Photoemission studies of oxidation of Hafnium
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Abstract

The oxidation of the element hafnium will be studied by the technique of x-ray photoelectron spectroscopy. Thin films of hafnium will be deposited on silicon substrates using the electron-beam deposition technique. The samples will then be exposed to oxygen while the substrate temperature is kept at some constant value. Various thicknesses of the film and the substrate temperature will be investigated. The hafnium 3d and 4f core levels and oxygen 1s core level will be investigated. Zirconium x-ray source will be used to study the hafnium 3d core levels. The study will result in establishing the experimental conditions for the formation of the oxide and estimating the thickness of the oxide-film as a function of deposition parameters.

Introduction

Hafnium dioxide (HfO2) has recently attracted significant attention because of its interesting physical properties. It has a high dielectric constant and thus becomes a suitable candidate in the manufacture of semiconductor devices [1- 3]. The semiconductor devices are manufactured by depositing thin layers of metals on silicon and oxidizing the layer to form the proper oxide. Generally during the oxide growth, the formation of the oxide improves from suboxides at the interface to the stoichiometric oxide in the outer layers. This variation depends upon several factors: the thickness of the metallic layer and the temperature of the substrate at the time of deposition.

Recently, some studies have been performed on hafnium and hafnium oxide-on-silicon under different experimental conditions [e. g., 4 – 6]. Yamamoto et al. [4] have investigated the deposition of HfO2 on silicon using chemical vapor deposition method. The deposition was found to be higher in the presence of oxygen. Suzer et al. [5] have employed soft x-ray photoemission spectroscopy to determine the binding energy shifts and the valence band offset of HfO2 grown on hafnium metal. They have exposed the metal to 1 ( 10-5 Torr oxygen for various duration’s and found the presence of metallic hafnium and fully oxidized hafnium oxide. In addition to these, they have observed a suboxide peak. Pezzi et al. [6] have investigated the stability of ultrathin films of HfO2 deposited on silicon and subjected to various postdeposition processing. The literature lacks in a systematic investigation of the formation of hafnium oxide under various deposition conditions. The present work is to investigate these conditions.

Methodology


Thin films of hafnium will be deposited on silicon substrates. The recently installed electron-beam deposition facility in the Surface Science Research Laboratory at the Physics Department will be utilized for this purpose. Films of various thicknesses will be deposited. The thickness will be between 10 Å to 100 Å. The samples will then be exposed to an oxygen atmosphere at a pressure of ~10-5 Torr while keeping the substrate at various temperatures during the exposure. The range of temperature to be investigated will be from 100ºC to 300ºC in steps of 50ºC. 


The investigation will be carried out by the x-ray photoelectron spectroscopy (XPS) technique. The characterization of the surfaces will be done in situ. The XPS technique is surface sensitive and is very useful in studying chemical interactions between materials. Hence it becomes particularly useful for this investigation. The Physical Electronics 5100 ESCA System will be utilized for the characterization. The hafnium 4f and 3d core levels and oxygen 1s core level will be analyzed to extract information on the formation of the oxide. The uniqueness of this study will be the utilization of Zirconium x-ray source in XPS to study the 3d core levels of hafnium. The study will provide new information in the form of requisite thickness and the temperature for the formation of the oxide. The results will be extremely useful in semiconductor and other technological applications.
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