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71.1. Introduction

Boolean algebra, named after its pioneer George Boole (1815-1864) isthe algebraof logic pres-
ently applied to the opertion of computer devices. The rules of this algebra are based on human
reasoning. It originated from the study of how we reason, what lines of reasoning are valid and what
constitutes proof etc.

Starting with his investigation of the laws of
thought, Boole developed in 1854 a mathematical sys-
tem of logic in which he expressed truth functions as
symbols and then manipulated these symbolsto arrive
at aconclusion. His new system was not the ordinary
numerical algebra we know from our high school days
but a totally new system called logic algebra. For ex-
ample, inBoolean algebraA + A = A and not 2A asisthe
casein ordinary algebra

Boolean algebraremained in the realm of philoso-
phy till 1938 when Claude E. Shannon used it to solve
relay logic problems. Asweknow, al thinking andlogic
is concerned with finding answers to binary or two-
valued questionslike: isit good or bad, right or wrong,
true or false etc. This binary nature of logic is exactly
like the binary working of relay and switching circuits
whererelay iseither energised or not, lightisON or OFF
or pulse is present or not. Because of its very logical
nature, Boolean algebraisideal for thedesign and analy-
sisof ligic circuits used in computers. Morever, it pro-
vides an economical and straight forward way of describing computer circuitry and complicated
switching circuits. Ascompared to other mathematical tools of analysisand design, Boolean algebra
has the advantages of simplicity, speed and accuracy.

71.2. Unique Feature of Boolean Algebra

Aswe know, the different variables used in ordinary algebra can have any value including plus
and minusvalues. Thereisno restriction onthe valuethey can assume. For example, inthe equation
2x + 3y = z, thevariablesx, y and z can take on any value availablein the entirefield of real numbers.

However, the variables used in Boolean algebrahave aunique property i.e. they can assumeonly
one of thetwo possible valuesof 0 and 1. Each of the variable used in alogical or Boolean equation
can assume only thevalue O or 1. For example, in thelogical equation A + B = C, each of thethree
variables A, B and C can have only thevalues of either O or 1. Thispoint must be clearly taken note
of by the reader for easy understanding of the laws of Boolean algebra.

71.3. Laws of Boolean Algebra

Asstarted earlier, Boolean algebraisasystem of Mathematics A , 1
based on logic. It hasits own set of fundamental laws which are >0
necessary for manipulating different Boolean expressions.

Fig. 71.1
1. ORLaws
These four laws have already been discussed in the previous chapter. These are
Lavl A+0=A Law3. A+A=A

Law2. A+1=1 Law4. A+ A=1
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The expression given in Law 4 can be understood with the help of Fig. 71.1. Consider the
following two possibilities:

(i) When A=0A=1 O A+A=0+1=1
(i) When A=1, A =0 0 A+A=1+0=1
2. ANDLaws

Law5. A.0=0 Lawv7. A A=A

Law6. A.1=A Law8. A.A=0
Theexpression for Law 8 can be easily understood with the help of thelogic circuit of Fig. 71.2.
Consider thefollowing two possibilities:

A—
(i) When A=0, A =1 O 0.1=0 A—>oA }0
O 1.0=0

A. 1
(i) When  A=1 A =0 A. 0

> >
non
inn

3. Lawsof Complementation Fig. 71.2
Law9. 0=1 Law10. 1=0
Law11. ifA=0,then A =1 Law12. ifA=1,then A =0

Law 13. A=A

4. CommutativeLaws

These laws allow changein the position of variablesin ORand AND expressions.
Law14. A+B=B+A Law15. A.B=B.A

Thesetwo laws expressthefact that the order in which acombination of termsisperformed does
not affect the final result of the combination.

5. AssociativelL aws

Theselawsallow removal of bracketsfrom logical expression and regrouping of variables.
Lav16. A+(B+C)=(A+B)+C

Law17. (A+B)+(C+D)=A+B+C+D Law18.A.(B.C)=(A.B).C
6. DidributiveLaws

Theselaws permit factoring or multiplying out of an expression.

Lav19. A(B+C)=AB+AC Law20.A+BC=(A+B)(A+C)

Lav2l. A+ A .B=A+B

7. AbsorptiveLaws

These enable usto reduce acomplicated | ogic expression to asimpler form by absorbing some of
thetermsinto existing terms.

Lav22. A+AB=A Law23. A.(A+B)=A
Lav24. A.(A +B)=AB
The above laws can be used to prove any given AA AA

Boolean identiry and also for simplifying compli-
cated expressions.

O 1C OOC

71.4. Equivalent Switching Circuits (@ (b)

Theequivaent circuitstoillustrate some of the A A

OR and AND laws given above are shown in ° C
Fig. 71.3. ] — T i —

(i) Fig. 71.3 (3) illustrates A + 1= 1. Here, 3 e

lower switch is permanently closed representing 1. (©) (d)

Hence, value of the ORfunctionis1 (i.e. it is ON) _
whatever thevalue of A. Fig. 71.3
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(i) Fig.71.3(b) representsA + 0=A. Here, function valueisdetermined by A alone.
(ifi) InFig. 71.3(c) when A opens, A closesand viceversa. Obviously, whatever the position of
A, thecircuit would alwaysbe ON provingthat A + A =1.
(iv) Fig.71.3(d) provesA + A =A. It showsthat final result dependsonthevalue of A alone. If
A =0, the two switches are open, hence circuit is OFF. If A = 1, both switches are closed. Hence,
circuitisON.
(v) InFig.71.4(a), thecircuitispermanently OFF A8~ 0 AL
irrespective of the value of A. It is due to permanent @ ®)
open (0) inthecircuit. Hence, it provesA .0=0. '
(vi) Fig. 71.4 (b) showsthat circuit conditions will Fig. 71.4
depend solely on the position of the switch. If A =1, circuitisON (1) and when A =0, circuit is OFF
(0). Itisall due to the presence of a permanent short (1) in the series circuit. Hence, everything
dependson A.
Example71.1. Provethefollowing Booleanidentity: AC+ABC=AC
Solution. Taking the left hand side expression asy, we get
y = AC+ABC=AC(1+B)

Now 1+B =1 —Law?2
O y = AC.1=AC —Law6
O AC+ABC = AC

Example 71.2. Determine the logic expression for the output Y, from the truth table shown in
Fig. 71.5. Simplify and sketch the logic circuit for the simplified expression.

Solution. There are two 1sin the output column of the given truth table. The corresponding
binary valuesare 001 and 101. These values are converted into product termsasfollows:

001 - ABC and 101 ABC.

Inputs Output
B

m-| ABC Fig. 71.6
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Fig. 715
The resulting expression for the output,
Y= ABC+ABC

=(A+A)BC .(Law19)
=1.BC (Law4)
= BC ...(Law6)

Fig. 71.6 showsthelogic circuit to implement the simplified logic expression for the output. As
seenitisformed by ANDing thevariables B and C. The B can be obtained by inverting B.

Example71.3. Provethefollowing Booleanidentity: (A +B) (A+C)=A +BC

Solution. Putting the left hand side expression equal to y, we get
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Y= (A+B)(A+C)

= AA+AC+AB+BC —Law19
= A+AC+AB+BC —Law7
= A+AB+AC+BC

= A(1+B)+AC+BC —Law19
= A+AC+BC —Law?2
= AQ+C)+BC —Law19
= A+BC —Law?2

O (A+B)(A+C) = A+BC

Example71.4. Provethefollowingidentity: A+ AB=A+B
Solution. Let the left-hand side expression be put equal to Y.

Y=A+AB =A.1+AB —Law6
= A(1+B)+ AB —Law12
= A.1+AB+ AB —Law19
= A+BA+BA —Law6and 15
= A+B(A+ A) —Law19
= A+B.1 —Law4
= A+B —Law6

O A+ AB = A+B

Example7L15. Provethefollowing Booleanidentity: (A +B) (A+ B) (A +C)=AC
(Digital Computations, Punjab Univ. 1990)
Solution. Left theleft-hand side expressionbe represented by Y.

0 Y=(A+B)(A+B)(A+C)=(AA+AB +BA+BB)(A +0O)
= (A+AB+AB)(A +C)=[A(1+B)+AB](A +0C) *BB =0
=(A+AB)(A+C)=A(1+B)(A +C)
=(A.1)(A+C)=A(A +C)=A A +AC=AC “AA=0

Example 71.6. Prove the following Boolean identity :
ABC+ABC+ABC = A+(B+C)
(Digital Electronic Systems-|, Kurukshetra Univ. 1991)
Solution. Equating theleft-hand side expressionto Y, we have
Y =ABC+ABC+ABC =AC(B+B)+ABC

= AC+ABC —Law4
=A(C+BC)

= A (C+B) —Law21l
=A((B+0C) —Law14

Hence, it proves the given identity.
Example71.7. Smplify the following Boolean Expression :
ABC +ABC + ABC+ABC+ABC
(Digital Computations, Punjab Univ. 1992)
Solution. Bringing together those terms which have two common letters, we get
Y =ABC +ABC+AB C +ABC+ ABC
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=AB(C +C)+AB (C +C)+ ABC

= AB+AB + ABC —Law4
=A(B+B)+ ABC —Law4
= A+ ABC=A+BC —Law21

Example71.8. Smplify the following expression and show the minimum gate implementation.
Y=ABC.D+A.BC.D+B.C.D

B _
Solution. AsseenfromORand AND lawsof Art67.3, A+ A = ng
1andA.1=A - - co—po |
O Y = BCD(A+A) +BCD = BC.D.1+ BCD. Fig. 71.7

= B.C.D+B.C.D=B.C.(D+D)=B.C.1=B.C.
Minimum gate implementation isshown by thecircuit of Fig. 71.7
Example 71.9. Smplify the following Boolean expression and draw the logic circuits for the
simplified expressions.
(@ Y=ABC+ABC+ABC+BC (b) Y=B (A+C)+C(A +B)+AC
Solution. (&) Y= ABC+ABC+ABC+BC =BC(A+ A)+AC(B +B)+BC
=BC+AC+BC =B(C+ C)+AC=AC+B

A A AB
B C

Fig. 71.8 Fig. 71.9
(b) Y=B (A+C)+C(A +B)+AC=AB + BC+ AC+BC+AC
=AB +C(B+A+B+A)=AB +C.1=AB +C
Example 71.10. Using truth table, provethat A+ AB = A + B and illustrate the equivalence
with the help of a switching circuit.

Solution. Sincethereareonly two variablesA and
B, their number of possible combination is 2> = 4 in TableNo. 71.1
termsof Oand 1.

A B A AB A+AB A+B
As seen, A isthe negative of A. In the fourth 0O 0 1 0 0 0
columnof Table71.1, A hasbeen ANDedwithB. Inthe 0O 1 1 1 1 1
fifth column, A hasbeen ORed with A B. Thevaluesin 1 0 O 0 1 1
last column have been obtained by ORing A withB. By 1 1 0 0 1 1

comparing results of column 5 to 6, the equivaence
between the two statements can be proved.

Switching circuit of Fig. 71.10 (a) represents (A + AB). Inthiscircuit, when A isopen, A is
closed and vice versa. It can be shown that his circuit becomes closed with either A or B is closed.

(i) whenAisclosed, then A opens. Cir- A AA
cuit is completed via the upper branch. A+AB A+B
(i) keeping A open, whenwecloseB, the T <« |
circuit again becomes closed via lower branch N B B°
because A isalready closed (dueto A being (@) (b)
open). Fig. 71.10

Hence, al that we have to do for closing
thecircuit of Fig. 71.10 (@) isto closeeither switch A or B. Itisexactly what circuit of Fig. 71.10 (b) does.
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Example71.11. Smplify theexpression: (AB+C) (AB+D)

Solution. Let Y = (AB+C) (AB+D)
= ABAB+ABD + ABC+CD —Law19
= AABB+ABD+ABC+CD
= AB+ABD+ABC+CD —Law7
= AB(1+D)+ABC+CD=AB+ABC+CD —Law?2
=AB(1+C)+CD=AB+CD

O (AB+C)(AB+D) = AB+CD

71.5. DE Morgan’s Theorem

These two theorems (or rules) are a great help in simplifying complicated logical expressions.
The theorems can be started as under :

Law25. A+B =A.B Law26. A.B=A+B

Thefirst statement says that the complement of a sum equalsthe product of complements. The

second statement says that the complement of a product equalsthe sum of the complements. In fact,
it allowstransformation from asum-of-products from to a product-of-sum from.

Asseen from the above two laws, the procedure required for taking out an expression from under
aNOT signisasfollows:

1. complement the given expression i.e,, remove the overall NOT sign
2. changeall and ANDsto ORs and all the ORsto ANDs.

3. complement or negate all individual variables.

