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Abstract

Device and Circuit Techniques for Reducing Variation in Nanoscale SRAM

by

Andrew Evert Carlson

Doctor of Philosophy in Engineering - Electrical Engineering and Computer Sciences

University of California, Berkeley

Professor Tsu-Jae King Liu, Chair

SRAM scaling, a major driver of microprocessor development, is threatened by increasing
variation in transistor parameters such as threshold voltage and gate length. With a
target-based model for device I-V characteristics, the effects of these variations on SRAM
performance can be well understood and predicted. A robust, iterative algorithm for
estimating SRAM cell yield is developed. The analysis is extended to time-dependent

reliability problems, and a statistical methodology for robust cell design is presented.

For future technology nodes, SRAM scaling will require device and circuit innovations
to suppress variation. Multi-gate devices and extended spacer lithography processes can be
used to reduce random variability at its source. Feedback circuits can be used to reduce
systematic SRAM variation after fabrication. Implementation of any one of these techniques
is expected to result in a significant yield improvement of several sigma. In combination,

these techniques are expected to enable robust SRAM scaling to the end of the roadmap.

Professor Tsu-Jae King Liu
Dissertation Committee Chair
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Chapter 2

Understanding Variation in SRAM

2.1 Introduction

Effective reduction of variation in SRAM metrics requires a thorough understanding
of its origins. Although measured SRAM variations have been linked generally to process
variations, it is not initially obvious exactly how such variations cause failures. Do all
variations matter equally, on all devices? Are correlated variations significant, or do
mismatch variations dominate? These kinds of questions require accurate modeling of
SRAM metrics down to the device parameters. Understanding the mechanisms of how
parameter variation affects these metrics can inform cell and array design and improve

SRAM performance and yield.

SRAM variability has become so significant of a concern that it now influences device
and technology design. Novel processes have been presented to reduce variation caused
by line edge roughness [1] and dopant penetration [2]. Gate length scaling in SRAM has
slowed to reduce variability further. To gauge the effectiveness of design options at this
level, a model is desired that can estimate SRAM metrics without the need for process
development and characterization. To estimate potential yield, it must be able to simulate
quickly across a wide range of perturbations. Although the mixed-mode capabilities of

a device simulator could provide excellent accuracy across such a range, these simulators
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