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How To Understand Aging

Ceramic capacitors made with ferroelectric formulations display a decay of capacitance
and dielectric loss with time. This phenomenon, called aging, is reversible and occurs due to
the crystallographic changes of ferroelectrics with temperature.

The ferroelectric group of dielectrics is based on barium titanate (BaTiO3) as the main
constituent, an oxide which undergoes changes in crystal habit or symmetry that give rise to
ferroelectric domains. At the Curie Temperature of 120°C, BaTiO3 transforms from a
tetragonal to a cubic crystal habit, and spontaneous polarization no longer occurs. On cooling
through and below the Curie point, the material again transforms from a cubic to a tetragonal
crystal configuration in which the lattice has no center of symmetry and the Ti4+ cation can
occupy one of two asymmetrical sites, giving rise to a permanent electric dipole. These
dipoles form spontaneously and are somewhat ordered, as adjacent unit cells influence one
another sufficiently to interact and create domains of similar polarity. The domains of parallel
electrical polarity are random in orientation (without the influence of an electric field) and
impart a certain strain energy to the system. The relaxation of this strain energy is attributed to
be the mechanism of aging of the dielectric constant, and is found to have the following
relationship with time:

K =Ko-mlogt

where K = dielectric constant at any time t
Ko = dielectric constant at time t,(to<t)

m = rate of decay

The above relationship is logarithmic, and data will approximate a straight line when
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plotted on semi log paper as illustrated in below Figure. The percent change of K (or
capacitance) per decade can be calculated and used as a figure of merit for dielectric
formulations. The microstructure details which affect polarization (material purity, grain size,
sintering, grain boundaries, porosity, internal stresses) also determine freedom of domain wall
movement and reorientation, and it is found that the aging rate is composition and process
dependent and is sensitive to variables which also influence the dielectric constant of the
material.
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Ferroelectric Aging

Example (a) Aging Rate = -5% / 5 decades = 1.0%/decade hr.
Example (b) Aging Rate = -15% / 6 decades = 2.5%/decade hr.

The loss of capacitance with time is unavoidable with ferroelectric formulations, although
it can be reversed by heating the dielectric above the Curie Point and reverting the material
back to a “Para electric” cubic state. On cooling, however, spontaneous polarization will again
occur as the material transforms to the tetragonal crystal habit, and new domains
recommence the aging process.

As is expected, no aging is observed only in paraelectric formulations, such as NPO,
which do not possess the mechanism of spontaneous polarization. The rate at which aging
may occur can be influenced by “voltage conditioning” of capacitors. It is found that units
stressed by a dc voltage at elevated temperature (below the Curie Point) will experience a
loss of capacitance, but with a consequently lower aging rate. It is theorized that the voltage
stress at the elevated temperature accelerates the domain relaxation process. This voltage
conditioning effect is, of course, eliminated if the. unit ever experiences temperatures
exceeding the Curie Point.

Capacitor manufacturers compensate for capacitance loss of ferroelectric dielectrics by

adjustment of the testing limits, such that units do not age out of tolerance over a long time
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period. For example, for a dielectric with a 1.5%/decade aging rate, the testing limits are

raised 3%, i.e. two decades of time. Units tested 100 hours after last exposure to the Curie

Temperature therefore will remain within tolerance for another two decades or 10,000 hours.
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