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Enhanced in-plane ferroelectricity in Ba ¢ 7Srp3TiO3 thin films grown
on MgO (001) single-crystal substrate
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Highly oriented Bg ;Sr, 3TiO5 thin films were grown on MgQ002) single-crystal substrate using
pulsed-laser deposition and the in-plane ferroelectric properties of the film were evaluated. X-ray
diffraction characterization revealed a good crystallinity and tensile in-plane stress in the film. A
well-defined ferroelectric hysteresis loop with=9.5uC/cn? was observed along th€l00)
direction, which implied an enhanced in-plane ferroelectricity in thg-Bg sTiO3 thin film in
comparison with the BaSr, sTiO; ceramics. Curie temperature of the film was found to be
~88 °C, which is nearly 50 °C higher than that of the (B®r,3TiO; ceramics. The
butterfly-shapedC-V characteristic curve also evidenced the enhanced in-plane ferroelectric
property in the film, and a large dielectric tunability of 69% was found at 1 MHz under a moderate
dc bias field. The observation of enhanced ferroelectricity along the in-plane direction in the highly
oriented Bg;Sr3Ti05 thin film was explained in terms of the increased tetragonalétyc
=1.016 induced by the lattice misfit strain. @005 American Institute of Physics
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Tetragonality(c/a) is strongly correlated with ferroelec- the in-plane configuration is more directly relevant to the
tric properties in perovskite oxides; for example, actual coplanar devices.
Ba; S, TiO5 ceramics withx=0.30 are paraelectric with The Bg ;Sr 3TiO3 thin films were deposited on MgO
cubic structuréc/a=1), but whenx<0.30, it shows a ferro- (001) single-crystal substrates by pulsed-laser deposition
electric phase with tetragonal structyoéa>1).* Therefore, (PLD) using a krypton fluoridéKrF) excimer lasefLambda
the ferroelectric properties can be modified by changing thé&hysik COMPex 20bwith a wavelength of 248 nm. A laser
tetragonality. In ceramics, the lattice structure modification isenergy of 250 mJ and a repetition rate of 10 Hz were
usually realized by doping or by changing the compositionadopted. The distance between the target and the substrate
The tetragonality of perovskite oxide thin films can be alsowas fixed at 5 cm. The substrate temperature was maintained
effectively modified by choosing appropriate substrates. at 750 °C. The oxygen partial pressure was kept at 27 Pa
For instance, when the lattice parameter of the substrate BUring the laser ablation process. ThegB#r 3TiO3 thin
smaller than the lattice parameter of the film, the thin fiimfilms of approximately 300 nm thickness were grown on
will have an elongated lattice along the out-of-plane direc-MgO (001) substrates by irradiating the stoichiometric target
tion, leading to an improved out-of-plane ferroelectric prop-for 15 min. After deposition, the film was postannealed in a
erties and usually associated with an enhanced piezoelectrigbe furnace at 1000 °C for 3 h to reduce the oxygen vacan-
performance. Because the modification via the film-substratgi€s.
interface can effectively improve the ferroelectric properties, ~ The crystallographic characterization was performed on
in recent years, the substrate effect on thin-film propertie@ Bruker AXS D8 Discover x-ray diffractometeiXRD).
have attracted increasing attentidi®. Only strong (00l) peaks appear in thé/26 scan pattern,
Modification of the structure and property in ferroelec- which implied that the BST thin film has a pure perovskite
tric thin films is a very active area. However, research in thephase, as shown in Fig. 1. The in-plane alignment of the BST
literatures has mostly been focusing on the out-of-plane chathin film with respect to the major axes of t{@01) MgO
acterization, the in-plane investigation is limited. Barium substrate was also confirmed by the XRD off-aiscan of
strontium titanatéBa, St TiO3) thin films have been exten- the BST(202) and MgO(202) reflections, indicating a highly
sively studied for their excellent dielectric nonlinearity*In  oriented growth of the BST thin film. The rocking curve
this letter, the in-plane ferroelectric properties of measurements of the BS002) reflections revealed that the
Ba,_Sr,TiO3 (BST) thin films were investigated. The nomi- full width at half-maximum is about 0.48°. Lattice param-
nal composition of the thin films was B&Sr, sTiO5, a com-  eters were determined from the XRD results. The lattice
position with Curie point near room temperature, where thespacingdyo, and d,g, were calculated, and then the out-of-
giant room-temperature dielectric tunability was obsertfed. plane lattice parameter (=2dy,) and the in-plane lattice
The ferroelectric characterization was conducted along thparametera:(2/\rd§§2—d5§2) were derived® The in-plane
in-plane direction rather than a conventional out-of-plane diand out-of-plane lattice parameters were found to be 4.0344
rection, not only because the in-plane ferroelectric propertieand 3.9718 A, respectively, indicating that the BST film has
of BST thin films had been seldom studied, but also becausg tetragonal structure with/c of 1.016, which is different
from the cubic structure of the BaSr, 3TiO5 ceramics. It is
aAuthor to whom correspondence should be addressed; electronic maifOticed that the in-plane lattice parameter is much larger than
02901276r@polyu.edu.hk that in bulk BST(3.9650 A. The lattice deformation in our
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grown on MgO (001) substrate. Inset is thé>-E hysteresis loop of

2 Theta (deg) Bay ;Sr 3TiO5 bulk ceramics.

FIG. 1. XRD patterns of/26 scan from a Bg;Sr, 3TiO thin film deposited
on MgO (001 substrate. The inset is thé/26 scan of a 45° tilted

