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(103 fiber-textured SrBiNb,Oq thin films have been grown on Pt-coated Si substrates using a
SrRuG; buffer layer. High-resolution transmission electron microscopy reveals that the fiber texture
arises from the local epitaxial growth @¢i11l) SrRuQ, grains on(111) Pt grains and in turn
(103 SrBi,Nb,Oq grains on(111) SrRuG; grains. The films exhibit remanent polarization values of

9 uClen?. The uniform grain orientatioffiber texturé should minimize grain-to-grain variations

in the remanent polarization, which is important to continued scaling of ferroelectric memory device
structures. ©2002 American Institute of Physic§DOI: 10.1063/1.1463697

Since the discovery of high-fatigue resistance inPt-coated silicon is not inherited by SgBib,Og or
bismuth-based layered ferroelectri€aurivillius phased),  SrBi,Ta,O, films when they are grown directly offl11)
and in particular SrBNb,Og and SrBjTa,0q,° these mate- fiber-textured platinunfi® This is not surprising considering
rials have been extensively investigated for ferroelectridhe differences in crystal structure, lattice constant, electronic
random-access memoifRAM) applications’ To achieve structure, and especially the chemical reactivity of platinum
high-storage density with continued feature-size reduction, iwith these bismuth-based compourids:
is desired to prepare ferroelectric films in which the rema-  Although randomly  oriented polycrystalline
nent polarization ;) is not only high, but also equal for SrBi(Ta,Nb),Oy films are currently widely used for
every capacitor in the memory structure. FRAMs, theP, of each grain is different. This grain-to-grain

Previously, we reportédhe growth of SrBjNb,Oq thin variation in P, results in severe nonuniformity iR, as the
films with aP, of 15.7 uClcnP—over 25% higher than the Capacitor area approaches the grain &fzahich poses a
highest reported value for randomly oriented polycrystallinetechnological scaling problem and results in the measBred
SrBi,Nb,O, films? These(103-oriented SrBiNb,O, films ~ (averaged over many graint be only about half as high as
were epitaxially grown on(111) SrTiO; substrates with it could be in an optimally oriented SrfiTa,Nb),O, film.**
(11)-oriented SrRu@ epitaxial bottom electrodes. Such !N contrast to randomly oriented SHBIb,O, films, however,
ferroelectric capacitors have not only high, but also uni- the orientation perpendicular to the parallel-plate electrodes

form P, across the entire film, since the film is epitaxial. (0" Planar capacitor structuress the same for all grains in

Preparation of films with these desired ferroelectric proper&Pitexial and fiber-textured films. , ,
We have investigated the use of an intermediate layer to

ties have, however, required the use of small and costly hi . ) | h h f
single-crystal oxide substrates. Recently, the growth of nongCB'_eV_l(_e Nk? rl(e)ntaftjlon conlt:’rto Ln q t_lg grovxt;t ¢ to
c-oriented SrBjTa,Oq4 epitaxial films on(100) Si substrates, S:RIZ( a\;v rlzz v?/ ”' ir:Sthior: ;goii S|r|lco)r(1 Sllun? Iratt(iaS.
including (103 SrBi,Ta,Oq films, has been achieved using a uQ wo S we s regard. as an excefient attice

g - o match to silicon (Pt hasa=3.924 A and SrRu@ has
sequence of intermediate epitaxial lay®fsThe P, of the

. " _ =3.925 A.*1® SrRuQ, has been shown to grow in an
reported films on silicon has, however, been rather low: 5. riented fashion on Ptcoated silicon substrates )
wClen? in the best casé. Math

In this lett how that higR. (and tant SrRuQyl (111) Pt As SrRuQ is conductive, its use as a
_n this Jetter, we show that high,, {and a concomitant -, g layer will not affect the hysteresis characteristics of
uniformity in P,) can be achieved on practical Pt-coated sili-

. . . : the ferroelectric. Additionally, unlike the direct deposition of
con substrates using local epitaxy to impart (1) fiber SrBi>(Ta,Nb),Oq on platinum, the strong chemical stability

textgre of a} platinum film into a fiber-texturedl03 of the PUSIRUQ@ and SrRUQ/SrBi,(Ta,Nb),0, interfaces

SrBi;Nb, O, film. _ minimizes  reaction between the platinum  and
Previous research has shown that the fiber texture OérBiz(Ta Nb),0, layers.

