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Chemical ID of Ultrathin HfO, /SiO, Gradient
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Motivation:

One of the semiconductor
industry’s “Grand Challenges” is to develop
an alternative to the SiO, gate dielectric.
Integrated circuits exhibiting greater speed
and smaller power consumption are no
longer attainable with ultrathin (< 2nm)
SiO, gate dielectrics due to their high direct
tunneling leakage currents.

Results:

» Nitrogen incorporation in thin HfO,/SiO, film

systems representative of high-k gate
dielectric layers in advanced metal-oxide
semiconductor  field-effect  transistors
(MOSFETs) has been investigated by
synchrotron XPS to elucidate variations in
chemical composition between samples
annealed in NH, and N, ambient as a
function of temperature.
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Figure 1. Si Is spectra from 3nm HfO,/ 2nm SiO,
sample recorded with variable kinetic energy

XPS illustrates depth profiling sensitivity and an
interface effect near HfO,.

Using Variable Kinetic Energy XPS (VKE-XPS) an HfO,/SIO, “interface effect” has been detected
in the Si 1s spectra characterized by a shift of the Si** feature to lower binding energy with no
corresponding chemical state change observed in the Hf 4f spectra acquired over a broad range of

electron take-off angles.



