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Effect of modulated antiparallel domain patterns on the dielectric permittivity in epitaxial
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We have used the pulsed laser deposition technique to grow a serieax@f orientedx Bi, Ti,O;4-(1
—X)Bi,Tiz04, films at the morphotropic phase boundary on LajN&lectroded SrTi@ (100) substrates. The
films are alternative stacking of ferroelectric,BizO,, and By Ti,O14 layers.P-E hysteresis loop and capaci-
tance versus voltage measurements show antiparallel domain orientations with adjadép®;Biand
Bi,Ti,O,, layers, which enhances the dielectric permittivity of ferroelectric capacitors considerably. Raman
studies indicate different symmetry phases of constitueswiB0D,, in Bi, Ti,O,; and Bj,Ti;O;, sublayers. The
expected internal stresses reorient polar domains and prefer domain orientations in the discrete ferroelectric
layers.
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Currently bismuth-layer perovskite materials attract inten-ous compositiongin weight).® The major advantage of PLD
sive consideration due to their fatigue-free nature of ferrofor the synthesis of multicomponent oxide film arises from
electric memories made with Pt electrodeNevertheless, its intrinsic ability of faithfully transferring the stoichiometry
their dielectric constant is not high enough to meet the deof the target to the film. The top Pt electrodes were vacuum
mands of integrated circuitry. Theoretical calculation givesevaporated on films at 400 °C through a shallow mask with
an insight into the large electric permittivity expected onthe dot area of 3:410°* cn?. The films on(100 MgO
ultrathin ferroelectric epitaxial films patterned with periodic Substrates were also grown under same deposition conditions
ferroelastic domain walléand a phenomenological thermo- for Raman-scattering _ experiments. The film thickness is
dynamic theory of ferroelectric thin films predicts “misfit- @oout 500 nm. X-ray diffractometry methods{&can, rock-

temperature” phase diagrarfferroelectric and structurpin N9 curve, and x-ray pole figuravere used to characterize
a single layer under mechanical boundary conditibi- the film structure. The film capacitance and dielectric loss

served even on the strained Pb3iBaTiO; superlattice$, Peo y ~mp '

which provided the possibility of artificially constructing do- Raman spectra of the films were recor_ded on Renlshaw 1000
) . . . . in backscattering geometry using a microprobe device.

main patterns on multilayers with properties superior to

. . St - X-ray diffractometry measurements show epitaxially
those of the constituents. The importance of periodic doma'@rown films with theirc axes normal to the substrates. X-ray

wall patterns resides not onlylin the improvement of electricyiffraction (XRD) patterns in Fig. () clearly indicate that
properties, but also in nonlinear optical modulation andi,e Bi,Ti, Oy film is composed of double phases of mono-

phase shift applications. _ clinic TiO, and Bj,Ti;0,,. With decreasing BiTi,O,; con-
A major obstacle of dynamic random access memory

(DRAM) applications is imprint failure, the preference of
one polarization state over the other, which eventually leads
to a failure during retrieving the data stored. To overcome it, 0
main concerns have been given from the choice of appropri-@
ate electrode materidlsvithout considerations of the film €10
structure, possibly due to less understanding of intrinsic mi- 4
croscopic causes. 0

In this paper, we show the enhanced dielectric permittiv- >
ity in epitaxial x Bi,Ti;O11-(1—x)Bi, TizO, (BST) films at
the morphotropic phase bounda(MPB) with artificially
controlled domain patterns. The antiparallel domain configu-
ration is induced by internal stresses created by the differen 442
symmetry phases of constituent,Bi;O,, in adjacent ferro-
electric layers.

All BST films with LaNiO; (LNO) bottom electrodes
were grown epitaxially on single-crystél00 SrTiO; (STO) 20 (deg.)
substrates at 750°C by pulsed excimer laser deposition
(PLD) using a single sintered ceramic target. Highly densi- FIG. 1. XRD patterns at room temperature $oBi,Ti,;O;1-(1
fied BST ceramic targets were prepared by sintering com--x)Bi,Ti;O;, fims on LNO electroded STO substrates (aj
pacted BjTi,O;; and Bj,TizO;, nanocrystallites with vari- x=1, (b) x=0.39, and(c) x=0.12.
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FIG. 2. The schematic diagrams of structural and domain pat- -
terns of ferroelectric BST films along theeaxis.
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centration in BST films, thé003) TiO, reflection becomes 4] ©
weak in Fig. 1b), and almost disappears from FigclL Co- 0
incidently, the pole figure of constituent Bii;O;, in BST/ 41
STO films shows fourfold117) reflections at3=0°, 90°, -84
180°, and 270° witha=~40°. The epitaxial growth of 12—t
Bi,Ti;O1, and BpTi,O;; components suggests that BST -3.0-2.5 -2.0-1.5-1.0'-0.5 .0.0 0.5 1.0 1.5 2.0 25 3.0
films are alternative stacking of Bii;O;, and BpTi,Oq; Electric Field (100kV/cm)

layers, as shown by a schematic diagram in Fig. 2.

