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y De Morgan’s Theorem

1) AB=A+B
2) A‘FB:K.-E

problem: Verily all the laws with the help of truth table.

g5 Introduction to half adder and full adder

Digital computers perform various arithmetic operations. The most basic operation
ition of two bi igi ]
isthe addition nary C}Lg‘lis_ The f99{_§}§menm operations are,

e ——

0+0=0
0+1=
1+0=
1+1=10,

The first three operations produce a sum whose length is one digit, but when the last
pperation is performed sum is two digits.

The higher significant bit of this result is called CARRY.and lower-significant bit
is caﬂggl,SUMf—-

The logic circuit which performs this operation is called a half-adder and the circuit
‘which performs addition of three bitsis a full-adder.

%ypﬂaﬁsAdder
L “/“ﬁ*he'half-adder operation needs two binary inputs, augend and add end bits and two.

binaryoutputs sum and carry. o
a) Block Schematic of Half Adder

Ao—— et Carﬁ:
Half
Adder
B e —c Sum
Figure 6.13

1}'-51. '
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b) TruthTable

Inputs . Ouiputs,
L WK 3 ML= B
A B Carry | Sum
0 0 0
0. | 1. 0 |
1 0 0 1
1 1 |\ 0
c¢) Logic Diagram )
Ao ~
> Sum =A@ B
Bo— v
Carry = AB.
Figure 6.14 1
ty ull - Adder

halfadder has only two inputs and there is no provisionto add a carry coming from |

the lower order bits when multi bit addition is performed\ For this purpose, a full adderis i1
deagnecL {.

A full adder is a combinational circuit that performs the arithmetic sum of the input :,
bits and produces a sum output and a carry. |

a) Block Schematic of Full Adder

Inputs
Co P Outputs s
Full
Ao——  Adder
H COul
Figure 6.15
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p) Truth Table
Inputs
angend it Adm Carry bit | Sum Ouzfa::' output
; L_—_(:_m ) Cou!
0 0 5 - :
0 0 , : :
0 | ; ! 0
0 1 1 _ . |
1 0 5 1 X
1 0 | . 1
1 1 " . 1
1 1 ) 1 |

¢) Logic Diagram

Figure 6.16 shows logic ajagmm of full adder.

A B C'm
o [+ o

Coa=AB +BC, +C, A

AB‘m
\ \ \ F‘:I:fr}
] Vol
1] ) S
1)/ S=heBaEC,
S— ___ﬂ/ 7/ 4" e
/S -

.J.._..—_.—'

Figure 6.16
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the previo
The third input, C_represents the carry from

of the sum
The binary variable S gives the value ofth¢ LSB

lower i gnificant position.
us

nd the binary variable C_

gives the output carry. . cuits and OR gat
A full adder can be formed using two halfadder cir
Rgure 6.17. - = Outputs —o Sum
e 2 HA 2
Ao— 1A, 5— B2 = G
HA 1
Bo—— B, Ci
Figure 6.17

W&)ps

e as shown in

ic circui i oftime are dependent
The outpﬁt levels of the combinational loglc_cu'cmts atb ?nytfilljiogic s it
on the levels presentat the inputs at that time. Since combina dhe prEsest utons, NIt
memory, the prior input level conditiions h‘fwe no.efﬂatct ond ep e
digital systems are made up of both combinational circuits and memory

Figure 6.18 shows a block diagram of general digital system (hat combincs
Combinational logic gates with memory devices.

Combinational
outputs

Memory
outputs

A

Combinational
v logic gates

»
»

L 4

Memory
elements

External
inputs

Figure 6.18

The Ccombinationa] 1
Oulputs of the memo
produce varjoys Outputs, So
to be stored jp the Mmemory e]
turn, go to the inputs of lo

ry elements, The combina
me of these outpu

ts are used
ements. The outputs of s
g1C gates in the Combinatjg

ignals from €Xternal inputs from the
tional circuit Operates on (heye Inputs
to determine the binary vg]
ome of the Memory element
nal circuitg, This shows that the

and
ues
S, In
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. MULTIPLEXERS

a . .
;f,dﬂ']’!"-‘ means nm.rl'y :’nrQ one. A multiplexer is a circuit with many inputs but only one output
oy applying _"“mml .\l‘glhll.\. o “l_"cr any input to the output, Thus it is uls;t called aydum srh’(l,‘)lm;
i gunlf.”l inputs i’“ '“"“Fd select inputs. Figure 4.1a illustrates the gcncful idea. The circuit has

input g,gnnls_.m fu‘llfll'“[.~\|!3”‘dﬂ!;‘n 1'".l| I f’ul]).ul signal. Note that, m control signals can sclect at lh;:

2™ inpul ‘“g"“l[" l_‘,m‘\ n < 27 The circuit diagram of a 4-to-| multiplexer is shown in Fig. 4.1c
able in Fig. 4.1b. Depending on control inputs A, 8 one of the four inputs D‘,g;n b;

Data-Processing Circuits e

|'l§( -
. (ruth

nd 118 ,
;:n,.(ctﬂ-‘d (o output Y.
i Let us write the logic equation nf.lhis circuit. Clearly, it will give a SOP representation, cach AND
sate gent‘ﬁ“i"il a product term, which finally are summed by OR gate. Thus .
Y= A'B’.I)“ + A'H.l)| + AH'.I)J + AB.D,
fA=08= 0, Y= 00.Dy + 0.0.D; + 0.0°.D; + 0.0.,
of, Y= I-I-D() + 1.0.D| + ().l.!): + 0.0.D,
Y= D()

n other words. for AB = 00, the r""_-*[ AND gate to which D, is connected remains active and equal
10 Do and all othf'r AND gate are inactive with output held at logic 0. Thus, multiplexer output Y
i« ame as Dy. IftDy=0Y=0and if Dy =1, Y =1

Gimilarly. for AB = 01, second AND gate will be active and all other AND gates remain inactive.
Thus, output ¥ = D,. Following same procedure we can complete the truth table of Fig. 4.1b.

on

Control input
1 2----m

1] o

l —
Y I e
‘ . n-to-1 Output Dy— n > ——\ A48.D,
Data v+ | Multiplexer A
input . ‘
b ==
S Y, -
(a) s I S, T s 8 1——'——'} ¥
, ) ), R J=t |
} { __/ABD,

-c — ol
)
<
L
L
>

_—e—0 o .