Asanillustration, take thefollowing example

A+BC =A+BC —step 1
=A(B+C) —step 2
= A(B+C) —step 3
Next, consider thisexample,

(A+B+C)(A+B+C) =(A+B+C)(A+B+C) —step 1

= ABC + ABC
—step 2
= ABC+ ABC —step 3

= ABC+ABC

This processis called demorganization. It should, however, be noted that opposite procedure
would befollowed in bringing an expression under theNOT sign. Let usbringtheexpression A + B
+ C under theNOT sign.

a
- - — AO—DO—l
A+B+C = A+B+C  —sep3 j_ox.ﬁ
A+B+C
O_DOE_I_

= ABC —step 2 B
= ABC —step 1 A AR
Fig. 71.11 showsthecircuitstoillustrate De M organ’ stheo- A+B
rems. B
As seen, basic logic function can be either an OR gate or Fig. 71.11

an AND gate.
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Example 71.12. Demorganize the expression :
(A+B)(C +D)

Solution. The procedureis as explained above.
(A+B)(C+D) = (A+B)(C+D)
—step 1

= (AB)+(CD)
—step 2
= AB + CD
—step 3
Example71.13. Smplify each of thefollowing expres-
sions using De Morgan's theorems::

(@& AB+C)D

() (M+N)(M+N) (c) ABCD De Morgan (1806-1871)

Solution. Please notethat thereismorethan oneway of
simplifying the expressions givenin part (a), (b) and (c).

(a) A(B+C)D

= A(B+C)D .sepl
= A+(B+E)+D ..step2
= A+B+C+D ..step3
= A+B+C+D (- B+C=B+C)
(b) (M +N)(M +N) = (M +N) (M +N) .. stepl
= (MN)+(MN) ..step 2
= (MN)+M N ..step3
= MN+MN ..step4
() ABCD = ABCD ..stepl
= E_:+D .step 2
- ABC+D step 3
- ABC+D .(~ ABC=ABC)
Theterm ABC can besimplified further by De Morganising theterm AB as A + B. Thus

ABC D =ABC+D=(A+B)C+D =AC+BC +D
Example 71.14. Find switching circuits for the following logic expressions :

(i) A.(B+C) (i) AB +CD (i) (AB+AC) C
(Indusgtrial Electronics, City & Guilds, London)
Solution. (i) A.(B+C)
Here, switches B and C have been ORed i.e. connected in parallel. Thisparalel circuit is con-
nected in serieswith switch A because (B + C) hasbeen AND ed with A. hence, the circuit becomes
asshowninFig. 71.12 (a). Asseen, itisaseries-parallel circuit.
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(i) AB+CD B 4 s
— A
Here, AB hasbeen ORed with CD. We e I m
can easily makeout that a2-brached circuitis s C 4 D~
(b)

needed for thislogic expression. Onebranch

containsswitch A inserieswith B (with one Fig. 71.12
contact point shows raised to indicate nega-
tion) and the other branch contains two series-connected
switchesC and D asshow inFig. 71.12 (b).

(iii) (AB+ AC)C

From thelook of it, we can makeout that it consists of
a series-parallel circuit as shown in Fig. 71.13. AB has
been ORed with ACi.e. AB and AC arein parallel. Of Fig. 71.13
course, A and B arein seriesin one branch whereas A and C arein seriesin the other branch. Both
these parallel branchesarein serieswith C .

Example 71.15. Prove that 3-input NAND gate of Fig. 71.14 (a) is equivalent to the bubbled
AND gate of Fig. 71.14 (b).

Solution. The output of NAND gate is ABC and that of bubbled OR gateis A+ B+C. We
have to show that the above two expressions are equivalent.
De Morgan's theorem can be used to prove the above equivalence,

ABC =ABC —step 1 o
=A+B+C —step 2 Q_Dcm ﬁ@ﬂmc
=A+B+C —step 3 e ¢
(a) (@)
71.6. Duals Fig. 71.14

Basic duality underlies all Boolean algebra. Each expression hasitsdual which isastrueasthe
original expression. For getting the dual of a given Boolean expression, the procedureisto convert

1. all 1stoOsandall Osto 1s.
2. dl ANDsto ORs and all ORs to

ANDs o TableNo. 71.2

) tThe dual so obtained is also found to Relation Dual Relation

) r: f the Boolean relations and thei A0 -0 Arl =l

me of the Boolean relations and their _ B

duasaregivenin Table 71.2. A'A_ =A AtA - =A
Example 71.16. Design alogic circuit A A =0 A+ta =1

whose output isHIGH only when amajority ! =A A+0 =A

of theinputs A, Band C are HIGH. A.(A+B) =A A+AB =1
Solution. Since there are three inputs, A.(A+B) =AB A+ AB=A+B

A, B and C, thereforewhenever two or more

than two (i.e. amajority) inputs are HIGH,

the output is HIGH. This situation can be represented in the form of atruth table as shown in Fig.
71.15.
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A B c | Y
0 0 0 0
0 0 1 0
0o 1 0 0 AB
0o 1 1 1m ABC B Y
1 0 0 0 AaB —
1 0 1 104 ABC
1 1 0 | 1my ABC co
1 1 1 104 ABC C(A+B)
Fig. 71.15 Fig. 71.16

There are four 1sin the output column of the truth table. The corresponding binary values are
011, 101, 110 and 111 respectively. Converting thesevaluesinto product termsand summing up all the
terms, we get

Y = ABC +ABC+ ABC+ABC

Adding the term ABC two times from our side in the Boolean expression for the output,

Y = ABC +ABC+ ABC+ABC+ABC+ABC (- ABC+ABC+ABC=ABC)
Bringing together those terms which have two common |etters, we get,

Y = ABC +ABC+ABC+ABC+ ABC+ABC
AB(C +C)+AC(B +B)+BC(A +A)
AB+AC+BC (- C+C=B +B=A+A=1)
AB+C(A+B)
Thelogic circuit that producesthe output Y = AB+ C (A + B) isasshownin Fig. 71.16.
Alternatively :
You can a'so arrange the equation,

Y =AB+AC+BC
as Y =AB+C)+BC ()
or Y =(A+C)B+AC (D))

If you implement equation (i) or (ii) using AND and OR logic gates, the number of logic gatesis
used will still bethe same (4).

Example 71.17. Determine the
Boolean expression for the logic cir-
cuit shown in Fig. 71.17. Smplify
the Boolean expression using Bool-
ean Laws and De Morgan'stheorem. €0
Redraw the logic circuit using the
simplified Boolean expression.

Ao—]

9

Solution. Theoutput of thegiven
circuit can be obtained by determin-
ing the output of each logic gatewhile
working fromleft to right.

Fig. 71.17
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Fig. 71.18

Asseen from thelogic circuit shownin Fig. 71.18. The output of the circuit is,
X=BC (AB +C)
The output, X can be ssimplified by De Morganizing the term m as shown below.
BC (AB+C) = BC(AB+() ..stepl
BC(A+B).C ..step2
BC (A+B).C ..step3
BC (A+B)C ..Law13

BC (A+B)  ..Law7 Ao

= ABC+BC B
= ABC+0= .Lawg  ©
= ABC . Law1l Fig. 71.19

Thelogiccircuit with asimplified Boolean expression X = A BC isasshownin Fig. 71.19.

A D Example 71.18. Determine the output X of a
logic circuit shown in Fig. 71.20. Simplify the

BoO 7 _l_j_o « output expression using Boolean Laws and theo-
rems. Redraw thelogic circuit with the simpli-

fied expression.

Solution. The output of the given logic cir-
cuit can be obtained by determining the output
Fig. 71.20 of each logic gatewhileworking from left toright.

Asseen from Fig. 71.21, the output,
X = (AB + AB) (A+B)
= ABA+ABA + ABB +AB B

=0+ABA+0+ABB ..Law8
=AB +AB ..LawandLaw 1

Using thesimplified Boolean expression, thelogic circuitisasshownin Fig. 71.22.
A AB +AB
g 1) 7

A+B

Ao— X =AB

Bo—[>o—

X = (AB +AB) (A + B)

Fig. 71.21 Fig. 71.22
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Example 71.19. Consider the logic cir- _
cuit shownin Fig. 71.23. Determine the Bool- We > L
ean expression at the circuit output, simplify
it. From the simplified Boolean expression, 7z
find which logic gateisredundant in the given
logic circuit. X

Solution. AsseenfromFig. 71.24, thelogic _
circuit output, Fig. 71.23

X = W +WZ + XYZ
The expression can be simplified asfollows:
= W+WZ +XYZ
=W (L+ Z) + XYZ —Law19
=W + XYZ —Law?2

wo {>cI

%X:W+WZ+XYE
\XYZ

Xo
yo———

Fig. 71.24
From the simplified Boolean expression of the output X = W + XYZ , and the actual output

W +WZ + XYZ , wefind that the two-input AND gate (producing the term W2z ) is redundant.

Example 71.20. Determine the output of the logic circuit shown in Fig. 71.25. Smplify the
output Boolean expression and sketch the logic circuit.

- '»—po—D—c
BO D> }
3_0_

Fig. 71.25

Solution. The output of the circuit can be obtained by determining the output of each logic gate
whileworking from|eft toright.
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Ao A+A=1=0 L L
P—I>°K—E>—c 0.AB=1.AB=AB
¢
j; Y=AB + AB
BO [>o B AB
3 AB
Z AB + AB = AB
Fig. 71.26

As seen from the circuit shown in Fig. 71.26, we find that the output,

=
(@)

Fig. 71.27

y = AB+AB
The sketch of a logic circuit for the simplified Boolean expression is as shown in
Fig.71.27.

Alternatively :
y=AB+AB
=AB+(A+B)
=(AB+B)+A
=(A+1)B +A
=B+A

Thelogic circuit toimplement thislogic equationisasshownin Fig. 71.27(b). Noticethe differ-
ence in terms of the number and type of logic gates used in the circuits shown in Fig. 71.27.
So when you are simplifying and designing logic circuits, it is always possible to have more than one
solution.

Thecircuit showninFig. 71.27 showsthat it makes use of oneinverter (or NOT gate), one AND
gate, one NAND gate and one OR gate. In other words, there are four different types of logic gates.
However thelogic circuit of Fig. 71.27 (b) makes use of only threelogic gates (two invertersand one
OR gate).

71.7. Standard Forms of Boolean Expressions

All Boolean expressions, regardless of their form, can be converted into either of the two follow-
ing standard forms:
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1. Sum-of-products (SOP) formand 2. Product-of-sums (POS) form.

The standardization of Boolean expressions makestheir evaluation, simplification and implemen-
tation much more systematic and easier. Now we shall discuss these two standard forms in more
detail.

71.8. The Sum-of-Products (SOP) Form

A product term is a term consisting of the product (or Boolean multiplication) of literals (i.e.
variablesor their complements). When we add two or more product terms, the resulting expressionis
called, sum-of-products (SOP) expression. Some examples of sum-of-products expressions are
AB + ABC , ABC + ACD + ABCD, AB +AC+ ABC

Sometimes, it is convenient to define the set of variables contained in the expression (in either
complemented or uncomplemented form) asadomain. For example, domain of theexpression A B +

ABistheset of variablesA and B. Similarly thedomain of theexpression ABC+ABC+A B CDisthe
set of variables A, B, C and D.

Any logic expression can be changed into SOP form by applying Boolean agebra laws and
theorems. For example, the expression A (BC + D) can be converted to SOP form by applying the
distributivelaw :

A(BC+D) = ABC+AD

71.9. The Standard SOP Form

So far, we have seen SOP (sum-of-products) expressionsin which some of the product terms do
not contain all the variablesin the domain of the expression. For example, the expression, A BC +
AC D + AB CD hasadomain made up of thevariables A, B, C and D. But noticethat the first two
terms contains only threevariables, i.e. D or D ismissing fromthefirsttermand B or B ismissing
from the second term.

A standard SOP expression is defined as an expression in which all the variablesin the domain
apper in each product term. For example ABCD +ABC D +A B CD isastandard SOP expression.
Standard SOP expressions areimportant in constructing truth tables and in karnaugh map simplifica-
tion method.

Itisvery straightforward to convert non-standard product term to astandard SOP using Boolean
algebra. Each product termin the SOP expression that does not contain al the variablesin the domain
hasto be expanded to standard formto include @l the variablesin the domain and their complements.
As stated below, a nonstandard SOP expression is converted into standard form using Boolean
agebralaw4: A + A =1i.e avariableadded toits complement equals 1.

Step 1. Multiply each nonstandard product term by a term made up of the sum of a missing
variable and its complement. Thisresultsin two product terms. It is possible because we know that
we can multiply anything by 1 without changing itsvalue.

Step 2. Repeat step 1 until al resulting product terms contain al variablesin thedomain in either
complemented or uncomplemented form. Notethat in converting aproduct term to a standard form,
the number of product termsis doubled for each missing variable.

For example, suppose we want to convert the Boolean expression ABC+ACD+ABCDtoa
standard SOP form. Then following the above procedure we proceed as below :

ABC(D+ D)+A(B+B) CD+ABCD

= ABCD+ ABCD +ABCD+AB CD+ABCD
The expression given above is a standard SOP expression.



