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Grain Boundary Space Charge Engineering in Ceramic lonic Conductors and Its Role in Novel
Radiation Detection Concepts

Grain boundaries in polycrystalline materials have long been reported to have a dramatic impact on the electrical
behavior of semiconductors. In ion-conducting ceramics, used for batteries, fuel cells, and electrolyzers, these
interfaces often contribute to increased ohmic losses and can lead to long-term performance degradation, which
are seen as detrimental. The modified transport characteristics across grain boundaries are often attributed to
space-charge potential barriers, characterized by depletion zones and band bending due to trapped core charges.

Inspired by the recognition from the semiconductor field that photogenerated charge carriers can reduce band
bending at interfaces, we demonstrated how above band gap illumination could be used to modulate these space
charge effects in a model polycrystalline oxygen solid electrolyte thin film (Gd-doped Ce0.). We observed that
this optoionic effect, first established in thin films, could be replicated in bulk ceramics (“mm thick), using deeply
penetrating gamma rays, achieving reversible resistance modulations of ~10% near room temperature?. This
discovery opens the door to a novel class of radiation detection devices that leverage the modulation of ionic
currents at grain boundaries in solid electrolytes, rather than the traditional collection of photogenerated charge
carriers in single-crystal semiconductors. These devices promise to be inexpensive, low-power, and
miniaturizable, with the capability to operate in harsh environments.

I will discuss the potential advantages of this new device concept over conventional semiconductors for radiation
detection and outline our approaches to engineering high-performance. Central to this is the grain boundary
space charge engineering strategy that we have employed, allowing us to substantially enhance the radiation
sensitivity of the otherwise insulating ceramics. To our knowledge, this represents the first systematic
demonstration of space charge engineering at grain boundaries in ion-conducting solid electrolytes, with broad
implications not only for radiation detection but also for the understanding of space charge physics in
electrochemical cells.
All interested colleagues are welcome to this seminar lecture
(45 min. presentation followed by discussion).
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