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Orientation dependence of ferroelectric properties of pulsed-laser-ablated
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Epitaxial (001)-, (118-, and (104)-oriented Nd-doped BTi;O,, films have been grown by
pulsed-laser deposition from a Bi,Nd, Ti;O;, (x=0.85) target on SrRuQcoated single-crystal
(100-, (110-, and (11D-oriented SrTiQ substrates, respectively. X-ray diffraction illustrated a
unique epitaxial relationship between film and substrate for all orientations. We observed a strong
dependence of ferroelectric properties on the film orientation, with no ferroelectric activity in an
(00D-oriented film; a remanent polarizatioP of 12 uC/cn? and coercive field, of 120 kV/cm

in a (118-oriented film; and 2, =40 uC/cn?, E.=50 kV/cm in a(104)-oriented film. The lack of
ferroelectric activity along thes-axis is consistent with the orthorhombic nature of the crystal
structure of the bulk material, as determined by powder neutron diffractio0@3 American
Institute of Physics.[DOI: 10.1063/1.1613052

SrBi; Ta,0qg (SBT) films were the first of the Bi-layered radii for eight-coordination: Bi* 0.117 nm, LA* 0.116 nm,
oxides to show promise for ferroelectric random accessd®* 0.111 nm, Sm" 0.108 nm should maintain a more
memory applications, due to their excellent fatigue resistancgignificant structural distortion and improved ferroelectric
on Pt electrodeS.However, growth of SBT films requires properties, in particulaP, .
high temperaturesX 750 °C, and typically 850 °C or higher —Recently, Choret al® have reported very high values of
for epitaxial f'|m§ %, and films show low remanent polar- remanent polarization in sol—gel-derived, lanthanide-doped
ization P, (typically 2P,~10uClcn? on P). The emer-  pismuth titanate thin films, with B, values as high as
gence of La-doped bismuth titanate (BjLaTisO1, O _100,C/cn? in highly c-axis-oriented Nd-dopedBNdT)
BLT)” as a possible substitute has fueled considerable r&mg The authors attributed this rather unexpected result to
segrch to find other variants gnd further enhance film Propge development of the polarization vector along ¢haxis
ef?;bciu Cag b? de%OS'ted dat hlower tehmphedr?atl;re%f the BNAT unit-cell: in undoped BTi;O,,, the polariza-

(= ) on Pt electrodes and shows a NGNEFr 2 ion is almost exclusively along tha-axis. Based on this
(~24 uClent) than SBT, as well as excellent fatigue resis- explanation, we would expect BNdT films of the same com-

tance. o . . . )
- . - . position with orientations further away from tleeaxis (or
BisTis0;, (BTO) is an Aurivillus-phase Bi-layered ox closer to thea-axis) to exhibit lowerP, . In order to inves-

; N2+
|(0I13el Tiarg)do)g?ninbvshigr?r;)c:reo(j/slzge :Z?ts grmulg cz)(%a)hedra tigate this issue, we have deposited epitaxial BNdT films and
2113V ’ - . . .

are sandwiched between,Bl, layers. Bulk undoped BTO measure_d the dependenceRyfupon film or|e_ntat|on. o

shows a very high B, (about 100xC/cn?) & but thin films In this letter, we report on the properties of epitaxial

have much lower values of switching polarization and suffelB N ddT films (_)f various crystallo%raphllc odrul—:‘ntatlc()jns—éx_ls_

from fatigue upon bipolar switchinflt was proposed that 219 NONE-axis orientedl grown y puised faser eposition
(PLD) from a target of composition BigNdy gsTisOq, 0N

doping with La led to improved oxygen ion stability in the " ) )
gle crystal (100-, (110-, and (111)-oriented SrTiQ

lattice and hence improved fatigue resistance because sorm&!

of the Bi ions in the pseudoperovskite layers containing_(STO) substrates. BNdT films, 300 nm thick, were deposited

Ti—O octahedra were substituted by La ions. Substitution of 200 mTorr oxygen, at a substrate temperature of 750 °C,
the nonspherical Bi cation with L&", however, reduces and were subsequently cooled to room temperatime
the structural distortion of the perovskite block, thereby re-~45 min) at an oxygen pressure _§Jfatm. The laser fluence
ducing P, . Substitution by lanthanide ions having smaller during the deposition was approximately 2.8 i a rep-

ionic radii than Bi, such as Nd or Srftomparative ionic etition rate of 5 Hz. The target was fabricated by cold press-
ing and sintering (1100 °C fal h in ain a powder compact

dpresent address: Dept. of Materials and Metallurgical Engg., Indian Insti—prel:)ar?d by a Co.n.ventlonal sqlld-state reagtlon route. Prior to

tute of Technology, Kanpur-208016, India; electronic mail: BNAT film deposition, conducting 50-nm-thick SrRy@ms

ashishg@iitk.ac.in were deposited on the STO substrates to act as a lower elec-
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FIG. 2. (117) Pole figures ofla (00)-oriented,(b) (118-oriented, andc)

10 20 30 40 50 60 70 80 90 (104)-oriented BNAT Film. Pole figures are plotted on Wulff Scale and each
26 (%) division corresponds to 10° along the ra@i) and 30° along the circum-
ference(g).