@

Boolean Algebraand Logic Families 2599

71.10. The Product-of-sums (POS) Form

The sum termisaterm consisting of the sum (or Boolean addition) of literals(i.e. variablesor their
complements). When we multiply two or more sum terms, theresulting expressionis called product-

of-sums (POS). Some examples of POS form are (A + B) (A + B + C), (A + B + C)
(A+C +D)(A+ B +C+D)and(A+ B)(A+C)(A + B +C).
It may be carefully noted that a POS expression, can contain asingle-variabletermasin A (A +

B +C)(B+ C + D). InPOSexpression, asingleoverbar cannot extend over morethan onevariable,
although more than one variable in aterm can have an overbar.

71.11. The Standard POS Form

So far, we have seen POS (product-of-sums) expressionsin which some of the sum terms do not
contain all the variablesin the domain of the expression. For example, the expression, (A + B + C),

(A+C +D)(A+ B +C+ D) has adomain made up of variables, A, B, C and D. Noticethat the
complete set of variablesin the domain is not represented in the first two terms of the expression, i.e.
Dor D ismissinginthefirsttermand B or B ismissing in the second term.

A standard POS expression is defined as an expression in which all the variablesin the domain
appear ineach sumterm. Forexample( A +B+C+D)(A+B+ C +D) (A + B +C+D)isastandard
POSform. Any nonstandard POS expression can be converted to a standard form using Boolean
algebra.

Each sum term in an POSexpression that does not contain all the variablesin the domain can be
expanded to standard form to include all variablesin the domain and their complements. As stated
below : anonstandard POS expression is converted into a standard form using Boolean algebra Law

8:A. A =0,i.e avariablemultiplied by its complemented equals 0.

Step 1. Add to each nonstandard product term a term made up of the ptoduct of a missing
variableand itscomplement. Thisresultsintwo sumterms. Thisis possible because weknow that we
can add 0 to anything without changing its value.

Step 2. Applylaw 20,i.e. A+BC=(A+B)(A+C)

Step 3. Repeat Step 1 until al resulting sum terms contain all variablesin the domain in either
complemented or uncomplemented form.

For example we want to convert the Bool ean expression,

(A+B+C)(A+C +D)(A+ B +C+D)
into astandard POSform. Then following the above prodcedure, we proceed as below :
(A+B+C+DD)(A+BB + C+D)(A+ B +C+D)
=(A+B+C+D)(A+B+C+D)(A+B+C+D)(A+B +C +D)(A+ B +C+D)
The expression given above is a standard POS expression

71.12. The Karnaugh Map

The Karnaugh map (or smply a K-map) is similar to a truth table because it presents al the
possible values of input variables and the resulting output for each value. However, instead of being
organised into columns and rowslike atruth table, the Karnaugh map isan array of squares (or cells)
in which each square represents a binary value of theinput variables. The squaresare arranged in a
way so that simplification of given expression issimply amatter of grouping the squares. Karnaugh
maps can be used for expression with two-three, four, and five variable Karnaugh mapstoillustrate the
principles. Karnaugh map with five-variablesisbeyond the scope of thisbook. For higher number of
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variables, a Quine-McClusky method can be used. This method is also beyond the scope of this
book.

The number of squaresin aKarnaugh map isequal to the total number of possibleinput variable
combinations (asisthe number of rowsinatruthtable). For two variables, the number of squareis 2
= ;4 for three variables, the number of squaresis 2° = 8 and for four variables, the number of squares
is2'=16.

71.13. The Two-variable Karnaugh Map

Fig. 71.28 (a) showsatwo-variable Karnaugh map. Asseen, itisanarray of four squares. Inthis
cass, A and B are used for two variables
athough any other two letters could be
used. Thebinary valuesof A (i.e.0and 1)
areindicated long theleft sideas A and
A (notice the sequence) and the binary
values of B are indicated across the top
as B andB. Thevaueof agivensquare A Al AB AB
isthevaueof A at theleftinthe samerow
combined with thevalue of B at thetopin (@) (b
the same column. For example, asguare Fig. 71.28
intheupper left corner hasavalueof A B
and asquare in the lower right corner hasavalue of AB. Fig. 71.28 (b) shows the standard product
terms represented by each square in the Karnaugh map.

o]

B B B

AB

>l
>l
>l
o

71.14. The Three-variable Karnaugh Map

Fig. 71.29 (a) shows athree-variable Karnaugh map. Asseenitisan array of eight squares. In
thiscase, A, B and C are used for the variables although any other three letters could be used. The
value of A and B are along the left side (notice the sequence carefully) and the values of C are across
the top.

Thevaueof agiven squareisthevaluesof A and B at theleft in the same row combined with the
value of C at thetop inthe same column. For example, asgquarein the upper left corner hasaval ue of
AB C andasquarein the bottom right corner hasavalueof A B C. Fig. 71.29 (b) showsthe product
termsthat are represented by each square in the Karnaugh map.

C @ C C
AB AB| ABC| ABC
B Ag| ABC| ABC
AB AB| ABC ABC
AB AB| ABC ABC

(a) b)
Fig. 71.29
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71.15. The Four-variable Karnaugh Map

Fig. 71.30 (a) showsafour-variable Karnaugh map. Asseen, itisanarray of sixteen squares. In
thiscase A, B, Cand D are used for the variables. The valuesof A and B are along the |eft side, and
thevaluesof C and D are acrossthetop. The sequence of the variable values may be noted carefully.

CD CD CD CD CD CD CD CcD
AB AB | ABCD| ABCD| ABCD | ABCD
AB AB | ABCD| ABCD| ABCD | ABCD
AB AB ABCD| ABCD| ABCD| ABCD
AB AB ABCD | ABCD| ABCD| ABCD
€Y (b)
Fig. 71.30

Thevaueof agiven squareisthevaluesof A and B at theleft in the same row combined with the
valuesof C and D at the top in the same column. For example, asquare in the upper right corner has

avalue ABC D andasquareinthelower left corner hasavalue AB C D . Fig. 71.30 (b) showsthe
standard product terms that are represented by each square in the four-variable Karnaugh map.

71.16. Square Adjacency in Karnaugh Map

We have already discussed atwo-variable Karnaugh map, athree-variable Karnaugh map and a
four-variable Karnaugh map. Now we shall discuss the concept of square adjacency in a Karnaugh
map.
It will beinteresting to know that the squaresin aKarnaugh map are arranged in such away that

thereis only a single-variable change between adjacent squares. Adjacency is defined as a single-
variablechange. It meansthe squaresthat differ by only onevariable are adjacent. For example, ina

three-variable Karnaugh map shownin Fig. 71.29 (b), the AB C squareisadjacentto AB C square,
the agc squareandthe apgc square. It may be carefully noted that square with values that differ
by more than one variable are not adjacent. For example, the AB C square is not adjacent to the

AB C square, the ABC square, the AB C squareor the AB C square. Inother words, each square

isadjacent to the squaresthat areimmediately next to it on any of itsfour sides. However, asquareis
not adjacent to the squares that diagonally touch any of its corners.

It may also be noted that squares in the top row are adjacent to the corresponding squaresin the
bottom row and sguares in the

outerleft column are adjacent to C ¢ Cb Cb cb ¢D
the corresponding squares in the (\ (\ . (\ (\ (\
outer right co!’umn. Thisiscaled - YAl Y 5 VY <Y e

wraparound” adjacency because i 4 A (|4 4 4
we can think of themap aswrap- _ v v _ AIRPIRPIRA
ping around from top to bottom AP | 4 4 AB IR I T
to form acylinder or from left to v v AIRPIRPIRA
right to form a cylinder. AB| 4 4 AB IR "a
Fig. 71.31' @ apd (b) shows the _ v v S+ = =
square adjacencies with athree- AB A . AB —>+< >+< >+< ::—
variable and a four-variable U U

Karnaugh maps respectively.
Noticethe square adjacencies
inafour variable Karnaugh map Fig. 71.31

—~
Q
=

(b)
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Herefor example, the square ABC D isadjacentto ABC D square,
squareand ABC D square. Similarly ABC D squareis adjacent to
square, ABCD squareand ABCD square.

A
A

[elNel

B
B

71.17. Mapping a Standard SOP Expression on the Karnaugh Map

Consider a SOP (sum-of-products) expression.

map thisexpression on the Karnaugh map,
we need a three variable Karnaugh-map
because the given expression has three
variables A, B, and C. Then select the
first product term A BC and enter 1in

the corresponding square (i.e. thefirst row
and the first column) as shown in Fig.
7132

Similarly, for the second product term,

ABC placeal in the second row and
first column. Repeat this process for the

other two product terms, i.e. ABC and

ABC + ABC + ABC + ABC. Inorderto

o C K?6+KBE+A§C+ABE
as| 1
AB 1«
AB
AB 1,\ 1/
\
Fig. 71.32

AB C . Thesquaresthat do not have 1 arethe squares for which the expressionis0. Usually when

working with sum-of-products ex-

pressions, the Os are left off the _ A BC +ABC + ABC +ABC
map. C C
Example71.21. Mapthefol- AB 1<
lowing SOP expression on the
Karnaughmap: ABC + ABC &B 1 <
+ ABC + ABC. %
Solution. Sketchathreevari- AB 1 1 <
able Karnaugh map as shown in
Fig. 71.33. Selectthefirstproduct AB
term A B C andenter Linthecor-
XBCD F9- 7SS
ABCD responding square. Similarly enter 1 for the
\ Cb ©p /cD c¢b other product termsin the given SOP expres-
'/ sion. Check that number of 1sintheKarnaugh
AB \‘1 1 map is equal to the number of product terms
in the given SOP expression.
AB | «—— ABCD Example71.22. Map thefollowing stan-
dard sum-of-products (SOP) expression on
IN: e 1 A le— ABcD @ Kainaugh_map : _ o
] ABCD + ABCD + ABCD +
ABCD = |«.—ABCD  ABCD + ABCD + ABCD +
ABC D +ABCD

ABCD ABCD
Fig. 71.34
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Solution. Sketch afour variable Karnaugh map. Select thefirst product term ABC D fromthe

given SOP expression and enter 1 in the corresponding squareasshownin Fig. 71.34. Similarly enter
1 for the other product termsin the given SOP expression. Check that number of 1sin the Karnaugh
Map is equal to the number of product termsin the given SOP expression.

71.18. Mapping a Nonstandard SOP Expression on the Karnaugh Map

A nonstandard sum-of-products (SOP) expression is a one that has product terms with one or
more missing variables. Insuch acase, Boolean expression must first be converted to astandard form
by aprocedureexplainedin Art. 71.9.

L et usconsider an exampletoillustrate the procedure for mapping anonstandard SOP expression
on the Karnaugh map. Suppose we have the SOP expression :

A+ AB + ABC
As seen, this expression is obviously not in standard form because each product term does not
havethreevariables. Thefirst termismissing two variables, the second term ismissing one variable
and the third term is standard. In order to convert the given nonstandard SOP expression to a
standard form, we multiply thefirst producttermby B+ B and C+ C , andthesecondtermby C+ C .
Expanding the resulting expression, we get,
A(B+B)(C+C)+AB(C +C) +ABC
= ABC+ABC+ABC+ABC +ABC +ABC +ABC
Rearranging the expression for our convenience, we get
ABC+ABC+ABC +ABC +ABC +ABC +ABC
Thisexpression can be mapped on athree-variable Karnaugh map as shown in Fig. 71.35.

C C | |
A8 | & 1+
AB 1/ 1 <
AB 1<
AB| X 1

Fig. 71.35

71.19. Simplification of Boolean Expression Using Karnaugh Map

The processthat resultsin an expression containing the minimum number of possibletermswith
the minimum number of variables is called smplification or minimization. After the SOP (or the
Boolean) expression has been mapped on the Karnaugh map, there are three steps in the process of
obtaining aminimum SOP expression. Thethree stepsare: (a) grouping the 1s, (b) determining the
product term for each group and (¢) summing the resulting product terms.

(a) Groupingthels: We can group the 1sonthe Karnaugh map according to thefollowing rules
by enclosing those adjacent squares containing 1s. The objectiveisto maximizethe size of the groups
and to minimizethe number of groups.
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1. A group must contain either 1, 2, 4, 8 or 16 sgquares. In the case of two-variable Karnaugh
map, 4 squares is the maximum group, for three-variable map, 8 squares are the maximum
group and so on.

2. Each squareinthe group must be adjacent to one or more squaresin that same group but all
squares in the same group do not have to be adjacent to each other.

3. Alwaysinclude the largest possible number of 1sin agroup in accordance with rule 1.

4. Each 1 on the Karnaugh map must be included in at least one group. The 1salready in a
group can be included in another group as long as the overlapping groups include non-
common 1s.

