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High-Reliability Technology for Metal Gate/High-k Gate Dielectrics for Advanced LSIs
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Technologies to replace silicon dioxide (SiO.) or silicon oxynitride (SiON) films with high-k gate dielectrics as well as the polysilicon gate electrode
with a metal gate electrode for gate stack structures have been under development to achieve further miniaturization of large-scale integrations (LSls).

Toshiba has investigated bias temperature instability (BTI) and time-dependent dielectric breakdown (TDDB) in tantalum carbide (TaCx)/hafnium
silicon oxynitride (HfSiON) metal-oxide-semiconductor field-effect transistors (MOSFETs), particularly the effects of a TaC« metal gate electrode from
the standpoint of the trade-off between BTl and TDDB in terms of TaCy thickness and composition. Various TaCy layers were deposited on the same
HfSiON layer. Both the composition of higher Ta in the TaCx layer and a thicker TaCy layer improved BTl and mobility, but worsened time to break-

down (Tbd) because of the effect of metal gate-induced defects.
high reliability of both BTI and TDDB beyond the trade-off.
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We clarified that control of the depth profile of the TaCx metal gate can achieve
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Temperature dependence of threshold voltage shift (AVth) by NBTI
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Relationship of electron and hole current density (Je/Jh) and AVth
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