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Chaeter 1
CHAPTER 1
DIGITAL CONCEPTS

Section 1-1 Digital and Analog Quantities

1. Digital data can be transmitted and stored more efficiently and reliably
than analog data. Also, digital circuits are simpler to implement and
there is a greater immunity to noisy environments.

2. Pressure is an analog quantity.

Section 1-2 Binary Digits, Logic Levels, and Digital
Waveforms

3. HIGH = 1; LOW = 0. See Figure 1-1.

I
|
|
HIGH HIGH] LOW HIGH | LOW: LOW' LOW | HIGH
|
|
I
!

LOW ' LOW.: LOW| HIGH| LOW | HIGH | LOW | HIGH | LOW

(b)

FIGURE 1-1

4. A 1 is a HIGH and a 0 is a LOW:
(a) HIGH, LOW, HIGH, HIGH, HIGH, LOW, HIGH
(b) HIGH, HIGH, HIGH, LOW, HIGH, LOW, LOW, HIGH
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Chapter 1
5. See Figure 1-2.
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6. T =4 ms. See Figure 1-3.
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FIGURE 1-3
1 1
7. f = —=—— = 0.25 kHz = 250 Hz
T 4ms
8. The waveform in Figure 1-61 is periodic because it repeats at a fixed
interval.
9. t =2 ms; T = 4 ms

W

2m
% duty cycle = by 100=[ =" 1100 = 503
T 4ms

10. See Figure 1-4.
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FIGURE 1-4

11. Each bit time = 1 us
Serial transfer time = (8 bits) (1 us/bit) = 8 us

Parallel transfer time = 1 bit time = 1 pus

Section 1-3 Basic Logic Operations

3
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Chapter 1

12. An AND gate produces a HIGH output only when all of its inputs are HIGH.

13. AND gate. See Figure 1-5.

HIGH ———]
L.OW
LOW —

AND gate

FIGURE 1-5
14. An OR gate produces a HIGH output when either or both inputs are HIGH.

An exclusive-OR gate produces a HIGH if one input is HIGH and the other
LOW.

Section 1-4 Overview of Basic Logic Functions

15. See Figure 1-6.

s >0
3 — 3j|>

(b) Multiplicr

(a) Adder

HIGH __| ()3 i

::ix _ ool L LOW

HIGH — ‘ﬂ:> L Low
[l

(¢) Multiplexer

(d) Comparator

FIGURE 1-6

16. T = —— = 100 us
10 kHz
100 ms
Pulses counted = = 1000
100 ps

17. See Figure 1-7.

0101 — 0|00 (O ]O|O |O (O Initially

0 tjofl1 o]0 |oO0|O0 After shifting in four bits

FIGURE 1-7
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Chapter 1
Section 1-5 Fixed-Function Integrated Circuits
18. Circuits with complexities of from 100 to 10,000 equivalent gates are
classified as large scale integration (LSI).
19. The pins of an SMT are soldered to the pads on the surface of a pc board,

whereas the pins of a DIP feed through and are soldered to the opposite
side. Pin spacing on SMTs is less than on DIPs and therefore SMT packages
are physically smaller and require less surface area on a pc board.

20. See Figure 1-8.

43 21 2827 2%
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20 123 §
3] 122 6 5
L — 21 5 24
5[] 120 8 23
6] 11w 9 22
2] s 10 .
s 117 " 2
= - 19
10 ] 15
ni 14 1213 14 15 16 17 18
12 13

() (h)
FIGURE 1-8
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Chapter 1

Section 1-6 Introduction to Programmable Logic

21.

22.

23.

24.

The following do not describe PLDs: ABEL, CUPL

SPLD: Simple Programmable Logic Device
CPLD: Complex Programmable Logic Device
HDL: Hardware Description Language
FPGA: Field-Programmable Gate Array
GAL: Generic Array Logic

(a) Design entry: The step in a programmable logic design flow where
a description of the circuit is entered in either schematic
(graphic) form or in text form using an HDL.

(b) Simulation: The step in a design flow where the entered design is
simulated based on defined input waveforms.

(c) Compilation: A program process that controls the design flow
process and translates a design source code to object code for
testing and downloading.

(d) Download: The process in which the design is transferred from
software to hardware.

Place and route or fitting is the process where the logic structures
described by the netlist are mapped into the actual structure of the
specific target device. This results in an output called a bitstream.

Section 1-7 Test and Measurement Instruments

25.

26.

Amplitude = top of pulse minus base line
V=8Vv-1V-=7Y%V

A flashing probe lamp indicates a continuous sequence of pulses (pulse
train) .

Digital System Application

27.

28.

29.

A system is a combination of logic elements and functions arranged and

interconnected to perform specified tasks.

The binary number representing the total number of tablets is converted

from parallel to serial form by the multiplexer and sent, one bit at a

time, to the remote location where the demultiplexer converts the serial

number back to parallel form for decoding and display.

A new number of tablets per bottle can be entered with the keypad.
CHAPTER 2

NUMBER SYSTEMS, OPERATIONS, AND CODES
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Section 2-1 Decimal Numbers

1. (a) 1386 = 1 x 10° + 3 x 10° + 8 x 10" + 6 x 10°

=1 x 1000 + 3 x 100 + 8 x 10 + 6 x 1
The digit 6 has a weight of 10° = 1

(b) 54,692 = 5 x 10" + 4 x 10° + 6 x 10° + 9 x 10" + 2 x 10°

= 5 x 10,000 + 4 x 1000 + 6 x 100 + 9 x 10 + 2 x 1
The digit 6 has a weight of 10° = 100

(c) 671,920 = 6 x 10" + 7 x 10" + 1 x 10" + 9 x 10> + 2 x 10" + 0 X
10°
= 6 x 100,000 + 7 x 10,000 + 1 x 1000 + 9 x 100 + 2 X
10 + 0 x 1
The digit 6 has a weight of 10° = 100,000
2. (a) 10 = 10° (b) 100 = 10°
(c) 10,000 = 10° (d) 1,000,000 = 10°
3. (a) 471 = 4 x 10° + 7 x 10" + 1 x 10

=4 x 100 + 7 x 10 + 1 x 1
= 400 + 70 + 1

(b) 9,356 = 9 x 10° + 3 x 10° + 5 x 10" + 6 x 10°

9 x 1000 + 3 x 100 + 5 x 10 + 6 x 1
9,000 + 300 + 50 + 6

(c) 125,000 = 1 x 10° + 2 x 10" + 5 x 10°

1l x 100,000 + 2 x 10,000 + 5 x 1000
= 100,000 + 20,000 + 5,000

4. The highest four-digit decimal number is 9999.
Section 2-2 Binary Numbers

11 = 1 x 2"+ 1 x2°=2+1 =23

5. (a)
(b) 100 = 1 x 2+ 0 x 2" + 0 x 2" = 4
(c) 111 = 1 x 2" + 1 x 2" + 1 x2°=4+2+1=7
(d) 1000 =1 x 2° + 0 x 2"+ 0x2"+0x2"=38
(e) 1001 =1 x 2 + 0x2"+0x2"+1x2"=8+1=29
(f) 1100 = 1 x 2" + 1 x 2" + 0 x 2"+ 0 x2°=8+ 4 = 12
(9) 1011 =1 x 2+ 0 x 2" +1 x2 +1x2" =84+ 2 +1 11
(h) 1111 = 1 x 27 + 1 x 2" + 1 x 2" +1x2"=84+ 4+ 2 1 =15

http://ebook29.blogspot.com
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8 + 4 + 2 =

1 x 2°
1 x 2°
1 x 2°

+1x2°+1x 27
16 + 2 + 1 + 0.5 + 0.25 =
+ 1 x 27 =

+ 1 x 27
.25 + 0.125 =

+ 1 x 2°
32 + 16 + 8 + 0.5 + 0.125
2° 4+ 1 x 2" +1 x 2°

.0625 =

64 + 16 + 8 + 2 + 0.5
+ 1 x2°+1x2

14

8 + 4 = 28

4 + 1 = 21

=16 + 8 + 4 + 1 = 29
16 + 4 + 2 + 1 = 23

+1x 2" =16 + 8 + 4 +

+ 1 x 27
51.75
32 + 8 + 2 +

+ 1 x 27

65.875

+ 1 x27 +1x 27
= 120. 625

+ 1 x 2+ 1 x 27 +1x

64 + 16 + 8 + 4 + 0.5 + 0.125 + 0.03125

+1x2°+1x 2"
113.0625
+ 1 x2"+ 1 x2" + 1 x

.125 = 90.625
x 20+ 1 x 2° + 1 x

+ 1 x 2 + 1 X

+ 1 + 0.5 + 0.25 + 0.125
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10. (a) 0 through 7:
ooo, o001, 010, 011, 100, 101, 110, 111
(b) 8 through 15:
i000, 1001, 1010, 1011, 1100, 1101, 1110, 1111
(c) 16 through 31:

10000, 10001, 10010, 10011, 10100, 10101, 10110, 10111, 11000,

11001, 11010,
11011, 11100, 11101, 11110, 11111
(d) 32 through 63:

100000, 100001, 100010, 100011, 100100, 100101, 100110, 100111,

10100, 101001, 101010, 101011, 101100, 101101, 101110,
110000, 110001, 110010, 110011,

101111,

110100, 110101, 110110, 110111, 111000, 111001, 111010, 111011,

111100, 111101,
111110, 111111
(e) 64 through 75:

1000000, 1000001, 1000010, 1000011, 1000100, 1000101, 1000110,

1000111,
1001000, 1001001, 1001010, 1001011

Section 2-3 Decimal-to-Binary Conversion

11. (a) 10 = 8 + 2 = 2° + 2" = 1010

(b) 17 = 16 + 1 = 2 + 2° = 10001

(c) 24 = 16 + 8 = 2 + 2° = 11000

(d) 48 = 32 + 16 = 2° + 2 = 110000

(e) 61 = 32 + 16 + 8 + 4 + 1 =2"+ 2"+ 2" + 2 + 2° = 111101

(f) 93 = 64 + 16 + 8 + 4 + 1 =2° + 2" + 2° + 2° + 2° = 1011101

(9) 125 = 64 + 32 + 16 + 8 + 4 + 1 = 2° + 2° + 2" + 27 + 27 + 2° =
1111101

(h) 186 = 128 + 32 + 16 + 8 + 2 = 2" + 2° + 2" + 27 + 2" = 10111010
12. (a) 0.32 = 0.00 + 0.25 + 0.0625 + 0.0 + 0.0 + 0.0078125 = 0.0101001

(b) 0.246 = 0.0 + 0.0 + 0.125 + 0.0625 + 0.03125 + 0.015625 =
0.001111

(c) 0.0981 = 0.0 + 0.0 + 0.0 + 0.0625 + 0.03125 + 0.0 +
0.00390625 = 0.0001101

http://ebook29.blogspot.com

0.0 +



13. (a)

1( LSB)

1 (MSB)

(MSB)

(LSB)

NS N | oo

NN

N |-

N | 00

N

N W NN

N |-
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2 21
— =1, (b) —= 10,
2 2
=0 1 (LSB)
1 10
- = O, R = 5/
2 2
= 1 (MSB) 0
5
—= 2, R
2
2
—= 1, R
2
1
—= 0, R
2
(MSB)
(e) 40 20
e - = ’
2
0 (LSB)
20
—= 10,
2
0
1
—=5, R
2
5
—= 2,
2
1
2
—= 1, R
2
1
— =0,
2
1 1 (MSB)
(h) Z§ = 36
2 - I
1 (LSB)
36
— = 18,
2
0
18
— =9,
2
0
9
— =4, R
2
4
— =2, R
2
2
— =1, R
2
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28

(¢) — = 14, R
2

(LSB)
14
— =7, R=0
2
7
— =3, R=1
2
3
— =1, R=1
2
1
— =0, R=1
2
59

(£) — = 29, R
2

(LSB)
29
— = 14, R
2
14
— =7,R =0
2
7
— =3, R=1
2
3
— =1, R=1
2
1
— =0, R=1
2
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14. (a) 0.98 x 2
0.694 0 (MSB)
0.96 x 2
1.388 1
0.92 x 2
0.776 0
0.84 x 2
1.552 1
0.68 x 2
1.104 1
0.36 x 2
0.208 0
continue if more
0.416 0
0.111110

more accuracy is desired

(c)

O O O O o o

.9028
.8056
.6112
.2224
.4448
.8896

0.7792

continue
0.1110011

X X X X X X

X

2
2
2
2
2
2
2

1

1

0

http://ebook29.blogspot.com

.96
.92
.84
.68
.36

.72

HRr OoOORRBR

1

1

0

.8056
.6112
.2224
.4448
.8896
L7792

.5584
f more accuracy is desired

(MSB)

HOoOOoORRPR

1

accuracy is desired

(MSB)

Section 2-4 Binary Arithmetic

15. (a) 11
+ 01
T
(d) 111
+110
1101

16. (3 11
-01
10

d 1110
— 0011

1011

http://ebook29.blogspot.com

()

(€)

(b)

(€)

10
+10

100

1001
+ 0101

1110

101
—-100

001

1100
—-1001

0011

(©

()

(©

()

0.347

0.694

0.388

0.776

0.552

0.104

0.208

X

X

2

2

continue 1if

0.0101100

101
+ 011

1000

1101
+1011

11000

110
-101

001

11010
-10111

00011
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17. (a) 11 (b) 100 (© 111 (d) 1001
x11 x 10 x 101 x110
11 000 111 0000
11 100 000 1001
1001 1000 111 1001
100011 110110
() 1110
() 1101 x 1101
x 1101 1110
1101 0000
0000 1110
EEQE___ 10110110
10101001
100 1001 1100
18. (a) — = 010 (b) —— = 0011 (c) —— = 0011
10 0011 0100
Section 2-5 1’s and 2’s Complements of Binary
Numbers
19. (a) The 1’'s complement of 101 is 010.
(b) The 1’'s complement of 110 is 001.
(c) The 1’s complement of 1010 is 0101.
(d) The 1’s complement of 11010111 is 00101000.
(e) The 1’'s complement of 1110101 is 0001010.
(f) The 1’s complement of 00001 is 11110.
20. Take the 1’'s complement and add 1:
(a) 01 + 1 =10 (b) 000 + 1 = 001
(c) 0110 + 1 = 0111 (d) 0010 + 1 0011
(e) 00011 + 1 = 00100 (f) 01100 + 1 = 01101
(9) 01001111 + 1 = 01010000 (h) 11000010 + 1 = 11000011
Section 2-6 Signed Numbers
21. (a) Magnitude of 29 = 0011101 (b) Magnitude of 85
= 1010101
+ 29 = 00011101 -85 = 11010101
(c) Magnitude of 100,, = 1100100 (d) Magnitude of
123 = 1111011
+100 = 01100100 -123 = 11111011
22. (a) Magnitude of 34 = 0100010 (b) Magnitude of 57
= 0111001
—-34 = 11011101 +57 = 00111001
(c) Magnitude of 99 = 1100011 (d) Magnitude of
115 = 1110011
—-99 = 10011100 +115 = 01110011
23. (a) Magnitude of 12 = 1100 (b) Magnitude of 68
= 1000100
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+12 = 00001100 -68 = 10111100
(c) Magnitude of 101, = 1100101 (d) Magnitude of
125 = 1111101
+101,, = 01100101 -125 = 10000011
24. (a) 10011001 = -25 (b) 01110100 = +116 (c)
10111111 = -63
25. (a) 10011001 = —-(01100110) = -102
(b) 01110100 = +(1110100) = +116
(c) 10111111 = —-(1000000) = —64
26. (a) 10011001 = —(1100111) = -103
(b) 01110100 = +(1110100) = +116
(c) 10111111 = —(1000001) = —65
27. (a) 0111110000101011 — sign = 0
1.11110000101011 x 2 — exponent = 127 + 14 + 141 = 10001101
Mantissa = 11110000101011000000000
01000110111110000101011000000000
(b) 100110000011000 — sign = 1
1.10000011000 x 2" — exponent = 127 + 11 = 138 = 10001010
Mantissa = 11000001100000000000000
11000101011000001100000000000000
28. (a) 11000000101001001110001000000000
Sign =1
Exponent = 10000001 = 129 — 127 = 2
Mantissa = 1.01001001110001 x 2° = 101.001001110001
-101.001001110001 = —-5.15258789
(b) 01100110010000111110100100000000
Sign = 0
Exponent = 11001100 = 204 — 127 = 77
Mantissa = 1.100001111101001
1.100001111101001 x 27
Section 2-7 Arithmetic Operations with Signed
Numbers
29. (a) 33 = 00100001 (b) 56 = 00111000
00100001 00111000
15 = 00001111 + 27 = 00011011 +
00001111 11100101
-27 = 11100101
00110000 00011101
(c) 46 = 00101110 (d) 110, = 01101110
11010010 10010010
—46 = 11010010 * ~110,, = 10010010 +
00011001 10101100
25 = 00011001 e 84 - 01010100
11101011 100111110
-84 = 10101100

http://ebook29.blogspot.com



http://ebook29.blogspot.com

30. (a) 00010110 (b) 01110000
+ 00110011 + 10101111
01001001 100011111
31. (a) 10001100 (b) 11011001
+ 00111001 + 11100111
11000101 11000000
32. (a) 00110011 (b) 01100101
00110011 01100101
— 00010000 + — 11101000 + 00011000
11110000
ya 1 01111101
00100011
33. 01101010 01101010
x 11110001 x 00001111
01101010
01101010
100111110
01101010
1011100110
01101010
11000110110
Changing to 2’'s complement with sign: 100111001010
01000100
34. —————— = 00000010
00011001
68 _
— = 2, remainder of 18
25
Section 2-8 Hexadecimal Numbers
35. (a) 38, = 0011 1000
(b) 59, = 0101 1001
(c) Al4,_ = 1010 0001 0100
(d) 5C8,, = 0101 1100 1000
(e) 4100, = 0100 0001 0000 0000
() FB17, = 1111 1011 0001 0111
(9) 8A9D, = 1000 1010 1001 1101
36. (a) 1110 = E_,
(b) 10 = 2,
(c) 0001 0111 = 17,
(d) 1010 0110 = A6,
(e) 0011 1111 0000 = 3FO0,
() 1001 1000 0010 = 982,
37. (a) 23, =2 x 16 + 3 x 16" = 32 + 3 = 35
(b) 92, = 9 x 16" + 2 x 16° = 144 + 2 = 146
(c) 1A, = 1 x 16" + 10 x 16° = 16 + 10 = 26
(d) 8D, = 8 x 16" + 13 x 16° = 128 + 13 = 141
(e) F3, = 15 x 16" + 3 x 16° = 240 + 3 = 243
(£) EB,, = 14 x 16 + 11 x 16" = 224 + 11 = 235
(g) 5C2,, = 5 x 16" + 12 x 16" + 2 x 16" = 1280 + 192 + 2 = 1474
(h) 700,, = 7 x 16° = 1792
38. (a) % = 0, remainder = 8

http://ebook29.blogspot.com
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hexadecimal number = 8 14
(b) — = 0, remainder = 14 = E
16 16
33 , .
(c) E = 2, remainder = 1 (LSD) hexadecimal number = E
2 , 52 ,
— = 0, remainder = 2 (d) — = 3, remainder = 4 (LSD)
16 16
hexadecimal number = 21, 3
— = 0, remainder = 3
16
284 , .
(e) E = 17, remainder = 12 = hexadecimal number = 34
C,, (LsSD) 2890
17 (f) —— = 180, remainder = 10
— =1, remainder = 1 16
16 A, (LSD)
1 , 180 ,
— = 0, remainder = 1 —— = 11, remainder = 4
16 16
hexadecimal number = 11C, 11
—=U, remainder = 11 = B,
4019 _ 16 .
(9) ? = 251, remainder = 3 hexadecimal number = B4A,,
(LSD) 6500
251 (h) —— = 406, remainder = 4
—— = 15, remainder = 11 = B, 16
16 (LSD)
15 , 406 ,
— = 0, remainder = 15 = F,, —— = 25, remainder = 6
16 16
hexadecimal number = FB3,, 25
— =1, remainder = 9
16
1 .
— = 0, remainder = 1
16
hexadecimal number = 1964,
39. (a) 37, + 29, = 60,
(b) A0, + 6B, = 10B,
(c) FF, + BB, = 1BA,
40. (a) 51, — 40, = 11,
(b) Cc8, — 3A, = 8E,
(c) FD, — 88 _ = 75

16 16 16
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Section 2-9 Octal Numbers

0

41. (a) 12, = 1 x 8 +2x8 =8+ 2 =10
(b) 27, =2 x 8 + 7 x 8 =16 + 7 = 23
(c) 56, = 5 x 8 + 6 x 8 =40 + 6 = 46
(d) 64, = 6 x 8 + 4 x 8 =48 + 4 = 52
(e) 103, = 1 x 8 + 3 x 8" =64 + 3 = 67
() 557, = 5 x 8 + 5 x 8 + 7 x 8 = 320 + 40 + 7 = 367
(9) 163, = 1 x 8 + 6 x 8 + 3 x 8 =64 + 48 + 3 = 115
(h) 1024, = 1 x 8 + 2 x 8 + 4 x 8 = 512 + 16 + 4 = 532
(1) 7765, = 7 x 8 + 7 x 8 + 6 x 8 + 5 x 8 = 3584 + 448 + 48 + 5 =
4085
15 octal number = 33,
42. (a) — =1, remainder = 7
8 70 |
(LSD) (d) E = 8, remainder = 6
1
— = 0, remainder =1 (LSD)
8 8
octal number = 17, g = 1, remainder = 0
46 , 1 .
(c) ? = 5, remainder = 6 g = 0, remainder = 1
(LSD) octal number = 106,
5
— = 0, remainder = 5 142
8 (£) — = 17, remainder = 6
octal number = 56, 8
(LsSD)
17 .
E = 2, remainder = 1
100 , 2
(e) ? = 12, remainder = 4 g = 0, remainder = 2
(LSD) 1o octal number = 216,
E = 1, remainder = 4 435 .
1 (h) ? = 54, remainder = 3
— = 0, remainder = 1 (L.SD)
= 54
octal number = 144, ? = 6, remainder = 6
219 . 6
(g9) ? = 27, remainder = 3 g - 0, remainder = 6
(LSD) 5 octal number = 663,
7
— = 3, remainder = 3
8
3 .
g = 0, remainder = 3
octal number = 333,
27 _
(b) ? = 3, remainder = 3 (LSD)
3 .
g = 0, remainder = 3
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43. 13, = 001 011

57, = 101 111

101, = 001 000 001

321, = 011 010 001

540, = 101 100 000

4653, = 100 110 101 011
13271, = 001 011 010 111 001
45600 100 101 110 000 000

100213, = 001 000 00O 010 001 O11

H-5Q HhODO QO W
0w 1

44. 111 = 7

010 = 2.

