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Abstract

Asymptotic Waveform Evaluation (AWE) is a new method to analyze linear(ized)

circuits. It employs a form of Pad~ approximation rather than numerical integra-

tion to approximate the behavior of linear(ized) circuits in either the time or the

frequency domain.

An efficient method for calculating the sensitivities of the poles and zeros found

by AWE has been developed. Using the adjoint sensitivity method, it is possible to

cheaply compute the sensitivities of the poles and zeros with respect to all circuit

parameters, as well as circuit parasitics. The sensitivities of the poles and ze-

ros provide excellent correlation with the perturbation response, and can provide

valuable feedback to the circuit designer.
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Chapter 1

Introduction

Sensitivity analysis provides a first order approximation of the variation of cir-

cuit performance with respect to parameter variations. Such sensitivities could

be extremely useful for the design of VLSI circuits in that they can provide the

underlying information necessary for optimization, statistical analysis, reliability

analysis, and performance-directed design in general.

Pole and zero sensitivities are interesting in a wide range of problems. Fre-

quency domain applications such as filters depend heavily on pole and zero loca-

tion [1]. Control theory also deals extensively with poles and zeros, especially

with regard to stability, system response and compensation. In addition, many

analog design techniques are based on frequency domain models: e.g., the single

dominant pole model for operational amplifiers [2]. A first order indication of how

the poles and zeros shift when component parameters are perturbed is provided

by sensitivities, and is of great value to the designer.

For example, Wakimoto et. al. [3] were able to develop a novel technique for

compensation of low power wide band differential amplifiers through use of pole

and zero sensitivities. The sensitivities with respect to base collector capacitance,

and to small signal transconductance provided insight into how the traditional

single stage differential amplifier behaves under low power conditions.

Unfortunately, the cost of finding the poles and zeros of a circuit, and hence

the sensitivities thereof, has traditionally been high. Symbolic methods are im-

practical for even moderate sized circuits, and even numerical methods are costly

for modern VLSI problems [4]. Despite their potential, the use of pole and zero

sensitivities has thus been limited. Our research is aimed at addressing this lim-


