Lecture No.9

LECTURE OUTLINE

5-4  Combinational Logic Using NAND and
NOR Gates
5-5  Pulse Waveform Operation

5-4 Combinational Logic Using NAND and NOR Gates

In this section, you will see how NAND and NOR gates can be used to implement a logic
function. Recall from Chapter 3 that the NAND gate also exhibits an equivalent opera-
tion called the negative-OR and that the NOR gate exhibits an equivalent operation called
the negative-AND. You will see how the use of the appropriate symbols to represent the
equivalent operations makes “reading” a logic diagram easier.

After completing this section, you should be able to
+ Use NAND gates to implement a logic function
+ Use NOR gates to implement a logic function

+ Use the appropriate dual symbol in a logic diagram



NAND Logic

As you have learned, a NAND gate can function as either a NAND or a negative-OR
because, by DeMorgan’s theorem,

AB=A+B

NAND T negative-OR

Consider the NAND logic in Figure 5-20. The output expression is developed in the
following steps:

X = (AB)(CD)
= (A + B)(C + D)
=@+ B) + (C+ D)

=AB + CD
= AB + CD
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FIGURE 5-20 NAND logic for X = AB + CD.

As you can see in Figure 5-20, the output expression, AB + CD, is in the form of two
AND terms ORed together. This shows that gates G, and G5 act as AND gates and that
gate Gy acts as an OR gate, as illustrated in Figure 5-21(a). This circuit is redrawn in
part (b) with NAND symbols for gates G, and G5 and a negative-OR symbol for gate G;.

Notice in Figure 5-21(b) the bubble-to-bubble connections between the outputs of
gates G, and G3 and the inputs of gate G;. Since a bubble represents an inversion, two
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FIGURE 5-21 Development of the AND-OR equivalent of the circuit in Figure 5-20.



connected bubbles represent a double inversion and therefore cancel each other. This
inversion cancellation can be seen in the previous development of the output expres-
sion AB + CD and is indicated by the absence of barred terms in the output expres-
sion. Thus, the circuit in Figure 5-21(b) is effectively an AND-OR circuit, as shown in
Figure 5-21(c).

NAND Logic Diagrams Using Dual Symbols

All logic diagrams using NAND gates should be drawn with each gate represented by
either a NAND symbol or the equivalent negative-OR symbol to reflect the operation of
the gate within the logic circuit. The NAND symbol and the negative-OR symbol are
called dual symbols. When drawing a NAND logic diagram, always use the gate symbols
in such a way that every connection between a gate output and a gate input is either
bubble-to-bubble or nonbubble-to-nonbubble. In general, a bubble output should not be
connected to a nonbubble input or vice versa in a logic diagram.

Figure 5-22 shows an arrangement of gates to illustrate the procedure of using the
appropriate dual symbols for a NAND circuit with several gate levels. Although using all
NAND symbols as in Figure 5-22(a) is correct, the diagram in part (b) is much easier to
“read” and is the preferred method. As shown in Figure 5-22(b), the output gate is repre-
sented with a negative-OR symbol. Then the NAND symbol is used for the level of gates
right before the output gate and the symbols for successive levels of gates are alternated as
you move away from the output.

C_

A AB ABC =
B | ABCD
D

= (ABCD) + EF
F EF = ABCD + EF
= (AB +C)D +EF
= (AB +C)D +EF
(a) Several Boolean steps are required to arrive at final output expression.
AND
Bubble cancels bar
AB AND
A —
AB AB+C = Bubble
B C (ABC)D cancels
D — bar B
Bubble adds (AB+C)D + EF
bar to C E — OR
d EF Bubble
cancels bar
OR
AND

(b) Output expression can be obtained directly from the function of each gate symbol in the diagram.

FIGURE 5-22 |llustration of the use of the appropriate dual symbols in a NAND logic
diagram.

The shape of the gate indicates the way its inputs will appear in the output expression
and thus shows how the gate functions within the logic circuit. For a NAND symbol, the
inputs appear ANDed in the output expression; and for a negative-OR symbol, the inputs
appear ORed in the output expression, as Figure 5-22(b) illustrates. The dual-symbol dia-
gram in part (b) makes it easier to determine the output expression directly from the logic
diagram because each gate symbol indicates the relationship of its input variables as they
appear in the output expression.



EXAMPLE 5-9

Redraw the logic diagram and develop the output expression for the circuit in Figure 5-23 using the appropriate dual symbols.
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FIGURE 5-23
Solution

Redraw the logic diagram in Figure 5-23 with the use of equivalent negative-OR symbols as shown in Figure 5-24. Writing
the expression for X directly from the indicated logic operation of each gate gives X = (A + B)C + (D + E)F.

X=A+BC+D+EF

FIGURE 5-24
Related Problem

Derive the output expression from Figure 5-23 and show it is equivalent to the expression in the solution.

EXAMPLE 5-10
Implement each expression with NAND logic using appropriate dual symbols:

(a) ABC + DE (b) ABC+D + E

Solution
See Figure 5-25.
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FIGURE 5-25

Related Problem
Convert the NAND circuits in Figure 5-25(a) and (b) to equivalent AND-OR logic.

NOR Logic
ANOR gate can function as either a NOR or a negative-AND, as shown by DeMorgan’s

theorem. A+ B=AB

NOR__ /Lnegative-AND



X=(A+B)C+D)

FIGURE 5-26 NOR logic for X = (A + B)(C + D).