(b) (c)

Fig. 4.1 (a) Multiplexer block diagram. (b) 4-to-1 multiplexer truth table.

d? There is no 5 combination
Note that. with three we can

(c) its logic circuit.

\} .
I\ou: if we want 5-to-1 multiplexer how many select lines are require
possible with two select lines and hence we need a third select input.
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select up to 2} = 8 data inputs. Commercial multiplexers ICs come in integer power of 2 en
2.

2-to-1, 4-to-1, 8-to-1, 16-to-1 multiplexers. With this buckgr(-lund, let us look ar 3 ]6_“_)‘]
multiplexer circuit, which may look complex but follows same logic as that of a 4-to-1 multiplexe,

16-to-1 Multiplexer
Figure shows a 16-to-l multiplexer. The input bits are labeled Dy to Dys. Only one of theg. is

transmitted to the output. Which one depends on the value of ABCD, the control input. For instance

when '
ABCD = 0000

the upper AND gate is enabled while all other AND gates arc disabled. Therelore, data bit Dy is

transmitted to the output, giving
Y = I)”

If Dy is low, ¥ is low; if 1 is high, Y is high. The point is that ¥ depends only on the valye of

Dy,
If the control nibble (group of 4-bits) is changed to

ABCD = 1111

all gates are disabled except the bottom AND gate. In this case. Dys is the only bit transmitied (o
the output, and
Y = D

As you can see, the control nibble determines which ol the input data bits is transmitted to the outpyt

Thus we can write output as

Y = A'B'C'D".Dy + A'B'C'D.D|, + A’B'CD".D> +
At this point can we answer, how would an 8 to | muluplexer circuit ook like?
need three select lines for 8 data inputs. And there will be 8 AND gates each one having four inputs:
three trom select lines and one from data input. The final output is generated from an OR gate which

.+ ABCD'.Dy;y + ABCD.D,5

First of all we

takes input from 8 AND gates. The equation for this can be written as
Y = A'B'C.Dy + A'B'C.D| + A'BC'.D> + A’BC.D3z + AB'C'.D, + AB'C.Ds + ABC'.Dy + ABC.D,
Thus, for ABC = 000. multiplexer output Y = Dy other AND gates and corresponding data inputs
D, to D; remain inactive. Similarly, for ABC = 001, multiplexer output }' = D,. for ABC = 010,
multiplexer output ¥ = D> and finally, for ABC = 111, multiplexer output } = D-.

The circuit for 2 to | multiplexer is shown in Fig. 4.2a and in Fig. 4+.2b we list some of the

commercially avatlable multiplexer ICs.

The 74150

Try to visualize the 16-input OR
on the operation of the circuit?
selected data bit rather than the

cate of Fig. 4.2 changed to a NOR gate. What effect does this have
Almost none. All that happens is we get the complement of the
data bit itself. For instance, when ABCD = 0111, the output is

Y = 57
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//”’-—.-_-
1 B & D
B {W 4'—317 ‘T
~—
B i} 1st AND gate output: A'‘B'C DDy
(U
—|
-/ 2nd AND gate output: A'B'C"D.D,
Dy
= 3rd AND gate output: A'BC DD,
D:
-
D - — ] 4th AND gate output: A B°C D.D,
3
Sth AND gate output: A'BC'D".D,
D,
D }‘1 6th AND gate output: A'BC"D.Dy
D 1} 7th AND gate output: A’ BC DD,
6
L 8th AND gate output: A'BC D.D,
D, =
] Y
3 > | } 9th AND gate output: AB'C” D".D,
8
D 10th AND gate output: AB'C’D.D,
9
D I1th AND gate output: AB'C D".D,,
10
B D‘ 12th AND gate output: ABC D.D;
11
B ) 13th AND gate output: ABC"D’.D,,
12
Dy, _1, 14th AND gate output: ABC’D.D,,
b, C e 15th AND gate output: ABC D",
By )_\ﬁ 16th AND gate output: ABC D.D,,

Fig. 4.2 Sixteen-to-one multiplexer.
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This is the Boolean equation for a typical transistor-transistor logic (TTL) nlulliplcxer because it hy,
an inverter on the output that produces the complement of the selected dut:.a hit. |

The 74150 is a 16-t0-1 TTL multiplexer with the pin diagram shown in Fig. 4.3. Pins 1 to 8 apgq
16 to 23 are for the input data bits D, to Dys. Pins 11, 13, 14, and 15 are fOl" thc.conlml bits ABCp,
Pin 10 is the output; and it equals the complement of the selected data bit. Pin 9 is for the STROBE,
an input signal that disables or enables the multiplexer. As shown in Table 4.1. a low strobe enable,

the multiplexer, so that output ¥ equals the complement of the input data bit:

Y =D

where n is the decimal equivalent of ABCD. On the other hand, a high strobe disables the multiplexer
and forces the output into the high state. With a high strobe, the value of ABCD doesn’t mater

"

Table 4.1 74150 Truth Table

D, [1] E i Strobe A B c D i3
b.[Z] S T
Dy [3] 22] o, i L L L H D,
D, E }.'_l] Dy L :: t Z ::, I.—??
D, [5] 20] D i 05
3 " L L H L L D,
Dy [6] — 19] 0, L L H L H D,
s ‘ H -
p, [T ¥, L Lop oMt il 1L
D[] 7] s
0 14 L H L L L | Dy
STROBE [ 9] [16] D) L H L L Ho D,
y[10 15] o X -l k o E ' Dy
L H L H H | B,
A 14]C L H H i L 4 B,
GND [12 13] 8 L H H B H | Djy
E H H H L | Dy
Fig. 4.3 Pinout diagram of 74150. L H H H H.n2 | B
H X X X X LH

Multiplexer Logic

Digital design usually begins with a truth table. The problem is to come up with a logic circuit that
has the same truth table. In Chapter 3, you saw two standard methods for implementing a truth table:
the sum-of-products and the product-of-sums solutions. The third method is the multiplexer solution.
For example, to use a 74150 to implement Table 4.2. Complement each Y output to get the

corresponding data input:

Dn:l=l)
D =0 =1
D=1=0
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and S0 forth, up lo
Next, wirc the d;nlu.lnpl_lls of 74I5('].u~.' shown in Fig. 4.4, so that they equal the foregoing values.
In other words, Dy ix grounded, D) is connccted to +5 V, D, is grounded, and so forth. In each of
these Cascs, Ih.c data mm” 18 the complement of the desired ¥ output of Table 4.2.