110 111 = 67,

101 010 = 52,

001 100 = 14.

001 011 110 = 136,

101 100 011 001 = 5431,

010 110 000 011 = 2603,

111 111 101 111 000 = 77570,

H-5Q O Q0w

Section 2-10 Binary Coded Decimal (BCD)

45. (a) 10 = 0001 0000
(b) 13 = 0001 0011
(c) 18 = 0001 1000
(d) 21 = 0010 0001
(e) 25 = 0010 0101
(£) 36 = 0011 0110
(9) 44 = 0100 0100
(h) 57 = 0101 0111
(1) 69 = 0110 1001
(3) 98 = 1001 1000
(k) 125 = 0001 0010 0101
(1) 156 = 0001 0101 0110

46. (a) 10 = 1010, 4 bits binary, 8 bits BCD
(b) 13 = 1101, 4 bits binary, 8 bits BCD
(c) 18 = 10010, 5 bits binary, 8 bits BCD
(d) 21 = 10101, 5 bits binary, 8 bits BCD
(e) 25 = 11001, 5 bits binary, 8 bits BCD
(£) 36 = 100100,6 bits binary, 8 bits BCD
(9) 44 = 101100,6 bits binary, 8 bits BCD
(h) 57 = 111001,6 bits binary, 8 bits BCD
(1) 69 = 1000101, 7 bits binary, 8 bits BCD
(3) 98 = 1100010, 7 bits binary, 8 bits BCD
(k) 125 = 1111101, 7 bits binary, 12 ibts BCD
(1) 156 = 10011100, 8 bits binary, 12 bits BCD

http://ebook29.blogspot.com



47.

48.

49.

50.

H-oQ O Q0w

H-Q O Qo

—_— — — —

~ e~~~ o~ o~~~ —~ —~

“HRE-5Q D Q00

B
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0100
1000
0010
0000
0110
0000
1001
0111

= 0001 0000 0101 0001

104 0001 0000
128 0001 0010
132 0001 0011
150 0001 0101
186 0001 1000
210 0010 0001
359 0011 0101
547 0101 0100
1051
0001 =1
1001 = 9
0001 1001 = 19
0100 0101 = 45
1000 0111 0000
1000 0000 = 80
0010 0011 0111
0011 0100 0110
0100 0010 0OOO1
0111 0101 0100
1000 0000 0000
1001 0111 1000
0001 0110 1000
1001 0000 0001
0110 0110 0110
0010
+ 0001
0011
1000
+ 0001
1001
01000000
+ 01000111
10000111
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= 870

= 237
= 346
= 421
= 754
= 800
= 978

0011 =
1000 =
0111

) 0110
) 0001
) 0011
) 1001

1683
9018

= 6667

0101

+ 0011

1000

00011000

+ 00010001

00101001

10000101

+ 01000111

10000111

1000
0010
1000

= 18
= 32
= 98
(c) 0111
+ 0010
1001
(f) 01100100
+ 00110011
10010111



51.

http://ebook29.blogspot.com

1000
+ 0110

11 inval

+ 0110
00010100

1001
+_1000
100 inval
£ 0110
00010111

00100101
+ 00100111

010011 inval
+0110

01010010

10011000
+10010111

1001011 inval
+01100110

000110010101

0111
+ 0101
110¢ inval
+0110
00010010

1001

+011 inval
1000y
+ 0110

00010110

01010001
+ 01011000

1010100 inval
+ 0110

000100001001

010101100001
+ 011100001000

110001101001 inval
+0110

0001001001101001
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52. (a) 4 + 3 (b) 5+ 2
0100 0101
+ 0011 + 0010
0111 0111
(c) 6 + 4 (d) 17 + 12
0110 00010111
+ 0100 + 00100010
1010 00101001
ﬂ) (f) 65 + 58
00010000 01100101
(e) 28 + 23 + 01011000
00101000 10111101
+ 00100011 +01100110
01001011 000100100011
__ifE}Q (h) 295 + 157
01010001 001010010101
(9) 113 + 101 + 000101010111
000100010011 001111101100
+ 000100000001 +01100110
001000010100 010001010010

Section 2-11 Digital Codes

53. The Gray code makes only one bit change at a time when going from one

number in the sequence to the next number.

Gray for 1111, = 1000
Gray for 0000, = 0000
54. (a) 1 +1+0+1+1 Binary (b) 1 +0+ 0+ 1+
0 +1+0 Binary
1 0 1 1 0 Gray 1 1 0
1 1 1 1 Gray
(c) 1+1+1+1+0+1+1+1+0+1+1+1+0 Binary
1 0 0 0 1 1 0 0 1 1 0 0
1 Gray
55. (a) 1010 Gray (b) 00010 Gray
1100 Binary 00011 Binary
(c) 11000010001 Gray
10000011110 Binary
56. (a) 1 — 00110001 (b) 3 = 00110011
(c) 6 — 00110110 (d) 10 —>
0011000100110000
(e) 18 — 0011000100111000 (f) 29 — 0011001000111001
(9) 56 — 0011010100110110 (h) 75 — 0011011100110101
(i) 107 — 001100010011000000110111
57. (a) 0011000 — CAN (b) 1001010 —» J
(c) 0111101 — = (d) 0100011 — #
(e) 0111110 — > (£) 1000010 — B
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58. 1001000 1100101 1101100 1101100 1101111 0101110 0100000
H e 1 1
#
1001000 1101111 1110111 0100000 1100001 1110010 1100101
H o w #
r e
0100000 1111001 1101111 1110101 0111111
# Y o u
59. 1001000 1100101 1101100 1101100 1101111 0101110 0100000
48 65 6C 6C 6F
2E 20
1001000 1101111 1110111 0100000 1100001 1110010 1100101
48 6F 77 20 61
72 65
0100000 1111001 1101111 1110101 0111111
20 79 6F 75 3F
60. 30 INPUT A, B
3 0110011 33,
0 0110000 30,
SP 0100000 20,
I 1001001 49,
N 1001110 4E,,
P 1010000 50,
U 1010101 55,
T 1010100 54,
Sp 0100000 20,
A 1000001 41,
, 0101100 2C,,
B 1000010 42

Section 2-12 Error Detection

61. Code (b) 011101010 has five 1s,
62. Codes (a) 11110110 and (c)

they have an even number of 1s.
63. (a) 1 10100100 (b) 0

00001001

and Correction Codes

so it is in error.

01010101010101010 are in error because

(c) 1
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Q,
VAL

4
d
4

p
3

N N

+ p+1
+ 3 + 1 =8
p =3

parity = even

Bit Designation
Bit Position
Binary Position Number

R o
N o

)

(GRS

Data Bits (D)

Parity Bits (P) 0 1 1

n

P, checks bit positions 1, 3,
P, =0
P, checks bit positions 2, 6, and 7.

P, =1

2

31

P, checks bit positions 3, 6, and 7.

P, =1

3

5,

The combined code is 0111100.

Q,
YA

5
° d+p+1
=5 +4 + 1
p =4
parity =

= 10

N N

odd

Bit Designation
Bit Position
Binary Position
Number

A
w

g
o
w O
|

0001 0011

w)

o O

0110

IS

o 'y

1000

o T

1001

Data Bits (D) 1

Parity Bits (P) 0

P checks bit positions 1, 5, 7, and 9.

1
P =0

P, checks bit positions and 7.
P, =0

2

P, checks bit positions 6, and 7.

P, =0
P, checks bit positions 8 and 9.
P =0

4

The combined code is 001010001.

http://ebook29.blogspot.com




http://ebook29.blogspot.com

66. (a) Even parity
2 P, D, P, D, D, D, | Check result
001 | 010 | 011 | 100|101 | 110 | 11 (0 good, 1
bad)
P checks 1, 3, 1 1 1 0 1 0 0 1 (LSB)
5, 7 1 1 1 0 1 0 0 0
P, checks 2, 3, 1 1 1 0 1 0 0 1
6, 7
P, checks 4, 5,
6, 7
The error position code is 101. The corrected code is 1110000.
(b) Even parity
P, P, D, 2 D, D, D, | Check result
001 | 6010 | 011 | 100 | 101 | 110 | 11 (0 good, 1
bad)
P checks 1, 3, 1 0 0 0 1 1 1 1 (LSB)
5, 7 1 0 0 0 1 1 1 0
P, checks 2, 3, 1 0 0 0 1 1 1 1
6, 7
P, checks 4, 5,
6, 7
The error position code is 101. The corrected code is 1000011.
67. (a) Odd parity
P, P, D, P, D, D, D, P, D, | Check
000 | 001 001 010 010 011 011 100 100 | result
1 0 1 0 1 0 1 0 1 (0 good, 1
bad)
P, checks 1, 3, 1 1 0 1 0 0 0 1 1 1
5, 7, 9 1 1 0 1 0 0 0 1 1 (LSB)
P, checks 2, 3, 1 1 0 1 0 0 0 1 1 0
6, 7 1 1 0 1 0 0 0 1 1 0
P, checks 4, 5, 1
6, 7
P, _checks 8, 9
The error position code is 1001. The corrected code is
110100010.
(b) 0dd parity
P, P, D, P, D, D, D, p, D. | Check
000 | 001 | 001 | 010 | 010 | 011 | 011 | 100 | 100 | result
1 0 1 0 1 0 1 0 1 (0 good, 1
bad)
P, checks 1, 3, 1 0 0 0 0 1 1 0 1 0 (LSB)
5, 7, 9 1 0 0 0 0 1 1 0 1 1
P, checks 2, 3, 1 0 0 0 0 1 1 0 1 1
6, 7 1 0 0 0 0 1 1 (¢} 1 0
P, checks 4, 5,
6, 7
P, checks 8, 9
The error position code is 0110. The corrected code is
100000101.
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CHAPTER 3
LOGIC GATES

Section 3-1 The Inverter

1. See Figure 3-1.

=

FIGURE 3-1

B: LOW, C: HIGH, D: LOW, E: HIGH, F: LOW

Section 3-2 The AND Gate

3. See Figure 3-2.
A
0
B
0
X
[§]
FIGURE 3-2
4. See Figure 3-3.

b il

FIGURE 3-3
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See Figure 3-4.

See Figure 3-5.

FIGURE 3-5

Section 3-3 The OR Gate

7. See Figure 3-F

A

B

X A

i FIGURE 3-6
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See Figure 3-7. A |
A .

See Figure 3-8.
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gL
. U u L

FIGURE 3-7

FIGURE 3-8

See Figure 3-9.

: B
17 [] [ 1 ML
AND output j_i i H

L

OR output J

FIGURE 3-9
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Section 3-4 The NAND Gate

11. See Figure 3-10.
12. See Figure 3-11.

FIGURE 3-11
13. See Figure 3-12.

B

D

FIGURE 3-12
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14. See Figure 3-13.

Section 3-5 The NOR Gate

15. See Figure 3-14.

! P N .j_Lj_L

v

FIGURE 3-14

16. See Figure 3-15.

A

B
¢

E ‘l:
_‘

X

FIGURE 3-15
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17. See Figure 3-16.

FIGURE 3-16

18. See Figure 3-17.

B L
N
X [
T " T A
A B A B A+B | AB DX:A+B
0 0 [ I | B
0 1 [ 0 0
T R o |o A @ P
;o 0 0 0 0 B
FIGURE 3-17

Section 3-6 The Exclusive-OR and Exclusive-NOR Gates

19. The output of the XOR gate is HIGH only when one input is HIGH. The
output of the OR gate is HIGH any time one or more inputs are HIGH.

XOR = AB+ AB
OR = A + B

20. See Figure 3-18.

21. See Figure 3-19.

22. See Figure 3-20.
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Section 3-7 Programmable Logic

23.

24.

x, = AB
X, = AB
x = ABC

Row 1: blow A, B, E, C,andE column fuses
Row 2: Dblow A, K, E, C, andC column fuses
Row 3: Dblow A, K, B, E, andC column fuses
x, = ABC

Row 4: Dblow Z\, B, E, C, andE column fuses
Row 5: blow A, K, E, C,and E column fuses
Row 6: blow A, K, B, E, and C column fuses
x, = ABC

Row 7: blow A, B, E, C, andC column fuses
Row 8: blow A, Z, g, C,and C column fuses
Row 9: blow A, Z, B, g, and C column fuses

Section 3-8 Fixed-Function Logic

25.

The power dissipation of CMOS increases with frequency.
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26. (a) P = Jogn e Vccz(l'6 mA+ 44 mAj5.5V= 16.5 mW
2 2
(b) VOH(min) = 2.7V
(c) t,. = T, = 15 ns
(d) V, = 0.4 V (max)
(e) @eV,=2V, t,==¢t,=75ns; @ V,=61V, t, =¢t, =13 ns

27. See Figure 3-21. r

Input

Output

5 nsfdiv ' '
2 Vidiv [ ] L

1 =4.3ns h; = 10.5 ns
PLH I"HI.

FIGURE 3-21

28. Gate A can be operated at the highest frequency because it has
shorter propagation delay times than Gate B.

29. P =V, = (5V)(4 mA) = 20 mW
30, I, =4 mA; P = (5V)(4 mA) = 20 mW

CCH D

Section 3-9 Troubleshooting
31. NAND gate OK

AND gate faulty

NAND gate faulty
NOR gate OK

XOR gate faulty

XOR gate OK

Hh®dQQO0OW

32. NAND gate faulty. Input A open.
NOR gate faulty. Input B shorted to ground.
NAND gate OK

XOR gate faulty. Input A open.

Q00w

33. (a) The gate does not respond to pulses on either input when the
other input is HIGH. It is unlikely that both inputs are open.
The most probable fault is that the output is stuck in the LOW
state (shorted to ground, perhaps) although it could be open.

(b) Pin 4 input or pin 6 output internally open.

34. The timer input to the AND gate is open. Check for 30-second HIGH
level on this input when ignition is turned on.

35. An open seat-belt input to the AND gate will act like a constant HIGH
just as if the seat belt were unbuckled.
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36. Two possibilities: An input stuck LOW or the output stuck HIGH.

Special Design Problems

37. See Figure 3-22.
Tempcerature sensor

Tank :I>; Alarm

FIGURE 3-22 NOR gate

Pressure sensor

38. See Figure 3-23.

Board Position
Activate insertion tool
Component in chamber ———

FIGURE 3-24

39. Add an inverter to the Enable input the AND gate as shown in
Figure 3-24.

FIGURE 3-25
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40. See Figure 3-25.

41. See Figure 3-26.

ENABLIE
RESET

I -
T N | .

LENABLE

FIGURE 3-26

switch

42. See Figure 3-27.

FIGURE 3-

Ignition
switch ) Timer
Tor
Lights headlight

control

|~

Timer produces a LOW output FIGURE 3-

15 s after AND gate output goes HIGH

Existing sensors

Additional sensors
Room |

Additional sensors
Room 2

-
3
{:}

(e—=) >

FIGURE 3-26
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43. See Figure 3-28.

FIGURE 3- Alarm

%

Multisim Troubleshooting Practice
44. Input A shorted to output.

45. Inputs shorted together.

46. No fault.

47. Output open.
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CHAPTER 4
BOOLEAN ALGEBRA AND LOGIC SIMPLIFICATION

Section 4-1 Boolean Operations and Expressions

1. X =A+ B+ C+ D
This is an OR configuration.
2. Y = ABCDE
3. x = A+B+C
4 (a) 0 +0+1=1 (b) 1 +1+1=1
(c) 1-0-0=1 (d) 1-1-1=1
(e) 1-0-1=0 (£) 1-1+0-1-1=1+02=1
5. (a) AB = 1 when A =1, B =1
(b) ABC =1 when A=1, B=0, C=1
(c) A+ B =0 when A =0, B=20
(d) A+B+C = 0 whena =1, B=0, C=1
(e) A+B+C = 0 whena =1, B=1, C =0
(f) A+B = 0 when A =1, B=0
(9) ABC = 1 when A =1, B=0, C=0
6. (a) X = (A + B)C + B
A B c A + (A + B)C X
B
0 0 0 0 0 0
0 0 1 0 0 0
0 1 0 1 0 1
0 1 1 1 1 1
1 0 0 1 0 0
1 0 1 1 1 1
1 1 0 1 0 1
1 1 1 1 1 1
(b) x = (A+B)C
A B c A+B X
0 0 0 1 0
0 0 1 1 1
0 1 0 0 0
0 1 1 0 0
1 0 0 0 0
1 0 1 0 0
1 1 0 0 0
1 1 1 0 0
(c) X = ABC + aB
A B cC  ABC AB X
0 0 0 0 0 0
0 0 1 0 0 0
0 1 0 0 0 0
0 1 1 0 0 0
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R R R
R R oo
RoRro
ocoro

HPR oo
BB RO

(d) X = (A + B) (A + B)

R oo
Rroro|lw
PR RO+
HoRr P+
R oRr ol

(a4 + BC) (B+C)

[0)
>
[

Y
+
o
Q
w|
@]

RPRRPHOOOO|
RFRroOORRFOO|W
RororoRrOoln
PFRRRROOO

ORRFRRORRLRL|I+
O RHROOOO|N

Section 4-2 Laws and Rules of Boolean Algebra

7. (a) Commutative law of addition
(b) Commutative law of multiplication
(c) Distributive law
8. Refer to Table 4-1 in the textbook.
(a) Rule 9: A=A
(b) Rule 8: AA=0 (applied to 1st and 3rd terms)
(c) Rule 5: A+ A=A
(d) Rule 6: A+A =1
(e) Rule 10: A+ AB = A
(£) Rule 11: A+AB=A+B (applied to 1st and 3rd terms)

Section 4-3 DeMorgan’s Theorems

9. (a) A+B=AB=AB

) AB=A+B=A+B

(c) A+B+C = ABC

(d) ABC =A+B+C

(e) A(B+C):Z+(B+C):Z+E

(£) AB+CD=A+B+C+D

(g)  AB+CD = (AB)(CD) = (A+B)(C + D)

(h) (A+§)(6+D):A+§+E+D:KB+C5
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AE(C +5) =E+(C +5) = A+B+CD

AB(CD + EF) = AB +(CD + EF) = A+ B + (CD) (EF)
= K+§+(E+5)(E+E)
(A+§+C+5)+ABC5:KBED+K+§+E+ D

(A+B+C +D)(ABCD) = (ABCD)(A+ B +C + D)

- ABCD+A+B+C+D=A+B+C+D+ABCD
AB(CD + EF)(AB +CD) = AB + (CD + EF) + (AB + CD)
AB + (CD)(EF) + (AB)(CD)

AB +(C + D)(E + F) + ABCD

(ABC)(EFG) + (HIJ)(KLM) = ABC + EFG + HIJ + KLM
ABC + EFG + HIJ + KLM = (ABC)(EFG)(HIJ)(KLM)
= (K+§+E)(E+E+6)(E+T+3)(R+E+M)

(A+BC +CD)+BC = A(BC)(CD) + BC = A(BC)(CD)+ BC

- ABC(C+D)+BC = ABC + ABCD + BC = ABC(1+ D) +BC
- ABC+BC

(A+B)(C+D)YE+F)(G+H)

- (A+B)(C+D)(E+F)G+H)=ABCDEFGH
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Section 4-4 Boolean Analysis of Logic Circuits

12. (a) AB = X
(b) A= X
(c) A+ B =X
(d) A+ B+ C=X
13. See Figure 4-1.
() X=ABCD (b) X=AB+C
A — A — AB
B —]
- - X
D — ’
X
© X=AB @) X=(A+BC
A A A+ B
A AB .
b%
. X
14. FIGURE 4-1

~

A A
B D.\f =A+ B+ C B _}x:,\mf'
& L]

(a) (b)

A — AB

Als B

B — N=AB+CD

X=AB+C ¢ —

D — on

(¢) (d)

FIGURE 4-2
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15. See Figure 4-3.
A
A l
A
X
X q
B —e C
(a) X=AB+AB (b) X=AB+AB +ABC
A
b's
A B .
B X C —q FIGURE 4-
c -
D D —
16. (¢) X=AB(C+D) () X=A+B[C+ DB+ C))

0 0 0 0 0 0
0 1 1 0 1 0
1 0 1 1 0 0
1 1 1 1 1 1

(c) X = AB + BC (d) X = (A + B)C
A B C X A B C X
0 0 0 0 0 0 0 0
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 1 0 1 1 1
1 0 0 0 1 0 0 0
1 0 1 0 1 0 1 1
1 1 0 1 1 1 0 0
1 1 1 1 1 1 1 1

(e) x = (A+B)(B+C)

A

t
w|

RFOoORRRORR+
O

RPRPRRPPRPOOOO| N
HFRrooRrROO|lWm
RorOROROIN
PFRRRRPRRPROO|+
HORRKFROOO|N

Section 4-5 Simplification Using Boolean Algebra

17. (a) A(A+ B) = AA + BB=A + AB = A(1 + B) = A

(b)  A(A+AB)=AA+AAB =0+ AB =aB
(c) BC+BC=C(B+B) = c(1) = €

(d) AA+AB)=AA+AAB = A + (0)B=A + 0 = A
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19.
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ABC + ABC + ABC = ABC + AC(B + B) = ABC + AC(1)
- ABC+AC =C(A+AB)=C(A+B)=AC +BC

(A+B)(A+C) = AA+ AC + AB+BC = A+ AC + AB + BC
_A(l+C+B)+BC=A()+BC=A+BC

AB + ABC + ABCD + ABCDE = AB(L+C +CD + CDE) = AB(1)
- AB o o
AB+ABC+A=AB+(A+B)C+A=AB+AC+BC+A
A(B+1)+KC+§C=A+KC+§C=A+C+§C:A+C(1+§)
=A+cC _ _ _

(A+ A)(AB + ABC) = AAB + AABC + AAB + AABC

- AB+ABC+0+0=AB(1+C)=AB

AB+(A+B)C +AB = AB+AC +BC + AB = AB+ (A+B)C

- AB+ABC = AB+C

BD+B(D+E)+D(D+F)=BD+BD +BE + DD + DF

- BD+BE+0+DF =BD +BE + DF

ABC +(A+B+C)+ABCD = ABC + ABC + ABCD = ABC + ABCD

- AB(C +CD) = AB(C + D) = ABC + ABD

(B+BC)(B +§C)(B +D)=B(@+C)(B+C)(B+D)

= B(B+C)(B+D)=(BB+BC)(B+D)=(B+BC)(B+D)
B(1+C£3+D_)=B(B+D) =BJi+_BD=_B_+BD=B(l+D) = B
ABCD + AB(CD) + (AB)CD = ABCD + AB(C + D) + (A+ B)CD

ABCD + ABC + ABD + ACD + BCD

- CD(AB+A+B)+ABC + ABD = CD(B + A+ B) + ABC + ABD

- CD(1+A)+ABC + ABD =CD + ABC + ABD = CD + AB(CD) = CD + AB

ABC[AB + C(BC + AC)] = ABABC + ABCC(BC + AC)
= ABC + 0(BC + AC) = ABC
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20. First develop the Boolean expression for the output of each gate
network and simplify.

