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Hfnium Diselenide (HfSe,) is an ideal semiconductor for electronic applications
because of its high carrier mobility and proper bandgap but there is a limitation that
the surface is sensitive under the ambient condition and can be oxidized easily.
However, the oxidation of HfSe, can cause Hafnium dioxide (HfO,) which is a high
dielectric material.

In this thesis, the chemical composition as a function of depth profile of 1-day
air exposure HfSe, sample is observed by using x-ray photoemission spectroscopy. By
non-destructive measurement of the sample by changing the angle, the results show
that HfO, is highest in the upper layer of HfSe, and decreases relatively with depth.
The forming Se-Se has the highest amount in the upper layer of the HfSe, surface as
well. Hf-O and Se-Se are eliminated from the surface by destructive measurement
using Argon sputtering, but Hf Suboxide (Hf**) appears after sputtering.

the oxidation effects on exfoliated flakes of HfSe, are studied under different
conditions which are O, and H,O exposure in vacuum, ambient and 95+5% relative
humidity (RH) exposure at atmospheric pressure. The results of the study using
photoemission electron microscopy (PEEM) with in-situ measurements show that H,0
and O, can cause surface oxidation, from HfSe, to HfO,, with O, exposure resulting in
stronger oxidation than H,O exposure. The effects of H,O and O, exposure with relative
humidity of 95+5% at atmospheric pressure for 4 hours fully oxidize the surface and
Se-Se bonding is formed after the oxidation. The work function mapping of HfSe, that
is exposed to different conditions shows that the contrast remains after being exposed.
Although it becomes less apparent as exposure time increases, the persistence of work

function contrast is different for each condition. As a result, we suggest that



%

the difference in oxidation behavior and the difference in work function contrast are
both related behaviors that appear to be connected.

The understanding of the oxidation reactivity at the surface of HfSe, will leads
to the method for controlling and growth homogenous oxide HfSe,/HfO, interfaces for
creating a good quality Transition-metal dichalcogenide (TMD)/high - K dielectric cate
insulators in Field-Effect Transistors (FETs).
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