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Antiferroelectric materials are found to be good alternative material compositions for
high-charge-storage devices and transducer applications. Lead zir@@gpie a room-temperature
antiferroelectric material. The antiferroelectric nature of PZ thin films was studied over a
temperature range of 24—300 °C, in terms of Raman scattering, dielectric constant, and polarization.
Temperature-dependent dielectric and polarization studies indicated a nonabrupt phase transition.
To alleviate the extrinsic effects influencing the phase transition behavior, Raman scattering studies
were done on laser-ablated PZ thin films as a function of temperature and clear phase
transformations were observed.

Most recently, active studies towards the antiferroelec-100% pure oxygen gas was employed at a partial pressure of
tric thin films, such as lead zirconate (PbZyQRefs. 1 and 50 mTorr, and a laser fluence of 3 Jkmas maintained
2) and La-modified lead zirconat@re being enhanced for during deposition. Details of the entire deposition procedure
the next-generation “smart” systems, such as high-chargehave been described elsewhér®everal thicknesses of the
coupled devices and microelectromechanical systems corfilms were considered, keeping the grain size unchanged.
sisting of sensors and actuatérAntiferroelectric materials Circular gold electrodes of 500—6Qan diam were de-
are characterized by the antiparallelly aligned adjacent diposited using an evaporation system. The dielectric imped-
poles with zero polarization in the equilibrium. The antifer- ance and electrical measurements were carried out on the PZ
roelectric phase can spontaneously be polarized into a ferrddms in metal—insulator—metal configuration. The polariza-
electric phase by a sufficient application of electric field,tion hysteresis behavior of the antiferroelectric PZ thin films
since the associated free-energy difference between the twgas analyzed using a ferroelectric test system RT66A, over a
phases is small enough to be excited by an external Tieldwide range of temperature, 24—300 °C, in order to exemplify
Such a field-induced phase transition property in antiferrothe variation of the dielectric and hysteresis properties. The
electric compositions could be utilized for high-charge-variation of the dielectric constant over a frequency range of
coupled devices and transducer applicatidns. 0.1-100 kHz was studied using a Keithley LCZ meter

The transformation from the antiferroelectric to (model:3330 at various temperatures.
paraelectric phase may be realized through temperature de- The Raman measurements were performed using an ISA
pendence. In a pragmatic sense, dielectric and polarization64000 triple monochromator. An optical microscope with
studies indicated a diffused phase transition, which may eigox objective was used to focus the 514.5 nm line of a
ther be attributed to extrinsic effects such as defect pinningCoherent Innova 99 Arlaser on the sample. The same mi-
interface effects, etc., or any sort of structure-residue effec¢roscope objective collected the backscattered radiation. The
above the transition temperature. A systematic temperaturecattered light, dispersed by the spectrophotometer, was de-
dependent study of phase variation should lead to a cleagcted by a charge-coupled-device detection system. The
understanding, and Raman scattering studies were carrieghectral resolution of the Raman system was less than 1
out to offer such knowledge with more accuracy. The preseném~1, A microscope-compatible heater from Leitz Welzlar
letter reports the studies of Raman scattering on laser-ablatgghs ysed for temperature-dependent Raman measurements
PbZrG; (P2) thin films as a function of temperature, and thejn the range 24—400°C.
findings were correlated to dielectric and polarization phase  pg|arization hysteresis measurements were done on an-
transitions. tiferroelectric laser-ablated PZ thin films at different tem-

Antiferroelectric PbZr@ thin films were deposited by peratures, and the results are shown in Fig. 1. The presence
the excimer laser-ablation techniqu&rF; 248 nm. A of 3 typical double hysteresis loop in the polarization versus
phase-pure dense target of PZ was used for the depositiogjectric field at room temperature establishes the antiferro-
Thin films of PZ were deposited at a substrate temperature Qfjactric nature in the present PZ thin filfBig. 1(a)]. The
300°C and were annealed in a conventional annealing futyaximum value of the saturation polarizatioRd) is 36

nace at 650 °C for 5 min to induce perovskite crystallization. ,c/cn? at an applied electric field of 200 kV/cm with zero

remnant polarization, at room temperature. The critical fields
dElectronic mail: rkatiyar@upracd.upr.clu.edu for the antiferroelectric-to-ferroelectric state and for the re-
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FIG. 1. Temperature-dependent polarization of Plaih films. FIG. 3. Room-temperature unpolarized Raman spectra of as-grown and an-

nealed PbZr@thin films.