(a) See Figure 4-4.
C ch CO+F
D — ACD + B
B
A X =ABC +ACT +5)
T
B
c
FIGURE 4-4
X =
- B(A+C)+ACD=AB+BC +ACD
(b) See Figure 4-5.
A
B
A
[ X =AB+ ACD+ ABC
AB+ACD
(c) See Figure 4-6.
[que—— o
D — BCD
B
X=AB+BCD
A
B AB
FIGURE 4-6
tion is possible.
(d) See Figure 4-7.
A AB
B —
X=AB+ACD
A ]
¢ — —
o — ACD
FIGURE 4-7
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X = AB+ACD No further simplification is possible.

Section 4-6 Standard Forms of Boolean Expressions

21. (a) (A+B)(C+B)=AC+BC+BB+AB=AC+BC+AB
(b)  (A+BC)C = AC +BCC = AC + BC
(c) (A + C) (AB + AC) = AAB + AAC + ABC + ACC = AB + AC + ABC + ACC
= (AB + AC) (1 + C) = AB + AC
22. (a) AB+CD(AB+CD)= AB+ ABCD+CDCD = AB+ ABCD +CD
- AB(AB+1)CD = AB+CD
(b)  AB(BC +BD) = ABBC + ABBD =0+ ABD = aBD
(c)  A+B[AC+(B+C)D]=A+ABC +(B+C)BD
- A+ABC+BD+BCD = A(l+BC)+BD+BCD = A+ BD(L+C)

= A + BD
23. (a) The domain is A, B, C
The standard Sop is: ABC + ABC + ABC + ABC
(b) The domain is A, B, C

The standard SOP is: ABC + ABC + ABC

(c) The domain is A, B, C
The standard SOP is: ABC+ ABC + ABC

24. (a) AB + cD = ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
(b) ABD = ABCD + ABCD

(¢c) A+ BD = ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD
+ ABCD + ABCD + ABCD + ABCD

ABC + ABC + ABC + ABC: 101 + 100 + 111 + 011

25. (a)
(b) ABC+ABC+ABC: 111 + 101 + 001
(c) ABC + ABC + ABC: 111 + 110 + 101
26. (a) ABCD+ABCD +ABCD + ABCD + ABCD + ABCD + ABCD :
1111 + 1110 + 1101 + 1100 + 0011 + 0111 + 1011
(b) ABCD+ABCD: 1111 + 1101
(c)  ABCD+ABCD + ABCD + ABCD + ABCD + ABCD
+ ABCD + ABCD + ABCD + ABCD :
1000 + 1001 + 1010 + 1011 + 1100 + 1101 + 1110 + 1111 + 0101 +
0111
27. (a) (A+B+CXA+B+EXA+§+CXK+§+C)
(b) (A+B+CXA+§+CXA+§+EXZ+B+CXK+§+C)
(c) (A+B+CXA+B+EXA+§+CXA+§+EXK+B+C)
28. (a) (A+B+C+DXA+B+C+5XA+B+E+DXA+§+C+DXA+§+C+B)
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(A+§+E+DXK+B+C+DXZ+B+C+5XK+B+E+D)

(b) (A+B+C+DXA+B+C+5XA+B+E+DXA+B+E+5)
(A+§+C+DXA+§+C+5XA+§+E+DXA+§+E+5XK+B+C+D)
(K+B+C+5XK+B+6+DXK+B+E+5XZ+§+C+DXK+§+E+D)

(c) (A+B+C+DXA+B+C+5XA+B+E+DXA+B+E+5)
(A+§+C+DXA+§+E+D)

Section 4-7 Boolean Expressions and Truth Tables

29. (a) (b)

PR ROOOO
HRrOoOORR OOl
HOoORrOR O OoOlN
HORrROOR OO
HRHRRPROOOOIN
HROORKRHOO|K
HOROR O ON
ORrHORFRORF RO
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OO O0OO0OO0OO0OO0OHOOOHO A

Or1O0O 1O 1010 HOHOHOHA

OO0 1100 A 10O A 10O+

OO0 OO dddd1O0 00O A

Ooocococoo0ooddd A A A

30.

HOOOO A d1OO1O0OO0OO0OO0OO0oOo

OO0 101010 HOHOHOHA

OO0 OO A H1OOAHO0OOHH

OO0 OO dddd1O0O0O0OO A

OocoococooooddAdAdAAdAAA

ABC + ABC + ABC + ABC + ABC

AB + ABC + AC + ABC

(a) A

31.

WXYZ+WXYZ +W XYZ +W XYZ

X +YZ+WZ +XYZ

(b)

+ WXYZ +W XYZ +WXYZ +WXY Z +WXYZ

+ WXYZ+WXYZ +WXYZ +WXYZ

AT A1 OO A1 0O A dd 1O

Or1 OO0 1010 HOHOHOA

OO0 A1 00 A1 O0O0O A 10O

QOO0 O A d A1 O0O0O0OO

OO0 o dddddddd

1O A 10O

OO 1O O

OO HHOO

OCOOO
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32. (a) (b)
A B ClXx A B C D X
0o 0 0] O 0 0 0 0| 1
o o0 1| 1 0 0 0 1|1
0 1 0] 0 0 0 1 0| 1
0o 1 1] 1 0 0 1 1|1
1 0 0| 1 0 1 0 0| 1
1 0 1|1 0 1 0 1] o0
1 1 0| 1 0 1 1 0| 0
1 1 1] 0 0 1 1 1|1
1 0 0 0| 1
1 0 0 1] o0
1 0 1 0| o0
1 0 1 1|1
1 1 0 0| 1
1 1 0 1|1
1 1 1 0| 1
1 1 1 1] 1

33. (a) (b)
A B C| x A B c D X
0o 0 0] O 0 0 0 0o | 1
0 0 1] 0 0 0 0 1] 0
0 1 0] 0 0 0 1 0| 1
o 1 1| 1 0 0 1 1|1
1 0 0| 1 0 1 0 0| 0
1 0 1|1 0 1 0 1] 0
1 1 0| 1 0 1 1 0| o0
11 1] 1 0 1 1 1|0
1 0 0 0| 1
1 0 0 1] 0
1 0 1 0| o0
1 0 1 1|1
1 1 0 0| 1
1 1 0 1|1
1 1 1 0| 1
1 1 1 1] 1

34. (a) = ABC + ABC + ABC + ABC

= (A+B+C)(A+B+C)(A+B+C)(A+B+C)
(b) = ABC + ABC + ABC

(A+B+C)(A+ B+E)(A+§+C)(A+§+E)(K+ B+C)

- ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
= (A+B+C+D)(A+B+C+D)(A+B+C+D)(A+B+C+D)(A+B+C+D)

(Z+ B+6+5)(K+§+C+B)(Z+§+E+ D)(Z\+§+E+B)

Moo X X X
I

(d) x = ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
x = (A+B+C+D)(A+B+C+D)(A+B+C+D)(A+B+C+D)(A+B+C+D)

(Z+B+C+B)(Z+B+E+ D)(Z+§+C+B)(Z+§+6+ D)

Section 4-8 The Karnaugh Map

35. See Figure 4-8.
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36. See Figure 4-9.

37. See Figure 4-10.

co 1 ch cC o 1
AB AB 00 Ol 11 10 AB
00 0001 001 00 10000 000110011 10010 00 |ABC|ABC
01 [ 010 { 01 01 lotoolototforrotto 01 |ABC| ABC
1| o (1 (too ot 1 11 |asclase
10 100 | 101 10 1000100111011 | 101¢ 10 | ABC| A
FIGURE 4-8 FIGURE 4-9 FIGURE 4-10
Sec ug.
38. See Figure 4- o __ _ = i
() X=ABC+ABC+ABC (b)) X=ACB+ C)=AC+ABC
[T |1 | » (S |
AR #
0 (I UJ 0
11} 0ol
¥ I m
10 | n |
M W
X=All+ BC X=AC
(C) X =ABC+BO + ABC+ BO) (d) X=ABC+ABC+ABC+ARC
=ABC + ARC + ABC + ABC
“ coo O
B Al
[L}] (K1 rl“\
m (1 I\ o || 1
T |J ot
1y T \J)
39. See Figure 4- X=h X=0
FIGURE 4-11
(a) X=ABC+ABC+ABC+ABC (b) X=AC[B + BB+ 0]
=ABC+ABC + ABCC=ABC +ABC
cC o 1 -
AB cC o |1

AB
00 @ 00
o1 @ ol

M
10 @ 10 w

No simplification

(¢) X=DEF+DEF+DEF

DE
00

0
D
0l KD

Wpuc 00 29.blogSp0t.com
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X = DF + EF

40. (a) AB+ABC+ABC = AB(C +C)+ ABC + ABC
= ABC + ABC + ABC + ABC
- ABC + ABC + ABC

(b)  A+BC=A(B+B)(C+C)+(A+A)BC =(AB+ AB)(C +C)+(A+ A)BC
- ABC + ABC + ABC + ABC + ABC + ABC
- ABC + ABC + ABC + ABC + ABC

(¢) ABCD+ACD+BCD + ABCD
ABCD + A(B + B)CD + (A+ A)BCD + ABCD -
ABCD + ABCD + ABCD = ABCD + ABCD + ABCD

(d)  AB+ABCD+CD +BCD + ABCD
- AB(C+C)(D+D)+ABCD+(A+ A)(B+B)CD + (A+ A)BCD + ABCD
- ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
+ ABCD + ABCD + ABCD + ABCD
- ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

- ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
41. See Figure 4-13.

N0 AB

00 00

0l 01 (1)
”C‘_G 11(1 1)
10 \I_J 1()[_1)

()  X=AB+AC (b) X=A+BC
D CcD

AB 00 O 11 10 AB 00 01 11 10
00 00 M)
0l 0 (1\ 01 1
I 1) | I 1
o\ W NEEOD,

42. _
(¢) X=BCD +BCD +ACD + ACD (d) X=AB +CD

FIGURE 4-13
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cD
AB

or 11

10

00

Orff1

[

)

10] | 1

1 1
\._J

)

(a) X=A+BC+CD

CD
AR 00

o1 |11

00

0l

11

10

(d)

AB

Nan

01

(D

10

(b) X=ABC + ABC

Cl
AB

10
[

oo\ T {1 |[uL)
1

o1 1
o 1
10 R
DI
(¢) X=B+D
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CcD

AB 00 0l 1110

00

or|f1 1

nil |0
N

10f o {1

(©) X=BC+ACD

FIGURE 4-14




43.

44.

45.
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Plot the 1’s from Figure 4-62 in the text on the map as shown in
Figure 4-15 and simplify.

Plot the 1’'s from Fj
Figure 4-16 and simplify.

c
aaN] !
00 Ll fl]
01 1
1 1
10 (1 O
|
X=B+C

FIGURE 4-15

t on the map as shown in

CD
AB\ 00 01 11

10

W

00@
a

0l

D

ap

D
0

10

M

X=ACD+ABD +ABC + BCD + ABCD

FIGURE 4-16

cD |
ApN_00 01 10
00 @ 0
0l ( 1 (1)
— B
| Xy x x [[x] .
A
10
— 1 X k&_ D

X=ABCD + CD + BC +AD

FIGURE 4-17
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Section 4-10 Karnaugh Map POS Minimization

46.

47.

See Figure 4-18.
() X=A+B+OA+B+OA+B+C) D) W=X+ DX+ X+ T+ DX+ Y+2)
=(X+ Y_+Z(X+ﬂZ)(7+T+ Z)(7+ Y+ 7)
C o 1
B » Z 0
0o @ 00
ol @ or [(0]] 0)
[~
T
@ " \(L
10
10
Y

X:(/\+C)(A_+B_+C_')

W=(X+DNX+2)¥+2)

€©) X=AB+O A+ O)YA+B+OA+B+C)
oo

AB
00

01

=P
e o)

12

X=(A+B+C+DA+B+C+D)A+B+C+D)

(a) CcD (b) YZ
ABN_00 01 11 10 WX\ 00 01 (11 10
00 00 (o 0 @ 0
o] |0 orf |0 ]10)
[ @ 11 0
10 ® 10 (0) (ﬂl

FIGURE 4-19

http://ebook29.blogspot.com



48.

49.

50.

See Figure 4-20.

See Figure 4-

See Figure 4-

http://ebook29.blogspot.com

AB
00

01 @

10

X=B+C
FIGURE 4-20

CD
ABN_00 Ol 11} 10

00 0

@\
01@_@

11 @

10 (0_76)

(B +Fﬂ-5%f+§3—51[»

X=(A+C+D)A+B+CYA+B+D)

AB
00

01

10

C 0

|

(0) A+B)A+CYA+B+C)

|

W

Pt

4
0
(M

X =AC +BC
X=AC+BC

D) A+BA+B+C)B+C+D)YA+B+C+D)

CcD

AN\ 00 Ol 11 10
00/(1) @D 0
orlyl o]l
Naniii
0o/0 101010

FIGURE 4-22

X=ACD+ABC + ABD + ABC
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Section 4-11

51.

52.
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Five-Variable Karnaugh Maps

See Figure 4-23.

—BCDE

DI ABCDE DE
BN 00/ 01 1110 BCN_00 01 11 10
&[G~ HOH
0l U ol
11 1 11
ABdif—”"C) (W

10

O,

UW?BDE_ 10

1

D;

LABCD

ABCDE

No simplification is possible

FIGURE 4-24

A=1
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_ FIGURE 4-23
Y7 YZ
WX 00 01 11 10 wx 00 01 11 10
00 1 1 00
01| 1 01 1
11 1 11 1 1
10| 1 10 1
V=0 V=1
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Section 4-12 VHDL

53. entity AND OR is
port (A, B, C, D, E, F, G, H, I: in bit; X: out bit);
end entity AND OR;
architecture Logic of AND OR is
begin
X <= (A and B and C) or (D and E and F) or (G and H and I);
end architecture Logic;

54. The VHDL program:

entity SOP is
port (A, B, C: in bit; X: out bit);
end entity SOP;
architecture Logic of SOP is
begin
Y <= (A and not B and C) or (not A and not B and C) or
(A and not B and not C) or (not A and B and C);
end architecture Logic;

Digital System Application

55. An LED display is more suitable for low-light conditions because LEDs
emit light and LCDs do not.

56. The codes 1010, 1011, 1100, 1101, 1110, and 1111 correspond to
nondecimal digit values and are not used in the BCD code.

57. The stanq?rd SOP eggfeggigg_for_iegmfng_b is: L L
b = DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+ DCBA
This expression is minimized in Figure 4-25.

There are 6 fewer gates and one fewer inverters as a result of
minimization.

BA

peNJ 00 01 11 10|
o\ 1 [ 1)
or]| 1 1
nix | x [Ix [x
r
(W] 1{xJIx)

[ I

b=C+BA+ BA
58. The standard expression requires EEGURE 4- tes, one 8-input OR gate, and 4 inverters. _

The minimum expression requires two 2-input AND gates, one 3-input OR gate, and 3 inverters.

FIGURE 4-25

mininmn

BA

DCN_ 00 01 11 10
0071 M 1N
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FIGURE 4-

The standard_§9?_§nggssiog_ﬁgr segment q_ifj L
d = DCBA+DCBA+DCBA+DCBA+DCBA+DCBA+DCBA

This expression is minimized in Figure 4-27.
There are 3 fewer gates and 1 fewer inverters as a result of

minimization.

DCN\_00, 01 (11 0

oo_lj 1 |

01

1 ﬁ( XX X )
1

o[ 1A ]

T T

d =D+ CA+CB + BA + CBA

The standard expression requires seven - RFTQURE 4-  he 7-input OR gate, and 4 inverters.
P

The minimum expression requires three 2-input AND gates, one 3-input AND gate, one S-input OR gate.,
and 3 inverters.

FIGURE 4-27

minim

bc 00| o1 11 JI0

5
IDE
C

¢ =CA + BA

The standard expression requires Four d-input AND gales. one 4-input OR gate. and 4 inveriers.
The minimum expression rcqwﬂﬁ.y%b%akgmb)g%%kt gt input OR gate, and 2 inverters.

FIGURE 4-
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The standard SOP expression for segment f is:
f = DCBA+DCBA+DCBA+DCBA+DCBA+ DCBA
This expression is minimized in Figure 4-29.

There are 3 fewer gates and 2 fewer inverters as a result of
minimization.

BA

DCNC00 01 11 10
00](1)

oyt Y [

7z
(XY X)X @1_

o\ ! [X XJ

f=CA+BA+CB+D

The standard expression requires six EEGURE 4- e 6-input OR gate, and 4 inverters.

The minimum expression requires three 2-input AND gates, one 4-input OR gate, and 2 inverters.

FIGURE 4-29
minimization.
BA
ne 00 _Ol1 |11 _10]
00 1 {(1)
CHER 1
~
N X XK
P ™~
o[ T](X QJ
¢ =CB+BA+CB +D
The standard expression requires s FIGURE 4 - cs.one 7-input OR gate, and 4 inverters.

The minimum expression requires three 2-input AND gates, one 4-input OR gate, and 3 inverters.

Speq FIGURE 4-30
59.

then

use the inverter output to drive the segment.
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60. See Figure 4-31. The POS implementation requires one 3-input OR
gate, one 4-input OR gate, one 2-input AND gate, and 2 inverters. The
SOP implementation (see Figure 4-55 in text) requires two 2-input AND
gates, one 4-input OR gate, and 2 inverters.

BA

PCN_00 01 11 10
00| 1 11

mml E
n@xxx

o 1| 1T|X|X

o)

FIGURE 4- _
a=""_ ., C+B+A)

61. See Figure 4 g segment b requires two 3-
input OR gate FIGURE 4-31 nverters.

BA

ne 00 01 11 10
00 1 1 1

ollﬂlf:)]
X

P

X X

ol 1] 1]X|X

FIGURE 4-32
b ..+ A)

See Figure 4- FIGURE 4-32
OR gate, and

ment ¢ requires one 3-input

BA
pc N\ 00 01 11 |10]

00| 1 [1]1 @
orf t{1 1|1
n|x | x|x |x
o 1] 1]X m

See Figure 4
input OR gate
inverters.

segment d requires one 4-
put AND gate, and 3

BA
e 00 01 11 10

001@1
()1@1@1
néjx@

10 lhtFpl//e b¥%ok20.hlogspot.com




See Figure 4-35.
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FIGURE 4-

The POS implementation of segment e requires one 2-
input OR gate, one 2-input AND gate, and 2 inverters.

See Figure 4
input OR gatsg
3-input OR gz

e

BA

00

01

11

10

00

1 (0

01

0

0

I

X

10

1

\

X)
0

¢ - AT LR
FIGURE 4-
I'iwUuUIKIv 4-22

nc

BA

00

01
11

10

00 0l

L[] o
1|1 [{O]] 1
X [ X XX
llgﬂl
. FIGURE 4-
f= ="

O+ CH+A)

FIGURE 4-36
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segment f requires two 2-

inverters.
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See Figure 4-37. The POS implementation of segment g requires two 3-
input OR gates, one
2-input AND gate, and 3 inverters.

BA
pC 00 Ol 11 10

0[(0]0) 1] 1

olllﬂl
llXXUX
X

ol 1|1

—)

FIGURE 4- L
2 =070 o, +B+A)

2. For th i ing logic:
A i FIGURE 4-37 decoding logic
4
2 :
9 3-input OR gates: 5 7432s
2 4-input OR gates: 2 7432s
3 2-input OR gates: 1 7432

Total ICs for the POS: one 7404, one 7408s, one 7411, and eight
74328

Multisim Troubleshooting Practice

63. Input A inverter output open.
64. Input A of segment e OR gate open.
65. Segment b OR gate output open.
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CHAPTER 5
COMBINATIONAL LOGIC ANALYSIS

Section 5-1 Basic Combinational Logic Circuits

1. See Figure 5-1.
i i € [
;:-: s
H j pu—
! —
k N—
L
FIGURE 5-1
2. (a) x= A
(b) X = AB+ACD+DBD
3. (a) X = ABB
(b) X = AB + B
(c) X = A+B
(d) X = (A + B) + AB
(e) x = ABC
(f) x = (A+B)(B+C)
4. See Figure 5-2 for the circuit corresponding to each expression.
(a) X = (A + B)(C+ D) = AC + AD + BC + BD
(b) x = ABC+CD = (ABC)(CD) = (A+B)CCD = ACD + BCD
(c) X = (AB + C)D + E = ABD + CD + E
(d) X = (Z+B)(%)+D=(K+B)(%)+D:K+B+BC+D=K+B+D
(e) x - (AB+C)D+E=(AB+C)D+E =ABD+CD+E

(£) x = (AB+CD)(EF +GH) = (AB+CD)(EF + GH) = (AB+CD) + (EF + GH)
(AB)(CD)+(EF)(GH)

(K+§)(€+5)+(E+E)(6+ﬁ) —~AC+BC+AD+BD+EG+FG+EH+F
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D

(b)
(a)

(c)

FIGURE 5-2

(e) x = ABC
2 B X A B C X
0 0 0 0 0 0 1
1 0 1 0 1 0 1
1 1 1 0 1 1 0
1 0 0 1
1 0 1 1
1 1 0 1
1 1 1 1
(c) X = A+B
A B X
0 0 1
0 1 1
1 0 0
1 1 1
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XKl A A A A A 1O A0 A A

NoH1oHOoOHOHOHOHO 4O

ABC +CD

VDoodHoOOoOHdHOOHAHOOHH
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MoooodddHo0oo00O0dA A
OO0 101010 HOHOHAOH

foooooooodAdddAd A

OO 1100 A 10O A HOO

X =
(A+B)(BC)+D

d)

~

OO0 O0O A A 10O O0OO0OO dddd

OO0 o000 oo oo dddddddd

(b)
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(A + B) (C + D)

OO0 o0 o0 O ddHHO A A 1O

OHO0OHOHOHOHOHOHOH

OO0 d 100 A H1O0OOAHO0OO

OO0 0O dddHOOOO A

OO0 o000 o0 o0 ddddAd A

(AB + C)D + E

X =
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(e) x = (AB+C)D+E (£) x = (AB+CD)(EF +GH)
A B C D E X| A B C D E X A B C| D E F G H I
0 0 0 0 0 1 1 0 0 0 0 1 0 X 0 X X X X X 1
0 0 0 0 1 0 1 0 0 0 1 0 X 0 0 X X X X X 1
0 0 0 1 0 1 1 0 0 1 0 1 0 X X 0 X X X X 1
0 0 0 1 1 1 1 0 0 1 1 1 X 0 X 0 0 X X X 1
0 0 1 0 0 1 1 0 1 0 0 1 X X X X 0 X 0 X 1
0 0 1 0 1 0 1 0 1 0 1 0 X X X X X 0 0 X 1
0 0 1 1 0 1 1 0 1 1 0 1 X X X X 0 X X 0 1
0 0 1 1 1 0 1 0 1 1 1 0 X X X X X 0 X 0 1
0 1 0 0 0 1 1 1 0 0 0 1
0 1 0 0 1 0 1 1 0 0 1 0
61 o0 1 0 141 1 0 1 0 1 For all other entries X =
6o 1 0 1 1 1)1 1 0 1 1 1 0.
o1 1 0 0 1)1 1 1 0 0 1 X = don’t care
0 11 0 1 0 11 1 0 1 0 An abbreviated table is shown
0 1 1 1 0 1 1 1 1 1 0 1 because there are 256
0 1 1 1 1 0 1 1 1 1 1 1 combinations.

