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This course will cover advanced topics related to integrated CMOS circuit design for data
converters. Focus is placed on topics that haven’t received an up-to-date treatment in
commonly used textbooks. The specific subjects include fundamentals (design of samplers and
comparators, noise analysis) as well as advanced material on the design of SAR ADCs and time
interleaved architectures.

The afternoon of the second day is devoted to gm/ID-based sizing, and is a re-run of a tutorial
that will be presented at ISCAS 2015: “Systematic Design of Analog Circuits Using Pre-Computed
Lookup Tables.” The outline is appended below.

Monday, 17th August, 2015

08:30-10:00 Sampling circuits

10:30-12:00 Voltage comparators

01:30-03:00 Noise analysis and simulation in SC circuits
03:30-05:00 SAR ADCs

Tuesday, 18" August, 2015

08:30-10:00 Aspects of time-interleaved ADC design
10:30-12:00 Data converter performance trends

ISCAS Tutorial on gm/Ip-based Design (with Paul Jespers):
01:30-03:00 Partl

03:30-05:00 Partll



Short Course on Selected Topics in Data Converter Design

Abstract of Tutorial on g./lpo-based Design

Systematic Design of Analog Circuits Using Pre-Computed Lookup Tables

The majority of textbook material on analog circuit design is based on the square-law model for
MOS transistors. While this model remains useful for teaching, it has become too inaccurate for
design in nano-scale CMOS. In circuit simulators, this problem has been solved using complex
models equations with hundreds of parameters. Since these descriptions are impractical for
manual use, designers tend to shy away from hand-analysis-based optimization and resort to a
design style built on iterative and time-consuming “tweaking” in a simulator.

This tutorial presents a systematic design methodology that bridges the gap between
simulation, hand analysis and script-based optimization. The approach hinges upon Spice-
generated look-up tables containing the transistor’s equivalent model parameters (gm, gds,
etc.) across a multi-dimensional sweep of the terminal voltages. We interpret and organize
these data based on the transistor’s inversion level, employing gm/lp as a proxy and key
parameter for design. This width-independent metric captures a device’s efficiency in
translating bias current to transconductance and spans nearly the same range in all modern
CMOS processes (~3...30 S/A). When combined with other width-independent figures of merit
(gm/Cgg, gm/gds, etc.) thinking in terms of g../Ip (rather than gate overdrive) allows us to study
the tradeoffs between bandwidth, noise, distortion and power dissipation in a normalized
space. The final bias currents and device sizes follow from a straightforward de-normalization
step using the current density Ip/W. Since this entire flow is driven by Spice-generated data, we
maintain close agreement between the desired specs and the circuit’s simulated performance.

Our tutorial will detail the inner workings of this approach, and showecase its capabilities using a
variety of practical examples. These will include the design of low-noise and low-distortion gain
stages, operational amplifiers, voltage regulators, etc. In addition, we will present suitable flows
for the inclusion of process corners.
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