The film morphology was characterized by atomic force
microscopy (AFM) in contact mode. The grains in
Bi,Ti,O41/SITiO; films present a needlelike shape, similar . . . I
tOzBi;TiilOll si%le crys?alg, and order highly in ?Wo per- slightly. Though the dlelect_rlc constant in Bi30;, f|Ir_n is
pendicular directions, as will be reported in paper separaterL.‘”known here dl.Je.to the h.|gh leakage current dens'ty on the
With increasing BjTi;O,, concentration, the needlelike LNO e_Iectrode, It Is not h|gher t_han 184 ac_cordlng o Fhe
grains transform into a platelike sh&pand the film density report in R_Gf' 9 Thus, the dielectric con_stant m_the BST _f|Ir_n
increases. atx=0.39 is significantly larger than their constituents, simi-

Figure 3 shows the frequency-dependent dielectric reI_ar to the behavior reported on ferroelectric BaJiSrTiO;

; 0
sponse. The dielectric constaatin Bi,Ti,O;; is about 80 superlattices? _ . .
and essentially independent of frequency below 4 MHz. The Ferroelectric hysteresis loops were measured using Radi-
dielectric constant in BST films increases largely with the2nt technologies RTE000S tester at 67 Hz. Figugs ghows

elevated BjTizO,, concentration ax=0.39, then decreases a pseudoantiferrqelgctric hysteresis loop, ev_idenced by weak
with further i?lcrlezzasing BITi,0y, composition, such ag _ double shouldersindicated by arrowsat low fields, for the
—639 with x=0.39 and 260 withx=0.12 at '10 kHz. In BST film at x=0.39 with a saturation polarizatior®

response, the corresponding dielectric loss &ancreases =9.83 uClent, which iTQ’ h_igher than the 4uClent mea-
sured on a zcut Bi,TizO;, crystal. The pseudo-

800 antiferroelectric character slightly weakens in Figh)dat x

] "\‘\H\“’\‘ —n—x=1 =0.12, and almost disappears from Figc)dat x=0.06. At
6001 T x=039 the same time, the ferroelectric property still exists and im-

—v—x=0.12 . . . . . . . .

500 ‘\”\\ print failure is obvious in Fig. &), in agreement with pre-
4001 vious studies on Bili;0,,.°> Capacitance versus voltage
300 vV‘v\'m (C-V) measurements in Figs(&—-5(c) further ensure the
2001 ""‘—H—v~v\\ pseudoantiferroelectric character. There are two peaks biased
100 \ 10’ at internal fields of-33 and+44 kV/cm, respectively, with

- x each C-V curve, and the peak intensity at33 kV/cm
\\ /_ 10°
.
\\T

weakens gradually with decreasing,Bi,O;, concentration
from Figs. %3a)—5(c). Meanwhile, the peak at-44 kV/cm

\-\.\._.‘- .—././-/'/.
10° 10° 10* 10° 10°

becomes more preeminent, though it seems to collapse in
Frequency (Hz)

FIG. 4. P-E hysteresis loops forBi,TisOq1-(1—X)BisTizO42
films at 67 Hz.
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Fig. 5(b) due to inhomogeneous defect pinning. The peak
collapse at Fig. &) disappears quickly after cycling the ca-
pacitor at=10 V several times. The doublet in eaChV
curve strongly suggests the antiparallel domain patterns in
BST multilayers. The peak biased at negative field, which
FIG. 3. Frequency dependence of dielectric constaand loss ~ disappears at=0, should originate from the domain rever-
tané for x Bi,Ti,O;1-(1—X)Bi,Ti30,5 films at room temperature.  sal in B Ti,O4, layers, and the other at positive field is due
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FIG. 5. C-V curves forx Bi,Ti;Oy1-(1—x)Bi,TizOy, films at 200 300 900

10 kHz.

FIG. 6. Raman spectra foa) x(Lag,dBig742Tia011-(1

to antiparallel domain switching in BlizO,, layers. The  —x)Bi,TizO;, ceramics andb) x Bi,Ti,O;1-(1—X)Bi,TizO4, films
internal bias almost makes the whole capacitor self-poling iron MgO substrates at room temperature. The wave numbers in pa-
Fig. 5(c). Possible dipole orientations with adjacent ferro-rentheses are taken from Ref. 11.
electric layers are schematically depicted in Fig. 2 with a
pseudoantiferroelectric component along thaxis. The an-  nates from the monoclinic Ti§), which predicts the mono-
tiferroelectric character is conjectured on a mesoscopic scalglinic symmetry phase of BTi;O, in Bi,Ti,O,; sublayers
comparable to stacking layer thickness instead of a genuingifferent from the symmetry phase of orthorhombic
antiferroelectric on a molecular or a microscopic scale. Bi,Ti;Oy, layers, in agreement with the bulk ceramics.