7. x = AB+ AB=(AB)(AB) = (A+B)(A+B)

Section 5-2 Implementing Combinational Logic

8. See Figure 5-3.

A
B:DX*AB B C
(b) (c)

(a)

A
A 4 B _
3 33 p X = ABCD
C C X=4+ B+ C D
S X= ABC + D
(d) (e) ()
D
E
F
C
A
B
C A
D B X = AB(CIDEF) CE(A BI1F)
B F
C
A
X=4¢(cD +B) E
(2) (h)
FIGURE 5-3
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9. See Figure 5-4.

A AB

B B F B+ C

c— | BC A

(@ (b)
A AB
B >0
B -
X=AB+AB
AB

A — ABC N ABC G
A ABC X=ABC+ B(LI + ()
C

B(EF + G)

A A+B+C+D

B BCA+B+C+D)
AR

D C

A — X=A[BCA+B+C+D)]

(¢)

CDE + EF
X = B(CDE + EFGYAB + C)

N

FIGURE 5-4
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11.
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See Figure 5-5.

—e{>—

d

IS
o

®

L

D,
D

D0 W

(b) X= ABCD+ DEF+ AF

C
AB (i L
i M=ot
U B — . B
nam ¢ ) > X=AB+T
IK_,//\B
10 \I,)

FIGURE 5-6
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12. x = ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
See Figure 5-7.

I

B__|
C_—]
1‘7_

A —]
C —
D —

5—

R B C—
A —
X=ABCD +ACD + BC- FIGURE 5-7 A

13. FIGURE 5-7

| (

|

Has

11 T X =1 whenAB =1, no matter what C is.

Since C is a don’t care variable, the output depends only on A and B
as shown by the two-variable truth table above which is implemented
with the AND gate in Figure 5-8.

A
B—1

FIGURE 5-8

14. x = (AB)(B+C)+C=(AB)(B+C)C = (AB)(B+C)C = (A+B)BC)C 5 %

= (K§+§)E=EE+EE=EE(A+1)=§C 0 0 0 1

0O 0 1 0
See Figure j 0O 1 0 0

B 9 The output is )
— X dependent only on o 1T 1A
c B and C. The value 0 0 1

|

of A does not ]
matter. The NOR

|

|

FIGURE 5-9 gate behaves as a
negative-AND.

0 0
10
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15. (a) X = AB+BC
No simplification. See Figure 5-10.

& .

il Lw[

oo | 0 @

Al

0

1 U—,—J—\’J

X = A {1%0

X=AB

Mo simplification is possible

FIGURE 5-10

(b) x = A(B+C|
No simplifi

as indicated
in Figure 5-11.

DTN

expressed in another form,

FIGURE 5-11

A direct connection from input to output. No gates required.

(d) x = ABC+B(EF+G)=A+B+C+BEF +BG
- A+C+BEF+B+G=A+C+B+EF +G

See Figure 5-12.

FIGURE 5-12

(e) X = A(BC(A
ABC + ABC +
ABC + ABC = ABC

See Figure 5-13.
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A—]
D
C—

FIGURE 5-13

+ BEFG)(Z+ B+ C)

(£) x = B(CDE +EFG
ABCDE + ABEFG + BCDE + BCEFG
BCDE(A+1)+ ABEFG + BCEFG

BC DE + ABEFG + BCEFG

See Figure 5-14.

16. (a)

- A+ABE+CD=A(l+BE)+CD=A+CD

See Figure 5-15.

- A+BCD+F +DE

See Figure 5-16.

A
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(c) X
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A(B+C(D+E))=A(B+CD+CE)=AB+ACD+ACE

See Figure 5-17.

A‘_D[,._‘,_
B
- “\ X
C 1‘
D D J
E _—
17. The SOP expression FIGURE 5-17 he resulting circuits
are shown in Figure 5-18:
(a) X = (A + B)(C+ D) = AC + AD + BC + BD
(b) x = ABC+CD = (ABC)(CD) = (A+B)CCD = ACD + BCD
(c) X = (AB + C)D + E= ABD + CD + E
(d) X = (K+B)(E)+D:(K+B)(%)+D=K+B+BC+D
- A+B(1+C)+D=A+B+D
(¢) x = (AB+C)D+E=(AB+C)D+E=ABD+CD+E
(£) x = (AB+CD)(EF +GH) = (AB +CD)(EF +GH) = (AB +CD) + (EF + GHG)

- (AB)(CD)+(EF)(GH)=(A+B)(C+D)+(E+F)G+H)
- AC+BC+AD+BD+EG+FG+EH+FH
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A A
B
¢ B X
X , ¥
¢
)
)
! (b)
(a)
P —
B A
B %
¢ X
D b
I
()
(c)

4
I_'I

FIGURE 5-18
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Section 5-3 The Universal Property of NAND and NOR
Gates

18. See Figure 5-19.

A

A B‘{D)
FD_%X ‘ [

¢ | D

(a)

)

FIGURE 5-19

19.
See Figure 5-20.
A AR (ABIB+ O)
ot Dal
Lg | —
::;%}25::>~{ X = (AB)(B+C)+C
A= \HBON\D+ L)+ L
c—4] e
20. FIGURE 5-20

) >— — >
— > |
> ’

b
S
~
1=als
S

(a) (b)
FIGURE 5-21
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21. See Figure 5-22.

“*_{:_ A E
AB+ (B+ O)
T S

B+ C -
C ° _

FIGURE 5-22

22.  (a) X = ABC (b) x = ABC

See Figure 5-23.

p D_La

See Figure 5-24.

) >4 )
B

[&

FIGURE 5-23

See Figure 5-25.

FIGURE 5-25

FIGURE 5-26
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(e) x = AB+CD
See Figure 5-27.

A

B

A

FIGURE 5-27

o I

FIGURE 5-28

See Figure 5-29.

See

Ny

K,
[

by
&l

ty
B i N QAE
§o)
S
Bl

;

l

>

i

FIGURE 5-29
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23. (a) X = ABC (b) X = ABC
See Figure 5-30. See Figure 5-31.
R
i Y =D
FIGURE 5-30 FIGURE 5-31

(c) X+ A + B (d) X - A+B+C

See Figure 5-32. .
tgure 5-3 See Figure 5-33.

y —{%JLD ) =D

FIGURE 5-32

FIGURE 5-33

(e) X = AB+CD
See Figure 5-34.

A
B b

e

FIGURE 5-34
£ Hee——e—————
See Figure 5-35. A
B—4 D{} x
A
- n
- x = AB[C(DE + AB) -
See Figure 5-36. FIGURE 5-35
A— :)LE v e QAR+ DE)
= / / AR+ DE)+ RCE

D
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24 . (a) X = AB
See Figure 5-37.

s L L

FIGURE 5-37

N
=

FIGURE 5-39

(b) X =A + B
See Figure 5-38.

e

FIGURE 5-38

See Figure 5-40.

A

R—

o —
X

p—q |

FIGURE 5-40
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(e) X=A+B+CC (f) X =

ABCD

See Figure 5-41. See Figure 5-42.

B__]

O —

Pt

}x

A4

X
B A
(&)

FIGURE 5-41

See Figure 5-43.

4

C—

Do x
A

A4 ‘

BW

FIGURE 5-43

F)
EA + CEB + CEF

See Figure 5-44.

A4 —
=D
C [—
A4
B
Eps
F |
X
a—
>
A
C—
yo——
B
O—
E—|
=
FIGURE 5-44
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FIGURE 5-42
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25. (a) X = AB+BC (b) x = A(B+C)=AB+AC
See Figure 5-45. See Figure 5-46.
4 4]
B— B
X X
F—] A
o] ]
FIGURE 5-45 FIGURE 5-46

See Figure 5-47.

FIGURE 5-47

(d) C + BEF +BG
See Figure 5-48.

A

B X
«

B

E

F

B—

5—

FIGURE 5-48
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(e)

X = A[BC(A + B+ C + D)]

http://ebook29.blogspot.com

ABCA + ABCB + ABCC + ABCD

ABC + ABC + ABC + ABCD + ABC(1 + D) = ABC

See Figure 5-49.

A
B —/ X
¢ —

FIGURE 5-49

B(CDE + EFG)(AB +C) = B(CDE + EFG)(A+ B +C)

B(ACDE + AEFG + BCDE + BEFG + CDE + CEFG)
ABEFG + BBEFG + BCDE + BCEFG

ABEFG + BCDE + BCEFG

See Figure 5-50.

Sectior

FIGURE 5-50

26. X = A+B+B=ABB - 0

The output X is always LOW.

27. X = (E)B=A+§+§:A+§

See Figure 5-51.

ion with Pulse
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A |
BJ_ l_| | m ED_

FIGURE 5-51

and C

28. X is
is LOW or when A is HIGH and B is LOW and C is HIGH.

X = ABC + ABC + ABC

See Figure 5-52.

4 _:

B — —————
C"—

A —

z?_w X= ABC+ ABC+ ABC
C_,_'_"'“

4 —
=D
e

FIGURE 5-52

29. X is HIGH wh not know if

X is HIGH whe

See Figure 5-53.

FIGURE 5-53
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A

is greater than 25 ns.

110 ns

100 ns

See Figure 5-54

30.

] |
AN N EE R Y O DO
I IO O O e I
I T T .
A @] N - N o T 0
a5
o
i)
3§
1S
-
™

<4 70 nsp

FIGURE 5-55
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Section 5-6 Combinational Logic with VHDL

32. entity Circuit5 51b is
port (A, B, C, D: in bit; X: out bit);
end entity Circuit5 51b;
architecture LogicFunction of Circuit5 51b is
begin
X <= not(not A and B) or (not A and C and D) or (D and B and
not D) ;
end architecture LogicFunction;

33. (e) entity Circuit5 52e is
port (A, B, C: in bit; X: out bit);
end entity Circuit5 52e;
architecture LogicFunction of Circuit5 52e is
begin
X <= (not A and B) or B or (B and not C) or (not A and not C) or
(B and not C) or not C;
end architecture LogicFunction;

(£) entity Circuit5 52f is
port (A, B, C: in bit; X: out bit);
end entity Circuit5 52f;
architecture LogicFunction of Circuit5_52f is
begin
X <= (A or B) and (not B or C);
end architecture Logic Function;

34. See Figure 5-56 for input/output, gate, and signal labeling.
IN1 G20UT
R sl G50UT
D e D
IN2 Ga
A G5 G6
X
IN3 18 G30UT
G3
IN4
FIGURE 5-

--Program for the logic circuit in Figure 5-56 (textbook Figure 5-
53(d))
entity (Circuit5 53d is
port (IN1, IN2, IN3, IN4: in bit; OUT: out bit);
end entity Circuit5 53d;
architecture LogicOperation of Circuit5 53d is
--Component declaration for inverter
component Inverter is
port (A: in bit; X: out bit);
end component Inverter;
--Component declaration for NOR gate
component NORgate is
port (A, B: in bit; X: out bit);
end component NOR gate;
--Component declaration for NAND gate
component NANDgate is
port (A, B: in bit; X: out bit);
end component NANDgate;
signal G10OUT, G20UT, G30UT, G40UT, G50UT: bit;
begin
Gl: Inverter port map (A => IN1, X => G1lOUT) ;
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G2: NORgate port map (A => G1lOUT, B => IN2, X => G20UT);
G3: NAND gate port map (A => IN2, B => IN3, X => G30UT);
G4: NANDgate port map (A => G20UT, B => G30UT, X => G40UT) ;
G5: NORgate port map (A => G40UT, B => IN4, X => G50UT);
G6: Inverter port map (A => G50UT, X => OUT);

end architecture LogicOperation;

35. See Figure 5-57 for input/output, gate, and signal labeling.
IN1 —
IN2 —
IN3 —
IN4 — —
5 X ouT
IN5 — G7
IN6 —
IN7 —
IN8 —
FIGURE 5-
--Program for the logic circuit in Figure 5-57 (textbook Figure 5-
53(£f))
entity Circuit5 53f is
port (IN1, IN2, IN3, IN4, IN5, IN6, IN7, INS8: in bit; OUT:
out bit) ;
end entity Circuit5 53f;
architecture LogicFunction of Circuit5 53f is
--Component declaration for NAND gate
component NANDgate is
port (A, B: in bit; X: out bit);
end component NANDgate;
signal G10UT, G20UT, G30UT, G40UT, G50UT, G60OUT: bit;
begin
Gl: NANDgate port map (A => IN1, B => IN2, X => G1lOUT) ;
G2: NANDgate port map (A => IN3, B => IN4, X => G20UT) ;
G3: NANDgate port map (A => IN5, B => IN6, X => G30UT) ;
G4: NANDgate port map (A => IN7, B => IN8, X => G40UT);
G5: NANDgate port map (A => G1lOUT, B => G20UT, X => G50UT) ;
G6: NANDgate port map (A => G30UT, B => G40UT, X => G60UT) ;
G7: NANDgate port map (A => G50UT, B => G60UT, X => OUT);
end architecture LogicFunction;
36. X = ABC+ ABC+ ABC+ABC + AaBcC
This is the SOP expression for the function in Table 5-8 of the
textbook. The following program applies the data flow approach for
this logic function.
--Program for Table5 8 SOP logic
entity Table5 8 is
port (A, B, C: in bit; X: out bit);
end entity Table5 8;
architecture LogicOperation of Table5 8 is
begin
X <= (not A and not B and not C) or (not A and B and not C)
or (A and not B and not C) or (A and B and not C) or (A
and B and C);

end architecture LogicOperation;
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37. --Program for textbook Figure5 64 data flow approach
entity Fig5 64 is
port (A, B, C, D, E: in bit; X: out bit);
end entity Fig5 64;
architecture DataFlow of Fig5_ 64 is
begin
X <= (A and B and C) or (D and not E)
end architecture DataFlow;

See Figure 5-58 for the circuit in textbook Figure 5-64 modified for
the structural approach.

IN1—A » G1louUT

IN2 —B_D—L
Gl A

IN3

Ne——

A
INS *7 ‘
b’ INVOUT

INV

FIGURE 5-

--Program for textbook Figure5 64 structural approach
entity Fig5 64 is
port (IN1, IN2, IN3, IN4, IN5: in bit; OUT: out bit);
end entity Fig5 64;
architecture Structure of Fig5 64 is
--Component declaration for AND gate
component AND gate is
port (A, B: in bit; X: out bit);
end component AND gate;
--Component declaration for OR gate
component OR gate is
port (A, B: in bit; X: out bit);
end component OR gate;
--Component declaration for Inverter
component Inverter is
port (A: in bit; X: out bit);
end component Inverter;
signal G10OUT, G20UT, G30UT, INVOUT: bit;
begin
Gl: AND gate port map (A => IN1l, B => IN2, X => G1OUT);
G2: AND gate port map (A => Gl1OUT, B => IN3, X => G20UT);
INV: Inverter port map (A => IN5, X => INVOUT) ;
G3: AND gate port map (A => IN4, B => INVOUT, X => G30UT);
G4: OR gate port map (A => G20UT, B => G30UT, X => OUT) ;
end architecture Structure;

38. --Program for textbook Figure5 68 data flow approach
entity Fig5 68 is
port (A, B, C, D, E: in bit; X: out bit);
end entity Fig5 68;
architecture DataFlow of Fig5 68 is
begin
X <= (not A or not B or C) and E or (C or not D) and E;
end architecture DataFlow;

See Figure 5-59 for the circuit in textbook Figure 5-68 labeled for
the structural approach.
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IN1
IN2

IN3

IN4
INS

FIGURE 5-

--Program for textbook Fig5 68 structural approach
entity Fig5 68 is
port (IN1, IN2, IN3, IN4, IN5: in bit; OUT: out bit);
end entity Fig5 68;
architecture Structure of Fig5 68 is
--Component declaration for 3-input NAND gate
component NAND gate3 is
port (A, B, C: in bit; X: out bit);
end component NAND gate3;
--Component declaration for 2-input NAND gate
component NAND gate2 is
port (A, B: in bit; X: out bit);
end component NAND gate2;
--Component declaration for Inverter
component Inverter is
port (A: in bit; X: out bit);
end component Inverter;
signal G20UT, G30UT, G40UT, G50UT, INVOUT: bit;
begin
Gl: NAND gate2 port map (A => G20UT, B => G40UT, X => OUT);
G2: NAND gate2 port map (A => G30UT, B => IN5, X => G20UT);
INV: Inverter port map (A => IN3, X => INVOUT) ;
G3: NAND gate3 port map (A => IN1l, B => IN2, C => INVOUT, X =>

G30UT) ;
G4 : NAND gate2 port map (A => IN5, B => G50UT, X => G40UT);
G5: NAND gate2 port map (A => INVOUT, B => IN4, X => G50UT);
end architecture Structure;
39. From the VHDL program, the logic expression is stated as a Boolean

expression as follows:

X =(K§+KE+E+§E+EB+BE)
((A+B)(A+C)(A+D)(B+C)(B+D)(D+C))
(A+B)(A+C)(A+D)(B+C)(B+D)(D+C)

The truth table is:

HORORORORON
oOorRroOoORROOIW
OCORrRRFRRRPLROOOO|IN
HPrRrooooooooly
[eNeNoNeoNoNoNoRoNaNol-¥]
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HORORO
HROOR K
FRRPRRPOO
R R R R R
HRRORO

40. --Program for textbook Figure5 62 data flow approach
entity Fig5 62 is
port (Al, A2, Bl, B2: in bit; X: out bit);
end entity Fig5 62;
architecture LogicCircuit of Fig5 62 is
begin
X <= (Al and A2) or (A2 and not Bl) or (not Bl and not B2)
(not B2 and Al);
end architecture LogicCircuit;
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41. The AND gates are numbered top to bottom G1l, G2, G3, G4. The OR gate
is G5 and the inverters are, top to bottom. G6 and G7. Change A, A,
B, B, to IN1, IN2, IN3, IN4 respectively. Change X to OUT.

entity Circuit5 62 is
port (IN1, IN2, IN3, (IN4: in bit; OUT: out bit);
end entity Circuit 5 62;
architecture Logic of Circuit 5 62 is
component AND gate is
port (A, B: in bit; X: out bit);
end component AND gate;
component OR gate is
port (A, B, C, D: in bit; X: out bit);
end component OR_gate;
component Inverter is
port (A: in bit; X: out bit);
end component Inverter;
signal G10UT, G20UT, G30UT, G40UT, G50UT, G60OUT, G70UT: bit;
begin
Gl: AND gate port map (A => IN1l, B => IN2, X => G1OUT);
G2: AND gate port map (A => IN2, B => G60OUT, X => G20UT) ;
G3: AND gate port map (A => G60UT, B => G70UT, X => G30UT);
G4: AND gate port map (A => G70UT, B => IN1, X => G40UT);
G5: OR_gate port map (A => G1lOUT, B => G20UT, X => G3O0UT,
D => G40UT, X => OUT) ;
G6: Inverter port map (A => IN3, X => G60UT);
G7: Inverter port map (A => IN4, X => G70UT);
end architecture Logic;

Section 5-7 Troubleshooting

42. x = AB+CD = ABCD

X is HIGH only when ABCD are all HIGH. This does not occur in the
waveforms, so X should remain LOW. The output is incorrect.

43. X =ABC+DE

Since X is the same as the G, output, either G, or G, has failed with
its output stuck LOW.

44. X = AB + CD + EF

X does not go HIGH when C and D are HIGH. G, has failed with the
output open or stuck HIGH or the corresponding input to G, is open.
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45. See Figure 5-60.
Driving gate Load gates
lﬁllﬁllﬁl/lﬁllﬁll?ll?l lﬁllﬁllﬁllllﬁl\{?\l?l
T 2] U e
ILIZ\I_II_II_IL""“ 2] 8][4 (5] 6] [7]
FIGURE 5-
Load gate
46. x = AB+C

Since X does not go HIGH when C or D is HIGH, the output of gate G,
must be stuck LOW.

47. (a) X = (A+B+C)E+(C+D)E = AE +BE +CK+CE + DE
- AE+BE+CE +DE

See Figure 5-61.

(A+ B+ OF

N=(A+ B+ OF+ (C+ DE

Wave FIGURE 5-56 is

up

for this particular set of input waveforms.
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(c) X = E+E(K+§+C)=E(1+Z+§+C) = E

Again waveform X is the same as waveform E. As strange as it may
seem, the shorted input to G, does not affect the output for this
particular set of input waveforms.

Conclusion: the two faults are not indicated in the output waveform
for these particular inputs.

48. TP = AB+CD

The output of the CD gate is stuck LOW. See Figure 5-62.

A

0

o

tny

Ry

(actual)
FIGURE 5- ———

I i

(correct) *
Digital

49. See Fi FIGURE 5-57

Ly
Ty j

sy
o Db

Te—— FIGURE 5-63

L[,
T Eg ) Vv

H out
TC

FIGURE 5-64

50. See

51. See Figure
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Heater logic Alarm logic

52.

