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Abstract

In this thesis, a fabrication optimization‘problem of sub-100nm NMOSFET devices
is investigated by a systematically statistical method. Based on the screening design,
the design of experiment, a well-known industrial tused TCAD simulation tool, the
response surface methodology, and the“eptimization using desirability function, the
device performances after fabrication have been statistically optimized with respect to
five specified physical constraints. They are 1) shifting the value of threshold voltage
to the specific target; 2) minimizing the subthreshold slope; 3) minimizing the
off-state current; 4) moving the value of on-state current to a specific target; 5) and
minimizing the drain-induced barrier lowing.

In the 90nm NMOSFET fabrication, seven significant factors are selected from the
screen design and then used to perform a central composite design with seventy-nine
experiments. They are: 1) gate length; 2) threshold voltage implant dose; 3) threshold
voltage implant energy; 4) punch-through implant dose; 5) punch-through implant
energy; 6) oxide growth temperature; and 7) oxide growth time. These results of

experiments are then used for building response surface models and applied for the

vii



optimization and the process sensitivity analysis. Then we perform a verification
experiment to verify that the optimal conditions which are suggested by this work
indeed give the projected improvement. For the requirement of the adjustment after
the accuracy verification, we further provide an empirical procedure to meet this goal.
Besides the traditional central composite design, two smaller composite designs; one
is a smaller composite design with forty-seven experiments and the other is a smallest
composite design with thirty-seven experiments are investigated in this work. These
two designs are more computationally economical then the traditional design in terms
of accuracy and computing-time.

In this work we use the face central cube design, a special form of the central
composite design, to build the response:.surface models. About 316 hours
computing-time is required to perform thisdesign. Two smaller designs could be used
instead of this traditional one; a smaller composite design spend about 188 hours to
get all of the information, the other smallest compasite design only need about 148
hours. More than 50% time is saved In this design, and we find that the device
performances which are fabricated by these three optimal recipes are close to each
other and also acceptable in our physical constrains. Thus we suggest that engineers
could use these economical designs to analyze the fabrication optimization problems
rather than the central composite design.

Finally, the purpose of this study is to provide a systematically statistical method to
analysis the problems of the parameter optimization and the process sensitivity for the
90nm MOSFET. Through several sequential statistical experiments and simulation
verifications, the achieved results are good in terms of several fabrication
specifications and accuracy of the targets. We believe that the proposed statistical

methodology will benefit the design and fabrication of nanoscale MOSFET devices.
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