verse process were 84 and 156 kV/cm, respectively. As the
temperature of the sample increased, the PZ films graduallgver, Raman spectroscopy results of these films favor the
started losing the double hysteresis beha{iég. 1(b)]. A bulk nature of the phenomena involved in the dielectric
single hysteresis loop, similar to that normally observed in ghase transition.
ferroelectric thin film, was observed near the Curie-transition At room temperature, PbZgOhas an orthorhombic
temperature of the PZ single crys{&lig. 1(c)]. This single-  structure belonging to the space grddj,.}2 Raman spectra
loop behavior could be attributed to the presence of an inteffrom single-crystal PZ have shown certain external modes in
mediate ferroelectric phase in PZ. The films exhibited a slimhe low-frequency regiony{< 100 cm %) related to Pb lattice
linear loop indicating a paraelectric phase at 28JF®.  modes® In the high-frequency region, internal modes re-
1(d)]. lated to certain polyatomic groups of the material appeared

The variation of dielectric constant and the associategn the spectra. Based on the single-crystal work, the bands at
dissipation factor with temperature was also studied. The@04 and 232 cm! have been associated with Zr—O bonding;
room-temperature dielectric constant was 220 with a dissipathe bands at 285, 330, and 344 chhave been assigned to
tion factor of 0.02 at a frequency of 100 kHz. The value of zrQ, torsions; and those at 501 and 532 ¢nare due to the
the dielectric constant obtained in the present study was i#r—O stretching* The room-temperature Raman spectra
good agreement with the earlier reports on PZ thin filmsfrom the as-grown PZ film and those annealed at different
processed by other deposition techniglidso, this value  temperatures are shown in Fig. 3. The as-grown film shows
of the dielectric constant was found to be larger than the bullits amorphous nature. Annealing this film at higher tempera-
ceramic?'® This difference in the reported values could betures results in orthorhombic PZ, indicating the best crystal-
due to the grain—grain-boundary interaction in the polycrysiization in the 625°C annealed film. The low-frequency
talline materials, which in turn is related to the disparity in modes that have been observed in the Raman spectra of bulk
the conductivity ranges between the grain and the graimnaterial were not observed from these films. Additionally,
boundaries. weak and broad bands appear in the high-frequency region.

The temperature variation of the dielectric constant isThis is due to less scattering volume and film—substrate in-
plotted in Fig. 2. The observed dielectric phase transitioneractions in the present films.
temperature was found to be slightly higher than the bulk PZ  The existence of two phase transitions and the interme-
ceramic, which could be attributed to the finer grain size ofdiate ferroelectric phase between the antiferroelectric and
the PZ thin film that affects the surface-to-volume energy. paraelectric phase in PZ has been evidenced from x-ray dif-
The accumulation of space charge near the film—electrodgaction and neutron scattering investigatidn&®Light scat-
and/or grain-boundary interfaces, similar to a blocking electering in single-crystal PZ was studied in the vicinity of the
trode with heat dissipation during the phase transition prointermediate phast.However, no such information of phase
cess, may be assumed responsible for such behavior. Howansitions exists for thin films of PZ. The temperature-

dependent Raman spectra of the PZ films are shown in Fig.

2000 " " " 4. A sharp mode at about 136 cthsoftens noticeably with
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FIG. 2. Dielectric constant variation with temperature. <100cmY) PZ modes are very sensitive to temperature and



=l thin films. The films exhibited a clear temperature-dependent
‘;134 N phase transition from the antiferroelectric-to-paraelectric

S 122 oo, state through a ferroelectric phase. The phase evolution and
i "T:n‘:;e"r";tﬁ:j)(&?c) phase transition in these films were also studied by Raman

spectroscopy. The temperature dependence of Raman spectra
at a higher wave number confirms the existence of an inter-
mediate ferroelectric phase in these films prior to the
paraelectric phase.
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