EE302 Problem Set 18
1. Consider the S-R latch depicted below.  This is a slight variation on the S-R latch presented in the lecture because it includes an inverted output 
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.  Complete the truth table below.

	S
	R
	Q
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	0
	0
	Prev. Q
	Prev. 
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	0
	1
	0
	1

	1
	0
	1
	0

	1
	1
	not allowed
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Complete the following timing diagram below for Q and 
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for the R and S signals depicted.
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2. Consider the edge-triggered D flip-flop with a clock and data signals depicted.  Sketch the output signal Q. 
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3.  Consider the combination below of a shift register with an XOR gate depicted below.  Assume that the initial state of the shift register is 100 (i.e., Q0 = 1, Q1 = 0,  Q2 = 0) .  
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Given the clock signal and the initial states of the shift register, complete the timing diagram.

In other examples, we have been able to determine D0 as a function of time first, and then determine the follow-on waveforms. That approach will not work in this case, as D0 depends on values of Q1 and Q2. Here, we must examine one clock period at a time, first determining what the flip-flops are doing, and finally determining what D0 is doing. From the schematic given, we see that the D-type flip-flops is are leading-edge triggered (note the carat at the clock input of each flip-flop; were there an inversion bubble in conjunction with the carat, the flip-flop would be falling-edge triggered). Recall that a D-type flip-flop takes the value of the input just before the trigger time and transfers it to the output. From t = 2 to the next rising edge of the clock (t = 3), we determine the following:

· Q0 takes the value of 1 since D0 was 1 just before the trigger time.

· Q1 takes the value of 0 since Q0 was 0 just before the trigger time.

· Q2 takes the value of 1 since Q1 was 1 just before the trigger time.

· D0 takes the value of 1 as a direct result of the XOR operation between Q1 and Q2 over the time interval (2 < t < 3).

Similarly, for the time interval (3 < t < 4), we determine that Q0 = 1, Q1 = 1, Q2 = 0, and D0 = 1.
The results for each cycle of the clock are shown in different colors to emphasize the fact that each cycle must be analyzed completely before moving on to the next cycle.
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After how many shifts does the register return to its original state?

After seven shifts.

4.  Consider the T flip-flop and the clock signal depicted.  Sketch Q.  If the frequency of the clock is 1 GHz,  what is the frequency of Q.

Recall that a T flip-flop toggles on every trigger event. Because of the carat, this is a rising-edge-triggered flip-flop. Thus, the flip-flop toggles its state on every rising edge of the clock. By inspection, the frequency of the flip-flop’s output Q is one-half of its input C. The new frequency is 500 MHz.

How many T flip-flops would you have to cascade to produce at 125 MHz square wave?

To add another flip-flop in series would cut the frequency in half again, for f = 250 MHz. A third flip-flop in the series will cut frequency in half yet again, for f = 125 MHz. Thus, three flip-flops in series are required.
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