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Nanogap Electrode-based Oxygen Sensor using Ultrathin Solution-processed Ceria
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Measurement and control of oxygen content are critical in many areas such as the environment,
transportation, and medicine [1]. However, the current solid-state electrolyte oxygen type sensors suffer
from the high working temperature, poor sensitivity and slow response speed, which cannot meet
demanding criteria. Thus, development of a simple, low-cost, and high-performance oxygen gas sensor is
highly desired. In this regard, nanogap electrode-based gas sensor is a promising candidate to become the
next-generation device because of its high sensitivity, fast, low power consumption, and portability.
Previously, we have developed robust Pt-based nanogap electrodes with 10 nm scale which exhibits
extremely high thermal stability [2]. In this study, we utilized the nanogap electrodes in combination with
ultrathin ceria film to develop a new oxygen sensor platform for boosting up the sensor performance.

To fabricate the sensor, firstly the Pt-based nanogap electrodes with a thickness and gap separation of 13
nm and 25 nm, respectively, were fabricated on a thermally oxidized Si substrate by means of electron
beam lithography [2]. After that, ultrathin cerium oxide film (~5 nm) was deposited on the electrode by
spin-coating using cerium acetate as a raw material, followed by an annealing at 400 °C. The film thickness
and structure of the device were confirmed by scanning electron microscope (SEM) as shown in Fig. 1.
Dependence of the sensor’s responses on the temperature and oxygen partial pressure was investigated.
Preliminary results showed that the working temperature could be lower than 300 °C. Further, the sensing

mechanism is associated with formation of oxygen vacancies upon the oxygen partial pressure.

Fig. 1(a). SEM image of 5-nm-thick Fig. 1(b). SEM image of 5-nm-thick CeO,
CeO; grown on Si0O,/Si substrate. film deposited on the nanogap electrode.
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