Additional end-of-chapter problems for Chapter 35 – Integrator-Based CMOS Filters
CMOS: Mixed-Signal Circuit Design

A35.1 
Sketch the implementation of a first-order lowpass filter using a CAI with a bandwidth of 5 MHz and a DC gain of 0 dB. Simulate your design to verify it works as expected.
A35.2
Repeat problem A35.1 using: 1) a transconductor-C and then 2) a digital filter (using the ideal ADC to generate the digital input signals and the ideal DAC to take the filter’s output and change it back into an analog signal).
A35.3
Using the digital biquad filter topology (Fig. 35.64) design a filter to remove the modulation noise in the output of the delta-sigma modulator seen in Fig. 32.7. Provide details on how you selected the bandwidth of the digital filter and how you selected the design values (coefficients, number of stages). Use the ideal DAC on the output of the digital filter to characterize the circuit’s frequency response.
A35.4
Discuss how to design a bandpass filter using the digital biquad. Use simulation examples to support your discussions.
Proj2
You are tasked with designing a bandpass ADC for a communications chip. 


1. The ADC is implemented with a 1-bit fourth-order delta-sigma modulator and digital filter with Vref+ = 1.5 V (VDD) and Vref- = 0V


2. The system’s clock is 100 MHz


3. The bandpass response is centered on 25 MHz with a channel BW of 200kHz


4. Use digital I/Q demodulation to move the information down to DC to 100kHz (and then use a low pass filter to increase the SNR, that is, remove the modulation noise). 


5. Derive the mathematical description of the ADC (modulator and filter) and the trade-off between filter complexity and hardware implementation for a given SNR.


6. Use simulations to support your mathematical derivations. Ensure your understanding is clear in your report.

Note that the project’s goals are: 1) to show that you understand the concepts (bandpass delta-sigma modulation, digital filtering, frequency translation (e.g. I/Q demodulation), using decimation to reduce power, etc.), and 2) to demonstrate your understanding of the trade-offs involved in the design of this mixed-signal system (e.g. filter complexity vs. SNR). The goals are NOT to simply get a working system or to meet some list of design requirements. 


































