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This is not a real abstract, but a sample made from the real one. Aggressive transistor scaling required to achieve higher drive current calls for an equivalent electrical thickness (EOT) of the gate dielectric less than 1 nm as well as a low gate leakage current. These conditions cannot be supported by the conventional SiO2 dielectric. On the other hand, transistors built with the high-k gate dielectric, which can provide both low EOT and low leakage current, usually exhibit low drive currents. In this presentation, we analyze several structural features of the high-k films, which may contribute to the degradation of transistor performance. 

The presence of electron traps may lead to the loss of the inversion charge in the channel. Reduction of the charge would be interpreted as a degradation of the channel mobility. By applying a fast transient measurement technique to the transistors manufactured with various HfSiO dielectric thicknesses, it was demonstrated that trapping occurs on a very small time scale as compared to DC measurements, manifesting itself as a mobility reduction. The data suggest that the bulk high-k traps, rather than the traps located at the high-k/SiO2 interface, are responsible for the inversion charge loss.

Coulomb scattering by the fixed charges in the high-k gate dielectric located in close proximity to the interface with the substrate can reduce the carrier mobility. From the Vfb dependence on EOT for a wide range of the dielectric thicknesses, we found a significant difference between the interface charge of the ALD and MOCVD Hf-based dielectrics, higher interface charges correlating to lower mobility in the corresponding samples. At the same time, both charge pumping and DC-IV data do not show any significant difference between the interface state densities of these gate stacks, indicating that the interface states are not responsible for the observed degradation of the carrier mobility. In the set of Hf-silicide samples with 20% SiO2 deposited on the thermally grown SiO2 layers in the range of (0.9 – 0.4) nm, the final (post-processing) interfacial SiO2 thickness was electrically estimated to increase by 0.1 nm to 0.3 nm. This small increase of the process-grown SiO2 thickness correlates to mobility degradation, which may be caused by the low “quality” of this thin process-grown sub-layer formed during the high-k deposition process at temperatures as low as 300C. 


Structural non-uniformity in the high-k gate dielectric, which may be associated with the random grain orientation of the crystallized high-k film, or compositional non-uniformity of the silicate films caused by phase separation, or non-uniformity of the interfacial oxide thickness, results in the non-uniformity of the vertical electric field in the transistor channel that may suppress carrier mobility. This non-uniformity effect increases for the thinner interfacial SiO2 layers and higher k values of the gate dielectrics.
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