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[Problem 1] (20%) Implement the following Boolean function
F(w, x, ¥, z) =xy+wixz+wxy'z+wxlyz.
(a) by using only NOR gates. (5%)
(b) by using only NAND gates. (5%)
(¢) by using the simplest sum-of-products form (5%)
(d) by drawing the logic diagram using a multiplexer (5%)
Please note that for (a), (b) and (c) you need to show the final Boolean function and how you derive the
function.

[Problem 2] (12%) Short answer questions:

(a) Provide an example to demonstrate that a Boolean function can have more than one simplest form
of expression, indicating its non-uniqueness. (3%)

(b) Provide an overview of the hardware structure of a sequential circuit and utilize this structure to
explain how a sequential circuit is different in functionality and design from a combinational circuit,
(4%)

(c) Present several waveform diagrams to illustrate and clarify the concepts of setup time and hold time

in a D flip-flop. (5%)

[Problem 3] (18%) Design an asynchronously resettable positive edge-triggered finite state machine
that accepts a one-bit input d and generates two one-bit outputs x and y. x should be 1 if d has been 0 for
at least two consecutive cycles. y should be 1 if d has been 0 for at least three cycles (not necessarily
consecutively).

(a) Give Verilog/VHDL codes of an asynchronously resettable positive edge-triggered flip-flop. (3%)
(b) Draw the state transition diagram and define each state clearly. (5%)

(c) Write RTL Verilog/VHDL codes to implement the finite state machine you designed in (b). (10%)

[Problem 4] (20%) (a) Assume that the 4-bit binary adders are available. Please design a
combinational circuit for the addition of two BCD digits using the 4-bit binary adder. Please draw the
final logic circuit of the BCD adder with the 4-bit binary adder circuit block. Please note that you don’t
have to show the details of the 4-bit binary adder. (10%) (b) Design a combinational circuit that generates
the 9’s complement of a BCD digit. Please note that you need to show the final Boolean function and

how you derive the function. (10%)

[Problem 5] (15%) (a) Design a counter with T flip-flops that goes through the following binary
repeated sequence: 0, 1, 3, 7, 6, 4. Show that when binary states 010 and 101 are considered as don’t care
conditions, the counter may not operate properly.{10%) (b) Find a way to correct the design. (5%) Please
note that you need to show the final Boolean function, the state diagram and how you derive the function.

[Problem 6] (15%) A circuit for a gated D-latch is shown in Fig. 1. Assume that the propagation delay
through a NAND gate or an inverter is 1 ns. Complete the timing diagram given in the Fig. 2, which
shows the signal values with 1 ns resolution. Please note that you need to redraw the timing diagram in

your answer sheet.
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