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Advanced Analog Circuit Design:

Techniques for Variability in Analog Circuits
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Circuit design greatly depends on the ability to reproduce semiconductor device parameters.
Statistical variations between otherwise identical components are generally described by

“mismatch” parameters. Mismatch affects the performance of analog-to-digital converters, I-Q
mixers, SRAMs, current mirrors, opamps etc.

In this short course analog and digital circuit designers will learn the fundamental background of
these effects, lay-out problems, next to the consequences for performance and yield of circuits.
This course shows how to calculate the (random) offset in various circuits and how to reduce
unwanted performance and yield loss. Also, several methods to mitigate mismatch in circuits and
in lay-out will be discussed.
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Advanced undergraduate or graduate students and practicing engineers who wish to develop a
solid knowledge of Analog circuit design. A basic understanding of analog circuits is assumed.
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1. Random mismatch origins-B&ENL B RIR

After an overview of the required statistical tools, this lecture will analyze the
origins of mismatch, such as random dopant fluctuations. Understanding and
mitigating these effects requires statistical means.

The general mismatch model will be discussed and compared to measurements.
The application to the current variation in MOS transistors is analyzed. The
relation to technological parameters, Finfet, SOI and design choices is explained.
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2. Analyzing mismatch in analog circuits- TR L H ) SR BT

Analog ICs with differential operation are heavily affected by mismatch. In
today’s advanced technologies every circuit from SRAM cell to an I-Q mixer must
deal with statistical variations. This lecture deals with handling the statistical
effects in circuits, analyzing input referred random offsets and estimating yield.

Also typical analog performance parameters such as: PSSR, CMRR are affected by
mismatch.

Examples from every day design practice will be shown.

BERES BRI IC ZRRACKEYM. £S5 RNLHEARS, N SRAM £ 0E I-Q B
BREs A R AR L U G R A . AR KA BB AT N, TS
RN R R AL

Besh, BB RS PSSR, CMRR &R B REKMEH. BEKEREHER
TR .

3. Application to circuits and yield- 581 B Z K4k

Examples start with the analysis of a simple differential pair, and are extended to
opamps, voltage and current steering DACs, and other analog circuits.
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Optimization of a bandgap reference circuit is discussed. The theory is also applied
to timing chains, ring oscillators, comparators and yield analysis of flash
converters. Options to reduce the effect of mismatch and gradients are
discussed. Auto-zero, chopping and calibration are reviewed.
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4. Layout strategies to reduce offset-15/Mr# KR B 5K I

After an introduction on elementary IC device characteristics and circuit analysis
aspects (statistics, spread, fluctuations, parametric gradients), this lecture
focuses on the main attention areas of mixed-signal circuit layout, namely
electrical design related issues and technology related hazards. The design part
discusses topics like IR drop, power supply loops, mirroring of lay-outs,
temperature gradients and design discipline. The technology part focuses on
proximity and reticle effects, advanced lithography such as double patterning,
layout induced mechanical stress asymmetries, and common centroid layout
solutions. The lecture finishes with a comprehensive set of guidelines.
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