Consider the NOR logic in Figure 5-26. The output expression is developed as follows:
X=A+B+C+D=A+B)(C+D)=(+ BC+ D)

As you can see in Figure 5-26, the output expression (A + B)(C + D) consists of two
OR terms ANDed together. This shows that gates G, and G5 act as OR gates and gate G
acts as an AND gate, as illustrated in Figure 5-27(a). This circuit is redrawn in part (b) with
a negative-AND symbol for gate G;.
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FIGURE 5-27

NOR Logic Diagram Using Dual Symbols

As with NAND logic, the purpose for using the dual symbols is to make the logic diagram
easier to read and analyze, as illustrated in the NOR logic circuit in Figure 5-28. When the
circuit in part (a) is redrawn with dual symbols in part (b), notice that all output-to-input
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(a) Final output expression is obtained after several Boolean steps.
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(b) Output expression can be obtained directly from the function of each gate symbol in the diagram.

FIGURE 5-28 lllustration of the use of the appropriate dual symbols in a NOR logic
diagram.



connections between gates are bubble-to-bubble or nonbubble-to-nonbubble. Again, you
can see that the shape of each gate symbol indicates the type of term (AND or OR) that it
produces in the output expression, thus making the output expression easier to determine
and the logic diagram easier to analyze.

EXAMPLE 5-11

Using appropriate dual symbols, redraw the logic diagram and develop the output
expression for the circuit in Figure 5-29.
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FIGURE 5-29

Solution
Redraw the logic diagram with the equivalent negative-AND symbols as shown in
Fig-ure 5-30. Writing the expression for X directly from the indicated operation of each

gate, X = (AB + C)DE + F)
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FIGURE 5-30

Related Problem

Prove that the output of the NOR circuit in Figure 5-29 is the same as for the circuit in
Figure 5-30.

SECTION 5-4 CHECKUP
1. Implement the expression X = (A + B + C)DE by using NAND logic.
2. Implement the expression X = ABC + (D + E) with NOR logic.

5-5 Pulse Waveform Operation

General combinational logic circuits with pulse waveform inputs are examined in this sec-
tion. Keep in mind that the operation of each gate is the same for pulse waveform inputs as
for constant-level inputs. The output of a logic circuit at any given time depends on the inputs
at that particular time, so the relationship of the time-varying inputs is of primary importance.

After completing this section, you should be able to
+ Analyze combinational logic circuits with pulse waveform inputs

+ Develop a timing diagram for any given combinational logic circuit with specified
inputs



The operation of any gate is the same regardless of whether its inputs are pulsed or
constant levels. The nature of the inputs (pulsed or constant levels) does not alter the truth
table of a circuit. The examples in this section illustrate the analysis of combinational logic
circuits with pulse waveform inputs.

The following is a review of the operation of individual gates for use in analyzing com-
binational circuits with pulse waveform inputs:

1. The output of an AND gate is HIGH only when all inputs are HIGH at the same
time.
2. The output of an OR gate is HIGH only when at least one of its inputs is HIGH.

3. The output of a NAND gate is LOW only when all inputs are HIGH at the same
time.

4. The output of a NOR gate is LOW only when at least one of its inputs is HIGH.

EXAMPLE 5-12

Determine the final output waveform X for the circuit in Figure 5-31, with input wave-
forms A, B, and C as shown.
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X=AB +C)=AB + AC

FIGURE 5-31

Solution

The output expression, AB + AC, indicates that the output X is LOW when both A and
B are HIGH or when both A and C are HIGH or when all inputs are HIGH. The output
waveform X is shown in the timing diagram of Figure 5-31. The intermediate wave-
form Y at the output of the OR gate is also shown.

Related Problem

Determine the output waveform if input A is a constant HIGH level.

EXAMPLE 5-13

Draw the timing diagram for the circuit in Figure 5-32 showing the outputs of Gy, G»,
and G5 with the input waveforms, A, and B, as indicated.
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FIGURE 5-32



Solution

When both inputs are HIGH or when both inputs are LOW, the output X is HIGH as
shown in Figure 5-33. Notice that this is an exclusive-NOR circuit. The intermediate
outputs of gates G, and G35 are also shown in Figure 5-33.
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FIGURE 5-33
Related Problem

Determine the output X in Figure 5-32 if input B is inverted.

EXAMPLE 5-14

Determine the output waveform X for the logic circuit in Figure 5-34(a) by first finding
the intermediate waveform at each of points Y7, Y5, Y3, and Y. The input waveforms are
shown in Figure 5-34(b).
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FIGURE 5-34



Solution
All the intermediate waveforms and the final output waveform are shown in the timing
diagram of Figure 5-34(c).

Related Problem

Determine the waveforms Y, Y», Y3, ¥, and X if input waveform A is inverted.

EXAMPLE 5-15

Determine the output waveform X for the circuit in Example 5—-14, Figure 5-34(a), directly from the output expression.

Solution
The output expression for the circuit is developed in Figure 5-35. The SOP form indicates that the output is HIGH when A
is LOW and C is HIGH or when B is LOW and C is HIGH or when C is LOW and D is HIGH.
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FIGURE 5-35

The result is shown in Figure 5-36 and is the same as the one obtained by the intermediate-waveform method in Example
5-14. The corresponding product terms for each waveform condition that results in a HIGH output are indicated.
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FIGURE 5-36
Related Problem

Repeat this example if all the input waveforms are inverted.

SECTION 5-5 CHECKUP

1. One pulse with tyy = 50 us is applied to one of the inputs of an exclusive-OR cir-

cuit. A second positive pulse with ty = 10 us is applied to the other input
beginning 15 us after the leading edge of the first pulse. Show the output in relation

to the inputs.

2. The pulse waveforms A and B in Figure 5-31 are applied to the exclusive-NOR
cir-cuit in Figure 5-32. Develop a complete timing diagram.






