Additional end-of-chapter problems for Chapter 2 – Sampling and Aliasing
CMOS: Mixed-Signal Circuit Design
A2.1 	Repeat Ex. 2.1 if the input signal is 100 MHz. Will there be an alias at DC? If so, what is the alias’s amplitude? (hint: there is more than one answer to this question). 
A2.2	Make an LTspice simulation example, using an ideal S/H and an FFT, to verify Eq. (2.16). With this simulation example provide at least two numerical comparisons between the equation and the simulation output.
A2.3	Re-sketch Fig. 2.22 if fs = 1 GHz and the input signal is made up of (only) sinewaves at frequencies of 200 and 600 MHz. 
A2.4	Repeat A2.2 for an ideal T/H with T = Ts/2. Note that the amplitude values simulated in the FFT using LTspice must be verified by hand calculations using Eq. (2.25). 
A2.5	Suppose we are interpolating with fs = 100 MHz and K = 4. The desired frequency spectrum extends from DC to what? What is the interpolator’s output clock rate? Suppose the interpolator’s input spectrum contains content (sinewaves) at 20, 80, 120, 180, etc. …MHz. Sketch, similar to Figs. 2.27 and 2.32, the spectrums at various places in the interpolation process for interpolators using both zero padding and a hold register. 
A2.6	Show the derivations describing the operation of the single-ended output version of the S/H seen in Fig. 2.39. Simulate the operation of this single-ended version using ideal components with fs = 100 MHz and an input frequency of 17 MHz. Verify, in both the frequency- and time-domains, that the S/H works as expected (compare the RMS value in the FFT to the hand-calculated value). 
A2.7	Repeat the simulations in A2.6 if the op-amp has a fun of 250 MHz and a DC gain, AOLDC of 2,500. Make sure it’s clear how you model, in SPICE, the op-amp’s fun and AOLDC. Note that the (near ideal) op-amp will still have zero output resistance and infinite input resistance. What is the maximum resolution possible using this op-amp? Why?
A2.8	Show that the output of a S/H using Correlated Double Sampling (CDS) can be thought of as differentiating the op-amp’s offset and input-referred noise (use equations to show this). Give a simulation example to show this differentiation.
A2.9	Show how capacitor mismatch affects the output of the S/H seen in Fig. 2.46.
A2.10	Modify the single-ended to differential output S/H seen in Fig. 2.53 so that it employs CDS. Dervive the equations governing this new S/H’s behavior. Simulate the operation of the new design showing how offset and low-frequency noise are removed from the S/H’s output. (hint: see Ch. 30 of the CMOS Circuit Design, Layout, and Simulation, Third Edition.)
A2.11	Show how the transfer functions of the DAIs in Fig. 2.56 are derived. Hint for (b): Write the input in terms of VCM, such as V1[(n1)T + VCM so that when V1 is zero the actual input voltage is VCM. When V1 is 100 mV the actual input voltage is VCM  0.1 V. Writing the input showing VCM isn't necessary (but still can be done and is correct) with fully-differential topologies, or topologies that subtract two inputs like the one seen in (a), since the VCM subtracts out when you take the difference between V1+ and V1 (= V1).