FIG. 1. 29 scans of BNdT films on STO substrates of various orientations:
(@ (100-, (b) (110-, and(c) (111)- oriented.® - STO K,;, ¢ - STIRuQ
Ka,* - unidentified. systematic absences.(A17) pole figure of this film showed
a threefold symmetry with three sets of peakgat35° (117

trode: these films were deposited at 650°C in 110 mTorand 117 reflectiong and 85° (117and 117 reflection$, con-
oxygen (laser fluence2.5J/cmi; repetition rate=4 Hz).  firming good quality in-plane orientation. This pole figure
Pseudocubic SrRuOhas a very low lattice mismatch with can be interpreted in terms of the formation of three in-plane
STO and hence maintains the substrate orientation. orientations due ta-axis BNdT growth along three direc-

The structure of the films was studied by x-ray diffrac- tions [perpendicular to the STQLOO planeg, separated by
tion (XRD). For ferroelectric characterization, Pt top con- azimuthal angles of 120° leading to a triple-twin situation,
tacts (arex8.1x107° cn?) were deposited by sputter also reported for BLT films on ST@111) substrates.
deposition through a shadow mask. Ferroelectric properties These results show that BNdT grows with a epitaxial
were measured using a Radiant Precision Pro. ferroelectri@lationship to the underlying SrRYCSTO substrate, with
tester. Crystallographic studies were also made on bulk powthe c-plane of BNdT parallel to th¢100) plane of STO, as

der specimens by neutron diffraction. previously reported for BLT film growthand maintaining a
A BNdT film on STO(100) was highlyc-axis- or(001)-  similar orientation relationship on all substrate orientations.
oriented, as shown by very stronglOpeaks on an XRD Figure 3 shows the ferroelectric hysteresis loops for the

26-scan[Fig. 1(@]. A (117 pole figure[Fig. 2(a)] shows
fourfold symmetry with four sharp peaks #@t=50° (angular
spread<5°), illustrating a very highlyc-axis-oriented film 404
with excellent in-plane orientation. The orientation relation-
ship between the film and substrate is (AN 100)s bstrate
and[ 100]5m|[ 110]supstrate 201
A BNdT film deposited on STO(110) was (118)- l
oriented, as shown by the XRDé&can in Fig. 1b) and
confirmed by &(117) pole figure scan, showing two sets of
three peaks afy~5°, 65°, and 85° corresponding to 117,

P, (uC/em?)
o
1

117/117, and 1.7 reflectiongFig. 2(b)]. These two sets of -20

peaks, related by mirror symmetry, indicate the presence of

double-twin in the film, as previously reported for BLT on a 404

similar substraté. This twinning is due to two possible

c-axis growth directions of BNdT perpendicular to t{i60) 400 -300 -200 100 O 100 200 300 400

planes of STO, which are at 45° to thELO) substrate plane.
A BNdT film deposited on ST@111) was(104)-oriented

as shown by the @scan in Fig. {c). It should be noted that g 3. p_g Loops for(a) (001)-oriented,(b) (118-oriented, andc) (104)-

only the 014 peak is present, as 104 is prohibited due t@riented BNdT film. The applied voltage was 10 V at a frequency of 200 Hz.
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three film orientations described above.cAaxis-oriented
BNdT film [on (100 STQ] did not show any ferroelectric

Garg et al.

Another interesting observation from these results is that
the coercive voltagéwhich was not observed in the BLT

activity, as demonstrated by a linear dielectric response antthin films) of the (118-oriented film is much larger than

the absence of any hysteresis loop in Figa)3A (118-
oriented film[on (110 STO] showed a P, of ~12 uClcn?
and coercive fieldE; of 120 kV/cm at an applied voltage of
10 V and a frequency of 200 HFig. 3(b)], while a (104)-
oriented film{on (111) STO] showed a P, value of approxi-
mately 40uC/cn? and anE, of 50 kV/cm using the same
parameters. Results for tt{&04)-oriented film are in agree-
ment with the results obtained by Kojin all° for BNdT
films grown by metalorganic chemical vapor deposition.

(104)-oriented film® Reasons for this are not clear at the
moment, but one possibility may be that Nd doping can lead
to different magnitudes of distortions along different crystal-
lographic directions due to the size difference between Nd
and La, making some directions more easily switched than
others.

In summary, we have found th&b01)-oriented BNdT
films deposited by PLD do not show ferroelectric activity. A
(118-oriented film showed a R, value of 12uClcn? at a

Although we have shown that doping with Nd leads tocoercive field of 120 kV/cm, whereas(&04)-oriented film

an increase inP, as compared to La-doped films, due to

had a much higherR, value of ~40 uC/cn? and lowerE,

increased lattice distortion, we do not see the dramatic inef ~50 kV/cm. These results are consistent with the pro-

crease in the remanent polarization along ¢tkaxis, as ob-

posed model of the crystal structure forzBiNdg gsTizO;5

served by Choret al® On the contrary, our results suggest derived from neutron diffraction results.

that P, is 0 in c-axis oriented films, and the polarization
increases on moving away from the BNd7axis.

In support of our thin-film results, we have carried out a

One of the authorgA.G.) would like to thank Downing
College, Cambridge for financial support during this work

careful Rietveld analysis of the crystal structure of our@nd Dr-A. Q. Jiang for his help with ferroelectric measure-

Biz 1gNdg g5Ti301, sample in bulk polycrystalline form using
powder neutron diffractioht This analysis clearly shows
that Bk 19NdygsTisOq, adopts an orthorhombic structure,
space grouB2ch, rather than the higher symmetry tetrag-
onal possibility recently suggested by Chenall? The

ments.
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