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First Name: Last Name: PID:
 CSE 140 Midterm 2 - Solutions Prof. Tajana Simunic Rosing
 Spring 2013
 Do not start the exam until you are told.
 Write your name and PID at the top of every page. Do not separate the pages.
 Turn off and put away all your electronics.
 This is a closed-book, closed-notes, no-calculator exam. You may only refer to one 8 ½ x 11” page of your handwritten notes.
 Do not look at anyone else’s exam. Do not talk to anyone but an exam proctor during the exam.
 If you have a question, raise your hand and an exam proctor will come to you.
 You have 80 minutes to finish the exam. When the time is finished, you must stop writing.
 Write your answers in the provided space.
 No credit will be given if you do not show all steps of your work.
 1. 15 points 2. 20 points 3. 15 points 4. 15 points 5. 20 points 6. 15 points Total (100 pts.)
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 Problem 1 A sequential circuit design is shown in the following diagram.
 a) Write down Boolean equations for the next state and the output.
 Q1+= X (Q1+Q0) = XQ1 + XQ0 Q0+= X (Q1+Q0’) = XQ1 + XQ0’ M = X’Q1Q0
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 b) Draw the finite state machine representing this design.
 c) What does this circuit do? Describe.
 This FSM outputs M = 1 when the input has the pattern X = 1110.
 cycle 1 2 3 4 5 6 7 8 9 10 X 1 1 1 0 0 0 1 1 1 0
 state S0 S1 S2 S3 S0 S0 S0 S1 S2 S3 M 0 0 0 1 0 0 0 0 0 1
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 Problem 2 a) Design a finite state machine (FSM) for a counter that counts through the
 3-bit prime numbers downwards. Assume the counter starts with initial prime value set to 010 as its first 3 bit prime number. You need to provide the state transition table and the state transition diagram. Assume that the state is stored in three D-FFs. Hint: The set of all 3-bit prime numbers includes 2, 3, 5 and7.
 Since there are three bit prime numbers, we will require 3DFF. There are 4 valid states. The rest of the state shouldn’t appear in the counter since the counter will always start with a prime number. State transition table
 previous state next state value P2 P1 P0 value N2 N1 N0
 0 0 0 0 x x x x 1 0 0 1 x x x x 2 0 1 0 7 1 1 1 3 0 1 1 2 0 1 0 4 1 0 0 x x x x 5 1 0 1 3 0 1 1 6 1 1 0 x x x x 7 1 1 1 5 1 0 1
 State transition diagram, the transition occurs when a CLK signal arrives.
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 b) Design the circuit for the least significant bit (LSB) of the next state. For N0, we draw the following Karnaugh map. N0=P2 + P0’
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 Problem 3 A sequential circuit design is shown in the following diagram.
 D-FF clk-to-q propagation delay tpcq = 15 ps D-FF clk-to-q contamination delay tccq = 10 ps D-FF data setup time ts = 15 ps D-FF data hold time th = 10 ps a) Calculate the maximum clock frequency for reliable operation assuming
 there is no clock skew.
 period > (DFF_propagation_delay) + (max_combination_circuit_delay) +
 (DFF_setup_time) + (max_clock_skew)
 = 15 + (35+10+25) + 15+0 = 100 ps
 frequency < 1 / (100ps)
 Gate Tpd (ps) Tcd (ps)2-input NAND 15 10 2-input NOR 25 15 2-input XOR 35 25 NOT 10 5
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 = 10.0 GHz b) How much clock skew can the circuit tolerate before it experiences a
 hold time violation? hold_time ≤ (DFF_contamination_delay) +
 (min_combinational_circuit_delay) – (max_clock_skew)
 So hold time will be violated when the following inequality is satisfied. max_clock_skew < (DFF_contamination_delay) +
 (comb_circuit_contamination_delay) – (hold_time)
 = 10 + 10 – 10 = 10 ps
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 Problem 4
 For the partially defined finite-state-machine (FSM) shown below, find the value for the right-most bit of the state name, F0, in the FSM diagram by using the values given in the incomplete FSM and the next state hardware schematic for the most significant bit of the state name, F1. The FSM has only one input that is indicated on the transitions.
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 Problem 5 a) Write the finite state machine (FSM) of the circuit shown below.
 Hint: In the given DEMUX below, S2 is the input signal, S1=Q1, S0=Q0, and there is a single output labeled as M.
 State transition table
 current state next state state Q1 Q0 input state Q1 Q0 output S0 0 0 0 S1 0 1 0 S1 0 1 0 S2 1 0 0 S2 1 0 0 S3 1 1 1 S3 1 1 0 S0 0 0 1 S0 0 0 1 S3 1 1 1 S1 0 1 1 S0 0 0 1 S2 1 0 1 S1 0 1 0 S3 1 1 1 S2 1 0 0
 State transition diagram with the input denoted on each edge. The output M is shown inside each state.
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 b) Given the waveforms of the input signal and the initial state Q1=0, Q0=0, draw the waveforms of Q1, Q0 and M. Assume there is no gate and wire delay and the D-FF is triggered by the rising edge of the clock.
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 Problem 6 Draw a latch with two inputs S & R by implementing the functionality in the state transition table below. Use one 4:1 MUX and minimum number of other gates.
 S  R Q(t) Q(t+) 0  0 0 0 
 0  0 1 1 
 0  1 0 0 
 0  1 1 0 
 1  0 0 1 
 1  0 1 1 
 1  1 0 0 
 1  1 1 1 
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