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BRIEF OUTLINE OF RESEARCH FINDINGS

The need for integrated ferroelectrics have led to progress in understanding of: a)
organometallic precursor synthesis, b) thin film fabrication, c) evolution of the structure, and d)
interfacial and radiation effects, and their influences on electrical and optical properties.
Research efforts in our group, under the present ARO contract, focused on the thin film chemical
processing technique of solution-gelation (sol-gel), and the electrical characterization of
ferroelectric capacitor structures made thereby. In the process of such efforts, dense and
crack-free ferroelectric Pb(Zr, ,Ti, ,;)O, or PZT (52/48) thin-films (0.5um thick) were integrated
onto Pt/TY/S10,/(100)Si wafers (3 inch diameter). Dense perovskite microstructures were
obtained at temperatures as low as 550°C within 15 minutes. These films exhibited remnant
polarization (P ), maximum polarization (P__ ), and coercive field (E.) in the range of 29-32
pC/emy, 44-53 pC/em? and 50-60 kV/em, respectively. Recent studies of high speed ferroelectric
perovskite switching times <2.7ns were measured on 19x19 um’? capacitors. Measurements made
on 2.5x2.5 um’ Pb(Nb,Zr,Sn,Ti)O, thin film capacitors gave sub-nanosecond switching times.
These measurements were, however, circuit limited and were not representative of the intrinsic
switching time. Interestingly, independent preliminary TEM studies on perovskite thin film
samples under an applied ( in-situ) dc-bias indicate that domain nucleation occurs at domain
walls. If this result in indeed the general case, it is possible that single crystals may switch
polarization more slowly than polycrystalline thin films of the same composition. Thus, future
observations of intrinsic switching times (in polycrystalline films) in the 10's of picoseconds
may not be surprising.

In PZT, the relaxation of internal strains through the ferroelastic effect can reorient 90°
domains. This in turn, causes a retention (of the polarization) problem well below the Curie
temperature. It is therefore, necessary to fabricate dense PZT films with a minimal unit cell
distortion in order to improve retention performance. Figure 1 illustrates reproducible retention
behavior of a 42x42 um® Nb-modified PZT(52/48) thin film (0.5um thick) capacitor. The charge
retention was characterized by measuring the polarization after a delay (since poling the
capacitor into a known state) with no intervening voltage applications. The non-switching (n,)
charge remains constant while the full-switching (f) charge exhibits a small negative slope after
2.8 days (or 10%s). The difference (f - ny), i.c., the retained polarization that switched (S), is
93%. Assuming that the switched charge versus delay time continues to obey this logarithmic
dependence, the loss of polarization (extrapolated to 3.2 years) will be 11.2%, i.e., the retained
charge will change from 5.8 to 5.15 pC/cm’. In the future, additional processes or mechanisms
that limit such retention performance must be identified and controlled in integrated devices.

Early results on low frequency sinusoidal fatigue measurements on thin films indicated
that compositions near the morphotropic phase boundary, i.e., PZT(52/48), are most promising.
High frequency pulse fatigue measurements have demonstrated a similar trend. Figure 2
illustrates promising fatigue results of a Nb and Sn modified 42x42 uym® PZT thin film (0.6 um
thick) capacitor. The rise time, amplitude, pulse width, and bipolar pulse frequency of this
polarization reversals study was Ins, 4V, 33ns, and 7.1 MHz, respectively. Again, a major
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challenge ahead will be to demonstrate such performances in integrated ferroelectric memory

devices.

Major Achievements

The following is a compilation of major accomplishments for the three years duration cf
this research project.

- A process was developed to prepare PZT(52/48) precursor solution.

-Crack-free PZT(52/48) thin films were successfully deposited onto 3 inch Pt- passivated silicon
wafers. Five consecutive depositions were necessary to obtain a thickness of 0.5 um.

- The addition of 15 mole% of excess lead (PbO) was found to densify (elimination of porosity)
the thin films.

- Ferroelectric domains in 90° arrays were first observed in these films by TEM.

- A simplified process for the fabrication of ferroelectric PZT thin films, by a reduced number of
deposition steps of a high molarity polymeric precursor solution was developed.

- Crack-free, dense microstructure films (0.5 pm thick) were successfully obtained by only two
depositions.

-HREM observation of the structure evolution of the final perovskite phase was made on thin
films from PZT and PT precursor gels, obtained by acid and base catalyzed hyd:olysis.

- The presence of acetate groups :n the gel, due to the incomplete exchange of lead acetate with
2-methoxyethanol, was verified by FTIR.

- The mechanism of acetate decomposition, to the oxide, appeared to be via the carbonate
intermediate, with the evolution of acetone and carbon dioxide. The acetate does not decompose
completely and increases the organic content in the fired product.

- Combination of 'H NMR and ”C NMR analytical techniques indicated the presence of residual
acetate species in the hydrolyzed solution. The slight presence of acetates made the PZT(52/48)
precursor solution more difficult to hydrolyze.

- X-ray diffraction studies showed the formation of phase pure perovskite only in a PZT(52/4S)
film (0.45 pm thick), made by two deposition steps of a 1.15M precursor solution. The dielectric
constant and tan & were 800 and 2% respectively, at | kHz. Ren:iant polarization and saturation
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polarization values of 12 and 25 pC/cm’ respectively, were measured, at coercive field values of
36-48 kV/cm.

- Sol-gel solid phase epitaxial growth of (110) PNZT on 3 inch diameter (0112) Sapphire was
confirmed by HRTEM and x-ray analyses.

- The films were 0.6 um thick, transparent in the 0.5-5.6 pm wavelength range, had a refractive
index of 2.5-2.6 (at 0.6328 um) and an optical band gap of 3.63 eV.
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