Lo
P

FRRPRRPPPPRPOOOOOOOO|
HFRPFRPPRPOOOORKRKHHOOOO|
HRPOORRPROORHROOKRHKHOO|
HORPOROROROROKROHKR O|
HFRPPOOOOOOOOOOHRHKH|N
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53.
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See Figure 5-66.

A iA(}

| 0

~ FIGURE 5-66 -
XZA?’A:A].'_?I“HEH()+f'|.3f\2.r"lI+

Front door switch off
Back door switch on

B = Back door switch off
X = AB+AB. This is an XOR operation.
See Figure 5-67.

—X

B

FIGURE 5-67

ﬂi——<{>————c
c—CD>——————C Fobem
e e

FIGURE 5-68
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Multisim Trouh
56.
57.
58.

59.

See Figure 5-69.

http://ebook29.blogspot.com

Pin B of Gl op

I MSB

= e

b

1
i
S —
7 a o

9

z B— FIGURE 5-69
F—

Pin C of OR gate open.

Inverter input open.

No fault.

Binary
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CHAPTER 6
FUNCTIONS OF COMBINATIONAL LOGIC

Section 6-1

1. (a)
(b)
(c)
2 (a)
(b)
(c)
(d)
3 (a)

by
by

OO MM

Basic Adders

(upper) output = 0, Sum output = 1, AND (upper) output = O,
(lower) output = 1, Carry output =1

(upper) output = 1, Sum output = 0, AND (upper) output = 1,
(lower) output = 0, Carry output = 1

(upper) output = 1, Sum output = 1, AND (upper) output = O,
(lower) output = 0, Carry output = 0

0, B=10, C, =0

1, B=0, C_=00rA=0, B=1, C_ =0

=0, B=0, C_=1

1, B=1, C_ =1

1, B=1, C,=00rA=0, B=1, C, =1

=1, B=0, C, =1

1, ¢, =0 (b) X=1, C, =0

o, . =1 (d) X =1, =1

Section 6-2 Parallel Binary Adders

4. 111
101

1100

See Figure 6-1.

FIGURE 6-
0 0

FIGURE 6-2
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10101 See Figure 6-2.
00111
11100
1 0 00 1 1 0 1 110
| e e L
A B Cin A B Gy, A B Gy A B Gy A B Gy
FAS FA4 FA3 FA2 FAl
(‘nul z (‘nul T ('nnl z C“m b (‘nul T
’ FIGURE 6-
0 1 1 - - 0 0
FIGURE 6-3
See F]
T | )
Bt T
B ' ' "
2 e s s R
(.‘in I I ‘ i E ‘\_
L S SRS S S I G
s, o ———— |
. ' ' FIGURE 6- E b ; '
Cou | | ; ' | ; ; L
A 4 FIGURE 6-4
1 0
1 0 1
0 0 1 0 0 0 1 1 0 0 1 0 1
1 0 1 1 0 1 1 1 1 0 0 1 0
21 = 0110
22 = 1011
23 = 0110
24 = 0001
25 = 1000
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8. 0100
1110
10010

Y~ outputs should be C_¥X¥¥> = 10010.

out™ 4737271

The X, output (pin 2) is HIGH and should be LOW.

See Figure 6-4.
0 (10)
0 (8)
I (3) A
0_( ©
(6)

(11 1
0 m) al@
} o8 a5,
1 (16)

(13) ~ 0% 1

FIGURE 6-
Section 6-3 Ri FIGURE 6-5 head Carry

Adders

9. towoy = 40 ms + 6(25 ns) + 35 ns = 225 ns
10. Full-adder 5:
Cins = Cout4
C.: = C, + C.,C, + C,C,C, + C.C,C.C,6 + C.C,C.,C,C,6 + C.C,C.C,C,C.,

The logic to be added to text Figure 6-18 is shown in Figure 6-5.

As Bs
C,
85 [ I—<
—
Cp5
A B
, Cin Cuul4
CH— L

_CT_1—4 Cps .
CEh,

4
o e e,
83
L
L
I
I

Section

11. The A

P e O e O

A : | :
b= :77ebook29.blogspot.com
B i
|

|

'
'
'
T 1
' '
n V



12.

13.
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FIGURE 6-

See Figure 6-7.

A=1101A=1100:A =010l

FIGURE 6-7

Section 6-5 Decoders

14.

(a) AAAA
(c) AAAA

1110 (b) AAAA
1111 (d) AAAA

http://ebook29.blogspot.com

VA= 1001 A= 1111

:B:UIU‘U:B:IIH:Hﬁ(}ﬂl(]”{:(}(}ll:h’:ll“{],
A<B : i !

: . : . . .
A=B | ! :
A>B ! FIGURE 6-

1100
1000
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15. See Figure 6-8.

(MSB)

2 ! :>,f ’
(LSB) (a) 1

Ly
T =0

! -
D> - —P=

(LSB)
(MISB) (MSB)
| [
1
lq ) FIGURE 6- i—L
0_—4:>w———
16. Chang 0 1
1 ase (@) T
17. x = A B
(LSB)
See F Ao
AW, 0o 01 11 10 T
0ol 0 010 a1
— _ k
o] 00 010 '}”
Iy
§ Olo01|o0 xs
A
o 0] 0 s

3%2%1% " pIGURE 6-
FIGURE 6-9
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18. ¥ = AAA+AAA+AAA

See Figure 6-10.

A, J—‘ | | |—| |

14

b [
20 [ T S
v | | oereoree- |1

19. See Figure ¢§ FIGURE 6-10

A,

A

NupEnipiniis
o [T
I A N
) T T T
SEEESEENS RN
4 T — i
SLIIGH
6 s
7 7 FIGURE 6-11 %HIGH
2001698I
Secti0116-69 u

21. A, A, and A 1id BCD code.

o’ 1

FIGURE 6-11

22. Pin 2 is for decimal 5, pin 5 is for decimal 8, and pin 12 is for
decimal 2.
The highest priority input is pin 5.

The completed outputs are: AAAA) = 0111, which is binary 8
(1000) .

Section 6-7 Code Converters

23. (a) 2, = 0010, = 0010,

10

http://ebook29.blogspot.com
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(b) 8, = 1000, = 1000,
(c) 13, = 00010011, = 1101,
(d) 26, = 00100110, = 11010,
(e) 33, = 00110011, = 100001,
24. (a) 1010101010 binary (b) 1111100000
1111111111 gray 1000010000
(c) 0000001110 binary (d) 1111111111
0000001001 gray 1000000000
See Figure 6-12.
B, B, B, B, B B, B B B B
%G G % FIGURE 6- @ G G (%
25. (a) 10 FIGURE 6-12 00
(c) 1111000111 gray (d) 0000000001
1010000101 binary 0000000001

See Figure 6-13.

http://ebook29.blogspot.com

binary
gray

binary
gray

gray
binary

gray
binary



Section 6
26.

27.

28.
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9 8 7 6 S

L

B, B, B,  FIGURE 6- B, B B,
FIGURE 6-13

S8, = 01 selects, D,, therefore Y = 1.

See Figure 6-14.

See Figu

L

N e
IppEEnnipns

D' FIgurRe 6- D0 DD,

FIGURE 6-14

N u ] [
y 0
FIGURE 6-

http://ebook29.blogspot.com
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Section 6-9 Demultiplexers

29. See Figure 6-16.

ol LT

——
COLo T
L

-t

ﬁ ]:J;_'_'_'_'_”__

:';:"F];GUREG- L—l

MSD

-t =

L

SEEEEEES

prm——— p——

Section 6

30. See Fig

— G,

G| [ 5[:
[ FIGURE 6- ity is shown by a
G; | ! 2 ! 3 - — 1 oceurs four times
. L

FIGURE 6-17
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31.

Section 6-11 Trou

32.

33.

34.

http://ebook29.blogspot.com

See Figure 6-18.

A

Teven : :
; FIGURE 6- ———
L L

FIGURE 6-18

Z odd

The outputs given in the problem are incorrect. By observation of
these incorrect waveforms, we can conclude that the outputs of the
device are not open or shorted because both waveforms are changing.

Observe that at the beginning of the timing diagram all inputs are 0
but the sum is 1. This indicates that an input is stuck HIGH. Start
by assuming that C, is stuck HIGH. This results in ¥ and C , output
waveforms that match the waveforms given in the problem, indicating
that C_, is indeed stuck HIGH, perhaps shorted to V_.

See Figure 6-19 for the correct outpu

Incorrect
outputs

outputs

Cu L] L

FIGURE 6-19

SR S N
z | FIGURE 6- ' }(nrrt.‘cl

(a) OK (b) Segment g burned ou
Segment b output stuck LOW

Step 1: Verify that the supply voltage is applied.
Step 2: Go through the key sequence and verify the output code in

Table 1.

Key
None
0
1

P

it
It
[Eg—p
oR R

http://ebook29.blogspot.com
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2 1 1 0 1
3 1 1 0 0
4 1 0 1 1
5 1 0 1 0
6 1 0 0 1
7 1 0 0 0
8 0 1 1 1
9 0 1 1 0

TABLE 1

Step 3: Check for proper priority operation by repeating the key

sequence in Table 1 except

that for each key closure, hold that key down and depress each

lower-valued key as

35.

36.
open.

37.

specified in Table 2.

Hold down Depress keys one at |A, A, A A
keys a time
1 0 1 1 1 0
2 1, 0 1 1 0 1
3 2, 1, 0 1 1 0 0
4 3, 2, 1, 0 1 0 1 1
5 4, 3, 2, 1, 0 1 0 1 0
6 5,4, 3, 2, 1, 0 1 0 0 1
7 6, 5, 4, 3, 2, 1, 0 1 0 0 0
8 7, 6, 5, 4, 3, 2, 0 1 1 1
9 1, 0 0 1 1 0
8, 7, 6, 5, 4, 3,
2, 1, 0
TABLE 2

Open A, input acts as a HIGH. All binary values corresponding
to a BCD number having a 1’s value of 0, 1, 4, 5, 8, or 9 will be
off by 2. This will first be seen for a BCD value of 00000000.

Open C,, of top adder. All values not normally involving a
carry out will be off by 32. This will first be seen for a BCD
value of 00000000.

The X, output of top adder is shorted to ground. Same binary
values above 15 will be short by 16. The first BCD value to
indicate this will be 00011000.

Y, of bottom adder is shorted to ground. Every other set of 16
value starting with 16 will be short 16. The first BCD value to
indicate this will be 00010110.

The 1Y1 output of the 74LS139 is stuck HIGH or open; B cathode

No power; EN input to the 74LS139 is open.
The f output of the 74LS48 is stuck HIGH.
The frequency of the data select input is too Iow.

Place a LOW on pin 7 (Enable).
Apply a HIGH to D, and a LOW to D, through D,.
Go through the binary sequence on the select inputs and check Y

and Y according to Table 3.

0
0
9]

n
>_.
&)

RRroOoOoOOO
cocorHrHOO
HRorORO
cocooooKr|K
PR RPRPRolX|
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39.
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1 1 0 0 1
1 1 1 0 1

TABLE 3

4. Repeat the binary sequence of select inputs for each set of
data inputs listed in Table 4. A HIGH on the Y output should
occur only for the corresponding combinations of select inputs

shown.
p, b, Db D, D, D, D D, Y Y | s s s
L H L L L L L L 1 0 0 0 1
L L H L L L L L 1 0 0 1 0
L L L H L L L L 1 0 0 1 1
L L L L H L L L 1 0 1 0 0
L L L L L H L L 1 0 1 0o 1
L L L L L L H L 1 0 1 1 0
L L L L L L L H 1 0 1 1 1
TABLE 4

The X EVEN output of the 74LS280 should be HIGH and the output of the
error gate should be HIGH because of the error condition. Possible
faults are:

Y~ EVEN output of the 74LS280 stuck LOW.

Error gate faulty.

The ODD input to the 74LS280 is open thus acting as a HIGH.

The inverter going to the ODD input of the 74LS280 has an open
output or the output is stuck HIGH.

[T

Apply a HIGH in turn to each Data input, D, through D, with LOWs on
all the other inputs. For each HIGH applied to a data input, sequence
through all eight binary combinations of select inputs (S,5.5,) and

check for a HIGH on the corresponding data output and LOWs on all the
other data outputs.

One possible approach to implementation is to decode the S,5, S, inputs
and generate an inhibit pulse during any given bit time as determined
by the settings of seven switches. The inhibit pulse effectively
changes a LOW on the Y serial data line to a HIGH during the selected
bit time(s), thus producing a bit error. A basic diagram of this
approach is shown in Figure 6-20.

+ V

3-BITBINARY | |
DECODER o /

Y HIGH during the selected bit time
0 changes a LOW Tbittoa HIGH.

S; —

S, .

e T
EN /
Switches select the bit that 1s to be inerror

http://ebook29.blogspot.com
FIGURE 6-20
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FIGURE 6-
AN

Digital System Application

40.

See Figure 6-21

2/3 T4LS04

MG
1/4 74LS00

S01 — 4 ,
Frewl SR
From De MY

Sy

state
decoder > ‘
S003 MR
S04
1/4 T4LS00
F\}___ SG

FIGURE 6-

FIGURE 6-21
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41. See Figure 6-2

MG

1/4 74L800 1/6 T4L504

50 ———+ -
502 :
From MY

skle
decoder SY

SO3

— MR
S04

1/4 T4L800 1/6 T4L504
S0

Output logic

, , FIGURE 6-
Special Design

42. See Figure 6-23.

qr +V(.(.

Gl

1 C
A, —fT MUX
H() —4
2:: :Ei;xasiis
Ay —
[ p—
Ay ——

74LS157 i "

D> ] a
— — p,

N ‘{

S, Gl .
s . 1 C 74LS157 741848
i €y — 7 ™MUX

Dy H
C—
Dy —| 1=
C,
Dy —— D .
3

i -
s |
[€
Dy
74LS157 o
| g
FIGURE 6-

rc IN
L 7415139
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S = ABC, + ABCin + ABCin + ABC,,
C. = ABC, + KBCin + AECin + ABCin

t

43.

See Figure 6-24.

Cin C'm
AB 0 1 AB 0 1
00 1 00
01 1 01

B

11 1 | 1 1

Y
10 1 10 1
A
Z = No simplification Cou=BC, + AB + AC;,

A B>3
B Do
Cin B
B Cjn
H—DG A -
z | Cou
7
MUX MUX
N N
Cin I U CII'J I
B— tG! B — pG°
A 2 A—
— 0 I —1 0
z —C,
1 1 —1 ou
2 —i2
[ 3 1 3
4 —|4
—5 5
*—l 6 6
7 7

- T4LS151 — T4LS151
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4. ¥ = ARANTARAA+AMAA G AMLAN T ARLAA
o AR T A AAR T AP AR+ Al AR

See Figure 6-25.

IOEN MUX
14‘ - 0 _I
A, 21(3%
A,
0 S —
+V 1 ]
2
3
4, ﬁ>= 1
74LS15
1 -
7
FIGURE 6-
45. See Figure FIGURE 6-25
BCD
o .
H-position :';'-“Ua'_li | MSD
adder YES decoder
module BCD
Six ) adder
switches
N —A
= BCD -
B 1o B
decoder G K
BCD —
YES o S
6-position 3:—:&ng ] > ] msp
adder - decoder -t
Six module H(.[).
switches : adder ||
] BCD —
(4] o
N o 7see :> - LsD
FIGURE 6- decoder g S

FIGURE 6-26
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47.
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See Figure 6-27.

See

0 TALS2R3 i T4LS283
A b 1 A ]
A 'j’ 2 A 't’ 2
A il 3 A . Aw i 3 A .
A 1 0 El | Z” A 4 il 4 1
5 (L) z_ N (03]
2 1 - i)
(M 2y
I (i z 3 X th >3 i
o el (15) By ! (15
B 2 ! o B 2 4
5] ’ 4
B, s (B B —s B
16 116
B a0, B »
(EN 4
(1K} 13
J Cn C4 Cn C4
(i 741.8283 (1) T4L.S283
I |
[t 2 (%) 5
A
(k1] 3 A o i3 3 A o
X [
wl, | I, LN I
t " (£i1) E 1 2 ihy
- x - =) bl = ¥ 2
(1l 3 [ K]
By —1, Lo B—U, s
i 9 m l + 4 B z L 2 4
B Wl AB FIGURE 6- ' w| B
1 [ - — 14 .
iy 1160
B, 4 B s 4 y
(1 E1) [AE 1]
1" v 3 v
- Cy o 4Gy G
WSV
Ay U0 T4HCKS FILLLE THHCES
2 )
A, 12y | A, (12 |
A D], b A, pa
Ay 15y N Ay (15) 4
() () 4
AsB A>B Bl asw AsB
(3) (6) [K))] ()
2 A=8 A=B 7 5 ] A=B|——A=8
;) A<B A<B ‘; A<h A<h
= 5, D1, By Uy
g _UbL, B D1
B, (14) 9 B B, (14 2 B
1
B, B, 0|,
FIGURE 6-
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48. See Figure 6-29.
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+5 W
; MSDBCD LSD BCD

45V
MSDBCD

MSDdisplay LSD display

TABLETS/BOTTLE CIRCUIT

7447

T A R

7447

v foeod v

It

MSD display

AT

15D BCD

MS Dy display

7447

R

iikiian

LS display

TOTALTABLETS BOTTLED CIRCUIT

FIGURE 6-
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49. See Figure 6-30.

V

o0
(1L
(IIJO 1 74LS147
(13 3
;0 S 4 (LY BCD
) g0
4y 7 8
hh 9

+5V
é [E] FIGURE 6 = \II switel, When switch is pressed an
S‘_' awti o e,
50. Se .4j
156
( LSB
74184 th
) (10} B T
TN —ml? 4
gy 74184 BINARY
\ anl g L il N S L
( —o P EC anj o
R
— Mg ol anf g g Lo
(13 (a1}
s { [AETP 10 16
1 —O EN (141 20 - ) \SB
\ | 5 | 4oy
M FIGURE 6-
Multis FIGURE 6-31

51.
52. Pins 4 and 5 shorted together.
53. Pin 12 of upper 74148 open.

54. Pin 3 of upper 74151 open.

CHAPTER 7
LATCHES, FLIP-FLOPS, and TIMERS

Section 7-1 Latches

1. See Figure 7-1.

Suuu
R
L

http://ebook29.blogspot.com
FIGURE 8-1
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FIGURE 7-1

See Figure 7-2.

s UIUL_in
Rﬂé UL L

) —

FIGURE 7-2

FIGURE 8-2

See Figure

Q I FIGURE 7-3 H

FIGURE 8-3
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See Figure 7-4.
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See Figure

S
EN

FIGURE 7-4

FIGURE 8-4

See Figuxn

QD A o

Q)

-_
FIGURE 7-5

FIGURE 8-5

FIGURE 7-6

FIGURE 8-6
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Section 7

8.
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See Figure 7-7.

EN |—] [ ]

2 I I

1
O ——J FIGURE 7-7

FIGURE 8-7

See Figure 7-8.

S

<7 S [ U O O B

R

Oﬂﬁq

% [

(a) Thes; FIGURE 7-8

See Figure
FIGURE 8-8

tve edge of the clock pulse
(b) The flip-flop triggers on the positive edge of the clock pulse.

LI

e T UL
o il 11
s —I B
R — ]FIGUREl 7—|9
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10.

11.

12.

13.

14.

See Figure 7-10.
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FIGURE 7- 4‘4‘4J —

FIGURE 8-10
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FIGURE 7-
FIGURE 8-11

=~

See Figy

Q

FIGURE 8-12

. ! [
FIGURE 7- —I

J

R S s e e e

K

Qo

See Fig

FIGURE 7-

FIGURE 8-13
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FIGURE 8-14
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15.

See
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FIGURE 7-

Figure 7-15.

[ | ] B ) B
;U UL
FLNNT LT
@ | FIGURE 7-: | L____j““

0011000

Figure 7-16.

i FIGURE 7- L
. L ] L -

FIGURE 8-16

http://ebook29.blogspot.com



http://ebook29.blogspot.com

See Figure 7-17.

18.

FIGURE 8-17

7

Section

The di

19.

(c1
Time from triggering edge of clock to the LOW-to-HIGH transition of

the Q output.

t PLH

20.

(Clock to Q):
Time from triggering edge of clock to the HIGH-to-LOW transition of

the Q output.

t PHL

t.. (PRE to 0):

Time from assertion of the Preset input to the LOW-to-HIGH transition

of the Q output.

t.. (CLR to 0):

Time from assertion of the clear input to the HIGH-to-LOW transition

of the Q output.

67 ns

30 ns + 37 ns =

min

T

21.

14.9 MHz

http://ebook29.blogspot.com



http://ebook29.blogspot.com

22. See Figure 7-18.

- T=T7ns -

(j — 32 ns —

cz ——.ansLF

- FIGURE 7- QA - Sns = 2ns -q

FIGURE 8-23

Coo=85ns+2ns= 3
min = NS +2ns=7ns

I I
I
" FIGURE 7-

— 42,9 MHz

23. I 15(10 mA) = 150 mA FIGURE 8-24

(5 V) (150 mA) = 750 mW

24. See Figure 7-19.

Section 7-4 Flip-Flop Applications

25. See Figure 7-20.

Div p1gURE 7-
FIGURE 8-25

26.

C

Q

(% | FIGURE 7-

FIGUKE 5-20
Section
27. t, = 0.7RC,, = 0.7(3.3 kQ) (2000 pF) = 4.62 us
28. R, = f -0.7= >000ns - 0.7 = 1.56 kQ
RCexr 0.32x10,000 pF

Section 7-6 The 555 Timer

29. See Figure 7-22.

=0.25%= "
W= 0.25s= l.i."ff.l

Choose C, =1 uF

f 0.25%
R= W = —————— =227 kL2 (use standard 220 k£2)
LIC, (Ll pF)

+5V
http://é‘t’ibokZ Blogspot

2) 355 @

ky,

Trioeer Output




30.

31.

pas)
Il
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FIGURE 7-
1 B 1
0.7(R, +2R,)C,  0.7(1000 Q + 2200 Q2)(0.01 uF)
1 1
— = = 50 us
f 20kHz

a duty cycle of 75%:
37.5 us and t, = 12.5 us

t, 375 ps
R, = = = 26,786 Q
0.7C  0.7(0.002 pF)
t,  125ps

= = 8,929 Q (use 9.1 kQ)
0.7C  0.7(0.002 uF)

26,786 Q@ — R, = 26,786 QQ — 8,929 Q = 17,857 Q

http://ebook29.blogspot.com

= 44.6 kHz

(use 18 kQ)
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Section 7-7 Troubleshooting

32.