Figure 4 18 '!’C |l1}lllr|1lcxcr design solution. It has the same truth table given in Table 4.2. If
in doubt. 3'""".}'7" it as !"”“Ws an cach input condition. When ABCD = 0000, Dy, is the selected input
in Fig. 4.4 Since Do is low, ¥ is high. When ABCD = 0001, Dy is selected. Since Dy is high, ¥
is low. If you check the remaining input possibilitics, you will see that the circuit has the truth table

given in Table 4.2,

Bubbles on Signal Lines

Data sheets often show inversion bubbles on some of the signal lines. For instance, notice the bubble
on pin 10, the output of Fig. 4.4, This bubble is a reminder that the output is the complement of
the sclected data bit.

Also notice the bubble on the STROBE input (pin 9). As discussed carlicr, the multiplexer is active
(enabled) when the STROBE is low and inactive (disabled) when it is high. Because of this, the
STROBE is called an active-low signal. it causes something to happen when it is low rather than
when it is high. Most schematic diagrams use bubbles to indicate active-low signals. From now on,
whenever you see a bubble on an input pin, remember that it means the signal is active-low.

Tll TIB TI-! TIS

Table 4.2
SV
A B c D Y 7 Do
D
0 0 0 0 1 6 Dl
0 0 0 1 0 s -
0 0 | 0 1 ry et +¥eo
0 0 1 1 ] 3 D,
0 1 0 0 1 ~ D;
0 1 0 1 1 ) Do 10
0 1 1 0 0 = e ST TOT ¥
0 1 1 I 0 —1 Dy
I 0 0 0 1 :; D,
1 0 0 1 | :o Dis :
! 0 | 0 l bl o— STROBE
1 0 1 I 1 ' 8
I 1 0 0 ] 18]p 7 12
——1*13 GND
1 ] 0 I 1 17 D L
1 1 1 0 0 IRLET, >
I 1 1 ! 1 i3
(a) (b)
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sal Logic Circ .ot because a 2"-to-1 .

univer times is called universal logic circud! becau: multiplexer Can |

Multiplexer sometimes & |
{
|

" . -« have seen fnr T -
i .oy varable truth able. This we . alizatiop b U
a design solution for any # texer in Fig 4.5, Here, we show how this truth tabje o \a\{\nab]e
ruh tabl by 16:0-4 Wit EL onsider AB and € variables to be fed as selegy inputs o “Wizeg
1 . Y - _\ c . . | ' s |
using an 8-10- 1 multiplexer. Let { as data inpul. The method is shown in Fig. 4 5, he o, |
' en h: be present as At
variable 1) then has (o

| ¢ 'C A ‘ € firy
ay. similar to the procedure we adopted in ey o

ble in a different W ‘ ado |
« map the truth table ma ¢ b e | .
rows nip .lIL We write all the combinations of 3 select inp in first row e ; e |
g “I' to each value of A variable 1), truth table output y " '”Qrcm
CCOITe M mg 0 Ci . o
columns. Now correspt

as a function of D. In fifth row we assign darg i - in |
¥ values obtained in previous row. This is because for or ues g,

ansfers a particular input to 1ts output. In 8. il glc,m
lects Dy and so on. The corresponding circuit shown o

and 3™ row. The 4™ row writes )
8-10-1 multiplexer simply u‘n]‘[vmg
variable combination a multiplexer t

ABC = 000 selects Dy, ABC = 001 se A Fiy
4.5b.
1BC 000 001 010 | 011 100 i [ 1o [ )
T | | 1 0 ! 1t o
D=1 0 | | 0 I I L 11
Y D’ 1 1 0 1 I |1 | b
8-to-1 MUX DO=D' D =1 Dy=1]| Dy 0| D=1 Dy [1[“. |1;{,_ [j.
data input | ; ’
(a)
b R g me
' \i
| |
N
1
2
3
4 }
5
6
7
(b)

Fig. 4.5 A four variable truth table realization using 8-to-1 multiplexer.

Note that, we can choose any of the four variables (4.8,C.D) of truth table 1o feed as input to 8101
multiplexer but then mapping in first three rows of Fig. 4.5a will change. The rest of the procedure
will remain same. We show an alternative to this technique for a new problem in Example 4.2

Nibble Multiplexers

Sometimes we want to select one of two input nibbles. In this case, we can use a nibble mult

iplexer
like the one shown in Fig. 4.6. The input nibble on the left is A34,4;4 and the one on the right
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rol signal labeled SELECT determines which input mibble is transmiued to

B Bo I.w g(é':fLCT is low, the four NAND gates on the left are activated, therefore,
i:ﬂ:‘u{pu,, when Va¥a¥ Yo = AvaA A
th - high, the four NAND gates on the right arc active, and
i SELECT » YiYaY) Yo = B8,
whe _ .o shows the pinout diagram of a 74157, a nibble multiplexer with a
., 4.7a 0n the "f"" Tns‘dc.-.crihcd' wWhen SELECT s low, the left nibble is steered 1o the
FiF”II‘ (npul as d)rf:wmlﬁl iy'h the right nibble 1s steered o the output. The 74157 also includes
SEI'EtC when S[‘Il,li%r’[;r:‘\ tlluf ,.'m)hc must be low for the multiplexer to work properly. When the
f:u::::ll‘t‘ i“!ml :?\: l:;t:lllplcxur is inoperative.
) I:nhc 5 hig Ay Ay Ay Ag 8,y 82 Hl 8,

|

Fig. 4.6 Nibble multiplexer.

