Assignment 7


READING ASSIGNMENT:

Chapter 7.1—7.8 in Brown and Vranesic. 

P1. (10 points) Problem 7.1 in Brown and Vranesic. 
Consider the timing diagram in Figure P7.1. Assuming that the D and Clock inputs shown are applied to the circuit in Figure 7.12, draw waveforms for the Qa, Qb, and Qc signals. 
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Figure 7.12  Comparison of level-sensifive and edge-friggered D storage elements.
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Figure P7.1  Timing diagram for problem 7.1.





P2. (10 points) 7.4 Show a circuit that implements the gated SR latch using NAND gates only.

P3. (15 points) 7.9 Consider the circuit in Figure P7.2. Assume that the two NAND gates have much longer (about four times) propagation delay than the other gates in the circuit. Draw the waveform for D and E given the following waveform of A, B, and C.
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Figure P7.2  Circuit for problem 7.9.




P4. (20 points) 7.13. A four-bit barrel shifter is a combinational circuit with four data inputs, two control inputs, and two data outputs. It allows the data inputs to be shifted onto the outputs by 0, 1, 2, or 3 bit positions, with the rightmost bits wrapping around (rotating) to the leftmost bits. For example, if the data inputs are 1100 and the control input specifies a two-bit shift, then the output would be 0011. If the data input is 1110, a two-bit rotation produces 1011. Design a four-bit shift register using a barrel shifter that can shift to the right by 0, 1, 2, or 3 positions.

P5. (25 points) 7.31 A ring oscillator is a circuit that has an odd number, n, of inverters connected in a ring like structure, as shown in Figure P7.5. The output of each inverter is a periodic signal with a certain period.

(a) Assume that all the inverters are identical; hence they all have the same delay, tp. Let the output of one of the inverters be named f. Give an equation that expresses the period of the signal f in terms of n and tp.

(b) For this part you are to design a circuit that can be used to experimentally measure the delay tp through one of the inverters in the ring oscillator. Assume the existence of an input called Reset and another called Interval. The timing of these two signals is shown in Figure P7.6. The length of time for which Interval has the value 1 is known. Assume that this length of time is 100 ns. Design a circuit that uses the Reset and Interval signals and the signal f from part (a) to experimentally measure tp. In your design you may use logic gates and subcircuits such as adders, flip-flops, counters, registers, and so on.
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Figure P7.5 A ring oscillator.
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Figure P7.6  Timing of signls for problem 7.31.




P6. (20 points) 7.32. A circuit for a gated D latch is shown in Figure P7.7. Assume that the propagation delay through either a NAND gate or an inverter is 1 ns. Complete the timing diagram given in the figure, which shows the signal values with 1 ns resolution.
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Figure P7.7  Circuit and fiming diagram for problem 7.32.