(b) Determining the Product Term for each group : Following are the rules that are applied to

find the minimum product terms and the minimum sum-of-products expression :

1. Groupthesguaresthat have 1s: Each group of squares containing 1s creates one product
term composed of all variablesthat occur in only oneform (either uncomplemented or comple-
mented) within the group. Variables that occur both uncomplemented and complemented
within the group are eliminated. These are known as contradictory variables.

2. In order to determine the minimum product term for each group, we need to look at the
standard methodology for three-variable and four-variable Karnaugh map respectively.

(i) For athreevariable K-map : (1) for 1-square, group we get a three-variable product
term, (2) for a 2-square group, we get a two-variable product term, (3) for a 4-square
product term, we get aone-variable product term.

(i) For afour-variable K-map : (1) For a 1-square group, we get a four-variable product
term, (2) for a 2-square group, we get athree-variable product term, (3) for a4-square
group, we get atwo-variable product term and (4) for a 8-square group, we get a one-
variable product term.

(c) Summing the resulting product terms: When all the minimum product terms are derived
from the Karnaugh map, these are summed to form the minimum sum-of-products expression.

Note: Insome cases, there may be more than oneway to group the 1sto form the product terms.
Whatever be the way, the minimal expression must have the same number of product terms and each
product term, the same number of Boolean variables.

The examples given below will help you to understand and apply the simplification of the SOP
expression using Karnaugh map.

Example 71.23. Smplify the following Boolean expression using the Karnaugh mapping tech-
nique :

X=AB+ABC+ABC +ABC

Solution. Thefirst step isto map the given Boolean expression on the Karnaugh map. Notice
that therearethreevariables A, B and Cinthe Boolean expression, therefore we need athree-variable
Karnaugh map.

The Boolean expression to be mapped is,

X=AB+ABC+ABC +ABC

Note that the given Boolean expression is a nonstandard SOP expression because the first
product term A B hasthe variable C missinginit. Thiscan be converted into astandard SOP form
by modifying the expression as bel ow.

X =AB.1+ ABC+ABC +ABC
= AB(C+C)+ABC+ABC +ABC .(C+C =1)
= ABC+ABC+ABC +ABC +ABC (D)
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Equation (1) can be mapped on the Karnaugh map as shown e c
inFig. 71.36. Inorder to simplify the given expression, the 1scan be
grouped together as shown by the loop around the 1s. Thefour 1sin

thefirst column are grouped together and theterm we get is C. This [
is because of the fact that the squares within this group contain both (:j

Aand A andB and B, so these variables are eliminated. Similarly,
thetwo 1sinthe second row are grouped together and the term we get

is AB . Thisisbecause of thefact that squaresinthisgroup contain =~ N,

>
o]
TN
)
7

>
=

[}

1
AB || 1

]

_ band
both C and C which is eliminated. Summing up the two-product 6/
terms, thesimplified expression s, Fig. 71.36

X = AB+C.
Example 71.24. Smplify the following SOP expression using the Karnaugh mapping proce-
dure :
X=ABCD+ABCD+ABCD+ABCD +ABCD +ABCD
Solution. First of al, noticethat the given SOP expression isalready inthe standard fromi.e. all
the product terms in the given

) : CD CD CD ch

expression haveall thefour vari-
ablesA, B, CandD. __ L —

Next sketch afour-variable  *° !
Karnaugh map. Select the first
productterm (ABC D) fromthe % | ———
given expression and enter 1 in AP }// \4
the corresponding square as A w N
showninFig. 71.37. Smilalyen- , O (D 1)/ X=ABD + ABC + CD
ter 1 for the other product terms
in the given SOP expression to
completethe mapping. Inorder , 5 |
tosimplify thegiven SOP expres- —
sion, the 1s can be grouped to-
gether as shown by the loop Fig. 71.37

aroundthe 1s. Thefour 1sinthe _
second column are grouped together and the product termwe getis C D. Thisis because of the fact
that squareswithin this group contain both A and A and B and B , so these variables are eliminated.

Thetwo 1sin thefirst and second columns can be grouped together. This group contains both
Dand D , sothisvariableiseliminated and the resulting product termisABC . Similarly thetwo 1sin

the second and third columns can be grouped together. This group contains both C and C, sothis
variableiseliminated and the resulting product term isABD.

Theresultingminimal or simplified SOP expression isobtained by summing up the three product
terms C D, ABC and ABD as shown below :
X = ABD+ABC +CD.
Example 71.25. Smplify the following SOP expression using the Karnaugh mapping technique.
X = BCD+ABCD +ABCD +ABCD +ABCD
Solution. First of all, notice that the given SOP expression is in the nonstandard SOP form

because thefirst product term (BC D) hasavariable A or A missinginit. Let usconvert thegiven
OP expression into astandard SOP form as shown below :
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X = 1.BCD+ABC D + ABCD + ABCD ABCD
(A+ABCD+ABCD +ABCD +ABCD +ABCD  ..(" A+A=1)
ABCD+ABCD +ABCD +ABCD +ABCD +ABCD

This expression can be mapped on to the four-variable L _
Karnaugh by entering 1 for each product terminthe corre- cb €D CD CD

sponding square as shown in Fig. 71.38. ==

In order to simplify the SOP expression, the 1scan be L
grouped together as shown by theloop around the 1s. The — T 1*.‘// BD
four 1slooped together form thefirst and second cloumns, _ }ng ! I
contain both A and A and D and D , so these variables ~ AB |i1_| i)
areeliminated and theresulting product termis B C . Simi- _
larly, the four 1s looped together form the second and the AB

third column containboth A and A and Cand A , sothese Fig. 71.38
variables are eliminated and the resulting product term is

BD. Theresulting simplified SOP expression isthe sum of the product terms B C andBD, i.e.,

X =BC +BD
Example71.26. Fig. 71.39 showsa Karnaugh map of a sum-of-products (SOP) function. Deter-
mine the simplified SOP function. (UPSC Civil Services 2000)
*[CD CTp{ c¢D cD,”,
N !‘\ /4 ,” ]4—BD
_ AB[ND |15 L
CD CD CD D B
| |
AB| 1 |1 i AB J L1
EE/ b, i
AB 1 AB /
AB il et s
AB %L 1 QIS
_ s 7 - N N
AB 1 1 1 ’ /i i 3 O
Fig. 71.39 Fig. 71.40

Solution. Thegrouping of 1sisasshownintheFig. 71.40. Noticethe“wrap around” four-square
group that includesthe 1son four corners of the Karnaugh map. Thisgroup produces a product term
BD . Thisisdetermined by observing that the group containsboth A and A and C and C , so these

variables are eliminated.

Another group of four with “wrap-around” adjacency isformed form the top and the bottom rows
of the Karnaugh map. This group overlaps with the previous group and produces a product term

B C . Thisisdetermined by observing that thisgroup containsboth A and A andD and D , sothese
variablesare eliminated.
Theremaining 1 isabsorbed in aoverlapping group of two squares. Thisgroup producesathree-

variableterm ACD . Thisisdetermined by observing that thisgroup containsboth B and g, so this
variableiseliminated. Thisresulting simplified SOP function isthe sum of the product terms BD +
BC and ACD, i.e.

X = BD +BC + ACD
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71.20. Mapping Directly on Karnaugh Map from a Truth Table

It ispossibleto map directly on Karnaugh map from atruth table. Recall that atruth table gives
the output of aBoolean expression for all possibleinput variable combinations. Let usillustrate direct
mapping through an example of a Boolean expression and its truth table representation.

Let X = ABC+ ABC + ABC + ABC . Then its truth table can be indicated as shown in
Fig. 71.41 (a) and its Karnaugh mapping isshown in Fig. 71.41 (b). Noticein thetruth table that the
output X is1for four different input variable combinations.

Itisevident fromtheFig. 71.41 (a) and (b) that truth table and Karnaugh map are simply different
ways to represent alogic function.

Inputs Output

A B C X C C
0 0 0 0 AB |
0 0 1 1 ————» ABC ad
0 1 0 0 iB .
0 1 1 ] ——» ABC —
1 0 0 0 AB |y 1
1 0 1 | —— ABC
1 1 0 1 ——>» ABC _ 1

AB A
1 1 1 0

(a) (b)
Fig. 71.41

Example 71.27. Implement the following Boolean expression using minimum number of 3-input
NAND gates.

f(A B,CD)=5(123,4,7,9,10,12) (UPSC Engg. Services 1991)

Solution. The given Boolean function indicates that its output is 1 corresponding to the terms
indicated withintheexpressioni.e, 1,2, 3,4, 7,9,10and 12. ThisisshowninFig. 71.42(a). Wecan

map these values directly on to the four-variable Karnaugh map asshown in Fig. 71.42 (b). Inorder
to simplify the Boolean expression represented on the Karnaugh map, group the 1sas shown inthe

Fig. 71.42 (b). Thegroup of two squaresin thefirst coloum produces aproduct term B C D . Thisis
determined by observing that the group contains both A and A, so this variable is eliminated.
Another group of two squares in the second column produces term B CD. Thevariable A iselimi-
nated because the group contains both A and A.

Another group of two squares in the third column produces theterm ACD . Thevariable B is

eliminated because the group contains both B and B . Still another group of two squaresin thefourth
column produces theterm BCD . The variable A is eliminated because the group contains both A
and A. Thustheresulting simplified expression,
f(A,B,CD) =BCD+BCD+ACD +BCD
Thiscan beimplemented using 3-input NAND gate asshownin Fig. 71.43.
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Decimal
e Inputs Output
A B C D f
0 0 0 0 0 0
1 0o 0 0 1 |—+—>»ABCD
2 0 0 1 0 I——>»ABCD BCD
3 0 0 1 1 1——»ABCD . :
4 [0 1 0 0| 1 »FBTH CD €D cD icD; _
T,~ i 1 ACD
p— H HIE4 H H
S R B x5 | (LU L]
6 0 1 10 0 : n
3 o 1 1 1 1— » & BCD AB /1) 3
8 1 0 0 o0 0 BCD b !
— AB |1,
9 1 0 0 1 |—+—>» ABCD ~
10 1 0 1 0 I——>» ABCD AB 1 1
11 10 1 1 0 ' BCD
12 1 1 0 0 l——» ABCD
13 1 10 1 0
14 1 1 1 0 0
15 1 1 11 0
(@) (b)
Fig. 71.42
BCD
BCD

O|
@]
w

BCD

Fig. 71.43

71.21. “Don’t Care” conditions

In digital systems design sometimes a situation arisesin which some input variable conditions
arenot alowed. For exampleinaBCD (binary coded decimal) code, there are six invalid combina-
tions: 1010, 1011, 1100, 1101, 1110 and 1111. Sincethese unallowed stateswill never occur in an
application involving the BCD code, they can be treated as“don’t care” terms with respect to their
effect ontheoutput. That is, for these*don’'t care” termseither 1 or 0 may be assigned to the output.

Now, we shall discuss as how the“don’t care” terms can be used to advantage on the Karnaugh
map for simplifying the L ogic equations.

Consider for example, a combinational circuit which productsa ‘1’ output corresponding to a
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BCD input equal and greater than 6. The output is 0 corresponding to a BCD input lessthan 6. The
truth table for thissituation isas shown in Fig. 71.44 (a).

Inputs Output

A B C D X BC ZBC

0 o0 0 0 0 B _

0 0 0 1 0 CD CD CDhD CD

0 o0 1 0 0 L

0 o 1 1 0 AB

0o 1 0 0 0 ¥

0o 1 0 1 0 =3 "f"“f\“

o 1 1 o 1 m ABCD e _"T/

0 1 1 1 1 mh ABCD ] __"l_______:\

1 0o o0 o0 1 m ABCD AB X X | \Xx | xi

1 0 0 1 1 m ABCD (= :
1,% = 1

1 0 1 0 X AB [0 | Ukl X | X

1 0 1 1 X T=E=

1 1 0 0 X

1 1 0 1 X A ABC

11 1 0 X

11 1 1 X

@ (b)
Fig. 71.44 b CTp cb CD

We know that we can place 1s directly from the truth table on the
Karnaugh map. Similarly we can place X for the“don’'t care” enteries
directly onthe Karnaugh map asshowninFig. 71.44 (b). Whengroup-
ingthe 1s, Xscan betreated as 1smakealarger grouping or as0s, if they AB
cannot be used to advantage Recall the larger the group of 1s the
simpler theresulting term will be. Taking advantage of the*don’t care”
and using them as 1s, theresulting expressionfor theoutputisA+BC. A5 | 1 | x X
However, if the “don’'t cares’ are not used as 1s, the resulting expres-
sionis ABC + ABC . Thuswe can see the advantage of using “ dont
care” termsto get the simplest logic expression.

Example71.28. Consider the Karnaugh map shown in Fig. 71.45. Determine thelogic function
represented by the map and simplify it in the minimal form. (UPSC Engg. Services 1997)

Solution. We know that when grouping the 1s, Xs can be treated as 1s to make a larger
grouping or as Osif they cannot be used to advantage.