F/b ,
16/ Vee
sececT 1] A As A, Ay By By By B,
3 2 | | (7] 3 - 1
4 [2] [15] STROBE Corof
= 2 |5 |1 j14f3 fs [10]13

T
53] SELECT ——lj_

Y, [4] - [13] 80 . ' 74157
ALS 12] Yo STROBE —<
8,[5] 1] 4) | EHE [12

%7 10] 8, Y. 5 55
GND[ 8 9] 7,

(a)

(b)

Fig. 4.7 Pinout diagram of 74157.
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Compare this with cquation of 2-t0-1 multplexer. We need two 2-10-1 multiplexer 1o
bracketed terms where B serves as select input. The output of these two multiplexers can he sent

inlexer as o & S| o
multiplexer as data inputs where A serves as sclect input and we get the 3-to-1 multiplexer. * thirg
shows circuit diagram for this. bt

(L R i
e — |
Figure 4.7b shows how to draw a 74157 on a schematic diagram. The bubblh :
STROBE is an active-low input. tell yq thy "
EXAMPLE 4.1 ' l
Show how 4-to-1 multiplexer can be obtained using only 2-to-1 multiplexer. - : [{
Solution
Logic equation for 2-to-1 Multiplexer: Y = A"Dy + AD
Logic equation for 4-to-1 Multiplexer: Voo A'W.Dy+ A'BDy + AF.Dy + AB.D, '
This can be rewritten as, Ve AU Dy + BIy) + AMB.D; » B.D)) '
!.

fc-l]jh two

—
EXAMPLE 4.2

(0) Realize Y = A'R + B'C + ABC using an R-to-1 multiplexer. (b) Can it be realized with a2 4
-t |

multiplexer?

Solution
(1) First we express ) oas a function of minterms of three vanables. Thus

Y=A'B + BC + ABC
Y=A'B(C"+ O) + B'C(A" + A) + ABC [As, X + X' = 1]
Y=A'B'C + A'BC + A'BC « AB'C + ABC

Comparing this with equation of 8 to I muluplexer. we find by substituting Dy = Dy = D, =
=Dy =1 and D, = Ds = Dy = 0 we get given logic relation. !
(b) Let variables A and B be used as selector in 4 to | muluplexer and C fed as input. The 445
multiplexer generates 4 minterms for different combinations of AB. We rewnte given logic equation
in such a way that all these terms are present in the equation.
Y =A'B + B'C + ABC
Y = A'B+ BC(A + A) + ABC [As. X + X' = 1]
Y = A'B'.C + A'B.l + AB'.C + AB.C

Compare above with equation of a 4-to-1 multiplexer. We see Dy = C, Dy =1, D, =C and

Dy = C generate the given logic function.

EXAMPLE 4.3

Design a 32-to-1 multiplexer using two 16-to-1 multiplexers and one 2-to-1 muluplexer.

Solution
The circuit diagram is shown in Fig. 4.8b. A 32-to-1 multiplexer requires log.32 = 5 select lines say,

ABCDE. The lower 4 select lines BCDE chose 16-10-1 multiplexer outputs. The 2-to-1 multiplexer chooses
one of the output of two 16-to-1 multiplexers depending on what appears in the 5% select liné, A.
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CDE
i
Dy 0 y Dy
’ ' : A
D, —={ 1 1
0 Dye—15
‘i’ v BCDE 0 ,
. 1y ,

D, 0
Dy—=0 J e N, —1

I)‘——l- |

() (b)

Fig. 4.8 Realization of higher order multiplexers using lower orders.

SELR=TEST:

I. A circuit with many inputs but only one output 1s cal
5. What is the significance of the bubble on pin 10 of
Fig. 4.57

led a
the muluplexer 1n

4.2 DEMULTIPLEXERS .-

Demuliiplex means one into manv. A demultiplexer is a ]
outputs. By applying control signals, we can steer the input signal to ong of
49a illustrates the general idea. The circuit has 1 input signal. m control or select signals and n
ignals where n < 2™ Figure 4.9b shows the circuit diagram of a 1-to-2 demultiplexer. Note
multiplexer and demultiplexer circuits in cenerating different combinations of
Figure 4.9¢ lists some of the commercially available
also behave like a decoder. More about this will

ogic circuit with one input and many
the output lines. Figure

output s
the similarity of
control variables through a bank of AND gates.
demultiplexer 1Cs. Note that a demultiplexer IC can

be discussed in next section.

1-to-16 Demultiplexer
Figure 4.10 shows a I-to-16 demultiplexer. The input bit is labeled D. This data bit (D) is transmitted

to the data bit of the output lines. But which one? Again. this depends on the value of ABCD, the

control input. When ABCD = 0000, the upper AND gate is enabled while all other AND gates are

disabled. Therefore. data bit D 1s cransmitted only to the ¥y output. giving Y, = D. If D is low, Yy
is low. If D is high. Y, is high. As you can scc. the value of Y,, depends on the value of D. All other
outputs are in the low state. If the control nibble is changed to ABCD = 1111, all gates are disabled

except the bottom AND gate. Then. D is transmitted only to the Y,s output, and Yi5 = D.
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Control input
m
l'""i " £ (CNo. | PEMUXT Desageny
=il D Y 4 o B | mpe
T —{»—O},” ZIE
| : /' 7 -10-16 4_“)‘]6
Input ¢ Outpul ax :
npu E utpu . 74138 l-t0-8 3-to-8
T A D D—_ rl \ 74158 | -to-4 2"“‘4
__J______‘-
(1) (b) (c)
Fig. 4.9 (a) Demultiplexer block diagram. (b) Logic circuit of 1-10-2 demultiplexer.
(c) Few commercially available ICs.
A B C n
4 4 4 L -
?7 ?‘7 ?7 LA
0 [
DATA D —
\ )“
J/ S P
—‘\\ }-
— L
i -
}'3
| . * } ‘
/ 15
Fig. 4.10 1-to-16 demultiplexer.
The 74154

The 74154 is a 1-to-16 demultiplexer with the pin diagram of Fig. 4.11. Pin I8 is for the input
DATA D, and pins 20 to 23 are for the control bits ABCD. Pins 1 to 11 and 13 to 17 are for the
output bits ¥y to ¥ys5. Pin 19 is for the STROBE, again an active-low input. Finally. pin 24 is for

Vce and pin 12 for ground.

Table 4.3 shows the truth table of a 74154. First, notice the STROBE input. It must be low to
activate the 74154. When the STROBE is low, the control input ABCD determines which output lines
are low when the DATA input is low. When the DATA input is high. all output lines are high. And,
when the STROBE is high, all output lines are high.

