range of 10-20 mCiem? ot room temperature Tor PAT
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thicknesses ranging between S0 and 150 nm with improved fatigue behavior
have been obtained in these structures,

In summary, highly oriented PZT-based capacitors with YBCO), SRO, and
Pt clectrodes fabricated on SiTi(}, single crystals display excellenl
ferroclectric characteristics at room temperature. These properties make
these capacitors principal candidates for applications in NVFDRAM
devices.
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