>
or]]
>
>~

Fig. 71.45

N

CDCD cb cbh.” i
N 3 7 Recall, thelarger the group of 1s, the simpler theresult-
AB[N L) XXy ing term will be. Taking advantage of the Xsand using
: : _ them as 1s, the grouping of 1s and Xs is as shown in
U «—AC )
AB 1 |exz e Fig. 7;.46. '
! Notice the “wrap-around” four-square group that in-
: < gp  Cludesthe 1sand Xs on fours corners of the Karnaugh
AB N map. Thisgroup producesaproductterm B D . Thisis
- determined by observing that the group contains both
AB) 1) | X X — — — . .
1. «—BD Aand A and Cand C, so these variables are elimi-
‘7 nated. Another group of four squares containing 1s

Fig. 71.46 and Xs around the centre of Karnaugh map is formed.

®
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This group produces a product term BD. Thisis determined by observing that the group contains
both A and A and C and C , so these variables are eliminated.

Another group of four containing 1sand Xsisformed near thetop right corner of Karnaugh map.
This group overlaps with the previous group and produces a product term A C. Thisis determined by
observing that the group containsboth B and B and D and D , o these variables are eliminated.

Theresulting simplified logic functionisthe sum of thethreeproduct terms: B D ,BDand AC,i.e,

X = BD +BD+ AC

71.22. Main Logic Families

Most digital systems are designed by combining various logic functions discussed in Chapter
19. All theselogic circuits are availablein IC modules and are divided into many ‘families’. Each
family isclassified by abbreviationswhich indicate thetype of logic circuit used. For example, RTL
means resistor-transistor logic. We will discuss the following seven transistor logic families al-
though the first two are, at present, of historic interest only.

1. Resgtancetransstor logic (RTL) : it was the first family group of logic circuits to be
developed and packaged in IC formin early 1960s,
Diode-trangstor logic(DLT) : Itfollowed RTL inlate 1960s,
Transistor-transistor logic (TTL) OR(T°L) : was introduced in the early 1970 s;
Schottky TTL : wasintroduced to improve the speed of TTL;
Emitter-coupled logic (ECL) : Itisfastest logic line currently available;
Integrated-injection logic (1°L) : It is one of the latest of the bipolar types of logic;

7. Complementary metal-oxide semiconductor (CMOS) : It hasthe lowest power dissipation
of the currently-availablelogic circuits.

The various logic families discussed above posses different characteristics as detailed bel ow.

oA WN

71.23. Saturated and Non-saturated Logic Circuits

Those logic circuits in which transistors are driven into saturation are called saturated logic
circuits or simply saturated logic. Those circuits which avoid saturation of their transistors are
designed non-saturated logic.

The disadvantage of saturated logic isthe delay that occurs when the transistorsis brought out
of saturation. When a transistor is saturated, its base is flooded with carriers. Even when base
voltage is switched off, the base remains flooded for some time till al carriers leave it. Thetime
required by the carriers to leave the base is called saturation defay time (ty). Obviously, saturated
logic circuits have low switching speeds whereas non-saturated type are much faster. TTL isthe
example of asaturated logic whereas ECL represents a non-saturated logic.

71.24. Basic Operating Characteristics and Parameters of Logic Families

Whenwework with digital |Csfrom different logic families, we should befamiliar with, not only
their logical operation but also with the basic operational properties. Following are the important
basic operational propertiesimportant from the subject point of view.

1. DC supply voltage. 2. TTLandCMOSIlogiclevels 3. Noiseimmunity

4. Noisemargin. 5. Power dissipation. 6. Propagation delay.

7. Speed-power product. 8. Loading and fan-out.

Now wewill describe all the above operationa characteristics one by onein the following pages.

71.25. DC Supply Voltage

The standard value of the dc supply voltagefor TTL (i.e., transistor-transistor logic) and CMOS
(i.e., complementary metal-oxide semiconductor) deviceis+5V. For simplicity, the dc supply voltage
isusually omitted fromthelogic circuits. Butin practice, itisconnectedtotheV . orV,pinof anlC
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package and the ground is connected to the GND pin of an IC package. Both the voltage and ground
are distributed internaly to all the logic gates with the package as shown in Fig. 71.47 (a). The
connectionsfor the singlelogic gate are as shown in Fig. 71.47 (b).

mV@ +5V
T °

) N

:T.)j
7

(a) )
Fig. 71.47

71.26. TTL and CMOS Logic Levels

For TTL circuits, therange of input voltages, that can represent avalid LOW (logic 0) and avalid
HIGH (logic 1) isasshownin Fig. 71.48 (a). Asseenfrom thisdiagram, therange of input voltagesthat
can represent avalid LOW (logic 0) isfrom 0to 0.8 V. The LOW input voltage is indicated by the
symbol V|, . Thelower limitforV,, isrepresentedby V| ., andthehigher limitforV, , by V, q - The

min max

range of input voltagesthat can represent avalid HIGH (logic 1) isfrom2V to V o (usualy 5V). The
HIGH input voltageisindicated by symbol V,,,. Thelower limitfor V, ,isrepresented by V,, ) and
the higher limit for V,, by Va0 Note that the range of values between 0.8V and 2V is called
indeterminate. This meansthat when ainput voltageisin thisrange, it can beinterpreted asaHIGH
or LOW by the logic circuit. Therefore TTL logic gates cannot be operated reliably when input
voltages are in thisrange.

A"
5V IH(max) 5V VOH(max)
Logic 1 i
Logic 1
(HIGH) Vor (HIGH)
2V Vit (min) 24V V OH(min)
Indeterminate Indeterminate
0.8V Larie VIL(max) 04V . VOL(max)
g vV Logic 0
0 (LOW) ot (LOW)
ViL(min) 0 VOL(min)
(a) input (b) output

Fig. 71.48

Fig. 71.48 (b) showstherangeof TTL output voltagesthat can represent valid HIGH (logic 1) and
valid LOW (logic0). Asseentherangefor logic 1 outputifsfrom 2.4V to5V andlogic O outputis
from0t0 0.4 V. Noteagain that the range of values between 0.4V and 2.4V isindeterminate. Also
note that the output voltage for logic 1 isindicated by the symbol V,,,. Thelower limit for Vg, is
represented by Vo, iy @nd thehigher limit for Vo, by Vo 0. Similarly theoutput voltagefor logic
Oisindicated by the symbol V,, . Thelower limit for V,, isrepresented by V) and the higher
limitforV, by VoL (ma:
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It may be noted from Fig. 71.48 () and (b) that the minimum HIGH output voltage, V o (mir IS
greater thanthe minimum HIGH in put voltageV, (- Ontheother hand, the maximum LOW output
voltage, V| mir islessthan themaximum LOW input voltage, V| (-

Theinput and output voltagesfor adevicefrom HCMOS (i.e. High-speed CMOS) logic family for
Vpp =5V asshowninFig. 71.49 (a) and (b) respectively.

5V 5V .
v Logic 1
Ot (HIGH)
Logic 1 4.9V
Vig (HIGH)
3.5V Indeterminate
Indeterminate
1.5V 0.1V
Vi { Logic 0 VOL{ Logic 0
LOW
ov (LOW) oV (LOW)
(a) input (b) output

Fig. 71.49
Noticethat theinput and output voltage valuesin the HCM OS device are different from that of a
TTL device. INnaHCMOSdevice, V|| 5, is1.5V (itsvalueis0.8VinTTL), V1 is3.5V (itsvaue
IS2VINTTL), V| (mag 1S0.1V (itsvalueis0.4VisTTL),V o i iS4.9V (itsvalueis2.4VinTTL).

71.27. Noise Immunity

The noiseimmunity of alogic circuit refersto the circuit’s ability to tolerate noi sewithout causing
afalse change in its output voltage. The noise voltage is produced by stray electric and magnetic
fields on the connecting wires between logic circuits. Sometimes, too much noise voltage cause the
voltageat theinput of thelogic circuit to dropbelow V ;i Or riseaboveV,, .. Thiscould produce
unpredictable operationin alogic circuit.

71.28. Noise Margin

A quantitative measure of acircuit’s noise immunity is called noise margin. It isexpressedin
volts. There aretwo values of noise margin specified for agiven logic circuit as described bel ow.

1. Thehighlevel noisemargin (V)

2. Thelowlevel noissmargin(Vy,)

These parameters are shown in Fig. 71.50 and are given by the equations,

Vur = Von ming = ViH min)
Ve = Vi may— VoL max

Logic 1 Logic 1

VOH (min) ""\','““T """
NH

Indeterminate Indeterminate
VOL(max) — ..V.NL -------- VIL(max)
Logic 0 Logic 0
Output voltage range Input voltage range

Fig. 71.50



©,

Boolean Algebraand Logic Families 2613

Example 71.29. Table shows the input/output voltage specifications for the standard TT
family.

Parameter Min (V) Typical (V) Max (V)
Vou 24 34 —
Voo — 02 04
Viu 20 — —
Vv, — — 08

L
Using these values, find (a) the maximum value of noise spike that can be tolerated when a
HIGH output isdriving aninput, (b) the maximum val ue of noise spike when a LOW output isdriving
an input.
Solution. The maximum value of the noise spike, when driven by aHIGH output,
Vi = Vorming~ ViH min = 24-20=04V
and the maximum value of the noise spike, when driven by aLOW output,
Vi = Vi may ™~ Vo (may =0.8—-04=04V
It isobserved that aTTL gateisimmunteto 0.4 V of poise for both the HIGH and LOW input
states.

71.29. Power Dissipation

As a matter of fact, all logic gates draw current from the dc supply voltage for its normal
operation. When the logic gateisin the HIGH output state, it draws an amount of current, | oo, @
shownin Fig. 71.51 (&) and whenin LOW output state, it draws an amount of current | ., asshown
inFig. 71.51 (b).

+Vee +Vee

lICCH lICCH
LOW HIGH
HIGH LOW
LOW/HIGH HIGH

(@) (b)

Fig. 71.51

The power dissipation of alogic gate is given by the product of the dc supply votage (V) and
the amount of current drawn from the suppy (i.e., I oo, Or I ). Thuspower dissipationisgivenby :

Po = Vee-lechO Ve -lear
For example, if | o, is2.5mAwhenV . is5V, the power dissipation,
Py = Ve logy=5V X 25mA = 125mW.

Usually, thelogic gate operates with the inputs, which keep on changing with time (i.e., theinput
ispulsed). Accordingly the output of alogic gate also switches back and forth between HIGH and
LOW. Because of this, theamount of current drawn from the dc supply also varies between | -, and
|- Insuchasituation, we cal cul ate the average power dissipation. The average power dissipation
depends upon the duty cycleandisusually specified for aduty cycle of 50%, the output isHIGH hal f
thetime and LOW the other half. Therefore average supply current is:
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= locn *lea
Ge 2

and the average power dissipation is,
Po = Vee-lee

Example 71.30. A TTL logic gate draws 2 mA when its output is HIGH and 3.5 mA when its
output is LOW. Calculate the average power dissipation if the supply voltageis 5 V and the logic
gate is operated on 50% duty cycle.

Solution. The average supply current,
+loo _ 2mMA+35mA

5 5 =275mA

| - ICCH
c =

0 Theaverage power dissipation,
Pp = Ve lee=5r*x275mA =13.7mwW

71.30. Power Dissipation versus Frequency

Fig. 71.52 shows a graph of power dissipation versus fre- A
quency for aTTL and a CMOS logic gate. As seen from this TTL
graph, the power dissipationina TTL circuit is essentially con- R =1
stant over itsrange of operating frequencies. However, the power
dissipationinaCMOScircuit isfrequency dependent. That is, it
isextremely low under zero frequency (or dc) conditions. But the 3
power dissipation increases as the frequency increases. For ex- S
ample, the power dissipation of atypical TTL logic gateisacon-
stant 2 mW. On the other hand, power dissipation of typical > f
CMOSIlogic gate is 0.0025 mW under static (or dc) conditions
and 0.17 mW at 100 kHz.

Fig. 71.52

71.31. Propagation Delay

When asignal passes (i.e., propagates) through alogic circuit, it always experiencesafinitetime
delay as shown in Fig. 71.53. It shows that the change in output level occurs after a short time,
(called the propagation delay time), later than the changeininput level that caused it. Therearetwo

propagation delay times specified for logic gates.
INPUT—}
OUTPUT
HIGH——

| |

A : |

0O———>' HiGH— [ !

l-—-—- oo

1 I |

X Output | |
0 —pt : [ :
—> 0 ] : :

|

k Propagation _’:
delay | X

Fig. 71.53 Fig. 71.54
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1.ty —Itisthetimeinterval between a designated point on the input pulse and the corre-
sponding point on the output pulse when the output is changing from LOW to HIGH (or 0to 1) as
showninFig. 71.54.

2. tpy —Itisthetimeinterval between a designated point on the input pulse and the corre-
sponding pont on the output pulse when the output is changing from HIGH to LOW (or 1 to 0) as
showninFig. 71.54.

