APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 11 9 SEPTEMBER 2002

Growth and properties of (001) BiScO ;—PbTiO ; epitaxial films
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The ferroelectric and piezoelectric properties @01 BiScO;—PbTiO; epitaxial films were
investigated. Epitaxial films &m thick were grown by pulsed laser deposition using ceramic targets
of (1—x)BiScO;—xPbTiO; (x=0.5) at substrate temperatures of 700°C dia00
SrRuG;/(100)LaAlO; substrates. Well-saturated hysteresis loops with a remanent polarization of
36 uClcn? were observed. The films had a room temperature dielectric constant of 80, tan
=0.09 and a maximum permittivity of 3600 at 460 °C. The room temperadgrepiezoelectric
coefficient was—9 C/nf. The piezoelectric properties obtained were comparable to those of
Pb(Zr, Ti)O; or relaxor ferroelectric-PbTiQfilms. © 2002 American Institute of Physics.
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Ferroelectric thin films have created considerable interdiffractometer and an X'pert Philips four circle diffracto-
est in recent years for a wide range of applications, such aseter.
microelectromechanical systems and nonvolatile memories. Figure 1 showsf—260 and ¢ XRD patterns of a lum
Since the temperature stability of the electrical properties, athick BiScO;—PbTiQ; film deposited at a substrate tempera-
well as good ferroelectric or piezoelectric activity, is impor- ture of 700 °C, a deposition pressure of 200 mTorr, a laser
tant for device applications, ferroelectrics with high transi-repetition rate of 14 Hz, and a target to substrate distance of
tion temperaturesT, are attractive. 40 mm. The deposition rate was 130 nm/min. The 101 dif-

Recently, BiSc@-PbTiO; has been reported as a new fraction peaks of BiSc@-PbTiO; and LaAlQ; were used in
piezoelectric with a highT,.* At the morphotropic phase the ¢ scan. As can be seef@01) BiScO,—PbTiO; epitaxial
boundary(MPB) composition, T, of BiScO;—PbTiO; (64/  films were obtained. Although small peaks corresponding to
36) is 450 °C, which is higher than that of Pb(Zr,TQOA  polycrystalline BiSc@-PbTiO, were observed in the—26
remanent polarization of-32 uClcnt and ads; piezoelec-  patterns, to the detection limits of our diffractometer, no sec-
tric coefficient of ~465 pC/N were observed in bulk ceram- ond phase such as pyroch|o|’e phase is present_ The out-of-
ics. In the present study, BiSgOPbTIO; epitaxial films  plane lattice constant determined by measuring thar@les

were investigated in terms of their ferroelectric and piezo-of the 00 type diffraction peaks and using the Nelson—Riley
electric properties. Since rhombohedrally distorted perov-

skite ferroelectrics show higher piezoelectric properties
along the(001) direction? (001) BiScO,—PhTiO, epitaxial
films in the rhombohedral phase were prepared.
BiScO;—PbTIO; films and SrRu@ bottom electrodes
were prepared by pulsed laser depositi@iD) on (100
LaAlO; single crystal substrate@®TI Corporation. (Note
that in this letter, the Miller indices of LaAlQ SrRuQG, and
BiScO;—PbTiO; are given in terms of a pseudocubic unit
cell) A KrF excimer laser(Lambda Physik Compex 102
with a 248 nm wavelength was used to ablate the target 30 30 4'0 5'0 6|0 7'0 30
materials. The laser energy density was 1.5-2 4/&RuQ 20 (deg.)
bottom electrodes were deposited using stoichiometric
SrRuQ; ceramic targetgTarget Materials Ing. Details of
the epitaxial growth of SrRugfilms are given elsewher&:
BiScO;—PbTIGQ; films were deposited using sintered ce-
ramics of (1-x)BiScO;—xPbTiO; (x=0.5) which were
batched with 20 mol % excess PbO and 10 mol % excess
Bi,O3 to compensate for the loss of lead and bismuth during
growth® Oxygen and ozone gases were introduced into the
deposition chamber using a commercial ozone generator
(PCI). The deposition ambient consisted of a mixture of 10%
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04/90% O,. The crystalline structure of the films was char- 0 30 30 270360
acterized by x-ray diffractioiXRD) using CuK « radiation. ¢ (deg.)
6—26, o, and ¢ scans were performed using a Scintag Pad V

