Chapter 3: Introduction to Key Components — ADC, DAC, and Mixed Signal
Systems

3.1 Overview

Mixed signal systems are built on essential components that allow conversion and interaction
between analog and digital domains. The primary building blocks of such systems include:

e Analog-to-Digital Converters (ADC)
e Digital-to-Analog Converters (DAC)

e Mixed Signal Processors and Interfaces

These components form the foundation of real-world interfacing in applications such as audio
processing, data acquisition, control systems, and wireless communication.

3.2 Analog-to-Digital Converter (ADC)

Definition:

An ADC converts a continuous-time, continuous-amplitude analog signal into a discrete-time,
discrete-amplitude digital signal.

Key Parameters:

e Resolution: Number of bits used in output (e.g., 8-bit, 12-bit, 16-bit)
e Sampling Rate: Frequency at which analog signals are sampled (Hz or samples/sec)
e Input Range: Voltage range the ADC can handle

e Accuracy and SNR: Determines how closely digital output matches the input

Common ADC Architectures:

e Successive Approximation Register (SAR) ADC: Fast and power-efficient; ideal for
microcontrollers



e Flash ADC: Very fast; used in high-speed applications
e Sigma-Delta (XA) ADC: High resolution; used in audio and instrumentation

e Pipeline ADC: Balances speed and resolution; common in video and RF applications

Applications:

e Audio signal sampling (microphones)
e Sensor data acquisition (temperature, pressure, light)

e Control systems (motor speed, feedback loops)

3.3 Digital-to-Analog Converter (DAC)

Definition:
A DAC converts a digital signal (usually binary) into a corresponding analog voltage or current.

Key Parameters:

e Resolution: Number of bits in the digital input
e Settling Time: Time required for output to reach its final value
e Linearity: Accuracy of output curve with respect to input steps

e Glitch Impulse: Output disturbance when switching between codes

Common DAC Architectures:

e Binary-Weighted DAC: Simple, fast, but requires precise resistors
e R-2R Ladder DAC: Popular due to easy implementation and scalability

e Sigma-Delta DAC: Converts high-speed bitstream to analog; smooth output

Applications:



e Audio playback (speakers, headphones)
e Signal generation (waveform synthesis)

e Actuator control (servo motors, brightness adjustment)

3.4 Mixed Signal System Architecture

Definition:

A mixed signal system combines analog and digital circuits in a unified architecture to process
real-world signals with digital control or analysis.

Common Components:

e ADCs and DACs for data conversion
e Amplifiers and filters for signal conditioning
e Digital controllers (e.g., microcontrollers, DSPs)

e Oscillators and clocks for synchronization

Power management blocks for stable operation

Typical Signal Flow:

Analog Signal (Sensor Input) — Amplification & Filtering — ADC — Digital Processing —
DAC — Actuator or Output Device

Examples:

e In a smartphone, voice is captured via microphone (analog), digitized using an ADC,
processed using DSP, then converted back via DAC for playback.

e In medical devices, ECG signals are amplified, digitized, and analyzed for diagnosis.

3.5 Design Considerations for Mixed Signal Systems

Designing efficient and robust mixed signal systems requires attention to:



e Noise Isolation: Prevent digital switching noise from affecting analog accuracy
e Power Domain Separation: Use dedicated analog and digital supplies

e Clock Synchronization: Ensure stable timing across domains

e Grounding Strategy: Implement proper grounding (e.g., split ground planes)

e Layout Techniques: Careful PCB and IC layout to minimize interference

3.6 Trends and Innovations
Modern trends in mixed signal systems include:

e Al-powered sensor hubs with onboard ADC/DAC
e Low-power always-on circuits for loT
e Advanced calibration techniques for temperature and voltage drift

e High-speed serial interfaces to replace parallel digital buses

3.7 Conclusion

ADCs and DACs are the cornerstone components of any mixed signal system. Together with
processing and control units, they enable the translation of analog reality into digital intelligence
and vice versa. A solid understanding of their working principles, design challenges, and
applications is fundamental for any engineer aiming to master mixed signal circuit design.
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