It may be noted that the propagation delay timesareindicated in Fig. 71.54 with 50% pointson the
pulse edges used as references. Driving gate

The propagation delay time of alogic gatelim- Load gates
o . ; Ao————
itsits maximum operating frequency. The greater 30—4
the propagation delay time of alogic gate, thelower B ) : >°—
isits maximum operating frequency. Thismeansa
high speed logic gateisaonethat hasasmall propa-

gation delay time. For example, alogic gatewitha * j) >o_
delay timeof 2 nsisfaster than alogic gatethat has
adelay timeof 10 ns.

71.32. Speed-Power Product iDO

It providesabasisfor comparison of logic cir- _
cuits when the propagation delay and power dissi- Fig. 71.55
pation are important considerations in the selection of the type of logic family to be used in certain
application. Thespeed power product isexdpressedin picojule (pJ). It may be noted carefully that the
lower the speed-product, the better isthevalue. Typically the CMOSfamily has much lower value of
speed-power product ascomparedtothe TTL logic family. For example, atypical CMOSlogic family
has a speed-power product of 1.5 pJat 100 Hz whileatypical TTL has speed-power product of 20 pJ.

71.33. Loading and Fan-out

When the output of any logic gate is connected to one or more inputs of other logic gates, aload
onthedriving gateiscreated. ThisisshowninFig. 71.55. Herethe output of alogic gate (labeled as 1)
isconnected to theinputs of 3 other logic gates (labeled as 2, 3, and 4). Notethat thelogic gatelabeled 1
iscaled adriving gate while the logic gates labeled as 2, 3 and 4 are called load gates.

In any logic family, thereisalimit to the number of load gate inputs that a given logic gate can
drive. Thislimitiscalled thefan-out of thelogic gate. Now wewill study theloading and fan-outin
TTL and CMOSlogicfamiliesin moredetail.

Loading and fan-out in TTL family : A TTL gate that acts as a driving gate sources (i.e.,
supplies) current to aload gateinput inthelogic HIGH state and sinks(i.e., receives) current from the
load gateinthelogic LOW state. Fig. 71.56 (a) illustratesthe current sourcing and (b) shows current
sinking in the logic gates.

+5V +5V
Driving gate
; Load gate 58
HIGHO— H
HIGH «—
O_
HIGH LOW/0— g Load gate
Driving gate HIGH

(@) (b)
Fig. 71.56
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Notethat I,,, isthe current supplied by the driving gate to theload gate when theinput of theload
gateisHIGH similarly. 1, isthecurrent received by the driving gate from the load gate when theinput
of theload gateisL OW.

As more and more number of load gates are connected to the driving gate, the loading on the
driving gate in-
creases. The total

source current in- TRefiil GomEED
creases with each current

load gateinput thatis o— HIGH
added asillustrated in

Fig. 71.57. As the o—_/

source current in-
crease, the internal

+5V

voltage drop of the Ty e %} [
driving gate in- o © o
creases V. This 1 l

causes the voltage - - -
drop Vo, to de- Fig. 71.57

creases. If alarge number of load gateinputs are connected, dropsbelow Vo, i) Asaresult of this,
HIGH level noisemarginis reduced, thus affecting the specified operating characteristics of the gate.
Moreover, as the total source current increases, the power dissipation of the driving gate increases.

The maximum number of load gate inputsthat can be connected without affecting the specified
operational characteristics of the driving gate is called fan-out. Itsvalueisimportant for designing
logic circuits. For example, the standard TTL hasafan-out of 10. Oneinput of the samelogic family
asthedriving gateisreferred to asaunit load. Thiswe can also say that astandard TTL hasafan-
out of 10 unit loads.

Thetotal sink current also increases with each load gate input that is added as shown in Fig. 71.58.
Asthiscurrent increases, theinternal voltage drop of thedriving gateincreases, causing V,, toincrease.
If alargenumber of loadsareadded, V o exceedsV g i, andtheLOW-level marginisreduced.

45V Asamatter of fact, in TTL,
gl the current sinking capability
o gates (inthe LOWstate) isthelimit-
Driving gate . 1 sink o— ing factor in determining the

o — current | fan-out.
4 Loading and fan-out in
CMQOS: Loadingin CMOSlogic
family differsfromthat in TTL.
It is because of the fact that
the field-effect transistors
used in CMOS logic family
present a predominantly ca-
®+5V pacitive load to the driving
gateasshowninFig. 71.59. In
thiscase, thelimitationsarethe

o—| charging and discharging times
% associated with the output re-
sistance of the driving gate

Fig. 71.58 and the input capacitance of
the load gates.

When the output of the driving gate is HIGH, the input capacitance of the load gate is charging
through the output resistance of the driving gate. When the output of the driving gate is LOW, the

0 ®+5V

LT
c
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+5V
Driving gate Driving gate Load gate
0 Load gate LOW
HIGH O <“«— iy
—/ I > J— o— Icharge
charge

(@) (b)

Fig. 71.59

capacitanceisdischarging. When more and more number of load gateinputs are added to the driving
gate output, the total capacitance increases because the input capacitances effectively appear in
parallel. Thisincreasein capacitance increases the charging and discharging times. Asaresult, the
maximum operating frequency of the logic gate is reduced. Thus fan-out in a CMOS Ilogic family
depends upon the operating fre-
quency. Thesmaller the number of load
gate inputs, the greater the maximum
operating frequency.

+Vee

71.34. RTL Circuit

Itisasaturatedlogic. It usesonly
transistors and resistors as circuit ele-
ments and also resistances in the in-
put to each base. Thisfamily isbased
ontheNORcircuit showninFig. 71.60.

All other members of the family are Input
made up of NOR cellsor variationson (a) (®
them. Fig. 71.60

Circuit Operation

Wewill assumeideal transistors. When both inputsA and B are0V (or logic 0) both transistors
areturned OFF, hence point M goesto + V. so that output islogic 1.

If either or bothinput terminalsareat + V . i.e. arehigh (or logic 1), oneor both transistorswould
befully turned ON (i.e. saturate) thereby reducing the voltage of point N to almost 0 V. Hence, output
would beat logic O.

It is seen that the output is at logic 1 only when both inputs are at logic 0 — the NOR logic
functions as shown in Fig. 71.60 0 +Vge

().

R
The RTL family hasthefol- é
lowing characteristics:

1. relatively slow speed,

2. low fan-out of 6 and a
fan-inof 4,

3. poor noiseimmunity,

4. expensive since resis-
torsarerequired to befabricated,

5. cannot operate at speed Fig. 71.61
above4 MHz.

O/pP

AC X
Ao—

(b)
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71.35. DTL Circuit

It isasaturated logic because transistors between cut-off and saturation. 1t was the next family
to be introduced after RTL. It consists of diodes, resistors and transistors. The basic gate of this
family performs NAND function. AsshowninFig. 71.61 (a) thecircuit basically consists of adiode
AND gatefollowed by atransistor inverter which leadsto aNAND gate.

Circuit Operation
1. When both D, and D, have positive voltage applied to them (logic 1), neither conducts and
Q isturned ON by the current provided by V. through R;. Since Q becomes saturated,
point C isbrought to OV (logic 0). Hence output goeslogic O.
2. If either or both inputsareat OV (logic 0), the associated diode will conduct driving point N
togroundi.e. OV. Sincethereisno basevoltagefor Q, it will be cut OFF thereby driving point
C and hence output to V . i.e. logic 1.
Itisseen that output islow (alogic 0) only when all inputs are high—the condition for aNAND
gate.
TheDTL family ischaracterised by
1. relatively lower speed, 2. Comparatively better noiseimmunity,
3. propagation delay of 30 ns, 4. afan-out of 5.

71.36. TIL Circuit

Itisasaturatedlogic. Itisthemost widely used circuit linesince early 1970s because of its speed,
good fan-out and easy interface with other digital circuitry. The uniquefeature of thiscircuitisthat it
used multiple-emitter transistor at input which replaces the input diodes of the DTL. Th number of
emitters is equal to the number of inputs of the logic circuit (limited to 8). Since a multi-emitter
transistor issmall in areathan the diodes it replaces, the yield from awafer isincreased. Moreover,
smaller arearesultesin lower capacitance to the substrate, thereby wide selection of circuit modules
ranging from simple gatesand flip-flopsin SSI circuit seriesthrough variousregistersin computersin
MSI circuit seriesto micro-processor bit-slice chipsinthe LSl series.

Basic Circuit
Thebasiccircuit of the TTL familyisthe NAND gate cell showninFig. 71.62. However, at present
NOR, ORand AND gate configurations have al so been added to the series.

Circuit Operation

1. If bothinptusA and B are high (logic 1), E/Bjunction of Q, isreverse-biased sothat it hasno
emitter current. Hence Q, is OFF. However, its C/B junction is forward-baised supplying
base current to Q, from V. via R;. Asaresult transistor Q, is turned fully ON (i.e. it
becomes saturated) driving point N to OV. Hence, output isalogic 0.

2. When either or both inputsare at OV (logic 0), the associated E/B junction becomesforward-
biased. The value of
R, is so selected asto
ensurethat Qisturned
fully ON. Thevoltage
at point M fallstoOv A
with theresult the base
current for Q, isre- B
duced to zero. Hence, —
Q, is cut OFF driving
point N and the output
tologic 1.

0. O +Vc

O/P A o——]
X
nan Do

Fig. 71.62
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Totem Pole Output

The basic circuited of Fig. 71.62 is never used in practice. 1ts modified version with an added
output stageisin common use (Fig. 71.63). Thisextraoutput stageisoften known astotem-pol e stage
because the three components Q;, Q, and D are stacked one on top of the other in the manner of a
totem-pole. Thecircuit actionisasfollows:

1. When Input isHigh

In this case, the two input terminals have positive voltage (logic 1). the E/B junctionisreverse-
biased because of which there is no
emitter current. Hence, Q, is OFF.
Since C/B junction of Q, is forward-
biased, base current of Q, flows from
V. through R,. Hence, Q is turned
ON. Asaresult, potential of point N
fallsso muchthat Q, isturned OFF. At
the same time Q, is turned ON by the
voltagedrop acrossR,. Now, whenQ,
is ON, its collector potential (i.e.
potential of point C) isnearly that of its
emitter. Hence, output is low i.e. at Fig. 71.63
logicO.

Inshort, wheninputsareat logic 1, Q, isOFF, Q,isON, Qis OFF and Q, is ON because of which
output because logic O.

2. WhenInputisLow

If any of thetwoinputs or both arelow (logic 0), Q, turns ON and potential of its collector (point
M) falls. Hence, Q, isturned OFF, grounding its emitter and the base of Q, so that Q, isalso turned
OFF.

SinceNisatV g, itturnsQ; ON. Thepotential of point CisV - minusdropinR,, Q;and D. Since
these drops do not amount to much, output is at logic 1.

It may be noted that when even-numbered transistors are ON, the odd-numbered onesare OFF
and vice-versa.

The function of diode D in Fig. 71.63 is to prevent both Q; and Q, from being turned ON
simultaneoudly. If both wereto be Onat the sametime, they would offer low immedanceto teh suppy
whichwill draw excessive current and produce large noise‘ spikes intheoutput. It may a so be noted
that the addition of apair of totem pole
transistor increases the operating speed |E| |§| |E| IFI Iﬁl I?I I?I
and output current capability of thiscir- Ve
cuit. Thestandard TTL-family has

1. greater speedthen DTL,

2. lessnoiseimmunity (0.4 V),

3. average propagation delay per

gateof 9ns,
4. average power dissipation of
10mw, |:\ |:

5. afan-out of 10 meaning one l1_| |i| |i| |i| |i| |i| |L|

output can drive 10 other TTL inputs, Fig. 71.64

Fig. 71.64 showsapin-out of aBEL
7400 ICreferred to as‘ quad (quadrupole). 2-input NAND gatechip’. Asseen, therearefour separate

®
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2-input NAND gates of which any or al may beused at any point intime. Itismanufactured by Bharat
ElectronicsLTD. (BEL) Bangalore, India.

71.37. TIL Sub-families

TTL has several sub-families having different speed and lower dissipation charcteristics as

detailed below :

1. 74L00 series—the letter L standing for low power consumption. It has an average power
dissipation of 1 mW per gate but an average propagation delay of 33 ns.

2. 74HO00 series—theletter H standing for higher speed. It has apropagation delay of 6 nsbut
averge power dissipation of 23 mW/gate.

3. 74S00—the letter S representing Schottky. It has the highest speed because its average
propagation delay isjust 3 ns per gate. However, its average power dissipation is 23 mW/
gate.

4. 74L S00—Itiscalled low-power Schottky TTL. It hasan average propagation delay of 9.5 ns
and an average power dissipationof 2 mW.

5. 74AS00 series—The letter A representing Advanced and S stnading for schottky. It is
called advanced schottky TTL series. Itisthefastest TTL series.

6. 74AL S00 series—Itiscalled Advanced Low-power Schottky TTL series. The 74AL Sseries
has the lower speed-power product and the lowest gate power dissipation of al the TTL
series.

