Additional end-of-chapter problems for Chapter 4 – Digital Filters
CMOS: Mixed-Signal Circuit Design
A4.1 	Using LTspice regenerate the 2- and 4-bit equivalents of Fig. 4.1. The y-axis will be voltages in decimal format.
A4.2	Using LTspice regenerate the 2- and 4-bit equivalents of Fig. 4.3. Use binary weighting and summation to plot the ADC’s output (using, for example, a nonlinear dependent source) or simply use the DAC’s from problem A4.1.
A4.3	Suppose two identical 3-bit ADCs with inputs tied together are clocked with a 100 MHz sampling frequency. Noting that the outputs of the ADC’s are identical show how two’s complement subtraction can be used to subtract the two outputs from each other with a constant result of VCM (= 0000 in two’s complement). Verify with LTspice.
A4.4	Re-derive Eqs. (4.7) – (4.13) for the accumulate-and-dump circuit seen in Fig. 4.12.
A4.5	Repeat Ex. 4.3 for a filter with a transfer function of

	Also, plot the location of the filter’s poles and zeroes in the z-plane. Note that since the comb filter doesn’t use a number of delays that is a power of two (here we use K = 6) there will be a scale factor in the resulting filter’s transfer function. For this problem the word size, on the input of the integrator, is increased by log2(6) – 1 = 1.585 bits. We round this up to 2-bits, the same as a filter with K = 8. The result is that the magnitude response of the filter must be scaled by 6/8 or 0.75.
A4.6	Sketch the block diagram implementation and impulse response of the filter seen in Fig. 4.21.
A4.7	Repeat Ex. 4.7 if the transfer function of the filter is

	Which equation in Ch. 4 describes the frequency response of this filter? Hint: it’s not Eq. (4.26)
A4.8	Repeat the example on page 140 with the values given using the topology seen in Fig. 4.30 with M = 2. 
A4.9	Repeat the example on page 144 if K is increased to 16.




