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Abstract : Hf deposited on Si(100) resulted in the formation of HfO, and some
unstable HfO, by reacting with the residual oxygen. Hf 4f core level exhibited a
strong Hf*" and weak Hf° signals corresponding to HfO, and Hf silicide. Hf
dioxide begins to disintegrate when annealed at 800°C into oxidized silicide. Hf
deposited on Si extracts the residual oxygen present in the form of SiO, O, and
leads to the formation of HfO, Reactivity of Hf with oxygen is much higher
compared to that of Si with oxygen. Very stable HfSi, formation occurs after
annealing at 800°C
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1. Introduction

Scaling down the capacitor structures in electronic devices used mainly for
charge storage requires a smaller and smaller gate oxide thickness. The decrease
in thickness of SiO, which is a commonly used dielectric material to below 1 nm
causes adverse increase in leakage current. Therefore continued scaling demands
the use of 1 nm equivalent gate oxide thickness. One possible way to circumvent
this problem is to replace SiO, with a high-k material. Many alternative dielectric
oxides such as Ta,0s, HfO,, Al,Os, TiO,, La,0; etc. have been proposed and
examined in the recent past. Most of the high-k materials are unstable on Si when
subjected to annealing around 1000°C and react with Si to form some interfacial
oxides or silicides [1] which are usually low dielectric materials. Therefore, the
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alternative high-k material should be thermodynamically stable on Si apart from
having high dielectric constant. Among the high k oxides suggested HfO, has
been considered as one of the most promising candidates due to its high dielectric
constant(k ~ 25), large band gap and high thermal stability [2,3]. HfO, thin films
were also used as anti reflection coating for Si wave guide components [4].

In the recent past several investigations have been made studying the thermal
stability, chemical states, band offsets, electrical and physical properties of HfO,
layers on Si Substrate [5,6,7]. Decomposition of interfacial SiO, was observed
during HfO, deposition onto oxygen covered Si substrate [8,9,10]. In this paper
we report the interaction of very thin (sub nm level) HfO, layer deposited onto
clean Si(100) surface by XPS technique with intense wiggler radiation. We
observed HfO, and silicide formation upon depositing Hf at room temperature
onto clean Si(100). Upon thermal annealing in oxygen ambient silicide
decomposed and a complete transformation into HfO, observed. When flashed at
800°C, Hf dioxide completely decomposed and the silicide re-observed at exactly
the same binding energy as in the freshly deposited sample.

2. Experiment

Pure Hf was deposited onto p-type Si(100) substrate using e-beam
evaporation technique in-situ in the preparation chamber of THE-XPS machine at
BW?2 beamline of HASYLAB. Base pressure of the chamber was maintained at
8.0x10'° mbar. These films were oxidized in O, ambient of 1.4x10™* mbar at
around 300°C to produce HfO,. Prior to the deposition Si substrate was flashed at
960°C until a good p(2x1) LEED pattern was observed. Surface cleanliness of the
substrate Si was checked by XPS at grazing X-ray incidence and found no traces
of carbon or oxygen. Hf coverage was measured by a crystal balance and found
to be in sub nm level. XPS measurements were done at grazing incidence using
3000 eV photon energy with a line width of about 0.5 eV. Bulk Si 2ps, peak
position at a binding energy of 99.55 eV was used for energy calibration.

3.  Results and Discussion

Hf dioxide film thickness was estimated using the emission angle
dependent yield of Si 1s and Hf 3ds, core levels and the data is shown in Figure
1. Open circle represents the experimentally observed ratios and the solid curve
shows the calculated ratios using layer attenuation model [11] for a layer of
thickness 7.7A. Calculated data is in excellent agreement with the experimentally
observed data indicating a sharp interface without intermixing of Si and HfO,.
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Fig. 1: The emission angle dependence
of Si 1sto Hf 3ds, intensity ratio
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Fig. 2: Hf 4f and valence band of (a) as
deposited and (b) annealed at 800°C
HfO,/Si(100)

Figure 2 shows the VB with Hf 4f spectra of Hf deposited onto Si(100). As
deposited Hf thin film exhibits a complex structure between 20 and 14 eV
binding energy. Hf being highly reactive to oxygen readily produced Hf oxide
with residual oxygen coming from the evaporator. Oxidation at 300°C exhibited
a 4f doublet with no low B.E. shoulder indicating complete oxidation of
deposited Hf. 4f;, peak position of this doublet is at a B.E. of 18.01 eV. Due to
higher reactivity of Hf to oxygen compared to that of Si, Hf deposition removes
oxygen bonded to Si and forms stable HfO,. This is the reason for strong oxide
peaks observed on as deposited sample compared to silicide peaks observed at
low binding energy. After flashing the sample at 800°C, HfO, disappeared and
only silicide peaks are observed. These observations indicate that HfSi, is

thermally stable upto 800°C.
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