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Abstract: This tutorial begins with a broad overview of challenges in emerging mixed
signal systems. After describing the system-level requirements along with the architecture
and circuit needs, specific circuit and system solutions will be discussed to highlight
promising approaches. Design techniques for advanced analog- and mixed signal circuit
blocks such as phase-locked loops and analog-to-digital converters will be covered in
detail. Finally, the modeling and analysis of substrate noise coupling in mixed-signal
integrated circuits is addressed.
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Detailed program: This day long tutorial addresses both the system- and circuit-level
aspects of emerging mixed-signal systems. Analysis and design techniques to implement
analog to digital converters, phase-locked loops, and the impact of substrate noise on these
circuits in large system-on-chips will be discussed. The tutorial is categorized into the
following four categories.

1. Challenges in Emerging Mixed-Signal Systems and Applications (1.5Hrs)

With the successful integration of systems-on-a-chip for a wide range of ubiquitous
applications including cell phones and gaming devices, new applications for SOCs are
arising that create unique challenges at the circuit and system level. In this talk several
emerging applications for integrated mixed-signal systems will be highlighted including
sensor networks, solar electronics, and tracking and monitoring devices. The system level
requirements will be discussed along with the architecture and circuit needs. Specific
circuit and system solutions will be discussed to highlight promising approaches to address
both application and process challenges in the coming decade.

2. Substrate Noise in Mixed-Signal Systems (1.5Hrs)

With the high levels of integration in current and future generations of Systems on a Chip
(SoCs), noise coupling from the digital circuitry to the sensitive analog and RF circuits is
an important concern for ensuring first-pass silicon. In this tutorial the modeling and
analysis of substrate noise coupling in mixed-signal integrated circuits is addressed. High
accuracy substrate modeling, efficient substrate macromodels, efficient digital noise
simulation, and model parameter extraction will be described. This will be followed with
measured results and the impact of substrate noise coupling in typical circuit building
blocks (low noise amplifier, ring oscillator, delta-sigma modulator, and phase-locked loop).

3. Phase-Locking Technigues for Frequency Synthesis (1.5Hrs)

Phase-locked loops (PLLs) are essential building blocks in all digital, analog, and radio-
frequency integrated circuits (ICs). The noise, power, and area of PLLs determine many of
the key performance parameters in all such ICs. This tutorial describes the fundamental
principles and concepts of PLL design. After reviewing the operation of a simple type-1
PLL and the characteristics of its building blocks, the operating and design principles of a
charge-pump PLL will be discussed in detail. Phase noise analysis using a small-signal
model will be described and noise-bandwidth-power tradeoffs will be presented. Existing
and emerging techniques to alleviate these tradeoffs will be briefly discussed.

4. Advanced and Emerging ADCs (1.5Hrs)

Many analog IC designers and students are drawn to ADCs. While some ADC realizations
have had a lasting impact, examples including pipelined ADCs with digital redundancy,
flash ADCs with folding and interpolation, and multi-bit delta-sigma modulators with
dynamic element matching, there are many more recent, advanced and emerging ADC
design techniques that are receiving much attention and also gaining momentum in some
areas. Many of these ideas are showered with doubts and honest criticism. However, we
may also be entering a new era where some of these developments would help resolve the
toughest submicron scaling challenges that analog designers face today. This tutorial will




summarize and ponder the impact of a few selective as well as random slices of these
advanced and emerging ADC designs.
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