33.

34.

35.

36.

The flip-flop in Figure 7-90 of the text has an internally open J
input.

The wire from pin 6 to pin 10 and the ground wire are reversed. Pin
7 should be at ground and pin 6 connected to pin 10.

See Figure 7-23.

kK | o]

~ ]|
(Correct) ]
([ncgrect) | . |_|

FIGURE 7-
Jinputis - - arent HIGH.

=
=

Since none g FIGURE 8-28 must be a fault that

affects all o all the flip-flops

are the clock (CLK) an One of these lines must
be shorted to ground because a LOW on either one will prevent the

inputs.

flip-flops from changing state. Most likely, the CLR 1line is
shorted to ground because if the clock line were shorted chances are
that all of the flip-flops would not have ended up reset when the

power was turned on unless an initial LOW was applied to the CLR at
power on.

Small differences in the switching times of flip-flop A and flip-flop
B due to propagation delay cause the glitches as shown in the expanded
timing diagram in Figure 7-24. The delays are exaggerated greatly for
purposes of illustration. Glitches are eliminated by strobing the
output with the clock pulse.

ck || | L
QA

.

// FIGURE 7-
Glitch ~ - Glitch

FIGURE 8-29
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37. (a) See Figure 7-25.

o, |
0 ’.

B

(upper NAND gate)

;

QAQB i

VN l_/Lf

! V anggcraloil glitches

v Lm0

(b) K, open a The timing
diagram is FIGURE 8-30

(c) See Figure 7-26.

0 ; : : . :
B L L " n Floating level

QaQnp
(Upper NAND)

S e | e

T bvanasraned glitches =}
X FIGURE 7- |

FIGURE 8-31

(d) X remain

Qa8
(Upper NAND)

Floating level

[
{Lower NAND)

38. t, = 0.7RC, y FIGURE 7-

One-shot A

FIGURE 8-32

One-shot B:

The pulse width of one shot A is apparently not controlled by the
external components and the one-shot is producing its minimum pulse
width of about 40 ns. An open pin 11 would cause this problem. See
Figure 7-28.

Trigger (2) |_I

QA |.-_ 154m ———

Correct {Q i http:i//ebook29.blogspot.com

: approx. 40 ns
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FIGURE 7-

Digital System Application

39. For the 4 s timer let C, = 1 pF
4s

R = ————

(L.1)(1pF)

For the 25 s timer let C, = 2.2 uF
258

R = ——
" (L.1)(2.2uF)
See Figure 7-29.

= 3.63 MQ (use 3.9 MQ)

= 10.3 MQ (use 10 MQ)

AAA
A J
=

DISCH

THRESH

Trigger

001 uF

ey

T
. . 4stimera FIGURE 7- except for the
Sp ecla l Desls COMPONENL vaiucy LalCuldicu auuve.
40. See Figure FIGURE 8-34
1 1 1
(L5B) (MSB)
Q.
QA n Q It} s _(
CLK = >
K LY

ck [ LT L LT LT L
0, o] 1 o [1 0‘1 0 1
o [ ~ :

o 0.
Q 0. 0

=
-
o
-
i
bt

FIGURE 8-36
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41. See Figure 7-31 for one possibility.

1 1 1 1 1
L’ u L : i T m
Il C - L S I Box full
Switch |—" I—K K K : i
pulses
12 3 14 15 16 30 31 32
swien [[[1[L__ JUUL.__JUUL
pulses — — T Tttt T T Tmmtooes
0 [
One shot FIGURE 7- [
output | L
42. Chan turn
signal on FIGURE 8-37
1.
2. Add decoding logic to the State Decoder to decode the turn
signal state.
3. Change the Output Logic to incorporate the turn signal output.
4. Change the Trigger Logic to incorporate a trigger output for
the turn signal timer.
5. Add a 15 second timer.

See Figure 7-32.

Red/Yellow

T.+ V.
FIGURE 7-

Multisim Trd

FIGURE 8-38 T Vs

43. 6 output

44. K input of U2 open.

45. SET input of Ul open.
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46. No fault.

47. K input of U2 open.
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CHAPTER 8
COUNTERS

Section 8-1 Asynchronous Counter Operation

1. See Figure 8-1.

CLKJ’LJ‘IML[_L_TI_!_\_!_L
Q, Jijiii

SR H e NS e

FIGUKELE Y-1

2. See Figure

sz Vo FIGURE 8-2 b

FIGURE 9-2

Worst-case delay occurs when all flip-flops change state from 011 to
100 or from 111 to 000.
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4. See Figure 8-3.
CLK & CTR DIV 9 CLKA —0> CTRDIV 11
CLKB — CLKB —9p—C>
RO, RO
RO, | RO,
< —
—_
G O S Gy &0y
(a) (3)
CLKA ___o~ CIRDIVI3 CLK 4 —’_t CTRDIV 14
CLKB —
CLK B >
o RO,
RO, o
R0, 2
L@ |
a oo 0
g .C"l o, A o Y172 T3

(e} @

CLK & CTR DIV 15
CLK B
RO,

FIGURE 8-3

I L ——¢
y N F Qoo g
Section 8- o & T2 &
(e)
5 8 ns, th FIGURE 9-3
6.

nﬁuﬁﬁﬁﬁﬁﬁl_l

o, _I N Y N O O
L |

o, L |

?

19 FIGURE 8-4 |_

FIGURE 9-4
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Each flip-flop is initially reset.

CLK | JK _JK JK JK| 0 0 0 0O
1 1 0 0 0 1 0 0 0
2 1 1 0 0 0 1 0 0
3 1 0 0 0 1 1 0 0
4 1 1 1 0 0 0 1 0
5 1 0 0 0 1 0 1 0
6 1 1 0 0 0 1 1 0
7 1 0 0 0 1 1 1 0
8 1 1 1 1 0 0 0 1
9 1 0 0 0 1 0 0 1
10 1 0 0 1 0 0 0 0

See Figure 8-5.

@a S
3 [
See Figu
I

FIGURE 8-6

FIGURE 9-6
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FIGURE 9-8

http://ebook29.blogspot.com

See Figure 8-7.

10.

See Fig

11.
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IIIIIIIIIII (=]

2
- =~ a
- -1 O\
- - 1
|||||| [0}
........... &

=)
-- RN )
e— H
........... [
T =
i et =]

SRS

6 7 8 9 10 11 12 13 14 15

FIGURE 9-9

2 345

1

Up/Down Synchronous Counters

8-3
See Figure 8-9.

Section

12.

OHO O

O+ +d0OdO

Odrdd O

O dddO

FIGURE 9-10

0

See Figure 8-1

13.

8-4
The sequence is 000 to 001 to 011 to 111 to 110 to 100 and back to

Initially
etc.

At CLK 1
At CLK 2
At CLK 3
At CLK 4
At CLK 5
At CLK 6

ol
HOO0OOO0O0O0
[P gy iy iy
U SR U eis)
mO02 0000
(PN i iy e
| o o oo
MmO 2000
(B BB B
™| o oo
VU U
| o 00
mlE A A A e
DG N X N
—4d 4 4 4
H0 U O O
"N Y 8N
B RN()] 0] 0] Q
-—H D i) IS in]
a 4 (=] 4
H G N

Section

001,

14.
15.
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After CLK
5

Tog = toggle, NC = no change

The counter locks up in the 1010 and 0101 states, alternating between

them.
16. NEXT-STATE TABLE
Present Next State
State
o} Q. [0} Q,
0 0 1 0
1 0 0 1
0 1 1 1
1 1 0 0
TRANSITION TABLE
Output State Flip-Flop Inputs
Transitions
(Present state to
next state)
Q1 Qo Jl Kl Jo Ko
0 to 1 0 to O 1 X 0 X
1 to O 0 to 1 X 1 1 X
0 to 1 1 to 1 1 X X 0
1 to 0 1 to O X 1 X 1

See Figure 8-11.
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NEXT-STATE

% 0 1 oa" 0 1
1
0 1_ﬂ ;0o |Xx
1 X_XJ/ 1[1—_)()./‘0l
7 7,
% 1 0100 0 1

— —QFJ[ 0‘

~

— A — £

>{ FIGURE 8-11

Present St{

1

orRr R RFROoR o0
HFRROROOIO

FIGURE 9-11

TRANSITION TABLE

Output State
Transitions

Flip-flop Inputs

(Present state to
next state)
o) 0, 0, J. K. J, K, J, K,
0 to 0 to 1 to O 1 X 0 X X 1
1 0 0 to 1 X 1 1 X 1 X
1l to 0 to 1 to 1 1 X X 1 X 0
0 1 1l to 1 X 0 1 X X 0
0 to 1 to 1 to O X 0 X 0 X 1
1 0 0 to 1 0 X X 1 1 X
1l to 0 to 0 to O X 1 X 0 0 X
1 1
1 to 1 to
1 1
0 to 1 to
0 0
1l to 1 to
0 1

See Figure 8-12.
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L g
CLK ¢

FIGURE 8-

18. NEXT-STATE TABLE
Present State Next State
Q Q9 9 910 9 9 9
0 0 0 0 1 0 0 1
1 0 0 1 0 0 0 1
0 0 0 1 1 0 0 0

http://ebook29.blogspot.com
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coocoocoor
HFREROROO
COoORKRRO
HoOORRFROO

[eNoNoNoNoNoNe]

oOrHHORO
coorpRrRppR
orooRrRrRO

TRANSITION TABLE

Output State Flip-flop Inputs
Transition
(Present State to next
state)
0 0 0, Q, J, K J, K J, K J,_ K
0 to 0 to 0 to 0 to 1 X 0 X 0 X 1 X
1 0 0 1 X 1 0 X 0 X X 0
1l to 0 to 0 to 0 to 1 X 0 X 0 X X 1
0 0 0 1 X 1 0 X 1 X 0 X
0 to 0 to 0 to 1 to 0 X 1 X X 0 1 X
1 0 0 0 0 X X 1 X 0 X 0
1l to 0 to 0 to 0 to 0 X 1 X X 0 X 1
0 0 1 0 0 X X 0 X 1 0 X
0 to 0 to 1 to 0 to 0 X X 0 0 X 1 X
0 1 1 1 0 X X 1 0 X X 1
0 to 1 to 1 to 1 to
0 0 1 1
0 to 0 to 1 to 1 to
0 1 1 0
0 to 1 to 1 to 0 to
0 1 0 0
0 to 1 to 0 to 0 to
0 1 0 1
0 to 1l to 0 to 1 to
0 0 0 0
Binary states for 10, 11, 12, 13, 14, and 15 are unallowed and can be

represented by

See Figure 8-13.
input expressions.

don’t cares.

Counter implementation is straightforward from

Q]QO Q]Q() Q]Qo QIQO
Q3Q2|0001|u 10 0,0\ % 01 11 10 0,0\ 00 01 11 10 O30\_00 o1 11 10
of\1{1}0|0 T 00|01 000 |X|X ol [XIX|D
01/ 00|00 X | X|X|X 01/0|0 X |X ot X|0
XX XX X[ X[X| X XX (X X XXX
ol X[XYX[X 1000 [X[X) 10[1]0 [X\X 10 0[X XX
I —_ — —_— —
Sy =00 J2= 0 i =%% Jo = Q@ %0,
) 0,0 0,0 0
0,05 1oQo0 01 11 10 0,0, 00 o1 11 10 0,0, log o1 11 10 0;0; "0 01 11 10
o] XX X X oo X X o[ X[XJ0 [0 olX 1)1 [X)
0| X | X X |X 00 f1{1]0 aXNX|[01] 0(X[1/]0[X
19 XX XX W X[l rrcure s- X/|X|XNX| X [X[X[X
: m\! 1 X:X/ 10 X\e£>4A| W|X XXX 10{ X [0 | X[X
K =1 K; =% K -0,0 K =G0+ Q0
FIGURE 9-13
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0 0 0 0 0 0 1 1 1 0 1 1
0 0 1 1 0 1 0 1 0 0 0 0
0 1 0 1 0 1 1 1 0 0 1 1
0 1 1 1 1 0 0 1 0 1 0 1
1 0 0 1 1 0 1 1 0 1 1 1
1 0 1 1 0 0 0 0 1 0 0 1
TRANSITION TABLE
Output State Transitions Y Flip-flop Inputs
(Present State to next
state)
Q Q o) Q. J.K, JK J.K, JK,
0 to 0 to 0 to 0 to 0 1X 0X 1X 1X
1 0 1 1 1 0X 0X 1X 1X
0 to 0 to 0 to 0 to 0 0X 0X X1 X1
0 0 1 1 1 0X 1X X1 X0
0 to 0 to 1 to 1 to 0 0X X1 1X X0
0 0 0 0 1 0X X0 1X X0
0 to 0 to 1l to 1l to 0 0X X0 X1 X0
0 1 0 1 1 1X X1 X1 X0
0 to 1 to 0 to 1 to 0 X1 1X 1X X0
0 0 1 1 1 X0 0X 1X X0
0 to 1l to 0 to 1l to 0 X0 0X X1 X0
0 1 1 1 1 X1 0X X1 X1
0 to 1 to 1 to 1 to
0 1 0 1
0 to 1l to 1l to 1l to
1 0 0 1
1 to 0 to 0 to 1 to
0 1 1 1
1l to 0 to 0 to 1l to
1 0 1 1
1 to 0 to 1 to 1 to
1 0 0 1
1l to 0 to 1l to 1l to
0 0 0 0
See Figure 8-14.
Y=0
2,% 00, 20,
%@\(m<n11m 90, I000111 10 QQqﬁﬁmllw %% ]m01u1o
ool VX0 |X] o 0]X]|0[x 3 ool [ XXX o1 [X [ XX
o1 010X o X XIX([X afX|{1 XX o X[ XXX
n[ XX XX 1 X|X nX XXX X[ XXX
o] ¥IX |1X 10[X[1 10 [X 10X T [X[X) 10X X X X)
J3=QO ‘12=Q3Q1 Jl_] JO"’]
2,0, 2,2 0,0, 2
20\ ® o1 1 10 GON 00 o 1 10 0o\ W 0L_1i_10 Qo,\,® 01 10
o XX ) X X TP XXI XY oXX[1X
X | XXX X1 [0 [X of 1X[1([X ol X]1010([X
X X|X X X XXX nfX XX nX | XIxIx
1ofX| 1|0 [X X XXX XX ]1[X 10X 10 [0 [X
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Y=1
2,% 2,2 2,2, 00,

22\ 00 o1 11 10 GO\ 0 o1 1 10 g2\ Qo 110 00 \L00 o1 11 10
of 0[X[0]X o[ 0[X]1 o AXXX] o1 XXIX)
a[X[0}1 XX ofX {1 XX o X| XXX
1| X [X XX A [ XXX X X [X XX n| X|X[XIX
o] XIX XX 10/ X]0]0 X 10[&[1 [X]X) 10X X X[ X)
J,=0,9, J,=0,0, Jy=1 Jo=1
Qo QO Ql QO QlQO QIQO

Q O\ 00 01 11 10 %Qz 00 01 11 10 %Q 00 01 11 10 00 \ 00 01 11 10
oo] XTX oo] X[ X XX 20 X[XTIXY  ° 2oofX[X]1[X)
o X XX (X alX10]1[X o X|[X|1 [X 0 X]0]0 (X
[ XXKXI[X nfXXX|X nfXIXTX[X XXX
10| X0 10 X [ XEX[X) 10[X X TT11X) 10[X[0]0 [X

K,=0, K,=0, Ki=1 Ky=00,

Y | 1
2 0
= 1 J J

I o, ) O e A
0, >C 9 ~C i a, me _
2, €3 2, g Ky 9 K o 5‘2:D”"0 o~
Y — Ql
T FIGURE 8-
Py
CLK
Sectiy
FIGURE 9-14
20. (d

£, = g - 3l.25H:
31.25Hz
£, = —— = 15.625 Hz
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(b) Modulus = 10 x 10 x 10 x 2 = 2000
100 kHz
f, = =——— = 10 kHz
10
10 kHz
£, = = 1 kHz
10
1kHz
£, = = 100 Hz
10
100 Hz
L = > = 50 Hz

(c) Modulus = 3 X 6 x 8 x 10 x 10 = 14400

21 MHz
= —— =7 MHz
3
7 MHz
.= T = 1.167 Mz
1.167 MHz
£, = =g — = 145.875 kilz
145.875kHz
, = ———— = 14.588 kHz
10
14.588 kHz
= =" - 1.459 kHz
10

(d) Modulus = 2 X 4 X 6 x 8 x 16 = 6144

39.4 kHz
f, = ——— = 19.7 kHz
2
19.7kHz
f, = — = 4.925 kHz
4
4,925 kHz
, = ——_ —— = 820.83 Hz
6
820.683
, = ——— = 102.6 Hz
8
102.6 Hz
, = — —_— = 6.41 Hz
16
21. See Figure 8-15.
1 __ CTEN TC| CTEN T CTEN TC TEN TC 100 Hz
.. CTRDIV 10 CTRDIV 10 CTR DIV 10 CTRDIV 10
g l—>l_' r>,. (5
1 MH:z
CTIN N TC
1 — Lo lg'c cng'rnmv 09 CTRDIV 10 ] c“c-rnmv m'rc o 0 [—10 B2
|'— el [— >+ l— 3 r>’-' l— >
1 MHz
FIGURE 8-
FIGURE 9-15
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See Figure 8-16.

— 62.5 kHz

10 MHz—— DIV 2 | —» 5 MHz
(a)
10 MH2~——g{ DIV2 DIV 2 L 2.5MHz
(b)
10MHz—p{ DIV5 | —p2MHz
(©)
I0MHz—p{ DIVI0O |—p | MHz
d
10 MH#=——{ DIV 10 » DIV2 | 500 kHz
(e)
10 MHz=——{ DIV 10 DIV2 —» DIV2 |— 250kHz
®
10 MHz—{ DIV 10 » DIV2 —» DIV2 DIV 2 DIV 2
(®
10 MH~—{ DIV 10 DIV 5 l—» DIVS | —» 40 kHz
(h)
FIGURE 8-
10 MHz——p{ DIV 10 » DIV .. [l | & 10kHz
(i)
10MH~~—{ DIV 10 DIVI0O f—m DIVIO DIV10 |—lkHz
Q)
FIGURE 9-16
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Section 8-6 Counter Decoding

23. See Figure 8-17.

21 &=L
Ne-Da =D
D>

"—>7J?MSB) % SB)
©

% _>°_\_—\
% —>“‘J—_/ FIGURE 8-
X
24. See F| Q, JMSB)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
cuk [UUUYUUUUUUyyyuyt
|
0
| =
. 71
3
4
5 (-
. L]
7
8 —
9 S
10 |
1 [
2 . FIGURE 8-18 -
13
4 ]
15 ]
FIGURE 9-18
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25. The states with an asterisk are the transition states that produce
glitches on the decoder outputs. The glitches are indicated on the
waveforms in Figure 8-18 (Problem 8-24) by short vertical lines.

Initial 0000
CLK 1 0001
CLK 2 0000 *
0010
CLK 3 0011
CLK 4 0010 *
0000 *
0100
CLK 5 0100
CLK 6 0100 *
0110
CLK 7 0111
CLK 8 0110 *
0100 *
0000 *
1000
CLK 9 1001
CLK 10 1000*
1010
CLK 11 1011
CLK 12 1010 =*
1000 =*
1100
CLK 13 1101
CLK 14 1100 =*
1110
CLK 15 1111
CLK 16 1110 =*
1100 =*
1000 =*
0000
26. See Figure 8-19.
CTRDIVI6| | BIN/DEC (o
0 1P
0 ! *P
2 30—
Q2 40D
0 : 1S
3 3 o)
70—
8 Pp———
CLK c ) S
10p
1o
2 lo—
130
A EN 14 0
FIGURE 8-19 PP
FIGURE 9-19
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27. See Figure 8-20.
5 T T e e e ) s o
Gl TlefTloeprTl oy
] | 1 f
A U e e A I s i o A
O " | f S e— ) ) —
' S — | ' !
1 01 0 0 T T T T L0
Decoded 6 E | : . ; [—] : CLK
(Idea] \ ' X ' . . ! ; -4 >>1
O R e
01 : :lchy : : dehy : hiv: i : : Ehhy
02 : : : : |¢ldy : :E E , : Id.c)y —_—
Desoleds ! : : , ; :|:_i [ Gtited on 111 to 000 waasitin
(Actw) T : ; ; Tl i
CIK ][ | [ [ | Frcure 8-20 { [ ] [~
e e
oyt ———+ L1
28. (E
FIGURE 9-20

going edge of CLK 4 if the propagation delay of FF2 is
FF0 and FF1.

FFO.
See the timing diagram in Figure 8-21 which is expanded to show the
delays.
Any glitches can be prevented by using CLK as an input to both decode
gates.
ek L LI L LML LI
S S I S H S | D S
SR I N E e et H
2 T o R
7 ! :E :.FIGURF.3_21- El() ;r—————L___
Sect: FIGURE 9-21
29.

the binary state of each counter after 62 60-Hz
0001

0010

0000

Hours, tens:
Hours, units:
Minutes, tens:

http://ebook29.blogspot.com

pulses are:

less than

There is a possibility of a glitch on decode 7 at the positive-
going edge of CLK 6 1f the propagation delay of FFl is less than




30.

31.

32.

http://ebook29.blogspot.com

Minutes, units: 0001
Seconds, tens: 0000
Seconds, units: 0010

For the digital clock, the counter output frequencies are:
Divide-by-60 input counter:

60 Hz
60

Seconds counter:

1Hz
—— = 16.7 mHz
60

Minutes counter:

16.7 mHz
60

Hours counter:

278 uHz
12

= 1 Hz

= 278 UHz

= 23.1 pHz

53 + 37 — 26 = 64

See Figure 8-22.
CLK | ! l | I | l | | | |
(2 0 — :

e,

Serial ' i ' ' i —
Data i FIGURE 8-22 §
Out

FIGURE 9-22
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Section 8-9 Troubleshooting

33. (a) Q, and Q, will not change due to the clock shorted to ground at
FFO.

(b) Q, being open does not affect normal operation. See Figure 8-
23.

