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Abstract

In this study, we undertook detailed experiments to increase hydrogen production efficiency by optimizing the

thickness of titanium dioxide (TiO,) thin films. TiO, films were deposited on p-type silicon (Si) wafers using atomic layer
deposition (ALD) technology. The main goal was to identify the optimal thickness of TiO, film that would maximize hydrogen
production efficiency while maintaining stable operating conditions. The photoelectrochemical (PEC) properties of the TiO,
films of different thicknesses were evaluated using open circuit potential (OCP) and linear sweep voltammetry (LSV) analysis.
These techniques play a pivotal role in evaluating the electrochemical behavior and photoactivity of semiconductor materials in
PEC systems. Our results showed photovoltage tended to improve with increasing thickness of TiO, deposition. However, this
improvement was observed to plateau and eventually decline when the thickness exceeded 1.5 nm, showing a correlation bet-
ween charge transfer efficiency and tunneling. On the other hand, LSV analysis showed bare Si had the greatest efficiency, and
that the deposition of TiO, caused a positive change in the formation of photovoltage, but was not optimal. We show that oxide
tunneling-capable TiO; film thicknesses of 1~2 nm have the potential to improve the efficiency of PEC hydrogen production
systems. This study not only reveals the complex relationship between film thickness and PEC performance, but also enabled
greater efficiency and set a benchmark for future research aimed at developing sustainable hydrogen production technologies.
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Fig. 1. Visualization of energy band diagrams and potential levels: (a) The potential levels between p-type silicon (p-Si), titanium dioxide
(TiOy), and the electrolyte, referenced to the standard hydrogen electrode (NHE). (b) Shows the energy band structure formed at the junction

between p-Si and the electrolyte. (c) Details the energy band configuration in the p-Si/TiO»/electrolyte triple junction.
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Fig. 2. Comparison of photoelectrochemical characteristics and changes in open circuit potential (OCP) upon illumination: (a) OCP measure-
ments of bare Si and Si samples deposited with 0.5~3 nm of TiO, over a period of 0~180 s, with illumination between 60~120 s. (b) Photovol-
tage calculated based on the difference in OCP at 60 and 120 s for each sample, with each sample measured four times. (c) Energy diagrams
and changes in OCP according to TiO, deposition thickness without illumination. (d) Energy diagram showing OCP and charge changes for
Si samples deposited with TiO, films of up to 2 nm thickness upon illumination. (¢) Energy diagram explaining OCP and charge changes for
Si samples deposited with TiO, films thicker than 2 nm upon illumination.
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Fig. 3. Analysis of the photoelectrochemical characteristics of Si/TiO; electrodes. (a) Shows the linear sweep voltammetry (LSV) curves
measured under illumination conditions, representing the photocurrent response of the electrode. (b) Nyquist plot from electrochemical
impedance spectroscopy (EIS) performed at open circuit voltage (OCV) under light irradiation, visualizing the impedance characteristics of

the electrode/electrolyte interface.
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