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High-to-Ultra-High-speed ADC Designs from Fundamental to Advanced
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Analog-to-Digital Converters (ADCs) are critical components of a variety of systems, such as biomedical,
communications, and signal processing. They require to be with high conversion efficiency and sometimes
together with high performance. The ADCs also bridge the real-world signal to the digital world and often are
the bottleneck of the signal processing interface. This tutorial consists of two parts and will cover the principles,
traditional architectures, and state-of-the-art designs of high-speed ADC designs. The first part begins with a
review of fundamental knowledge of ADCs, including sampling, switched-capacitor, and quantization theory.
Next, fundamental and design examples of classical ADC architectures, such as flash, SAR, and pipeline
ADGC:s, are introduced. This tutorial will then give a general overview of hybrid ADC architectures, which
concludes the first part. In the second part, the metrics of ADCs are first described. Then, various advanced
designs in hybrid or non-hybrid architectures are introduced. The tutorial will finally conclude with digital-
assisted solution techniques.
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Basic MOS device modeling, transistor-level analog circuits, elementary gain stages, feedback.
Basic signals and systems theory, frequency response, Laplace and z-transforms, Noise
analysis in analog circuits.
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Advanced undergraduate or graduate students and practicing engineers who wish to develop a
solid knowledge of ADC. A basic understanding of analog circuits is assumed.
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Lecture 1. ADC basics introduction
ADC performance metrics
Switched capacitor theory
Quantization and sampling theory

Noise and clock jitter analysis

Lecture 2. Ultra-high-speed ADC
e Principle and topology of high-speed comparators
« Flash ADC and related structures
e Time-domain ADCs introduction

« Design case study

Lecture 3. Successive approximation (SAR) ADC
e Basic architecture and principle
e Circuit details and analysis
« Design flow
e Practical design techniques
« Design case study
« SARADC structure extension
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Lecture 4. Pipeline ADC
« Basic principles and characteristics
« Non-ideal effects and calibrations
« Circuitimplementation

e Design case study

Lecture 5. Time-Interleaving ADC
e Principles and interleaved architecture analysis
« Error source analysis
» Error calibration methods
« Design considerations

« Design case study

Lecture 6. Hybrid ADC
e Hybrid structures based on SAR ADC
e Hybrid structures based on Pipeline ADC
» Hybrid structures based on TDADC
e Practical circuit techniques in hybrid ADCs
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Lecture 1: Common Advanced Building Blocks and Metrics in ADCs
e Performance and Comparison Metrics
« Clock Receiver
« Sampling and Hold Circuit
« Input Buffer
« Reference Buffer
« Comparator

Lecture 2: Flash ADCs
« Fundamental
« Conventional Folding and Interpolation

e Advanced Folding and Interpolation
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 Advanced Flash ADCs
« Metastability

Lecture 3: SAR ADCs
« Fundamental
e Advanced Switching Schemes
« Advanced High-speed SAR ADCs
e Advanced High-speed Multi-bit SAR ADCs
¢ Metastability

Lecture 4: Pipelined and Pipeline SAR ADCs
e Fundamental
« Advanced MDAC
« Advanced Pipelined ADCs
e Advanced Pipelined SAR ADCs
¢ Metastability

Lecture 5: Time-interleaved ADCs
« Fundamental
« Mismatch Errors and Calibrations
« Advanced Time-interleaved ADCs

e Characteristics and Limitations

Lecture 7: Time-domain ADCs

e« Fundamental

« Voltage-to-time converter and Time-to-digital converter

¢ Advanced Time-domain ADCs
« Metastability and outlook

Lecture 8: Noise-shaping SAR ADCs
e Fundamental
e Loop Filter Implementations
« Advanced Noise-shaping SAR ADCs
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e Time-interleaved Noise-shaping SAR ADCs

Lecture 9: High-speed Continuous-time ADCs
« Fundamental
« Loop Filter Implementations
e Advanced Continuous-time Sigma Delta Modulators
« Continuous-time pipeline ADCs

Lecture 10: Digital-Assisted Solutions
« DAC Error
« Offset Error
« Input Buffer Distortion
« Others
Q&A: Related Problems faced by Participants
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