FIGURE 8-23
FIGURE 9-23

01 remains inits initial state
FIGURE 8-24

FIGURE 9-24
(d) acts as a HIGH.
(e) A shorted K input will pull all J and K inputs LOW and the
counter will not change from its initial state.
34. (a) Q, and Q, will not change from initial states.
(b) See Figure 8-25.
cek | || L L] [ L
|
@, : : 1 : : floating level (looks like a HIGH t FF1)
|

o L1

FIGURE 8-25
FIGURE 9-25
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36.

37.

shown in F

http://ebook29.blogspot.com

(c) See Figure 8-26.

remains in initial state

FIGURE 8-26

FIGURE 9-26
(d)
(e) Both Jl nded, producing
a no-chan A lgure 8-28.
cek | ] L L L] L
Oo LOW
O remmns ln initial ctata
! FIGURE 8-28
FIGURE 9-28
First, dete] Q, 1s correct
but Q and Q, a ee Figure 8-
29.

Since Q goes HIGH and stays HIGH, FF1l must be in the SET state (J =
1, K = 0). There must be a wiring error at the J and K inputs to FF1;
K must be connected to ground rather than to the J input.

Sinc Q. 4 I
Iuomel{ 1

const : : FIGURE 8-29
outpu !

If t FIGURE 9-29

FIGURE 8-30
FIGURE 9-30
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38. Number of states = 40,000
5MHz

e 40,000
76.2939 Hz is not correct. The faulty division factor is

5MHz
76.2939 Hz

= 125 Hz

= 65,536

Obviously, the counter is going through all of its states.

that the 63C0,, on its parallel inputs is not being loaded.
faults are:

= TInverter output is stuck HIGH or open.

"= RCO output of last counter is stuck LOW.

39.
Stage Open Loaded £
Count

1 0 63C1 250.006

1 1 63C2 Hz

1 2 63C4 250.012

1 3 63C8 Hz

2 0 63D0 250.025

2 1 63E0 Hz

2 2 63C0 250.050

2 3 63CO0 Hz

3 0 63C0 250.100

3 1 63C0 Hz

3 2 67C0 250.200

3 3 6BCO Hz

4 0 73CO0 250 Hz

4 1 63C0 250 Hz

4 2 63CO0 250 Hz

4 3 E3CO 250 Hz
256.568
Hz
263.491
Hz
278.520
Hz
250 Hz
250 Hz
1.383 kHz

40. . The flip-flop output is stuck HIGH or open.
. The least significant BCD/7-segment input is open.

See Figure 8-31.

Open

\\‘o
C<O—
Stuck HIGH —»

1 4— Open

BCD/7-segment
decoder/driver

http}://ebook29.blogspot.com

This means
Possible
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FIGURE 8-31

41. Th DIV 6 is the tens of minutes counter. Q open causes a continuous
apparent HIGH output to the decode 6 gate and to the BCD/7-segment
decoder/driver.

The apparent counter sequence is shown in the table.

Actual State of Apparent state
Ctr.

=)

B W R o

oo ooolo
Hoooolo
R RRRRPO
or or oo

The decode 6 gate interprets count 4 as a 6 (0110) and clears the
counter back to 0 (actually 0010). Thus, the apparent (not actual)
sequence is as shown in the table.

42. There are several possible causes of the malfunction. First check
power to all units. Other possible faults are listed below.

" Sensor Latch
Action: Disconnect entrance sensor and pulse sensor input.
Observation: Latch should SET.
Conclusion: If latch does not SET, replace it.

= NOR gate
Action: Pulse sensor input.
Observation: Pulse on gate output.
Conclusion: If there is no pulse, replace gate.
= Counter
Action: Pulse sensor input.
Observation: Counter should advance.
Conclusion: If counter does not advance, replace it.

" OQutput Interface
Action: Pulse sensor input until terminal count is reached.
Observation: FULL indication and gate lowered
Conclusion: No FULL indication or if gate does not lower,
replace interface.

= Sensor/Cable
Action: Try to activate sensor.
Observation: If all previous checks are OK, sensor or cable is

faulty.
Conclusion: Replace sensor or cable.

Digital System Application

43. The expressions for the D, and the D flip-flop inputs in the

http://ebook29.blogspot.com
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sequential logic portion of the system were developed for the System
Assignment Activities 1 and 2. Figure 8-32 shows the NAND
implementation.

D, = 61Qo + Ql-r_LVS + QT Vs

D, = QT +QTs
g, )
Q2
r‘, B Dy
Vs
v
L]
TI.
Te————
. ) ) D>
T, FIGURE 8-32
44. See Figure 8-3]
FIGURE 9-32
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= 2.4 times

255

Special Design Problems

46. See Figure 8-34.
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47.

65,536 on each full cycle, thus producing a sequence of 30,000 states
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(modulus 30,000) .
35,536 = 1000101011010000, = 8ADO,,

See Figure 8-35.
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48.

0 to
65,536 on each full cycle, thus producing a sequence of 50,000 states
(modulus 50,000) .

15,536 = 11110010110000, = 3CBO,,
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See Figure 8-36.
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counter is not preset.
8-37.

One possible implementation is shown in Figure
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51.

52.
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See Figure 8-38.
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53. NEXT-STATE TABLE
Present State Next State
o QO 9109 9 9O 0O
0 0 0 0 1 1 1 1
1 1 1 1 1 1 1 0
1 1 1 0 1 1 0 1
1 1 0 1 1 0 1 0
1 0 1 0 0 1 0 1
0 1 0 1 0 0 0 0

TRANSITION TABLE

FIGURE 8-40

Output State Transitions Flip-flop Inputs
Q Q Q, Q, JK JK J, K, J K,
0 to 0 to 0 to 0 to 1X 1X 1X 1X
1 1 1 1 X0 X0 X0 X1
1l to 1l to 1l to 1 to X0 X0 X1 1X
1 1 1 0 X0 X1 1X X1
1 to 1 to 1 to 0 to X1 1X X1 1X
1 1 0 1 0X X1 0X X1
1l to 1l to 0 to 1 to
1 0 1 0
1 to 0 to 1 to 0 to
0 1 0 1
0 to 1l to 0 to 1 to
0 0 0 0
See Figure 8-41.
0000
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0,9 Y 0,0
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See Figure 8-42.

Mul

55.

56.

57.

58.

59.

Traffic light control logic

Vehicle
sensor =
input

Sequential logic

Main
clock

Short Long Turn Clock

timer timer

Timing circuits

State decoder

timer

Long trigger
Short trigger

Turn trigger

MR

Traffic light and
interface unit

MY

MG

SR

SY

SG

No fault.

input of Ul open.

Pin A of G3 open.

Pin 9 open.
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CHAPTER 9
SHIFT REGISTERS

Section 9-1 Basic Shift Register Functions

1. Shift registers store binary data in a series of flip-flops or other
storage elements.

2. 1 byte = 8 bits; 2 bytes = 16 bits

Section 9-2 Serial In/Serial Out Shift Registers

3. See Figure 9-1.

L

4. See Fi

~__ | FIGURE 9-2
9 L \_I—‘_

FIGURE 10-2

http://ebook29.blogspot.com



http://ebook29.blogspot.com

5.
Initia 10100111100
1ly 0
CLK 1 01010011110
CLK 2 0
CLK 3 00101001111
CLK 4 0
CLK 5 00010100111
CLK 6 1
CLK 7 00001010011
CLK 8 1
CLK 9 10000101001
CLK 10 1
CLK 11 11000010100
CLK 12 1
11100001010
0
01110000101
0
00111000010
1
00011100001
0
10001110000
1
11000111000
0
6. See Figure 9-3.
LI 3 % 3 & T ¥ % 19 11 17 L3 L+ 13 L& IT L% 19 2@
CLK |
DATAN 1HEH ;
DATAOUT L |
FIGURE 9-3
FIGURE 10-3
7.
1 2 3 4 5 & 7 ] 9 10 11 12 13 14 15 16 17 18 19 20
cx [T UUUUUUUUUUUUUUUUL
DATA IN L L L | Ll L
DATA OUT i —
FIGURE 9-4 — L———
FIGURE 10-4
8.
[l’l[l]llilll]lil
The number binary number 11011010 is stored in the register after
eight clock pulses. FIGURE 9-5
FIGURE 10-5
Section egisters
9. See Figure 9-6.
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10.

See Figure
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Parallel In/Serial Out Shift Registers

Section 9-4

See Figure 9-9.
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Section 9-5 Parallel In/Parallel Out Shift Registers

See Figure 9-13.

16.

!ﬁ ............. ofrof e et —
RS =
ARSI ) 2

FIGURE 10-13
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17. See Figure 9-14.

e [ LTI L L LI L
VA I O I I
i [ A B B
S A
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%L N A
18. See Figl o, E E i : i E J i i I L

|(4>I<5)|<6) Im |<4> | (5)|(6) |<7)
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FIGURE 9-15

AU UNL, 1VU=10
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Section 9-6 Bidirectional Shift Registers

19.
Initially 01001100
(76) 10011000 Shift left
CLK 1 01001100 Shift
CLK 2 00100110 right
CLK 3 00010011 Shift
CLK 4 00100110 right
CLK 5 01001100 Shift
CLK 6 00100110 right
CLK 7 01001100 Shift left
CLK 8 00100110 Shift left
CLK 9 01001100 Shift
CLK 10 10011000 right
CLK 11 Shift left
Shift
right
Shift left
Shift left
20.
Initially 01001100
(76) 00100110 Shift
CLK 1 00010011 right
CLK 2 00001001 Shift
CLK 3 00010010 right
CLK 4 00100100 Shift
CLK 5 01001000 right
CLK 6 00100100 Shift left
CLK 7 01001000 Shift left
CLK 8 10010000 Shift left
CLK 9 00100000 Shift
CLK 10 00010000 right
CLK 11 00001000 Shift left
CLK 12 Shift left
Shift left
Shift
right
Shift
right
21. See Figure 9-16.
Dil DI DZ D.‘ DII Dl D2 D_l
FIR 1
CLEI%F——C SRG 4 li—gic SRG 4
5, (10 (10)
SRSER 2@ | 74HC194 SRSER __ (2) 74HC194
@ SL SER
SL SER mEC —
9, 0, 0y Q.‘{m ’7 (15)]Q,| 2,0, 2,
CLK . FIGL -16
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See Figure 9-17.

22.
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See Figure 9-18.
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25. See Figure 9-19.
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26. A 15-bit FIGURE 10-19 and the remaining

stages RE

See Figure

— =1 e e e — 1 — 1 — T e

FIGURE 9-20
FIGURE 10-20
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Section 9-8 Shift Register Applications

27. See Figure 9-21.

FIGURE 9-21

SH/LD

] 2y @ 2)
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12 (12) (12) (12}

_ [T+ = | 1T L%
CLR 03 0 03

CLK

FIGURE 10-21

the ring counter when power 1S turne

29. An incorrect code may be produced.

Section 9-10 Troubleshooting

30. O, goes HIGH on the first clock pulse indicating that the D input is

open. See Figure 9-22.

cch |
DMA—_T é é L
O_Ji [
oj

=

__ FIGURE 9-22 g

———————— Incorrect waveforms

FIGURE 10-22
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31.

32.

33.

34.
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Since the LSB flip-flop works during serial shift, the problem is

most likely in gate G3. An open D, input at G3 will cause the

observed waveform. See Figure 9-23.

CLK | I | | | | |

4 N I

@, 1 0 I | 1 Incomect TheD),bitloaded asal instead ofa0
|
1 I

| |
Gsﬂ 1 0

1 Correct

FIGURE 9-23

FIGURE10-23

open
inverter input will keep the inverter output LOW thus disabling all of
the shift-left control gates G5, G6, G7, and G8.

(a) No clock at switch closure due to faulty NAND gate or one-shot;

open clock input to key code register; open SH/LD input to key
code register.

(b) The diode in the third row is open; Q, output of ring counter
is open.

(c) The NAND (negative-OR) gate input connected to the first column
is shorted to ground or open, preventing a switch closure
transition.

(d) The “2” input to the column encoder is open.
1. Number the switches in the matrix according to the following
format:

1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16
17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32
33 34 35 36 37 38 39 40
41 42 43 44 45 46 47 48
49 50 51 52 53 54 55 56
57 58 59 60 61 62 63 64
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Depress switches one at a time and observe the key code output

according to the following Table 1.

Key Code Register

—

—

Switch number

10

11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

35
36
37

39
40
41
42
43
44
45
47
48
49
51
52
53
54
55
56
57
58
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60 1 1 1 1 1 0
61l 1 1 1 0 1 0
62 1 1 1 1 0 0
63 1 1 1 0 0 0
64 1 1 1 1 1 1
TABLE 1
35. (a) Contents of Data Output Register remain constant.
(b) Contents of both registers do not change.
(c) Third stage output of Data Output Register remains HIGH.
(d) Clock generator is disabled after each pulse by the flip-

flop being continuously SET and then RESET.

Digital System Application

36. The purpose of the Security Code logic is to accept a 4-digit
code, compare it with a stored code, and if the codes match, to
disarm the system for entry.

37. The states of shift registers A and C after two correct key
closures are:

Shift Register A: 1001
Shift Register C: 00000100

38. The states of shift registers A and B after each key closure
when entering 7645 are:

After key 7 is pressed:

Shift register A contains 0111
Shift register B contains 11000
After key 6 is pressed:

Shift register A contains 0110
Shift register B contains 11100
After key 4 is pressed:

Shift register A contains 0100
Shift register B contains 11110
After key 5 (an incorrect entry) is pressed:
Shift register A contains 0000
Shift register B contains 10000
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Special Design Problems

39. See Figure 9-24.

+5V
RESET VCC
DISC
CLR
—dA
1, 7415164
| c
T P¢ 0,0,0,0,0,0,0,0,
Data
In
5V 5V

D, D, D D

0 CR D D, D, DD, DsD Dy

LOAD 0

ENP s1

ENT 7415163 RCO sL 74L5199
—>C SR

¢———0 CLR Qj Qz Q| Q(|

T

>C 0,0,0,0,0,050,0;

Parallel Data Out

A2 [ & i JU
FB

74121 CX  CX/RX

o]
1
/1

FIGURE 9-24 T

5V

FIGURE 10-25
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41.

42.
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Figure 9-25 shows only the 74LS1l64,

74LS199,

and 74LS163 portions of

the circuit that require modification for 16-bit conversion.

Y Y
Data CLR CLR
A
In | : 74LS164 s 7415164
From b
CLK PC 0,0,0,0,0,050,0; 0,0,0,0,0,0500,
Gen (555)
+5V +5 Y
ctk D D D,D.D DD D, CIR DD D,DD,DsD¢D,
S ) ?‘;
‘:: T4LS199 SL 74LS199
SR SR
SC 0,0,0,0,0,050,0, pc 0,0,0,0,0,0502,0;,
Parallel Data Out (HIGH) ‘ Parallel Data Qut (LOW)
Wy From 74121
O output
D, D, D, D
wanp 2 TP T Te |
ENP
ENT 7415163 FIGURE 9-25
- (‘ b
ar @, 0Q, @, @ |
= 7476
Data bits
—_—
SHID —e D, b, D, D, D; D, D, s
H D tart bit
Wee Stop bits Yy | ‘ |
I 741819 —]—L 741819 U—E =
o SER G o
T4LS195A ] TALS195A —
FIGURE 9-26
CLK
One p
Spike on switch closure
(8 |\
+5V —o/o—l >
Power-on switch —_
R o— ¢ L
Power-on LOAD

This is one way to implement a power-on LOAD circuit.
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FIGURE 9-27

43. See Figure 9-28.
+ V
Q
7 -
—C o]
K > -
+V—e * —_—_] » J_
Power-on SET 2) ————- Start bit
s SRG 11 l-=

Out

— FIGURE 9-28
CLK

1 b
—

44. Re
Reg
Multis
45. CLK input of U3 open.
46. No fault.
47. Pin 14 open.
48. No fault.

49. CLK ineut of U6 open.
CHAPTER 10
MEMORY AND STORAGE

Section 10-1 Basics of Semiconductor Memory

1. (a) ROM: no read/write control
(b) RAM
2. They are random access memories because any address can be accessed

at any time. You do not have to go through all the preceding
addresses to get to a specific address.

3. Address bus provides for transfer of address code to memory for
accessing any memory location in any order for a read or a write
operation.

Data bus provides for transfer of data between the microprocessor and
memory or input/output devices.

4. (a)  0A, = 00001010, = 10,
(b)  3F, = 00111111, = 63,
(¢) CD, = 11001101, = 205,

Section 10-2 Random-Access Memories (RAMs)
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BIT BIT BIT BIT

0 1 2 3
ROW 0 1 0 0 0
ROW 1 0 0 0 0
ROW 2 0 0 1 0
ROW 3 0 0 0 0

See Figure 10-1.

Address

Data In

J48
DI,

FIGURE 10-1

HW——UI_i.

;45‘1 DOy

64k x 8
See Figy FIGURE 12-1
= =
I
|
=
.:5; _% _§ i Memory array
g _% ::, E 256 rows X 256 X 8 columns
i
>

DQO f——i L —
Input c:ata — Column decoder and /O
DQ7 contro!
E @ Address Lines
W |
o\
G——o_J

VA S AN

FIGURE 10-2
httpyiebeol29<blogspot.com
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9. The difference between SRAM and DRAM is that data in a SRAM are
stored in latches or
flip-flops indefinitely as long as power is applied while data in a
DRAM are stored in capacitors which require periodic refreshing to
retain the stored data.

10. The bit capacity of a DRAM with 12 address lines is

2 x 12 24

2 =27 = 16,777,216 bits = 16 Mbits

Section 10-3 Read-Only Memories (ROMs)

11.
Input Outputs
s
A A o 0, 0 O
0 0 0 1 0 1
0 1 1 0 0 1
1 0 1 1 1 0
1 1 0 0 1 0
12.
Inputs Outputs
A A A 0, 0, 0 o
0 0 0 0 1 0 0
0 0 1 1 1 1 1
0 1 0 1 0 1 1
0 1 1 1 0 0 1
1 0 0 1 1 1 0
1 0 1 1 0 0 0
1 1 0 0 0 1 1
1 1 1 0 1 0 1
13.
BCD Excess-3
D, D, D D E,. E E E BCD/XS3
0 0 0 0 0 0 1 1 T
0 0 0 1 0 1 0 0
o 0 1 o0 o 1 o0 1 P S
0o 0 1 1 0 1 1 o0 p] —_1 4
0 1 0 o o 1 1 1 o—1s 5
o 1 o0 1 1 0 0 o0 } 6
0 1 1 0 1 0 0 1 7
0 1 1 1 1 0 1 0 8
1 0 0 0 1 0 1 1 9
1 0 0 1 1 1 0 0
See Figure 10-3. FIGURE 10-3
14
14. 2 = 16,384 ?.ddresses ) FIGURE 12-3
16,384 x 8 bits = 131,072 bits
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Section 10-4 Programmable ROMs (PROMs and EPROMs)

15. Blown links: 1 - 17, 19 - 23, 25 - 31, 34, 37, 38, 40 — 47, 53, 55,
58, 61, 62, 63, 65, 67, 69.
X Input X Output
X X X |X 2° 27 2% 28 2t 27 2" 2t 2°
0 0 0 0 0 0 0 0 0 0 0 0 0 0
1 0 0 1 1 0 0 0 0 0 0 0 0 1
2 0 1 0 8 0 0 0 0 0 1 0 0 0
3 0 1 1 27 0 0 0 0 1 1 0 1 1
4 1 0 0 64 0 0 1 0 0 0 0 0 0
5 1 0 1 125 0 0 1 1 1 1 1 0 1
6 1 1 0 216 0 1 1 0 1 1 0 0 0
7 1 1 1 343 1 0 1 0 1 0 1 1 1
16.
Address Contents
A Q== o,
A{\
01001100010011 10101100
11011101011010 00100101
01011010011001 10110011
11010010001110 00101000
01010010100101 10001011
01010000110100 11010101
01001001100001 11001001
11011011100100 01001001
01101110001111 01010010
10111110011010 01001000
10101110011010 11001000
Section 10-6 Memory Expansion
17. 16k x 4 DRAMS can be connected to make a 64k x 8 DRAM as shown in
Figure 10-4.
NN
Ty u‘;{\;\[hin L( |1 po-pa
wE 4 hits (From each chip)
Decoder B
o
AlS — 7
L ot CJ—
I 4 hits (from each chip)
18. See Figu FIGURE 10- |y iy
L il

p—
256K 256K

15 16
EAD

A
Agq
: 833 WaItE ¥ WRITE V|
i *ﬂ'pﬂ;%b‘UUKZQ.b ogspot.com
D -
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FIGURE 10-5

64k words
256k words

19. Word length
Word length

8 bits, word capacity
4 bits, word capacity
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Section 10-7 Special Types of Memories

20. See Figure 10-6.

0> ___ FIGURE 10-6 |
0, ___+ I 1_

21. See Figure 1]

FIGURE 12-6
i 4096 X 8
000 15
©) .
i
]
I
|
FCO
I
i 64 byte stack
I
|
FFFi6 |
(4095) FIGURE 10-7
Stack-Lowest address: FCO
Highest address: FFF
FIGURE 12-7
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22. The first byte goes into FFF,,.
The last byte (16th) goes into a lower address: 16, = 10,
FFF,, — 10, = FEF_,
See Figure 10-8.
RAM
16th byte in FFF, - 10, .= FEF,
| FIGURE 10-8
1st byte in FFF ¢

Section 10 FIGURE 12-8 ge

23. A hard dis “ Each track is
divided into a number of sectors with each sector of a track having a
physical address. Hard disks typically have from a few hundred to a
few thousand tracks.

24. Seek time is the average time required to position the drive head
over the track containing the desired data. The latency period is the
average time required for the data to move under the drive head.

25. Magnetic tape has a longer access time than disk because data must be
accessed sequentially rather than randomly.

26. A magneto-optic disk is a read/write medium using lasers and magnetic

fields.

A CD-ROM (compact-disk ROM) is a read-only optical (laser) medium.

A WORM (write-once-read-many) is an optical medium in which data can
be written once and read many times.

Section 10-9 Troubleshooting

27. The correct checksum is 00100.
The actual checksum is 01100. The second bit from the left is in
error.
28. (a) ROMO: Low address - 00, High address - 1F,,
ROM1: Low address - 20, High address - 3F,
ROM2: Low address - 40, High address - 5F,

ROM3: Low address - 60 High address - 7F

(b) Same as flow chart in Figure 10-68 in text except that the last
data address is specified as 7E,, (7F, — 1).

(c) See Figure 10-9.

