[image: image1.png]1. Consider the following three-level NOR circuit:
(a) Find all hazards in this circuit.
(b) Redesign the circuit as a three-level NOR circuit that is free of all hazards.
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f=AC'+ABD

(b)  Since a circuit with NOR gates is desired. start with
POS expressions for f that corresponds to a hazard-
free OR-AND (NOR-NOR) circuit. From the Kar-
naugh map. all prime implicants are required.

f=(A+C)(A4+B)(A+D)(C+D)B'+C".
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= (A+D)(A +B)@A+ C)(C+D)B+C)

f=(A'B+AC")(A+D) = A4'B'+ AC' + A'B'D +
AC'D)=A44B'+ AC'+ ABD
static-1 hazard: 0001<51001
static-0 hazard: 0010<>1010
potential dynamic hazards:

000051000 and 0011«>1011
dynamic hazard: 0000<1000
(Note the 0011¢>1011 change only propa-
gates over one path in the circuit and is
not a dynamic hazard.)

f can be multiplied out as /= (4'B'D+C")(4+BD).
‘When this expression is expanded to a POS, it does
not contain any sum of the form (X' + X" + /3) so the
corresponding circuit is free of hazards. The three
level NOR circuit is.
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It is possible to start with a SOP that is free of haz-
ards, namely, f=_4C’'+ A'B'D + B'C'D, and then
factor it. e.g.. the same result as above is obtained
by f=(4+B'D)C"+A'B'D = (4'B'D+C")(A+B'D).




[image: image3.png]2. Complete the timing diagram for the given circuit. Assume that both gates have a

propagation delay of 5 ns.
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[image: image5.png]3. Realize a BCD to excess-3 code converter using a 4-to-10 decoder with active low

outputs and minimum number of gates.
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[image: image6.png]Since the decoder outputs are negative, NAND
gates are required. The excess-3 outputs are

2 m(5.6.7.8.9). Xm(1.2.3.4.9). Zm(0.3.4.7.8). and
X m(0.2.4.6.8) so four 5-input NAND gates are
needed with inputs corresponding to the minterms
of the excess-3 outputs.
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[image: image7.png]4. Complete the timing diagram for the following circuit. Note that the CK inputs on
the two flip-flops are different.
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