Figure 4.12 shows how to draw a 74154 on a schematic diagram. There is one input DATA bit
(pin 18) under the control of nibble ABCD. The DATA bit is automatically steered to the output line
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—— AR
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///
/ i the dCL‘ilnul CqUiVillcnt ol ABCD A’_""n the F
cript 18 e on i - Again, the bubble ¢ .. ) —
cubse aput. Notice that DATA is inverted at the nput (the hul::‘ the STROBE Pin indicates

¢ i . |

hod e lOW IR . ) Ne on pin 18 - o

W ;IC"\C the pubble on cach output pin). With this double Inversion, UATR m“:::f:: again on
ﬂmgh |l\c

e i

A
;o anped.
a"’m anchoE™
il - 3], TR
" L’ fi] D l_l_‘_’ll’_lbilz ‘l
n 2 il 7,
= 22] ¢ vy
), [,.;‘» = : Y,
= i) G-n
" — - < ]
! [.: ET)].' = F:—— Yl
i 7} — 2 ¥
o “E: 19] STROBE . o
ve L& 7 S = DATA ——a X
‘[f1 o 8] DATA D s P b
ol — . 19 p— 1,
Yo _’2':4 ] ¥ STROBE — l l‘fl} rf,
¥ y
16] Yy Ci3 J°
Yy E E:] ) Pls 7.::
v, [10 18] i Prs
: bt i
' EINE b6 4
r“lE ) ?i.,— 14
p [12 i3] 73 P s
GN —_’/__’J
Fig. 4.12 Logic diagram of 74154.

pinout diagram of 74154.

Fig. 4-11
Table 4.3 74154 Truth Table
T C B[V Vi Ve Yo Ve Vs Ve iy Ve To YTy Te T T T
fff”i;d—--ff-ELLL[LHHHHHHHHHHHHHHH
ot LLHHLHHHHHHHHHHHHHH
Pl L L bVl n L A B g R BB HEH
LL::LHHIHHHLHHHHHHHHHHHH
LLLHLLjHHHHLHHHHHHHHHHH
LLLHLH"HHHHHLHHHHHHHHHH
PUobg Lt B oL lhm A K HHHLHEAHEHE D
,’:tLHHH.HHHHHHHLHHHHHHHH
LLHLLL_HHHHHHHHLHHHHHHH
LLHLLH'HHHHHHHHHLHHHHHH
LLHLHL-HHHHHHHHHHLHHHHH
LLHLHH‘HHHHHHHHHHHLHHHH
boog® W m L L|HHHHHHHHHAHHHAHBELHHH
f -5y 4 L H|H HHHHHAHHHHAHHAHSHL AR
i (“HHHULIHHHHHHHHHHHHHHLH
{ [ HHHHHHHHMHHHHHHHHHHMHL
L H XX X X HHHHHHHHHHHHHHHH
H L X X X XIHH HHMHHHHHHHHMHHHH
Hi . Hi X X X x| H HH HH H H H H H H H H-HiHGH
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EXAMPLE 44

In Fig. 4134, what doc¢
a. R is high, T'» high, -

h Ris low, T'ns high. A
¢. Ris high, T high, Al

« the Y12 output cqual for cach ol the following conditions
anen = 0110, IS
BCD = 1100,
WCD = [ 10X

the STROBE 1% low and the 74154
= IS

Solution _
g, Since R and T are both high. '
ABCD = 0110, the input data iv steered 10 the Y, output hne (pin 2. Tha . actiye

I Butpyy © Bee
rCn-L.iWi \ause

high state (sce Tuble 4.3 '
h Here, the STROBE is high and (he 74154 is inactive. The ¥iz output is hie In g,
¢. With R and 7 both high, the STROBE is low and the 74154 15 active. Since S;I] ; ¢

pulses are steered to the 12 output (pin 14). ABCD ., liog N
twy,

EXAMPLE 4.5

Show how two 1-to-16 xers can be connected 1o get a 1-to-32 demultip
; Ipicxer

demultiple

Solution
Figure 4.13b shows
them (BCDE) arc fed to two l-to-16 d

2 demultiplexer has 5 select varigh)
SRaLies ABChHr

the circuit diagram. A l-t0-3
lect
l]ﬂc |)[ th

emultiplexer. And the titth () s used o i
WG '(n“.
of

multiplexer through strobe input. 10 A = 0. the top 714184 s chosen and BCDF
c : FL 5 " e
the 15 outputs of that IC. If A = 1, the bottom IC is chosen and depending on ";"Lu-, data o, o
- value of pe one of
.,,F d
- Gang gy

directed to one of the 15 outputs this 1C.

' :
o
TJ—
Q
o
l-ﬁ
e

R— 19 74154 9
e STROBE T
Q

p— Y .
1 i 0—7,
bl—i— }‘1\ D ~ [) —"'-.T.\. } 1 ‘ Y:‘-
—a 7
b— ¥ r ,
13 | | 7
B
STROBE]| s Cy
| — '3

i r
{

1
da
Ly
da

(a)
(b)
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SELF-TEST

3. A logle circuit with on¢ input and man
e . « ; y out ) .
For the 74154 demultiplexcr, what must the I’”Z:ul::dc‘al/l‘;j(a L

4.
10 steer the DATA input signal 1o output line ¥,
If ABCD = LifLI, DATA = L, and STROBE = H.nwhal will the I
gic level

he at ¥Ys on 741547

16 DECODER
er. with onc cxception—there is no data input. The only input
' s

a demultiplex
¢ shown in Fig. 4.14. This logic circuit is called a I-of-15

ar (o
bits ABCD., which ar
A i) ' i D
1 y 4 1L

L ] —__/— rn

»— rl

[ i

*— — { _j r‘

! 2

1 1 é‘D—-r,

e jj y‘

' T [ #

1 1 4

T ——
S SN S
i
_'hvl

Fig. 4.14 1-of-16 decoder.