Bay S, TiO, thin film. strate and the applied field can be more effective in exciting

the in-plane ferroelectricity of the BST films when interdigi-
tal electrodes were used. However, due to the IDE configu-
BST thin film is presumably due to a result of the lattice ration, the distribution of the electric field inside the film is
misfit between the BST and the MgO substraebic struc-  not uniform as that in a parallel plate capacitor so that the
ture with lattice parameter of 4.215)AThis result also im-  effective field applied to the film may not be as high as
plies that the BST film is stressed in tension along the inexpected. Therefore, the actual in-plane ferroelectric proper-
plane direction. Meanwhile, it is found that not only the in- ties of the BST films should be even better than that shown
plane but also the out-of-plane lattice parameter is largein Fig. 2.
than the bulk value. This seems somewhat different form the  Figure 3 shows the temperature-dependent in-plane rela-
pure strain effect. Other factors, such as anisotropic thermajye permittivity & of the BST thin film measured using an
contractioff and oxygen deficiency, may also be respon- HP 4294A impedance analyzer connected to a temperature-
sible for the unusual lattice distortion. The surface morpholcontrolled chambetOxford). The calculation from the ca-
ogy of the BST thin films was checked on an atomic forcepacitance of the film to obtain the dielectric constant was
microscope(Digital Instrument Nanoscope Mvorking in @  conducted by using RATHEMATICA program that we devel-
tapping mode(images not shown hereThe average grain oped based on Gevorgian's mod&f, which has established
size was estimated to be about 40—50 nm in diameter. Thghe relationships among the capacitance, the electrode size,
rms roughness is about 2 nm over & 1 um? area, which  and the material properties. The curves exhibits a maximum
implies a relatively smooth film surface. in & at T,~88 °C, which is about 50 °C higher than that of
The in-plane ferroelectric characterization was carriedhulk Ba,,Sr, sTiO5 ceramics as shown in the inset of Fig. 3.
out using coplanar interdigital electrod¢DE). The top  The shift of T, in the Ba ;Sr, sTiO5 thin film along the in-
electrode was prepared by the deposition of a 200-nm-thicslane direction is believed to be the contribution of in-plane
Au layer on the film surface followed by patterning using tensile strain induced by the lattice misfit. It has been re-
standard photolithography and wet chemical etching techported that a biaxial tensile strain of order 1% in ferroelectric
niques. The IDE has a total of 21 fingers with the ﬁngerthin films is enough to push the Curie temperatﬂ'{eto
length of 925,m and finger width of Sum. The finger gap  several hundred degrees higher than its inherent Valiiae
spacing is 3um. The IDE was wire-bonded to a piece of
PCB for easy handling and better electrical contact during

the subsequent measurement process. The ferroelectric hys- 1600 rrgr—— '/\ tTTtporo Tt
teresis loop was measured using TF Analyzer 2000 equipped; 10 [
with a FE-Module(HV) (aixACCT) along the in-plane di- £ 1400128 _,/ \ 7
rection. E z6 /

A well-defined hysteresis loop was clearly observed, as § 1200 4 J S 8
shown in Fig. 2. The remnant polarizatiéh and coercive = { = 0002022&
field E, were found to be 9.%C/cn? and 2.1 Vjum, re- R 1000] P T, 50 AR 1
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spectively. A bulk Bg;SrsTiO3 ceramics have a cubic d>> &fpo@!p\
structure and do not show obvious hysteresis bops S g0 O{OCQOOO’ |
shown in the inset of Fig. 2. In comparison with % o
Bag 7SIy 3TiO3 ceramics, thé, of the film along the in -plane (14 & 100 kHz
direction has been noticeable enhanced. It is believed that the ~ $°°7 © _1MHz |7

increased tetragonalitia/c increased from 1 to 1.01&on-
tributed to the enhanced ferroelectricity. Normally, the sub-
strates will affect the measurement results in the coplanar
_electrode configuration since _the el_ectrlc field may penetratg,; 5 In-plane relative permittivity: in a Ba, -St, 5TiO; thin film depos-
into the substrate. The low dielectric constant of MgO Sub+ted on Mg0(001) as a function of temperature. The inset is thes T of
strate (¢=9.8) can reduce the field penetration in the sub-Ba,-St, ;TiO; bulk ceramics.
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1200 0.25 direction with an enhance®, of 9.5 uC/cn? compared with
the Bg ;SiysTiO3 ceramics. TheT, of BST film shifts to

;1000' -0.20 ~88 °C, which is nearly 50 °C higher than that of the
S g Bay ;Sry 5TiO5 ceramics. Butterfly-shaped-V characteristic
£ 800 = - :
E ] -0.15 '.'.c'. curves gave further evidence of the enhancement in-plane
E,_ 600 g ferroelectricity; meanwhile, a large dielectric tunability of
o 1 -0.10 § 69% was found at 1 MHz. This work demonstrates a pos-
b 400- 1'8? sible way to enhance the ferroelectricity in thin-film form by
& L0.05 = using conventional materials and substrates.
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FIG. 4. In-planeC-V and tans-V curve of Bg ;Si, 5TiO5 thin film grown on

MgO (001 substrate at 1 MHz. Ferroelectrics and Related Substanceslited by H. Landolt, Landolt-
Bornstein, New Series, Group I, Vol. 3&pringer-Verlag, Berlin, 2002
p. 416.
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