
Chapter 5: Case Studies – Analyzing Successful Mixed Signal Designs 
 

5.1 Introduction 

Studying real-world implementations is key to understanding how theoretical mixed signal 
principles are applied in practice. This chapter explores successful mixed signal designs, 
analyzing their architecture, integration strategies, and key innovations. These examples span 
across consumer electronics, biomedical devices, and communication systems, where mixed 
signal integration is vital for performance, efficiency, and scalability. 

 

5.2 Case Study 1: Smartphone Audio Codec (ADC + DAC + DSP) 

Application: Mobile phones (e.g., Qualcomm, Apple, MediaTek SoCs)​
 Objective: Convert microphone input (analog) to digital for processing, and then back to analog 
for speaker output. 

Key Components: 

●​ High-fidelity ADCs for capturing analog voice signals.​
 

●​ DSPs for echo cancellation, noise suppression, and equalization.​
 

●​ DACs for converting digital audio streams to analog signals.​
 

Design Highlights: 

●​ Low-power SAR ADCs to optimize battery life.​
 

●​ Integrated class-D amplifiers for speaker drive with high efficiency.​
 

●​ Use of Sigma-Delta DACs for low total harmonic distortion (THD).​
 

Integration Challenges Addressed: 

●​ Isolation of analog microphone signals from noisy digital baseband.​
 

●​ Use of separate analog power domains and on-chip regulators.​
 

●​ Clock synchronization between ADC/DAC and digital baseband processor.​
 



 

5.3 Case Study 2: Wearable Health Monitor 

Application: ECG Monitoring in Wearable Devices​
 Objective: Capture low-amplitude biopotential signals and convert them for analysis or wireless 
transmission. 

Key Components: 

●​ Instrumentation amplifier for signal conditioning.​
 

●​ Sigma-Delta ADC for high-resolution, low-noise digitization.​
 

●​ Bluetooth microcontroller for processing and transmission.​
 

Design Highlights: 

●​ Front-end amplifier with CMRR > 100 dB to suppress common-mode noise.​
 

●​ ADC with resolution ≥ 16 bits to detect microvolt-level signals.​
 

●​ Use of switched-capacitor filters to limit bandwidth and aliasing.​
 

Integration Challenges Addressed: 

●​ Minimized power consumption using subthreshold operation.​
 

●​ Isolation from digital communication noise using guard rings and shielding.​
 

●​ Built-in calibration and offset correction for analog front-end.​
 

 

5.4 Case Study 3: Automotive Radar System 

Application: Adaptive Cruise Control, Collision Detection​
 Objective: Generate and process radar signals using mixed signal blocks for object detection. 

Key Components: 

●​ High-frequency signal generator (VCO + PLL)​
 



●​ ADC and DAC for waveform synthesis and digitization​
 

●​ DSP/MCU for signal processing and decision-making​
 

Design Highlights: 

●​ 12-bit pipeline ADCs operating at hundreds of MSPS (mega-samples/sec)​
 

●​ Phase-coherent signal generation using PLL-based frequency synthesizers​
 

●​ On-chip calibration for temperature compensation and non-linearity​
 

Integration Challenges Addressed: 

●​ Co-design of analog RF front-end with digital baseband on same chip.​
 

●​ Use of differential signal paths and substrate isolation techniques.​
 

●​ Temperature sensors and analog diagnostics for in-vehicle reliability.​
 

 

5.5 Case Study 4: Smart Sensor Node for IoT 

Application: Environmental sensing in smart cities or agriculture​
 Objective: Sense humidity, temperature, and air quality; transmit digitally over LoRa or Wi-Fi. 

Key Components: 

●​ Sensor interface (analog front-end)​
 

●​ 10–12-bit SAR ADC​
 

●​ Low-power microcontroller​
 

●​ DAC for actuator control (e.g., irrigation valve)​
 

Design Highlights: 

●​ Sensor biasing and amplification handled by programmable analog blocks.​
 



●​ Use of power gating for each subsystem to enable duty-cycling.​
 

●​ Built-in self-test circuits for maintenance in remote deployments.​
 

Integration Challenges Addressed: 

●​ Mixed signal co-packaging of RF and sensor interfaces.​
 

●​ On-chip temperature calibration stored in EEPROM.​
 

●​ Low-leakage analog switches to maintain sensor signal integrity.​
 

 

5.6 Case Study 5: Digital Camera Image Sensor (CMOS APS) 

Application: Consumer and industrial imaging systems​
 Objective: Convert incident light into digital images using a pixel array. 

Key Components: 

●​ Photodiodes and analog readout amplifiers​
 

●​ Per-column ADC (often SAR-based)​
 

●​ Digital image processor (ISP)​
 

Design Highlights: 

●​ High-speed ADCs embedded near each column for parallel processing.​
 

●​ Use of correlated double sampling (CDS) to reduce kTC noise and fixed pattern noise.​
 

●​ Integration of analog and digital circuitry on the same die to reduce latency.​
 

Integration Challenges Addressed: 

●​ Noise shielding between analog pixel front-end and digital row logic.​
 

●​ Precision analog design under aggressive CMOS scaling (28nm and below).​
 



●​ Calibration of pixel non-uniformity using on-chip digital memory.​
 

 

5.7 Summary Comparison Table 

Application ADC Type DAC Type Integration Focus 

Smartphone Audio SAR / ΣΔ ΣΔ Low power, audio quality 

Health Monitor ΣΔ (16-bit+) N/A Low noise, biopotential signals 

Automotive Radar Pipeline High-speed RF isolation, signal integrity 

IoT Sensor Node SAR (10–12 bit) Low-res 
current 

Ultra low power, calibration 

Digital Camera 
Sensor 

Column-parallel 
SAR 

N/A Pixel-level ADCs, noise 
suppression 

 

5.8 Conclusion 

These case studies demonstrate the diversity and innovation in mixed signal design across 
different industries. Each example highlights how analog and digital components can be 
integrated to meet strict performance, power, and reliability requirements. By studying these 
real-world systems, engineers gain practical insights into solving integration challenges and 
optimizing mixed signal architectures. 
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