—y

\

df’c-nd(’r because only 1 of the 16 output lines is high. For instance, _whcn.ABCD is 0001, only g
¥\ AND gate has all, inputs high: therefore, only the ¥y output is high. It ABCD _L‘hungcs to D](],(e)
only the ¥; AND gate has all inputs high; as a result, only the ¥y output gocs high.
IT you check the other ABCD possibilities (0000 to 1111). you will find that the subseripy o the
high output always equals the decimal equivalent of ABCD. For this reason, the circuit iy SOMetimg
called a binarv-to-decimal decoder. Because it has 4
input lines and 16 output lines, the circuit is also
known as a J-line to 16-line decoder.
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Normally, you would not build a decoder with
separate inverters and AND  gates as shown in
Fig. 4.14. Instead, you would use an 1C such as the
74154, The 74154 is called a decoder-denultiplexer,
because it can be used cither as a decoder or as a
demultiplexer. . 1% Ll
You saw how to use a 74154 as a demultiplexer in DATA ’—4 -
Sec. 4.2, To use this same 1C as a decoder. all you have . o 7154 Lo y
to do is ground the DATA and STROBE inputs e 5””“”1?“‘1 Ll0 .
shown in Fig. 4.15. Then, the selected output linc is 1n s }DI_L v,
the low state (see Table 4.3). This is why bubbles are 'an v,
shown on the output lines. They remind us that the ;oli_ P
output line is low when it is active or selected. For .,i'_ s
instance, if the binary input is ‘o‘—_'-
o }l.
ABCD = 0111

then the Y7 output is low, while all other-outputs are Fig. 4.15 Using 74154 as decoder.
high.

EXAMPLE 4.6

Figure 4.16 illustrates chip expansion. We have expanded two 7415345 to get a l-0f-32 ¢

Here is the way the circuit works. Bit X drives the first 74154, and the complement of X drves the <scond

74154, When :\’ is low, the first 74154 is active and the second 1s inactive. The ABCD input drives
both decoders but only the first is active; therefore, only one output line on the first decoder is in the
low state.

On the other hand, when X is high, the first 74154 is disabled and the second one is enabled. Thi
means the ABCD input is decoded into a low output from the second decoder. In effect, the circuit of B
4.16 acts like a l-0of-32 decoder.

In Fig. 4.16. all output lines are high, except the decoded output line. The bubble on each output line
tells anyone looking at the schematic diagram that the active output line is in the low statz rather than
the high state. Similarly, the bubbles on the STROBE and DATA inputs of each 74154 indicats active-
low inputs.

ecoder.
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- 3 o-8 decoder and multi-input OR gat

psing @ 3-

n 7
sdlm:t the decoder output W
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74154 ‘r|>‘°
WP
Y, p—
. 13
19 Y, p—
—d STROBE Y 4
(._--—-‘r-l-id DATA ¥, b°
’ . L6
20 B
A ___._-—--lr-;-i" A ¥ p_’;___.
C”*'J’d":‘ C Yy p—
)4’.«-«—-—-—'-’ D }'u n.ly_.—
£ y 11
10
A R
’” P
14
le D
LIS
)|| Di—(‘"‘
rl 'Y F""
__,::_—-‘:H___-——

4BC

Yo “—'é'i;—'c_—'

Y, ABS __________——____————'-._——————'

Y ABC IS S, W
3108 13 —‘—'_'jgg il

Decoder Yy —— ==

, ABC ||

v |_4BC

}: ABC 2

F(4.8.0) Fy(A.8.0) F3(4.8.0)
S m043.6) =ZIm05) = Tm(123.7)
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Flg. 4.16 Chip expansion.

e get all the minterms

, )

Y
STROBE.

1% .
DATA Y

4

20 Y,

21 ’[: ¥,

22 c Yy

23| Y,

74154

(0. 5): FalA. B. O

we use them as sh

cs following Boolecan expr

z Xm{l1. 2:3:T)

own in Fig. 4.17 to get the reg

Fig. 4.17 Solution for Example 4.7.

essions can be realized

uired
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SELF-TEST

bubbles on the outputs of the 7454 in

6. What is the significance of the

Fig, -L1a8 ! : he logic levels of the
7. In Fig. 4.15, ABCD = HLHL. What arc the 10g ¢ outputs?

4.4 BCD-TO-DECIMAL DECODERS
1¢ BCD code expresses cach digit in 4 dccima]

al number 429 1s changed to its BCp B
as

BCD is an abbreviation for binary-coded decimal. TI
number by its nibble equivalent. For instance. deccim

follows: , : "
d; 3 l
0100 0010 10} ]

To anyone using the BCD code, 0100 0010 1001 1s cquivalent to 429, —
As another example, here is how to convert the decimal number 8963 to its BCD form:

8 9 6 3
4 d 1 B 1
1000 1001 0110 0011

Again, we have changed each decimal digit to its binary equivalent.
Some early computers processed BCD numbers. This means that the decimal numbers Were
changed into BCD numbers, which the computer then added, subtracted, etc. The final answer was

converted from BCD back to decimal numbers.
Here is an example of how to convert from the BCD form back to the decimal number-

0101 0111 1000
J; d i)
5 7 ]

As you can see, 578 is the decimal equivalent of 0101 0111 1000.
One final point should be considered. Notice that BCD digits are from 0000 10 1001. All

combinations above this (1010 to 1111) cannot exist i
i xist in the BCD code because e hiches ecl
I“i[ : e ¢ because the nighest decimal

BCD-to-Decimal Decoder
The circuit of Fig. 4.18 is called a J f-10 dec

_ . -of- coder because only | of I 1s hi
F . ; . - ) of the 10 output line )
Yorolgtst:lt]rtlcii.;hhen“{’.BCD is 0011, only the ¥; AND gate has all high inputs: thl:efcfolfgsolrzlfli?'
3 p i 120, It ABCD changes to 1000. only the Y3 AND ecate h::l 11 hi B g Ay
only the ¥y output goes high $ g s all high inputs: as a resul,

If ey e
you check the other ABCD possibilities (0000 to 1001). you will find that the subscript of the
- - > S
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Fig. 4.18

The 7445 :
iy, Y would not build a decoder with
pic 1.:)m\€ rs and AND gates. as shown in Fig.

4 . 2 TTL IC like the

. you would use &
2415 of Fig. 419 pin 16 conn
volhage Vec and pin 8 is grounded.

ut (ABCD)- while pins 1 to 7

e for the BCD inP i
and 9 10 11 are for the outputs. This IC 1s

functionally equivalent 0 the one in Fig. 4.18.
except that the active output line is in the low state.
All other output lines are in the high state, as
<hown in Table 4.4 Notice that an invalid BCD
input (1010 to 1111) forces all output lines into the

high state.

ects to the supply
Pins 12 to 15

,__——_'_‘
R —— I
[

1-o0f-10 decoder.

R FE R

¥y 12 A

Y 1] %5

s _TP] Y

GND | 8 g | Y-
L

Fig. 4.19 Pinout diagram of 7445.

nt

-



Table 4.4 7445 Truth Table
Outputs
Y. Y.

