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Defect Generation and Reliability of Ultra-thin SiO2
at Low Voltage

D.J. DiMaria and J.H. Stathis     IBM, Yorktown Heights, USA

The microelectronics industry owes its considerable success largely to the existence
of the thermal oxide of silicon. However, recently a concern has been raised that the
reliability of ulrathin SiO2 layers may limit the continued scaling of gate oxides less
than about 2nm. In this talk we will review the physics of oxide breakdown.
Electrons tunneling through the gate oxide generate defects until a critical density
is reached and the oxide breaks down. The critical defect density is explained by the
formation of a percolation path of defects across the oxide. Only < 1% of the these
paths ultimately lead to destructive breakdown, and the microscopic nature of these
defects is not known. The rate of defect generation decreases exponentially with
supply voltage, below a threshold voltage of about 5V for hot electron induced
hydrogen release. However, the tunnel current also increases exponentially with
decreasing oxide thickness, leading to a diminishing margin for reliability as device
dimensions are scaled.
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