Raman results either on BST ceramics or on films coinci- |t is expected that the different symmetry phases of con-
dently indicate the different symmetry phases of constituengtituent B, TizO,, within adjacent BjTi,O;; and Bj,TizO,,
Bi,TizO,, in BiyTi,O1; and BiTizO,, stacking layers at |ayers induce the large internal stresses which promote in-
room temperature, as shown in Figga)g(b). Bi,TizO,is  plane domain reorientatiodsThe antiparallel domain pat-
orthorhombic at room temperature, and its Raman lines argerns would seem to be the result of the changing energy
usually broad. Below 150 K, the Raman lines become muclpalance between the elastic strains and the polarization,
sharper and more intense, which suggests a monoclinic symvhich contributes considerably to the dielectric permittivity,
metry phasé® Figure Ga) shows the Raman spectra of since the region with the “unsaturated” domain wall is held
X(Lag oBig742Ti4O11-(1—X)BiyTizOs, ceramics(here La to have a larger dielectric resporiSeWith the reduced
modification can avoid ceramic crack and increase bulk denBi,Ti,O,; concentration in BST films, the “unsaturated” re-
sity). The Raman active modes for monoclinic Bibnstitu-  gion decreases linearly. In response, the dielectric constant in
ent can be indexed on the basis of the Jiookite'* The  Fig. 3 consequently reduced. This finding is favorable for
discrete Raman lines for the Hii;O;, constituent ak=1 is  artificial tailoring of ferroelectric dielectric permittivity by
sharp which suggests the low-temperature monoclinic symeontrolling antiferroelectric domain patterns, and very im-
metry phase stabilized at room temperature. With increasingortant for the commercialization of microelectronic devices.
Bi,Ti3O;, concentration, the Raman lines for the constituent  Imprint failure in Fig. 4c) induced by an internal big;,
Bi,TizOp, at x=0.38 are broad and the relative peak inten-is usually provided by the defect charges inside the ferroelec-
sity changes abnormally due to the increased orthorhombitric materials, the work function difference between top and
Bi,TizO;, concentration. Similar results occur with BST/ bottom electrodes, and charges presented at ferroelectric-
MgO films in Fig. 6b), which can rule out the possibility of electrode interfaces. The effect of interfacial charges on im-
constituent BjTi,O;; phase change during film fabrication print failure of epitaxial BiTi;O;, films has been discussed
processing. Note that the Raman peaks for the monocliniin detail in Ref. 5 with various top and bottom electrodes, but
TiO, are very weak in films. The Raman peaks inthe influence of internal stresses is seldom reported. It is not
Bi,TizO01,/MgO are indeed broad, but become much sharpeso difficult to determine that the internal biases in BST films
with increasing BjTi,O;4 concentration untik=1, such as are opposite with adjacent epitaxial,Bi;O;, and B Ti O
the modes at 228, 271, 282, 330, 354, and 718 it is layers under identical conditions from FigdaB-5(c). The
possible that the new mode at 282 chwith x=1 origi-  different symmetry phases of Hii;O;, within the adjacent
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layers create a large internal stress which stabilizes the reori- To summarize, we developed epitaxiaBi,Ti,O;4-(1
ented polar domains within discrete ferroelectric layers from—X)Bi,Ti;O;, multilayers with the pseudoantiferroelectric
the viewpoint of the changing energy balance, and thus th80main patterns in adjacent ferroelectric layers. A large di-
polarization of a capacitor under an external cycling field is€/€ctric constant was observedxat 0.39. The Raman inves-
preferred. With the reduction of BTi,Oy, concentration in tigations at room temperature indicate the different symme-

: ) . . try phases of constituent Bii;O;, within Bi,Ti4,O;; and
BST films, the predominant lattice mismatch between bOIBi4Ti3012 stacking layers in BST films. The expected large

tom electrode and film, as well as the interfacial charge, poiternal stresses not only reorient the polar domains within
larizes the whole capacitor and also pins domain walls, andiscrete BjTi;O;, and B, Ti,O;, layers, but also prefer do-
hence the ferroelectric hysteresis loop in Fi¢c)4s asym-  main orientations. The opposite internal biases within adja-
metric. It should be pointed out that the opposite internakent ferroelectric layers minimize imprint failure of the
biases with adjacent BTizO,, and BiTi, Oy, layers elimi-  whole capacitor. The generic method is very important in the
nate the voltage offset of the whole capacitor due to thénanufacture of DRAM devices.

pseudoantiferroelectric domain patterns in Fig&a) 4and

4(b), which supplies an effective way to overcome the im-  This work was supported by a grant for State Key Pro-
print failure during ferroelectric memory applications. gram of China.
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