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Statistical Failure Characteristics of N-MOSFET s with Ultrathin Gate
Oxides Under FN Stress and Lifetime Prediction

MU Fu-chen, XU Ming-zhen, TAN Chang-hua and DU AN Xiao-rong

(Institute of Microelectronics, Peking University, Beijing 100871, China)

Abstract: The gate voltage shift of NMOSFET “s with different oxide thicknesses aging al various stress conditions is investi-
gated. The results show that the subthreshold gate voltage shift conforms to Weibull distribution. The shape factor due to in-
trinsic failure in the devices with 5.0, 7.0 and 9. 0 nm gate oxides under 27 and 105C is the same one, i. e., the mechanisms
of the intrinsic failures are the same under low and high temperatures. The proportion of devices due to the extrinsic failures
increases with temperature increasing. Based on the statistical results, an exponential relationship between the mean life time

(ts0) and the acceleration electric field is found. A method to prediet the lifetime of N-MOSFET s with ultrathin gate oxides

under FN stress is developed based on it.

Key words: reliability: ultrathin gate MOSFET:; Weibull distribution

EEACC: 0170N: 2560R
Article ID: 0253-4177(2001) 12-1577-04

MU Fu-chen male,was born in 1970, PhD. Degree. His areas of interests include small=scaled M OS devices and reliability, device model-
ing and characterization, time=dependent dielectric breakdow n, hot—carrier effects, electromigration and reliability statisties.

XU Ming—=hen female, was born in 1939, professor. Her current interests include physies and characterization of small scale devices and
reliability of semiconductor material and devices.

TAN Chang-hua male, was born in 1936, professor. His current interests include physics and reliability of small scale devices.

Received 17 January 2001, revised manuscript received 4 July 2001 ©2001 The Chinese Institute of Electronics