7. 74F00 series—The letter F standing for fast. Thislogic family uses anew IC fabrication
technique to reduce interdevice capacitances to achieve reduced propagation delays. It has
apropagation delay of 3 nsand apower consumption of 6 m\W.

Table 71.3 summarizestheimportant characteristics of the each of the TTL sub-families.

Table71.3
Characterigtic TTL sub-family
4 74S 74.S T4AS  TAALS  T4F
Propagation delay (ns) 9 3 95 17 4 3
Power Dissipation (mW) 10 20 2 8 12 6
Speed-power product (pJ) D &0 19 136 48 18
Fan-out 10 20 20 0] 20 3B

71.38. ECL Circuit

The ECL also called current-mode logic (CML), has the highest speed of any of the currently-
availablelogic circuits. Itisprimarily dueto the fact that transistors never operate fully saturated or
cut-off. That iswhy ECL is known as non-saturated logic. The latest ECL series has propagation
delay timevarying from 0.1nsto 0.8 ns. However, power dissipation isincreased since onetransistor
isalwaysin the activeregion.

Another feature of ECL isthat it provides two outputs which are always complement of each
other (Fig. 71.65). Itisso becausethe circuit operation isbased on adifferential amplifier.

This family is particularly suited to monolithic fabrication techniques because logic levels are
function of resistor ratios.

Circuit Operation

Thebasiccircuit showninFig. 71.65 iscombined OR/NORcircuit and isoperated fromaV . =-—
5.2V supply. A built-in constant-current source provides current to the emitters. Strictly speaking,
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logic 1isrepresented by — 0.9V (lessnegative) and logic 0 by — 1.75V (more negative). Pleasenote
thatitisapositive logic. Innegativelogic, thefunctionswould be AND/NAND. A referencevoltage
of —1.29V isapplied to the base of Q, from a built-in temperature-compensated reference voltage

source(RVS).
W E R E J |

N Q4"
o OR

Q Q, Output

AO— 4(7 p —
BO 1 Q; Qs
R Constant NOR
1 % R, Current Output

Source
B (5 Vg
(-5.2V)

Fig. 71.65
1. When bothinptusarelogical 0i.e. =1.75V

In this case, base potential of Q; is less negative (or more positive) than the base potential of
either Q, or Q,. Hence, Q; conductswhilst Q, and Q, do not. Only enough base current is drawn by
Q; fromRVSso asto remain out of saturation. The collector current of Q; developsavoltageof — 1.0
V across R, which makes Q, to conduct. Transistor Q, gives an output voltage at the emitter of about
-1.0-0.7=-1.7V which representslogic O. Since collector potentials of Q, and Q, are nearly zero
(becausethey are cut off), the output voltage at the emitter of Q;isO—0.7=-0.7 V whichisalogic 1.
Obviously, the two outputs are complements of each other.

2. When éther input A or Bisat logical 1i.e. -0.9V

Inthat case, the associated transistor (either Q, or Q,) isturned ON while Q;isturned OFF. The
collector potentials of Q,/Q, and are opposite of the previous case. Hence, now Qg outputisat logical
land Q, output isat logical O.

Typical characteristicsof an ECL family are:

1. propagation delay time per gate of 0.3 ns (meaning extremely fast speed),

2. power dissipation of 25 mW,

3. fan-out of 25t0 50,

4. noisemarginfrom about 0.2t00.25 V.

It will be interesting to know that ECL family of ICs does not include a wide range of general
purpose logic devicesasdo the TTL and CMOSIlogic families. ECL doesinclude complex, specia
purpose |Cs used in applications such as high-speed data transmission, high-speed memories and
high-speed arithmetic units. The relatively low noise margins and high power drain of ECL are
disadvantages compared with TTL and CMOS Another drawback is its negative power supply
voltage and logic levels which are not compatible with those of other logic families. This makes it
difficult touse ECL devicesin conjunction with TTL and/or CMOSICs. Special level-shifting (also
calledinterface) circuits must be connected between ECL devicesand the TTL (or CMOS) deviceson
both input and output.

71.39. I’L Circuit

Itisthelatest entry into the bipolar saurated logic field. It usesno biasing and loading resistors
at al! Resistorsrequirelot of power and spaceon an IC chip. Hence, their elimination resultsin higher
density circuits operating at much reduce power. Because of its high speed and less power dissipa-
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tion, itisused inlarge computers. Such circuitsare also used where high packing density is of prime
consideration asin digital wrist watches. | 2| chi ps are capable of microwatt power dissipation yet can
provide high currents when necessary to drive
LED displays. Another featureof I°L (integrated

injection logic) isthat it is easy to fabricate. Current o
Source \/ Q
Q J_

—o0

Circuit Operation

1%L NORIogiccircuitisshowninFig. 71.66.
Here, transistors Q, and Q, act as current sources Cumrent
to the bases of Q, and Q, respectively. i \ /

If A input goes|ow, the current to the base of T Q
Q, will be shorted to ground which will result in =
Q, being turned OFF. Theinput B controlsQ,in L
asimilar way. Fig. 71.66

If A ishigh, base current flowing to Q, will turnin ON, making output C low. Samewould bethe
casewhen B ishigh.

It is obvious that output would be high only when both inputs A and B are low.

The output would below when either A or B or both are highi.e. NORlogic function.

AO

il

71.40. MOS Family

It does not use bipolar transistors but just Enhancement-only MOSFETs (Art. 71.1). There are
two kinds of digital MOScircuits.

(a) onewhich uses MOSFETs of one polarity either all of N-type called NMOSor al of P-type
called PMOS but not both on the same chip,

(b) the other which employs both N-type and P-type MOSFETSs on the same chip. Itiscalled
comlementary MOS(CMOS).

The MOSfamily may be subdivided asunder :

MOS Circuit
|
| |
Non-complementary MOS Complementary MOS or CMOS
I
| |

PMOS NMOS

SinceaFET requiressmall areg, itispossibleto fabricate alarge number of MOSciruitsonasingle
small chip. Gating arrays with thousands of gates and flip-flops are manufactured in standard con-
tainers and are often used in | C memories and microprocessors.

Followings are same of the advantages of MOSICsover thebipolar ICs(i.e. TTL, ECL etc.)

1. TheMOSICisrelatively simpleand inexpensiveto fabricate.

2. TheMOSdevicesizeis small and it consumers less power. Because of the small size, the
MOS I Cs can accommodate amuch larger number of circuit elements on asingle chip than
bipolar ICintheareaof large scaleintegration. Thismakesthem especially well-suited for
complex | Cs such asmicroprocessor, memory chipsetc.

3. MOSdigital ICsnormally do not usethe I C resistor elementsthat take up so much of the chip
areaor bipolar ICs.
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The continuousimprovement in MOSIC technology hasled to the devicethat arefaster than TTL
devices. Consequently MOSdevices (especially CMOS) have become dominant in the SSI (small-
scaleintegration) and M Sl (medium-scal eintegration) market.

The magjor disadvantage of MOSdevicesisthat they are susceptibleto static-electricity damage.
Although we can minimizeit by adopting proper handling procedures, yet TTL isstill moredurablefor
laboratory experimentation. Asaresult, wearelikely tosee TTL devicesusedin education aslongas
they areavailable.

Q _VDD

71.41. PMOS Circuit

A PMOSNAND gateisshownin Qo | = AlB X
Fig. 71.67 (3). As seen, there are no 5’1 Y oo |1
resistorsin the circuit. The gate con- = Resistor | |
dstsof two E only MOSEFETsQ, and o
Q, aslogic elementsand the third one J
Q,asloadresistors. When -V, (say Q,|F¥s Q
-12 V) isapplied, MOSFETs will be :{
turned ON and when 0 V is applied =
they would be turned OFF. Hence,
with positive logic, 0 V would be 1
and - 12V would be O since 1 is as-
signed to the most positive voltage.

Ly

Drain

Source

u||—I-I
-
-
(=]

A B
(a) )
Fig. 71.67

Circuit Operation

1. Ifany of thetwoinputsA or BisatlogicO(i.e.— 12 V), the concerned MOSFET would turn
ON thereby offering a low resistance from drain to source thus causing the output to be
nearly OVi.e.alogic 1.

2. Theoutput canbeat — 12V i.e.logic 0 only when bothinputsA and B areat OV i.e. logic 1.
Thisisthe NAND function as shown by the truth table of Fig. 71.67 (b).
Incidentally, the positive logic

o +V
NAND gate of Fig. 71.67 (a) would be -
the negativelogic NOR gate since the - Al B |l x
two areidentical. Q; —>
— Acts as 0 0 1
. Resist
71.42. NMOS Circuit e

InFig. 71.68 (a) is shown atwo-

—oX
D
A"
input NOR gate circuit consisting of (Ly 3 < Q, :{s . . 0
A - B
(a)

twoMOSFETsQ, and Q, acting aslogic
elementsand Q, asaload resistor. For
positive logic, OV will be logic 0 and
positivevoltge (+V ) will belogic 1.

(b)

Fig. 71.68
Circuit Operation

1. Ifanyof theinputsA or Bisat logic 1, the corresponding MOSFET will conduct causing the
outputtogo low i.e. logic 0.

2. If bothinpouts A and B areat logic 0, then both MOSFETswill be OFF driving the output to
logic1.

ThisisNOR function as shown by the trugh table of Fig. 71.68 (b).
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71.43. CMOS Circuit

CMOSIogic circuits use both PMOS and
NMOSdevicesinthe samecircuit. It gives
the advnatage of drastic decrease in
power dissipation (12 nW per gate) and
increasein speed of operation. In fact, it
hasthelowest power dissipation amongest

different logic families. It has very high

X packing density i.e. larger number of cir-

yJ Q cuits can be placed on asingle chip. Asa
QX i Q

result, it is extensively used in VLSI cir-

Q Jﬁ cuits such as on-chip computers and

memory systems. The recent silicon-on-
saphire MOS (SOSMOS) is 2 to 4 times
faster than the standard CMOS. Hence,
they are being widely used for everything
from electronic watches and calcul atorsto
Fig. 71.69 MIiCro processors.

Fig. 71.69 (a) showsaCMOSNORcircuit which hastwo N-channel MOSFETs Q, and Q, and tow

P-channel MOSFETsQ;and Q,. Thetwo inputsA and B switch between + V5 (logic 1) and ground

(logicO).

Sl e
S

Circuit Operation

1. LetA=B=logici.e havepositivevoltage. Inthat case, Q, and Q, are ON (closed switches)
but Q; and Q, are OFF and act as open switches as shown in Fig. 71.79 (b). Henc, output C
islogicO.

2. If either A or b is at logic 1, then the associated N-channel
MOSFET (Q, or Q,) isturned ON but the associated P-channel
MOSFET (Q or Q,) isturned OFF. Sinceeither Q, or Q, would
be OFF [Fig. 71.69 (b)], output C would beat logic O.

3. When both A and B areat logic 0, Q, and Q, would be ON but
Q, and Q, would be OFF—just the opposite of that in Fig. 71.69
(b). Hence output C would be at logic 1 (remember, voltage
across an open equals the supply voltage—Art. 1.21.

Theabovelogic representsaNOR function as shown in thetruth table of Fig. 71.70. 1t would be

observed from Fig. 71.69 that in each combination of A and B, there is at least one open switch
between + V55 and ground. Hence, the gate draws only leakage current from supply for any static
state. However, when the gate switches from one level to another, some power is consumed becasue
two MOSFETs are partly ON at the sametime. Because of thisreason, power dissipated by CMOS
circuit isa function of input signal frequency. Higher the frequency, greater the power dissipation.

- o O | >

B
0
1

0

o o o ~|n

—

1

Fig. 71.70

71.44. CMOS Sub-families and their characteristics

The CMOSfamily of |Cscompetesdirectly with TTL in the small and medium-scaleintegration.
As CMOStechnology has produced better and better performance characteristics, it has gradually
taken over thefield that has been dominated by TTL for solong. Asamatter of fact, TTL deviceswill
be around for along time, but more and more new equipment isusing CMOSlogic circuits. These
days, the CMOSICsprovideall thelogic-functionsthat areavailablein TTL Some specia -purpose
functionsprovided in CMOSICsarenot provided even by TTL. Beforewelook at the various CMOS
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subfamilies, let usdefine few termsthat are used when | Csfrom different families or seriesareto be
used together or as replacements for one another.

(a) Pin-to-pin Compatible: Two ICs are said to be pin-to-pin compatible when three pin
configurations arethe same. For example, pin 14 on both ICsisV - supply. Pin 7 on both isground

€tc.

(b) Functionally Equivalent : Two ICs are said to be functionally equivalent when the logic
function they perform are exactly the same. For example, both contain four two-input AND gates, or
two-input NAND gates etc.

(c) Electrically compatible: Two ICs are said to be electricaly compatible when they can be
connected directly to each other without taking any special measures to ensure proper operation.

L et us now study the different CMOSsubfamilies.

