Pressure Results Illuminate the Physics of Doped Quantum Paraelectrics: 

SrTiO3 –Ca
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Motivation

The physics of dipolar dopants in the incipient ferroelectrics (FEs) KTaO3 and SrTiO3 is of much current interest.  The very high polarizability of these host lattices, associated with their soft FE modes, not only renormalizes the dipole moment of the dopant, but also functionally changes the dependence of the dipole-dipole interaction energy on the spacing between dipoles.  An important question is the degree of correlations among dipolar entities and the possibility that these correlations could lead to a long-range ordered FE state.  Calcium (Ca)–doped SrTiO3 has become a model system for such studies.  A “transition” is observed in a crystal with 0.7% Ca (SCT 0.007), but questions remained about the nature of the low temperature (T) phase.

Scientific Accomplishment

We have identified the low T state of SCT 0.007 as a glass-like relaxor state (not an equilibrium FE phase), shown that this state can be completely suppressed at very modest pressures, and understood the physics in terms of soft mode theory.  Because of its smaller size, Ca+2 occupies an off-center position at the Sr2+ site producing a dipole, which polarizes a small region around it forming a polar nanodomain whose size is determined by the correlation length (rc) for dipolar interactions in the SrTiO3 host.  Evidence for the existence of these domains at temperatures well above the glass-like transition temperature, Tm, has come from Raman measurements.  At 1 bar the domains grow with decreasing T as rc increases (due to the decrease in the soft mode frequency, (s) leading to their increased correlations and culminating in a relaxor state at whose signature is a broad, frequency-dependent peak in the susceptibility (Tm)as well as dispersion below Tm (Figure ).  By increasing (s of the host, pressure reduces rc, and thereby the size of the nanodomains leading to reduction of correlations and lowering of Tm.  This is indeed what we observe and the effects are large.  It is estimated that above 0.5 kbar rc becomes significantly smaller than the average separation between neighboring Ca2+ ions (2.1 nm) leading to loss of overlap and correlations between adjacent nano-domains and loss of the relaxational character of the dielectric response.  While pressure lowers Tm, the application of a dc biasing electric fields raises Tm and can induce a ferroelectric state at modest pressures.  The interplay between pressure and dc field provides insights into the physics.  The very large pressure and field effects observed are attributed to the small characteristic energies of the system in the quantum regime.

Significance
The soft mode frequency, (s, is determined by a delicate balance between competing short-and long-range interactions.  Pressure can tune this balance leading to large changes inn (s, and thereby in rc.  Because the transition in SCT 0.007 occurs in the quantum regime, the characteristic energies of the system are small making them very sensitive to external field, as observed.
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