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The self-limiting nature of atomic layer deposition (ALD) enables the fabrication
of chemically uniform layers with precise thickness control and conformality.
These qualities, along with their compatibility with complementary metal-oxide
semiconductor (CMOS) technology, make ALD an excellent method for
preparing ultrathin deposits and fabricating miniaturized devices. However,
changes in surface chemistry during the first cycles, in addition to interactions
with the underlying substrate, result in the formation of an interface region that,
in ultrathin deposits below 10 nanometer thickness and on the order of their
Debye length, will likely influence material properties, potentially differing from
those of the bulk material.

Among metal-oxide candidates for gas sensing, tungsten oxide shows resistive
and optical responses towards exposure to H,. However, single metal oxides
typically require operation at high temperatures. One approach to increase the
sensitivity is the formation of metal oxide heterostructure: for example,
Ce0,/Sn0O; and CeO,/In,O# heterostructures have shown the emergence of
additional active sites and thus increased oxygen adsorption at the interface
[1,2]. This improvement is related to ceria’s excellent redox properties, even at
low temperatures, which enable it to readily switch between the Ce** and Ce**
oxidation states and to act as an oxygen storage material. Here, we study
interface formation in CeO,/WO3; heterostructures, which are shown to exhibit
unique hydrogen-sensing properties that are strongly influenced by the
interface.

We have grown cerium oxide by ALD on thick tungsten oxide films deposited by
thermal evaporation using the Ce(dpdmg)s; precursor and ozone. Using
operando spectroscopic ellipsometry and in-situ X-ray photoelectron
spectroscopy (XPS), we observe a gradual transition from a pure Ce** oxidation
state in the initial ALD cycles to Ce** with increasing film thickness under steady
growth conditions (see Fig. 1a)). This allows us to adjust the oxidation state by
varying the thickness of the deposited film, highlighting the important role of the
interface in ultrathin films. Changes in the ceria oxidation state are linked to
alterations in the chemistry of the carbon- and nitrogen-containing precursor
residues (see Fig. 1b)-c)). In addition, we have explored the oxidizability and
reducibility of CeO/WO3; heterostructures with varying ceria film thickness,
correlating these insights with gas-sensing measurements. This bottom-up
approach allows the use of ALD as an interface engineering tool to fine-tune the
gas-sensing performance of miniaturized devices.
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Fig. 1 a) Ce 3d XPS spectra, b) N 1s XPS spectra, ¢) C 1s XPS spectra, and d) W 4f XPS spectra for 10, 35 and 110

ALD cycles of CeO,/WO;.

30