The means by which th¢l1l) fiber texture of a Pt-

dE|ectronic mail: schlom@ems.psu.edu coated silicon wafer can be used to imp@@3) fiber texture
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FIG. 1. Schematic showin@) the established epitaxial orientation relation-

ship of (103 SrBi,Nb,Og on (111) SrRuQ, on (111) SrTiO; and (b) the 4 0 I ; =
local epitaxial relationship a top a single platinum grain for the growth of Sio 500 nm
(103 fiber-textured SrBiNb,Og on (111 SrRuQ, on (111) Pt-coated Si. 5

The SrByNb,Oq is drawn and its unit cell is outlined in its tetragonal state

above its Curie temperature. The direction of theand c axes of FIG. 2. Cross-sectional TEM image of(#03 fiber-textured SrBiNb,Og /

SrBi,Nb, Oy (below its Curie temperaturere indicated. (112) fiber-textured SrRu¢¥(111) fiber-textured PY/Ti/SigY(100) Si film.
The underlying(100 Si substrate is not shown.

on a SrBj(Ta,Nb),Oq film is shown schematically in Fig. 1.

The approach used is analogous to that demonstrated for tfierd Research Systems SR37Whis current was integrated
epitaxial growth of(103) SrBi,Nb,Og on (111) SrTiO; (also  to Yield the loop. By monitoring leakage current after switch-
shown in Fig. 2* with (111) Pt taking the place of111) ing had occurred and at the maximum electric field applied
SITiO;. The epitaxial alignment shown takes place locallyto the sample, it was verified that leakage contributed no
on each grain of111)-oriented platinum in thé111) fiber- ~ more than 2—3.C/cn? to the remanent polarization reported
textured Pt-coated silicon film, leading to a fiber-texturedhere. The high speed of the test compared to more standard
(103) SrBi,Nb,Oy film on a fiber-textured111) SrRuG; film methodologies was required to separate leakage and polar-
on the fiber-textured111) Pt-coated silicon substrate. This
approach is related to the perovskite “template” technique
developed by Rameset al. for the growth of(001) fiber-
textured ferroelectrid and colossal magnetoresistatfgeer-
ovskite films on silicon substrates.

SrRu@ thin films were grownin situ by pulsed-laser
deposition (PLD) using a KrF excimer lasef248 nm,
Lambda Physik EMG 103MSGn an on-axis geometry. The
SrRug; films were grown in 100 mTorr ©at 600 °C using a
stoichiometric target. A laser pulse energy of 140 mJ, fluence
of 2—-3 J/crs, and a 5 Hzpulse rate were used to grow films
about 0.3um thick. The same oxygen pressure used for
growth was introduced as the Pt/Ti/Si100) Si substrates
were heated above 350 °C to minimize titanium diffusion
from the 20-nm-thick titanium adhesion layer into the plati-
num layer®2?! The SrByNb,O, films were grown in 70
mTorr of mixed Q/0, (~ O3 8%) at a substrate temperature
of 874 °C. A laser pulse energy of 160 mJ, fluence of 2—3
Jlent, and a 4 Hzpulse rate were used to grow SyRib,Oq
films 0.5-0.75um thick. A single target with a Sr:Bi:Nb
atom ratio of 1:2.3:2 was used as the source material. After
growth, the films were quenched in 1 atm of oxygen. Details
concerning target fabrication and optimization of the growth
of these bismuth-based compounds are given elsevihere.

Heterostructures composed of an overlyif@03-
oriented fiber-textured SrBNb,Oq4 film on an underlying
(111) fiber-textured SrRu@ electrode on a(11l) fiber- i
textured 150 nm Pt/20 nm Ti/&m SiO,/(100) Si substrate 1
were prepared and investigated both structurally and electri- (b) L
cally. For electrical measurements, gt diam top platinum
electrodes were deposited on the films through a shadowaG. 3. HRTEM images of the interfacémdicated by the position of the
mask by e-beam evaporation. Ferroelectric hysteresis loopsrows at either end of a single SrRyQ@rain. (a) HRTEM image of the
SrRuG; /Pt interface andb) HRTEM image of the SrBNb,Oy/SrRuG

were traced out by StImUIatmg the sample with a 20 I(Hzinterface. The continuity in the lattice planes across the interfaces indicates

triangle wave(Tektronix AFG310, and collecting displace- that local epitaxy occurred. These HRTEM images are from the same film as
ment current using a virtual ground current ampiifitan-  the TEM image in Fig. 2.

SrRuO;
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FIG. 4. 6—20 x-ray diffraction scan of the same film on which the TEM Electric Field (kV/cm) a
image in Fig. 2 was made indicating that the SN#,0, film is (103 o L . .
oriented. The substrate peaks are labele¢t as FIG. 5. Electric displacement—electric field hysteresis curve. The displace-

ment current density—electric field response from which the hysteresis loop
was generated is also shown.
ization contributions to the measured displacement current.
A cross-sectional TEM image of the entir€l03
SrBi,Nb,Og/(111) SrRu@/(111) Pt/Ti/SIQ/Si hetero-
structure is shown in Fig. 2. The SegBlb,Oq layer consists
of columnar grains with average diameters of about 150 n
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