FIG. 1. (a) 6-26 and (b) ¢ XRD patterns of a BiSc@-PbTiO; film on a
(100 SrRuG;/(100) LaAlO; substrate.@ BiScO;—PbTiO;, * Pt 111,
¥Electronic mail: stmckinstry@psu.edu A SrRuQ,, andll LaAlO;.
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FIG. 2. Polarization hysteresis loop of the BiSe@bTiG; film in Fig. 1.
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. ) . . FIG. 4. e3y coefficient as a function of the poling electric field and time.
method was 4.0510.005 A. This value is consistent with ) ) ) ) ) )
nal distortions. It is encouraging that the dielectric loss re-

the lattice constants reported in bulk ceramics of rhombohe-"" below 0.1 480 °C
dral BiScQ—PbTiO;.! The full width at half maximum ™Mains below 0.1 up to :

. . . - 78
(FWHM) of the BiScQ-PbTIO, 002 diffraction peaks in . 1he effective piezaclectric coefficientedy) ° of the
the 6—20 and w scans were 0.29° and 1.08°, respectively. ms w ized. The ICI Wi u

Although perovskite(001) BiScOs—PbTIO; films with no using a wafer flexure method described previodsRPrior

. . m rements of fficien lectric fiel
pyrochlore phase were obtained in a range of substrate tente easurements of they; coefficients, a dc electric field

peratures(650—730 °Q and deposition rate§30—200 nm/ was applied to the topfelectrlpde lc;f the B:ls"er(lpr'Q films
in), the films deposited at 700 °C at relatively high deposi-at room temperature for poling. Figure 4 shows e o
min), efficient as functions of the poling electric field and time.

tion rates(130 nm/min have the smallest FWHM values. The ez coefficient after poling with a positive electric field

To characterize the electrical properties, Pt top eleCWas almost constant with the poling electric field and time.

trodes (=0.44mm) were sputtered through a ShaOIOVVThe value obtained—9 C/nf) was comparable to that of

mask. Polarization hysteresis loops were measured by a Rﬁ’b(Zr,Ti)Q or relaxor ferroelectric-PbTiQfilms.*" This is

d!ant Tgchnologles RT66A standard ferroelec_tncs test_er. Th9ery encouraging given the high transition temperature of the

dielectric constant and loss were determined using a ompound.

inductance-capacitance resistance mdtéewlett Packard A relatively high deposition temperatu(@00 °Q was

4284A). Figure 2 shows the polarization hysteresis loops forneeded to deposif01) BiScO,—PbTiO, epitaxial films with

the BiScQ-PbTiO; film shown in Fig. 1. Well-saturated ood crystaline quality, and it was found that

hysteresis_ Ioops were observed. The remanent pOIarizati(%'iScQ—PbTiq had good perovskite stability. The remanent

and coercive field were 3ﬁ_C/c_mz and 65 kv/cm, respec- fpolarization of 36uClen?, ey piezoelectric coefficient of

tively. The remanent polarization is comparable to that of_ Cin?, and T, of ~460°C suggest that such

bulk ceramics. The temperature dependence of the dieIECtriCBiSCQ—PbTiQ films are potentially interesting for micro-

constant and loss are given in Fig. 3. The dielectric constant,ochanical and semiconductor devices.

was 800 at room temperature and exhibited a maximum near

460 °C. An inflection observed around 300 °C might corre-  The authors are grateful to Tom Shrout for synthesis of

spond to the phase transition from rhombohedral to tetragahe ceramic target. Support for this work was provided by the
Office of Naval Research and the National Science Founda-

tion.
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