Fre Inputs V' ¥r Y Yo ili
a8 ¢ bt v B 2. ; H H HB oe
& 0. L & LflEb.l T A H
wig L L HILH g H 0 pooptw B2 B
s B A £ 5 oy om Ho#
gt L H H H oK L H_H H o M
o IR LR e e I
=i L H L HEH F HoH R L H A H
oM [ ow M tlgH HoHoHog m L H p
e ¢ H M H[EH WoHoOHO H
H H H H H H L H

g H L L 1L H H H H H H
i H L L _H W -

H H H H
= g Len i HooH :
HoLoH ew A LW W H HOH H H
oL U Llfw HoHoL R BB OE 2 b
bwow L H|fiy cHE H OH. H B OB oo
N0 K HpabpsHssHae Rl e Sack ive St

EXAMPLE 4.8

ht-emitting diodes (LEDs). as shown in

The decoded outputs of a 7445 can be connected 1o lig
Fig. 4.20. If each resistance is 1 k€ and each LED has a forward
is there through a LED when it is conducting? (See Chap. 13 for a

voltage drop of 2 V. how much current
discussion of LEDs.)

Fig. 4.20 Circuit for Example 47
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’—_".‘—-'-..—_--f
Soluttort o
is in the low state, you ca '
when an output 1s in "  aporoximae o
et LR € output voltage as zero. Therefore, the current
Pt
ka P mA

/
"EXAMPLE 4.9 ‘ -
The LEDs of Fig. 4.20 are numbered O through 9. Which of the LEDs is lit for each of-lh-c -folio;vi;:g
conditions:

2. ABCD = 0101,

b, ABCD = 1001.

c. ABCD = 1 100.

fon | | | |

Solut _ 0101, the decoded output line is ¥s. S [ Tenpemloaesio gromtsl, B3

When ABCD ! !
lights up. All other LEDs reman

b. When ABCD = 1001, LED 9 is on:
; invalid input. Therefore. nonc of the LEDs is on because all output, lines are

ABCD = 1100 is an |
high (sce Table 4.4).

= off because the other outputs are high.

C.

SELF-TEST

8. What does the abbreviation BCD stand for?

9. What is a LED?

SEVEN-SEGMENT DECODERS ‘-~

ation when forward-biased. Why? Because free electrons recombine with holes near
igher energy level to a lower one, they give up energy
in the form of heat and light. By using elements like gallium. arsenic, and phosphorus, a
manufacturer can produce LEDs that emit red, green. yellow. blue, orange and infrared (invisible)
light. LEDs that produce visible radiation are useful in test insoruments, pocket calculators, etc.

4.5
A LED emits radi
the junction. AS the free electrons fall from a h

seven-Segment Indicator
.segment indicator, i.e. seven LEDs labeled a through g. By forward-

the digits O through 9 (see Fig. 4.21b). For instance, to
b. c. d, e. and f. To light up a 5, we need segments

Figure 4.21a shows a seven
biasing different LEDs, we can display
display a 0, we need to light up segments a,

a, c d f and g.
e type where all anodes are connected together

Seven-segment indicators may be the common-anod
(Fig. 4.22a) or the common-cathode type where all cathodes are connected together (Fig. 4.22b).
" . S i
With the common-anode type of Fig. 4.22a, you have to connect a current-limiting resistor between

each LED and ground. The size of this resistor determines how much current flows through the
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142 mc common-cathode ¥pe of Fie
(o

y is betw
LED. The typical LED Lur;c:r‘ between cach L
-limiting resi
uses a current

ED and +Vcc

-
=
'D " ~/ /_/:'_“7
oy g

(a)
Fig.4.21 Seven-segment indicator.

1% h ( d i / z
L+ o lo ? ? ] -]
'{f["r S (90 1P

~ Fig.4.22  (a) Common-anode type. (b) Common-cathode type.
The 7446

There are two types of decoder-drivers, corresponding 1o the ¢
indicators. Each decoder-driver has 4 input pins (the BCD j
& segments).

Figure 4.23a shows 2 7446
convert the BCD input to the required outpy
logic (not shown) of the 7446 will force LED
on the Seven-segment indicator

& 4,

D

-~

%

-

b

driving a common-anode indicator. Logic circuits inside the 7446
L For instance, if the BCD input is 0111, the internal
$a,b,and ¢ 1o conduct. As a resulr. digit 7 will appear
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7- %cgment mdlc.uor

: j
<" = -
o e -~[JH” 2
al 12 o109 s g
J 7446 Decoder/driver J
\T ------ foenmeee [ r/ ' &
AT >
16 7 ll '2 ;, Lfl 7-~;cm;,,7
H L‘;J 'I] ];r' 5 GND Iridictes
peD i

BCD input
(a)

Fig. 4.23 (a) 7446 decoder-driver, (b) 7448 decoder-driver.

(4

4.23
:vllllug bch\un 1 and 50 mA, deLlldlllL on hm\ bright you want the dlspla) to be.

The 7448

Figure 4.23b is the alternative decoding approach. Here, a 7448 drives a common-cathode indicator.
Again, internal logic converts the BCD input to the required output. For example, when a BCD input
of 0100 is used. the internal logic forces LEDs b. ¢. f. and ¢ to conduct. The seven-segment indicator

then displays a 4. Unlike the 7446 that requires external current- limiting resistors, the 7448 has its
own current-limiting resistors on the chip. A switch symbol is used to illustrate operation of the 7446
and 7448 in Fig. 4.23. Switching in the actual IC is of course accomplished using bipolar junction

transistors (BJTs).
SERESTEEST

10. Sketch the segments in a seven-segment indicator.
I1. Each segment of a seven-segment indicator 1s what tyvpe of device?
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4.6 ENCODERS |
ive i :onal into a coded n inputs
converts an active input Signd :
o i re 4.24 illustrates the general idea.

output signal. Figu dive.

There are n input |
Internal logic within the encoder

input to a coded binary output Wi

Decimal-to-BCD Encoder v

-oder—the  +5V
Figure 4.25 shows a common type of cnun::.im “lon 3k |
decimal-to-BCD encoder. The switches are push- i el o

ines, only one of which IS a
converts this active

th m bits. m outpur
Fig. 4.24 Encoder.

