Additional end-of-chapter problems for Chapter 7 – Noise-Shaping Data Converters
CMOS: Mixed-Signal Circuit Design
A7.1 	How much comparator delay/jitter can be tolerated in the first- and second-order modulators seen in Figs. 7.2 and 7.28 without affecting the modulator’s performance? Why? Verify your answer with simulations.
A7.2	The RMS values of the modulation noise between DC and fs (= 100 MHz) seen in Fig. 7.23 aren’t equal. The second-order modulator has a considerably larger RMS value. Why? Shouldn’t the values be equal since the same quantizer is used in both modulators? Explain why the RMS noise values are different. 
A7.3	Design, and simulate the operation of, a digital filter to remove the modulation noise in the output of the modulator seen in Fig. 7.2. Ensure your solution shows your design calculations and assumptions. Ensure your simulations shows both the time-domain input and outputs as well as the spectrums of the modulator's output and the digital filter's output (use a DAC to convert back to an analog signal).
A7.4	Show, using simulations of the modulator in Fig. 7.2, that a comparator offset of 50 mV (modeled as a DC voltage source in series with the comparator's + input) has little influence on the modulator's operation. 
A7.5	Show, using simulations of the modulator in Fig. 7.2, that Eq. (7.33) is correct. A voltage-controlled voltage source or voltage-controlled current source with finite gain can be used in place of the op-amp in the simulation. See the examples in Ch7_MSD_LTspice (or other the other simulation examples) available at CMOSedu.com. 
A7.6	If a noise-shaping modulator is used to sense a DC signal is any improvement in performance realized by using a higher-order modulator? In other words, does a first-order modulator work as well as a second-order modulator? Use simulations to support your answer. Note that when converting a DC signal the conversion time is finite, not infinite as was used in deriving the equations in Ch. 7 and elsewhere in the book.
A7.7	If a first-order modulator is used for converting a DC signal into a digital word, as in A7.6, does a counter provide the best digital filter or should a more elaborate filter, such as a second-order Sinc decimating filter, be used?  Again, note that the conversion time is finite.

