Additional end-of-chapter problems for Chapter 6 – Data Converter Design Basics
CMOS: Mixed-Signal Circuit Design
A6.1 	Compare the performance of the NS modulators seen in Figs. 6.4, 6.17, and 6.22. Comment on the pros and cons of each topology.
A6.2	Re-generate Fig. 6.25 by replacing the ideal clocked comparator with a transistor-level design. Show, and discuss, how the performance of the comparator affects the performance of the data converter. Show that adding a gain between the integrator and comparator (it’s okay to use an ideal voltage-controlled voltage source, VCVS, with a gain for this part) can improve the performance of the modulator. 
A6.3	Simulate the operation of the modulator seen in Fig. 6.34 using the transistor implementation of a comparator in place of the ideal comparator. Show that the comparator’s output varies with relation to the clock signal giving way to a reduction in SNR similar to clock jitter. Suggest a method for reducing the effects of varying comparator delay. Verify the validity of your suggestion using simulations.
A6.4	Using simulations attempt to generate the modulation noise spectrum seen in Fig. 6.5. Comment on the differences. (Note your simulation spectrum will not be a smooth curve as seen in Fig. 6.5. The spectrum is, after all, noise.)
A6.5	Simulate the operation of a passive NS modulator based upon the topology seen in Fig. 6.4 but using a 4-bit quantizer (ADC) and DAC. How does the simulation performance of this topology compare to the theory of its operation? Discuss the problems you encounter such as inputting a DC signal and the output not changing. To ensure negative feedback replace the inverter in Fig. 6.4 with a voltage controlled voltage source so that, for example, a DAC output of 600 mV is changed to 400 mV, an output of 800 mV is changed to 200 mV, an output of 500 mV (= VCM) remains 500 mV, etc. Note that if you don't use negative feedback your loop may operate like a simple Nyquist converter (no noise-shaping) where the output is simply a 4-bit reconstructed view of the input.