' e
switches like those of a pocket calculator. \\r‘hcn _huunr'l /R y - :-~\\<
3 is pressed, the C and D OR gates have high inputs: 0_;-.."‘—; 4».__‘____‘J\
; T e N
therefore, the output 1s J,_T. .______"______‘._KT\
ABCD = OOII ::E: : I -m,________vhh—b
*t+—tl 1
If button S is pressed, the output becomes 0__:‘_.:-—. ?[u__. [ __‘_::
NEL - D o 13 . t—
ABCD = 0101 i # st T
When switch 9 is pressed, ¥ o . [ | | { ! iTJ__. i—::
ABCD = 1001 -&74{7 —[JL)L L]
THE 74147 i | ) \ /
{ A B B

Figure 4.26a is the pinout diagram for a 74147, a
decimal-to-BCD encoder. The decimal input, X; to X,
connect to pins 1 to 5, and 10 to 13. The BCD output
comes from pins 14, 6, 7, and 9. Pin 16 is for the supply voltage, and pin 8 is grounded. The el
NC on pin 15 means no connection (the pin is not used).

Fig.4.25 Decimal-to-8CD encoder.

i II E Vee _:‘_t_q 4 Vee 1.6
52 15] 5 —lf" it GND ——

Xg E E‘“‘ _Ia X ! |
Al 3], . s A ol"—
f Xy Iz 7445 E N -—?q X, 74147 B f{._
\\;i" Bl6 _I_T_]-"'n —:q .\'b C:}Q_
C|7 El oA ] :‘ D ID___

GND| 8 —i-] 5 - Xg l
—— _ ) o -

i e T |
o ¥19-4.26 (a) Pinout diagram cf 74147. (b) Logic diagram.
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Table 4.5 74147 Truth Table

/ Inputs
% ) x' PR XQ XJ XJ X5 Xg x;' X OUfputs
[T e

X X X X X X L H H H H H
By ox  x X F w5 m o w TNl e e s §
Lo X X L H H H H H ol L H L

X X L H H H H M H 5 L H H

H H H H H
bl o Higel] ~ H H |H H H L
Jows how (o draw 4 74147 on a schematic diagram. As usual, the bubbles indicat
. s ate

Figure 4.26b sl : :
puts and outputs. Tuble 4.5 is the truth tablc of a 74147, Notice the following. Wh
high, all oulpuls arc high. When Xg is low, the ABCD output is LHHL {c:t;ivm:r:

en Xy is the only low input. ABCD is LHHH i Bt iD

o 9 if you complement the bits). Wh . )
g if the bits arc cnmplcmcntcd). \VhC[I .\’-{ is lh‘c nnlyA low input, ABCD becomes HILLL (equivalent
o 7 if the bits arc cnmplcmcnlcd).h(,mlll-nuc I_ILC this through the rest of the truth table and you
can see that an active-low decimal input is being converted to a complemented BCD output.
[ncidentally. the 74147 18 called a priority encoder because it gives prionty to the highest-order
« this by looking at Table 4.5. If all inputs X through Xy are low, the highest of these,
Xo has prionity over all others. When Xy

input. You can se
encoded to get an output of LHHL. In other words,
oded if it is low. Working your way through Table 4.5

active-low in
all X inputs are

Xo. is e
is high. Xg is next in line of pnonty and gets enc
you can see that the highest active-low from Xo to X, has priority and will control the encoding.
EXAMPLE 4.10

g. 4.27 when button 6 is pressed?

-What is the ABCD output of Fi

All resistors are 1 kQ §§é§§$§ !16
] —— } - v |
- P : | H.\'[ Vee ‘I
— | | 112} 73147 |
3 - R g s
= | i sty !
4 r— l ! | l_a' \." | 6
) @ J f' I 3{’! ‘l:.' 5!
i - I~ ) <% L7
?, *— ; : b ] 3 t,l'; C"'D—
P 1 | 4]0 | 9
1 e —a . D o—
..L. & i f > = 1
il - a X [
- P 110 | .. {
o —a .\ |
= ; GND |
|8

Fig. 4.27
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Solution _
— to the high state (+5 Vv

When all switches are open, the X; to Xg inputs ar¢ pulled up g (+3 V). A glange -

le

‘ 8 : 1t this time.
4.5 indicates that the ABCD output is HHHH at | o o _
) : fe & Therefore. all X inputs are hieh .

When switch 6 is pressed. the Xg mnput 13 grounded. The P ¢ high, eXCepL o,

' M1 T ale t . 8
Table 4.5 indicates that the ABCD output 15 HLLH, which is equvalent 1o 6 when the OUtput . %
S A

complemented. \

EXAMPLE 4.11

Design a prionty encoder the truth .
inputs 1s X > Xy > Xy However. if the encoder 1s not €

AB = 00
fi(:'-llll:x‘"o-;.ll.\‘h and Fig. 4.28¢ show the Kamaugh map for ‘mlpm.",‘ Jml_" respectively. Note that, we have
used a different notation for input variables in these maps. Compare this with ROtNONS. presentey \
previous chapters. You will find a variable with prime is presented by O and af 1t s ot primeg ¢
represented by 1. Then taking groups of 1s we get the design cquations as shown in the figure, The logic
circuits for output A and B can be directly drawn from these equations

ible of which is shown in Fig. 4.28a. The order of prory, fo

. ‘ it
nabled by S or all the inputs are inactive e three

(\mpul

S S
Intput Qutput I ( O
— T T '\,“_‘\ 00 of 11 10 A » 0L 11 10
Sia|a) 2y} “oolo 0o 0 0 00[ 0 0
0 X X X 0 0 .
I =TT otjo o 0 ﬂ\) orfo 0|
|
1] o | x (I ) 1o o o s 1o o
|
' 619 : ' ' 1fo 0o 0\l lo o
| 0 0 0 0 0
A =5X,X; + SN, B = S\, ~ SXyX,
(a) (b) (c)

Fig. 4.28 Design of a priority encoder.

SERESTEST

12. What is an encoder?
13. What type of encoder is the TTL 741477

. 7

VA

A

4.7 EXCLUSIVE-OR GATES

The exclusive-OR gate has a high output only when an odd number of inputs is high. Figure 4.29

shows how to build an exclusive-OR gate. The upper AND eate forms the product AB, while the
lower one produces AB. Therefore, the output of the OR o

gate 1s

Y=AB+AB




