Additional end-of-chapter problems for Chapter 31 – Data Converter SNR
CMOS: Mixed-Signal Circuit Design
A31.1 
Repeat Ex. 31.2 using a 10-bit system (hint: can you use a 12-bit ADC/DAC with the lower bits of the DAC grounded and the lower bits of the ADC left unconnected). 
A31.2
Using simulations show that clocking an ADC with a jittering clock, Fig. 31.7, will increase the noise in the signal. Relate the jitter in the clock signal to the RMS noise added to the signal. Comment on the PDF of your clock jitter in the time domain (and simulate the resulting spectrum of the jittering clock).
A31.3
Show, using simulations, that passing the output of an 8-bit ADC through a low pass filter with a transfer function of 
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will reduce the amount of quantization noise in the signal. Show cases where decimation is used and the case where decimation is not used. Compare your simulation results to hand calculations.
A31.4
Using simulations show that Interpolating using an input hold register, Fig. 31.71, causes the digital data to undergo a Sinc filter response. Make sure that your simulation comparisons to hand calculations are clear and easy to follow. Compare this to Interpolation using zeroes padding with corresponding reduction in the signal amplitude.
Proj1
You are tasked with designing a bandpass ADC for a communications chip. Here are the specifications:


1. The ADC is a 4-bit Flash type with Vref+ = 1.5 V (VDD) and Vref- = 0V


2. The ADC and bandpass filter are clocked at 100 MHz


3. The bandpass response is centered on 25 MHz so a comb filter(s) and fs/4 resonator(s) are used


4. The bandwidth of the main lobe should be fs/8 so K=16 in the comb filters

5. At least 30 dB attenuation between the main lobe and the first side lobe


The report should detail: 1) a mathematical derivation of the ADC/filter’s frequency response, 2) an estimate for the system’s SNR and thus the final number of bits coming out of the filter, 3) discussions about how the filter is implemented, aliasing (and the anti-aliasing filter), how signals outside the passband of interest are attenuated, etc. 4) detailed and clear SPICE simulations showing proper operation of the system, 5) simulations showing how you would digitally perform I/Q demodulation (see Fig. 32.93) and, 6) if decimation may be useful after demodulation and why. 

Please make sure your reports are in electronic format, and emailed directly to me (not the cmosedu group), presents figures, discussions, and simulation results in a coherent manner (e.g. turning in a report where one whole page is a SPICE plot will result in significant grading penalties.)
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