1

5000/14000 series: The CMOS4000 series or theimproved 4000 B isthe oldest seriesand
was first introduced by RCA. This seriesis functionally equivalent to 14000 series from
Motorola. The CMOSdevicesin 4000/14000 series have avery low power dissipation and
can operate over awiderange of supply voltage (i.e. from 3to 15V). Thesedevicesarevery
slow ascomparedto TTL and other CMOSsubfamilies. The 40H0O0 serieswasdesigned to be
faster than 4000 series. It did overcome some of the speed limitations, but it is still much
slower than LSTTL series. The 4000 series have very low output current capability. The
devicesin 4000 seriesare not pin-compatible or electrically compatiblewith any TTL series.

74C00 series: Thisis pin-compeatible as well as functionally equivalent to TTL devices
having the same device number. For example, 74C04isaHEX inverter that hasthe samepin
configuration asthe TTL 7404 HEX inverter IC. The performance characteristics of 74C00
series are the same as those of 4000 series.

7TAHC/HCTOO series: The letter H/HC is standing for high-speed CMOS series. This
series has a speed which is 10 times faster than of 74L 00 series devices. It hasalso a
higher current capability than that of 74C00 series. The 74HC/HCTOO series ICs are
pin-compatible with and functionally equivalent to TTL | Cswith the same device number.
This series has become the most widely used series.

TAAC/ACT 00 series: Thisseriesisreferred as advanced CMOSIogic. It isfunctionally
equivalent tothe TTL series but not pin-compatible.

7T4AHCOO series: This seriesis referred to as advanced high-speed CMOSlogic. Itis
faster, and haslower-power dissipation. Thedevicesinthisseriesare 3timesfaster and can
be used as direct replacements for HC series devices.

74-BiICMOSseries: Thesedays, thel C manufacturers have developed anew logic series-
called BiCMOSiIogic. Thisseriescombinesthe best featuresof bipolar and CMOSIogici.e.
low power characteristics of CMOS and high speed characteristics of bipolar circuits.
BiCMOSICsareavailable only in those functionsthat are used in microprocessor interfac-
ing and memory applications such as latches, buffers, drivers and transceivers.

74-Low Voltageseries: A new seriesof logic using anominal supply voltage of 3.3V has
been developed to meet the extremely low power design requirements of battery powered
and hand held devices. TheselCsare being designed into the circuits of notebook comput-
ers, mobileradios, hand-held video games, tel ecommunication equipment, personal digital
assistant (PDA) and high performance work station computers.

Table 71.4 shows some of the common Low-voltage families identified by the suffixes as
indicated :
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Table71.4
Suffixes L ow-voltage series
LV Low-voltageHCMOS
LvC Low-voltageCMOS
LVvT L ow-voltage technology
ALVC Advanced Low-voltage CMOS
HLL High speed L ow-power L ow-voltage

The power consumption of CMOSlogic | Cs decreases approximately with the square of the
supply voltage. On the other hand, the propagation delay increases slightly at thisreduced
voltage. However the speed is restored and even increased by using finer geometry and
sub-micron (<1um) CMOStechnol ogy that istailored for low-power and low-voltage appli-
cations.

74 AHC/AHCT series: Thisisan enchanced version of 74 HC/HCTOO series. It provides
superior speed and low power consumption. The 74AH C series deviceshave half the static
power consumption, one-third the propagation delay, high output drive current, and can
operateat V- of 3.3t05 V.

Table 71.5 shows acomparison of theimportant characteristics of the CMOSIogic families. Itis
evident from thistable that the devicesfrom 74AHC/AHCT series hasthelowest propagation delay
and the smallest value of power dissipation.

Table71.5
S.No. Characteristic CMOS logic family
4000 B 74 HC/HCT 74 BiCMOS 74 AHC/AHCT

1 Propagation 0 8 29 37
delay (ns)

2 Power 0.001 0.0025 0.0003-7.5 0.000009
dissipation
static (mW)

3 Speed-power 106 15 0.00087t022 —
product (pw-s)

Tutorial Problems No. 71.1
1. Provethefollowingidentities:

() AB+AB=A(i) A+AB=A+B (i) (A+B)(A+B)=A
Simplify the following Boolean expressions:
(i) A AC (i) ABCD +ABD(iii)) ABCD+ ABC D

[() 0, (i) ABD, (i) ACD]
Simplify the following Boolean functions:

() A+AB+AB(i) AB+AB+ABAB (i) (AB+C) (AB+D)
(V) A+BC(A+BC) () A[B+C (AB+AC)] (Vi) (A +B).(A+C)

[(i)) A + B (ii) 1 (iii) AB + CD (iv) A (v) AB (vi) A+ B.C (vii) B
Simplify the following Boolean expressions:
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() ABC+ABC+ABC (i) AC+BC+ABC +ABC
(i) AD+ABC+BCD+ACD +ABCD
(v ABD+ABCD+ABCD+ABCD
[(()A(B+C)(ii)B+ AC (ii)AD+ AB+AC (ivy ABD+AD +CD]
Use truth tables to verify the following identities :

() A+B=A.B (i) A+BC=(A+B)(A+C) (i) A(A+B)=AB
Write the logic equation for the switching circuit of Fig. 71.71. [A(B+C+D+E]
Write down the logical expression which describes the working of the circuit of Fig. 71.72.
[AB (CD)]
Tpo

o p
o L AH{::}
2 $

o

Fig. 71.71 Fig. 71.72
Simplify the following Boolean expressions:
(i) y= ABC+ABC +ABC + AC B +AB
(i) y= ABC D+ ABCD + ABC + ABD +CD [(i) AC+B (i) AB +CD]
Design alogic circuit whose output is HIGH only when magjority of inputs A, B and C are LOW.

Determine the Boolean expression for the logic circuit shown in Fig. 71.73. Simplify the Boolean
expression using Boolean Laws and De Morgan’stheorem. Redraw thelogic circuit using the simpli-
fied Boolean expression.

Ao——¢

Bo :
co

) 0 X
|

Fig. 71.73

11. Determine the output, X of alogic circuit shownin Fig. 71.74. Simplify the output expression

using Boolean Laws and theorems. Redraw the logic circuit with the simplified expression.
(BCD+AC)
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A

B

c =p
My

Fig. 71.74

12. Consider the logic circuit shown in Fig. 71.75. Determine the Boolean expression at the
circuit output X, simplify it. Using the simplified expression, redraw thelogic circuit.

wo—tD>o—
el LT

. - o

Fig. 71.75
13. Fig. 71.76 () shows a three-variable Karnaugh map. Group the 1s and hence obtain the
minimized Boolean expression. (AB+BC+ABCQC)
_ [ C _ CD CD cD CD
AB AB
1 1 1
AB 1 AB | 1 | 1
AB 1 1 AB
AB AB ! !
(@) (b)
Fig. 71.76
14. Fig. 71.76 (b) shows afour-variable Kamaugh-map. Group the 1s and hence obtain the
minimized Boolean expression. (AB+ AC+ ABD)

15. Atruthtablehasoutput 1sfor theseinputs: ABCD =0011, ABCD =0110, ABCD =1000and
ABCD = 1100, and Osfor the other inputs. Draw the Karnaugh map and find the simplified
Boolean equation for the truth table. (ACD+ ABCD+ ABCD)

16. Determinethe minimized expression for the Karnaugh map showninFig. 71.77 (8).

(B C +BD + BC)
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__ CD Cb cDb cD __ CD Cb cD cD
AB AB

0 0 1 1 1 1 1
AB | 1 1 0 B 1 1
AB | | X | x| X AB 1

X | X
N 0 AB
(a) (b)
Fig. 71.77

17. Determinethesimplified Boolean expression for the Karnaugh map showninFig. 71.77 (b).
(UPSC Engg. Services1995) (AC + AD + ABC)

OBJECTIVE TESTS - 71

. Boolean algebraisessential based on

(@) symbols (b) logic

(c) truth (d) numbers

. Thefirst person who used Boolean algebrafor
the design of relay switching circuits was

(a) Aristotle (b) Boole

() Shannon (d) Ramanujam

. Different variablesused in Boolean algebracan
hvae values of

(@ Oorl (b) low or high

(c) trueorfase (d) On or OFF.

. Accordingtotheagebraof logic, (A + A) equas
(@ A (b) 1

(© O (d) AA.

. According to the absorptive Laws of Boolean
algebra, expressioin (A + AB) equals

@ A (b) B
(9 AB (d) A

. Whenwedemorganize AB, weget
(8 AB (b) A+B
(© A+B (d) AB.

. Thedual of the statement (A +1) =1is
(@ A.1=A (b) A.0=0
© A+A=A (d A.A=1

. Theexpression ABC can be simplified to

(@ A.B.C (b) AB+BC+CA
(0 AB+C (d A+B+C.

. While obtaining minimal sum-of-products ex-
pression,

() all don't caresareignored
(b) all don't caresaretreated aslogic 1s
(c) all don't caresaretreated aslogic Os

10.

11.

12.

13.

14.

15.

16.

(d) only such don't cares that aid minimiza-
tion are treated aslogic 1s.

In a saturated bipolar logic circuit, transistor

operate

(&) indeep cut-off (b) over active region

(¢) insaturation

(d) just short of saturation

Saturated logic circuits haveinherently

(@) short saturation delay time

(b) low switching speed

(c) higher power dissipation

(d) lower noiseimmunity.

Noise marginisexpressedin

(a) decibel (b) watt

(c) volt (d) phon

DTL family employs

(a) resistors and transistors

(b) diode and resistor

(c) diode and transistors

(d) diodes, resistors and transistors.

The chief advantage of Schotty TTL logic fam-

ily isitsleast

(@) power dissipation (b) propagation de-

lay

(¢) fan-in (d) noise immunity.

The main advantage claimed for ECL family

oflogic gatesisits

(&) verylargefan-in

(b) use of negative power supply voltage

(c) extremely low propagation times

(d) least power dissipation.

Special feature of an 1%L logic circuit isthat it

(@) usesony high-value resistors
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18.

19.

20.

21.

22.

23.
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(b) dissipatesnegligible power

(c) isabipolar saturated logic

(d) iseasy tofabricate

(e) usesno biasing and loading resistors.

A unique advantages feature of CMOS logic

family isits

(@) useof NMOScircuits

(b) power dissipation in nanowatt range

() speed

(d) dependence on frequency for power dis-
sipation.

CMOS circuits are extensively used for on-

chip computers mainly because of their ex-

tremely

(@) low power dissipation

24.

25.

@

ferred over normal transistor because of their
(a) lower propagation delay

(b) higher propagation delay

(c) lower power dissipation

(d) higher power dissipation

A unique operting feature of ECL circuit isits
(a) very high speed

(b) high power dissipation

(c) seriesbase resistor

(d) compatibility with other logic series.
Thefan-in alogic gate refersto the number of
(@) input devicesthat can be connected

(b) input terminals (c) output termi-
nals

(d) circuits output can drive

(b) large packing density 26. Which of the following statements regarding

(¢) high noiseimmunity ICsis not correct,

(d) low cost. (@) ECL hasthe least propagation delay

The main advantage of a CMOS logic family (b) TTL hasthelargest fan out _

over the TTL family isits (c) CMOShasthebiggest noise margin

(@) much reduced power (d) TTL hasthe lowest power consumption.

(b) increased speed of operation 27. TheBoolean equation for NORgateis

(d) extremely low cost (a AB=C () A+B=C

(d) series base resistor (© A+B=C (d A+B=C.

(C;;/I O,\? Iocg':gTalsﬂ;% L:zssct)grlz 28. The Boolean equation for aNAND gateis

() NMOS circuits (8 A+B=C (b) AB =C

(c) MOSFETs (d) bipolar transistors. (c0 A+B=C (d A+B=C

Power isdrawn by aCMOS circuit only when 29. Thelogicfunction of aninvertor is

Ea)) |:s ogttp#t ils hi_gtlw el(b) itsoutput islow (@ B=A () B= A

c) itswitcheslogiclevels =

(d) in static o, © B=A (d) None of these

Themost obviousidentifying featureof aTTL 30. The s_mpl ified forin of th_eEB oolean Expression

gateisits Y=(ABC + D) (A.D +B.C) canbewritten as

(a) !argefan-out (b) high power dissipation (8 AD+BCD (b) AD+B.C.D

(c) interconnected transistors

(d) multiemetter input transistor. (0 (A+D)(BC+D) (d AD+BCD

In digital circuits shottky transistors are pre- (GATE; 2004)
ANSWERS

1.(b) 2() 3@ 4® 5@ 6.() 7.(b) 8(d 9.(d) 10.(c 11.(b) 12 (c)

13.(d) 14.(b) 15.(c) 16.(e) 17.(b) 18.(b) 19.(a) 20.(c) 2L.(c) 22.(d) 23.(a) 24.(a)

25.(b) 26.(d) 27.(d) 28.(d) 29.(b)30.(a)

To FIRST
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