Read checksum
address

Setn=0
Setsum =0

http://gpook29.bloggpot.com
Compare checksum
with final XOR -

c1im nf dAata

—_— » Readaddressn
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FIGURE 10-9

A single checksum will not isolate the faulty chip. It will
only indicate that there is an error in one of the chips.

(a) 40, — 5F,, is 64 — 95 decimal; ROM 2

20,, — 3F,, is 32 — 63 decimal; ROM 1
(c) 00,, — 7F, 1is 0 — 127 decimal; All ROMs
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Digital System Application

30. See Figure 10-10.

STO

PGM

OS A

0SB
') _‘

— —
CLK ;
CTR) —dd— 4 FIGURE 10- —

RESET H H H H H : : H HE : :
(CTR) : H : H P I I P

Press "4" Press "3" Pre.és " Precls "1
31. The coy and store and store and store and store

32. The puiy FIGURE 12-10 code.

33.

new entry code unless it is an EEPROM.
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Special Design Problems

34. 1. Add an additional row of four flip-flops.
2. Connect the keypad encoder outputs to the added flip-flops.
3. Change the 2-bit counter to a 3-bit counter.
4. Replace the four 2-input AND gates in the memory address

decoder to 3-input AND gates and add a fifth 3-input AND gate.
Modify the decoder to decode 000, 001, 010, 011, 100.
5. Change the 4-input OR gates to 5-input OR gates.

35. To accommodate a 5-bit entry code, shift register C must be loaded
with five 0s instead of four. The HIGH (1) must be moved lef
place on the parallel inputs.

CHAPTER 11
PROGRAMMABLE LOGIC AND SOFTWARE

Section 11-1 Programmable Logic: SPLDs and CPLDs

1. X = ABC + ABC + ABC. see Figure 11-1.

A B B C C

i _

I L §

x ABC }x = ABC + ABC + ABC
[

%
* | )—_
T FIGURE 11- / ABC

A

X
7
Q
(@]

2.
A A B B C C A A B B Cc C

H ABC H AB

1 1

L L= L % _ _
CEC X AC X = AC +AB

1 1

L L

,_ ABC —

@ FIGURE 11- mplemented as stated because it has 4 product terms.
SIMpiITy 10: X = AC + AB
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(b) PAL12H6 is a programmable array logic device with 12 inputs and
6 active-HIGH outputs.
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4. Typically, an exclusive-OR gate is used to determine the polarity of
the output. When a 1 is applied to one input of the XOR gate, the
output of the XOR is the complement of the signal on the other input.
When a 0 is applied to one input of the XOR, the signal on the output
of the XOR is the same as the signal on the other input.

5. A CPLD basically consists of multiple SPLDs that can be connected
with a programmable interconnect array.

Section 11-2 Altera CPLDs

6. (a) Inputs from PIA to LAB: 36 (b) Outputs from LAB to
PIA: 16

(c) Inputs from I/O to PIA: 8 to 16 (d) Outputs from
LAB to I/O: 8 to 16

7. (a)  ABCD (b)  ABC(DE)=ABC(D+E)=ABCD + ABCE
8. ABCD + EFGH + ABCD + ABCD

Section 11-3 Xilinx CPLDs

9. AB + AB
10. (a) Inputs from AIM to FB: 40 (b) Outputs from FB to
AIM: 16

(c) Inputs from I/O to AIM: 16 (d) Outputs from FB to
I/0: 16
11. x, = ABCD+ ABCD +ABCD; x, = ABCD+ ABCD + ABCD + ABCD

2

Section 11-4 Macrocells

12. (a) A 0 on the select line selects D,. The output is 1.
(b) A 1 on the select line selects D,. The output is 0.
13. (a) Since the D, (upper) input of MUX 5 is selected, the macrocell

is configured for combinational logic. The output of the XOR goes
through MUX 5 to the “To I/O” output making it a 1.

(b) Since the D, (lower) input of MUX 5 is selected, the macrocell
is configured for registered logic. The output of the flip-flop
goes through MUX 5 to the “To I/O” output making it a O.

14. (a) The macrocell is configured for registered logic because the D,
input of MUX 8 is selected, allowing the flip-flop output to pass
through.

(b) The GCK1l clock is applied to the flip-flop because the D, input

of MUX 3 and the D, input of MUX 5 are selected.

(c) The OR gate output is applied to the XOR which is set for
noninversion by MUX 1. The output of the XOR is selected by MUX2
and a 1 is applied to the D/T input of the flip-flop.

(d) The output of MUX 8 is a 1 because MUX 8 selects the Q output
of the flip-flop (assuming that the S and R inputs are 0).

15. (a) The macrocell is configured for registered logic because the D,
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input of MUX 8 is selected, allowing the flip-flop output to pass
through.

The GCK1l clock is applied to the flip-flop because the D, input
of MUX 3 and the D, input of MUX 5 are selected.

The OR gate output is applied to the XOR which is set for
inversion by MUX 1. The output of the XOR is selected by MUX 2
and a 0 is applied to the D/T input of the flip-flop.

The output of MUX 8 is a 0 because MUX 8 selects the Q output
of the flip-flop (assuming that the S and R inputs are 0).

Section 11-5 Programmable Logic: FPGAs

16. An FPGA typically consists of configurable logic blocks (CLBs). Each
CLB is made up of a number of logic modules with a local interconnect.
Each logic module typically consists of a look-up table (LUT) and
associated logic. Global column and row interconnects are used to
connect the CLBs to I/Os as well as each other.

17.  SOP output = ABC + ABC + ABC + ABC + ABC

18. See Figure 11-3.

Selection logic Memory
cells

T

B — p— SOP output

c— 4 . ABC + ABC + ABC

Section 11 | —

19. An ALM c dder logic, and

register logic

20. The mode ded LUT,

Arithmetic,

21. See Figure 11-4.

—| 6-input
— LUT

—| 2-input
— LUT
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FIGURE 11-

22.  (AARA+AARA)A +(AAAA +ARAR+AAARA
- AARAA +AARAA +AARAR +ARARR + AAARR,

Section 11-7 Xilinx FPGAs

23. See Figure 11-5.

A7AcAsALAAA Ay B7BsBsB4B3B,B1 By
A7AcAsALAZA AL Ay
+ B,ByBsB,B3ByB, By
AsRoA Ay B3B,B1 By
Ag —» By —»
Ay — By —
A, LUT B, LUT
Ay —» By —
Ay —» By —
— B ——»
z _| vur R LUT
A7 — FIGURE 11-5 Vee
AP ASA, Slicel B,Bs BB, Slice 2
24.
ArAGASAL + AgAA A B7BsBsB, + B3B,B; By
Alﬂef\sN + K3Azi'\1§o
MUK +B,ByBsB, + B3B,B,B,
AsPoAA, B3B,B, By
Ay — By —
Ay — B; —
LUT LUT
Ay — | = B, —
Az —» Vee By —
MUX
Ay —» By, —»
LUT Bs LUT
As —>1 = o
f a FIGHRE
Ge
AP AcA, Slicel B,By BsB, Slice 2
25.
A7AcAsAL A A AL Ay
AsA AL A
Ay —»
Al —>
A, LUT L
A; —=  http:/ blogspot.com
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FIGURE 11-7
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26. Three slices are required. See Figure 11-8.

ArAcAsAP3POA Ay B7BsB5B,4B3B,B1 By C7C6C5C4C3C,C1Co

Y )

Output

MUX

A3A2A1AO B3BZBlBO QSCZCICO
Ay —»] By —» Cy —»
A B c
a4 LuT By | LUT oot
As —] By —» Cs —
Ay —»] By —» Cy —»

B C

2: LUT B | LUT c o wur
A; —»] B; —» C; —»

A6 AsAy Slice 1 B7Bg BsBy Slice2 C7CsCsCy Slice3

FIGURE 11-8
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28. X = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
- ABD+ ACD + ABC + BCD + ABCD

See Figure 11-10.

A —~
B
D |/
c :>_
[ D= O
i
29. See Figure 11
A
Name: lus 4us 8us 12 us 16 us —
- A | | | | | || | | | | | || | | |
=B [ S N S N A
m—-C | | | |
) | |
FIGURE 11- -
e, o
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30. X =ABCD+ABCD+ABCD+ABCD+ABCD. See Figure 11-12.
Al
Name: | lus  4us 8us 12us 16us
- B [ 1 L1 L1 1
- D I |
= X [ LT 1 [
K1 ;I’J

Section . FIGURE 11-

31. The Sh h the MUX, and
are clocked into Capture register A on the leading edge of the clock
pulse. From the output of Capture register A, the data go through the
upper MUX and are clock into Capture register B on the trailing edge
of the clock pulse.

32. PDI/O = 0 and OE = 1. The data from the internal programmable logic
pass through the selected MUX and through the output buffer to the
pin.

33. PDI/O = 0 and OE = 0. The data are applied to the input pin and go
through the selected MUX to the internal programmable logic.

34. SHIFT = 1, PDI/O = 1, and OE = 0. Data are applied to SDI, go

through the MUX, and are clocked into Capture register A on the
leading edge of the clock pulse. From the output of Capture register
A, the data go through the upper MUX and are clocked into Capture
register B on the trailing edge of the clock pulse. A pulse on the
UPDATE input clocks the data into Update register B. The data on the
output of Capture Register B go through the MUX to the internal
programmable logic. The data also appear on the SDO.
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Section 11-10 Troubleshooting

35. 000011001010001111011 shifted from TDI to TDO, left-most bit first.
The bold-faced code will appear on the logic inputs in the sequence
shown.

0000011001010001111011
1000011001010001111011
3000011001010001111011
6000011001010001111011
12 000011001010001111011
9000011001010001111011
2000011001010001111011
5000011001010001111011
10 000011001010001111011
4000011001010001111011
8000011001010001111011
1000011001010001111011
3000011001010001111011
7000011001010001111011

15 000011001010001111011
14 000011001010001111011
13 000011001010001111011
11 000011001010001111011

Digital System Application

36. 11 inverters can be eliminated. Only four are needed to produce the
complements of A, B, C, and D.

There are three AND gates that produce the product term AC. Two can
be eliminated.

There are three AND gates that produce the product term AB. Two can
be eliminated.

There are two AND gates that produce the product term BC. One can be
eliminated.

There are two AND gates that produce the product term BC. One can be
eliminated.

There are two AND gates that produce the product term AB. One can be
eliminated.

7 AND gates can be eliminated.
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The D input to the logic is faulty or not connected. See Figure 11-

1us
1

4 us
1

12 us
1

16 us
1

Waveform Editor _ [ of ]

Al
|

m—- D

SEGa

SEGb
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SEGd

SEGe

SEGf

C e

SEGg

FIGURE 11-
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CHAPTER 12
INTRODUCTION TO COMPUTERS

Section 12-1 The Basic Computer

1. The basic elements of a computer are central processing unit (CPU),
memory unit, and input/output ports.

2. Two types of software are system and application.
3. A bus is a set of physical connections over which data and other
information is transferred in a computer according to a standard set

of specifications.

4. A port is a physical interface on a computer through which data is
passed to and from peripherals.

Section 12-2 Microprocessors

5. The basic elements of a microprocessor are arithmetic logic unit
(ALU) , instruction decoder, control unit, and register array.

6. A microprocessor performs arithmetic operations, logic operations,
data movements, and decision functions.

7. The three microprocessor buses are address, data, and control.

8. Groups of Pentium instructions are: data transfer, arithmetic and

logic, bit manipulation, loops and jumps, strings, subroutines and
interrupts, and control.

Section 12-3 A Specific Microprocessor Family
9. A microprocessor repeatedly cycles through fetch, decode, execute.

10 Pipelining is the process of fetching and executing at the same time
so that more than one instruction can be processed simultaneously.

11. The six segment registers of the 80386 and above are:
¢cs, DS, SS, ES, FS, GS

12. The code segment (CS) register contains O0F05 and the instruction
pointer contains 0100. The physical address is

OF050 + 0100 = OF150
13. AH and AL are 8-bit registers and represent the high and low part of

the 16-bit AX register. The EAX is a 32-bit register which includes
the AX register as the lower 16 bits.
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14. (a) A flag is a bit stored in the flag register that is set or
cleared by the processor.
(b) A flag indicates a status or a control condition. A status

flag is an indicator of a condition after an arithmetic or logic
operation. A control flag alters processor operations under
certain conditions.

15. Instruction pairing allows two instructions to execute at the same
time.
Section 12-4 Computer Programming

16. An assembler is a program that translates mnemonics and operands into
machine code.

17. The flowchart in Figure 12-1 shows the process for adding numbers
from one to ten and saving the results in a memory location named
TOTAL.

Initialize TOTAL
to zero
A
NUM =1

Add NUM
to TOTAL

A

Increment NUM

I
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18. The flowchart in Figure 12-2 shows how you can count the number of
bytes in a string and place the count in a memory location called
COUNT. The string starts at a location named START and uses 20H
(space) to indicate the end.

Initialize COUNT
to zero

Point to start
of string

Yes
Isvalue = 20H?

Increment
COUNT

nTHIIDED 1 2 -

Increment
. pointer .
19. When the instru word in memory
pointed to by ths ] gister.
20. at compiles or

translates a prod
machine code.

and converts it to

Section 12-5 Interrupts

21. In a polled I/0, the CPU polls each device in turn to see if it needs
service; in an interrupt-driven system, the peripheral device signals
the CPU when it requires service.

22. Vectoring is when the PIC provides a pointer to a service routine.

23. A software interrupt is a program instruction that invokes an
interrupt service routine.

Section 12-6 Direct Memory Access (DMA)
24. In a DMA operation, the DMA controller is given control by the CPU
and allows data to flow between memory and a peripheral directly,

bypassing the CPU.

25. The CPU is bypassed in DMA.

Section 12-7 Internal Interfacing

26. See Figure 12-3.

Data are valid

/
DAV [ ]

(Source)

Data l I | | | | | |

(Source) __— Ready for data

NRFD | |

(Acceptor) http://ebook29.blogspot.com -~ Data accepted

NDAC r_q

(Acceptor)
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FIGURE 12-

See Figure 12-4.

27.

Data A

Enable A

Data B

Enable B
Bus ::

Bus is actually floating when neither driver is enabled (shaded intervals)

AN
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28. See Figure 12-5.

[

-
[+

& ||
powri ||
LG meni E é
o, | _[ ]

—— ' :
L, : X

L.
.

SHIRS
E

T

— e e e — L b ]
SN RPN PSRN [ A ANy RO U N —

L

Sectiq

29. Th ith
the processor. The PCI bus is used for expansion devices and is

connected to the local bus through a bus controller.

30. Plug-and-Play refers to self-configuring hardware that can be
installed into and used in a computer system without the need for
manual installation of jumpers or setting of switches.

31. The PCI bus is a 33 or 66 MHz, 32- or 64-bit, plug-and-play

compatible expansion bus. ISA is an 8- or 1l6-bit 8.33 MHz expansion
bus. PCI supports 3.3 V supplies while ISA supports 5 V and 12 V
supplies.

32. A shorter RS-232C cable can support faster communication rates.

33. DCE stands for data communications equipment, such as a modem. DTE

stands for data terminal equipment, such as a computer. Both acronyms
are associated with the RS-232/EIA-232 standard.

34. A USB cable consists of a power line, ground line, and two
differential data lines.

35. Since there are eight instruments already on the bus and the limit is
fourteen, six more instruments can be connected.

36. Three data bytes are transferred because the NDAC line goes HIGH
three times, each time indicating that a data byte is accepted.

37. A controller is sending data to two listeners. The first two bytes
of data (3F and 41) go to the listener with address 001A. The second
two bytes go to the listener with address 001B. The handshake signals
(DAV, NRFD, and NDAC) indicate that the data transfer is successful.
See Figure 12-6.

Device at Device at C 1
001A 001B ontroller
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FIGURE 12-

38. If a talker sends a data byte to a listener on a GPIB system and a
DTE sends a data byte to a DCE on an RS-232C system, the RS-232C
system will receive the data first. This is because GPIB requires
significantly more setup and handshaking than RS-232C.
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CHAPTER 13
INTRODUCTION TO DIGITAL SIGNAL PROCESSING

Section 13-1 Digital Signal Processing Basics

1. The purpose of analog-to-digital conversion is to change an analog
signal into a sequence of digital codes that represent the amplitude
of the analog signal with respect to time.

2. See Figure 13-1.
Anti —'al iasing Sampl gang— ADC DSP DAC Recon;tructi on
filter hold circuit filter
FIGURE 13-

of digital codes into an analog signal represented by the digital
codes.

Section 13-2 Converting Analog Signals to Digital

4. See Figure 13-2.

vy A
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14
13
12
11
10
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5. See Figure 13-3.
v
15
14
13
12
1
10
9
8
7
6
5
4
3
2
1
0 12345678 91011121314151617 18192021 22232425 1(ms)
6. 11, 11
7. 1000,
8. See Figure 13-4.
v A Vv
15 15
14 14
13 13
12 12
1 1
10 10
9 9
8 8
7 7
6 6
5 5
4 4
3 3
fa) 1b)
1
FIGURE >
0 12345678 9101112131415161 0 12345678 9101112131415 1617 181920 212223 2425 1(ms)
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9. See Figure 13-5.

1111
1110
1101

1011 -
1010
1001
1000
o111
0110
0101
0100
0011
0010 FIGURE 13-
0001 -

0000 RN i ‘

Section 13-3 ods

10. awt —_— " _ 200

11. —_— =

V
R, = Rin(ﬂJ = 1 kQ(330) = 330 kQ
IN

12. 001, 010, 011, 101, 110, 121, 111, 111, 111, 110, 101, 101, 110, 110,
110, 101, 100, 011, 010, 0O1.

See Figure 13-6.
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FIGURE 13-
14.
SAR Comment
11 Less than V,_ . Keep
11 the 1.
11 Less than V, . Keep
the 1.
Less than V,_ . Keep
the 1.
Conversion never terminates since 2 bits cannot represent the input.
15.
SAR Comment
1000 Greater than V, .. Reset
0100 MSB.
0110 Less than V,,. Keep the 1.
Equal to V,,. Keep the 1
(final state)
16. See Figure 13-8.
A
(b) Outputif 0111 code i3 missing
o111 2
0110 “n
0101
0100
oo11
0010
0001
0000 >
FIGURE 13-
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Section 13-4 The Digital Signal Processor (DSP)

32 bit/instruction
8 bits/byte

2000 MIPS x 4 bytes/instruction
8000 Mbytes/s

17. 2000 MIPS x

400 Mbits/s

18. — - = 12.5 million instructions/s
32 bits/instruction

19. 1000 MFLOPS = 1,000,000,000 floating-point operations/s
20. 1. Program address generate (PG). The program address is
generated by the CPU.
2. Program address send (PS). The program address is sent to the
memory .
3. Program access ready wait (PW). A memory read operation
occurs.
4. Program fetch packet receive (PR). The CPU receives the packet

of instructions.
21. 1. Instruction dispatch (DP): Instruction packets are split into
execute packets and assigned

to functional units;
2. Instruction decode (DC): Instructions are decoded.

Section 13-5 Digital-to-Analog Conversion Methods

22. R =10 kQ

=—— = 2.5 kQ

R, = —2=""" - 1.25 kQ
8 8

23. See Figure 13-9.

24 See H —3.50 rlegp TP
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FIGURE 13-
10
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27.
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See Figure 13-11.

See Fig

+V
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28. See Figure 13-13.

Analog
output
A
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0 $» Binary input
The LSB, ‘Do is stuck HIGH and D3 is stuck LOW.
FIGURE 13-
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CHAPTER 14
INTEGRATED CIRCUIT TECHNOLOGIES

Section 14-1 Basic Operational Characteristics and
Parameters

is less than the V.

IH(min) *

1. No, because the V.

OH (min) The gate may interpret
2.2 V as a LOW.

2. Yes, they are compatible because the V, = is less than the Vv, .
3. Ve = Viiin — Vigiw = 2.4 V — 2.25V = 0.15 V
Vo = Vi — Virgaw = 0.65 V. — 0.4 V = 0.25 V
4. The maximum amplitudes equal the noise margins of 0.15 V and 0.25 V.
5. Gate A: Vo =2.4V -2V =20.4V
V,=10.8V-0.4V=20.4V
Gate B: V,=3.5V-2.5V=1V
V,=0.6V-0.2V=20.4V
Gate C: V,=4.2V-3.2V=1V
V,=10.8V-0.2V=0.6V
Gate C has the highest noise margins.
6. Pliow = (5 V) (2 mA) = 10 mW
ey = (5 V) (3.5 mA) = 17.5 mW
P +P 27.5mwW
b, = D(LOW) D(HIGH) _ - 13.75 mW
2 2
7. The pulse goes through three gates in the shortest path.
3 X 4 ns = 12 ns
to gy +t 2ns+3ns
8. Eyy = AL = = 2.5 ns
2 2
9. Gate A average propagation delay:
to y +t Ins+1.2ns
PLH T 'PHL _ - 1.1 ns
2 2
Speed/Power product = (1.1 ns) (15 mW) = 16.5 pJd
Gate B average propagation delay:
5ns+4ns
—— = 4.5 ns
2
Speed/Power product = (4.5 ns) (8 mW) = 36 pJd
, 10ns+10ns
Gate C average propagation delay: ————E;———— = 10 ns
Speed/Power product = (10 ns) (0.5 mW) =

5 pd
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Gate C has the best speed/power product.

10. Gate A can be operated at the highest frequency because it has the
shortest propagation delay.

11. G2 is overloaded because it has 12 unit loads.

12. The network in (a) can operate at the highest frequency because the

driving gate has fewer loads.

Section 14-2 CMOS Circuits

13. (a) ON (b) OFF
(c) OFF (d) ON
14. Unused inputs should be connected as follows:

Negative-OR gate (NAND) to V_
NAND gate to + V_
NOR gate to ground

15. See Figure 14-1 for another possible approach in addition to circuit
given in text answers.

Source 1

Source 2

D—Output

Source 3

Source 4

rry

VANAN

Selection
| FIGURE 14-
s 1 “o
. Sedaetion impurs
Section 14-3
FIGURE 15-1
16. (a) ON: ase-emitter
junction.
(b) OFF: insufficient voltage on base to forward-bias the base-
emitter junction.
(c) OFF: emitter is more positive than the base which reverse-
biases the base-emitter
junction.
(d) OFF: Dbase and emitter at same voltage. No forward bias.
17. See Figure 14-2.
HIGH —} HIGH —
HIGH — | HIGH %90—7 Floating
LOW —— LOW ——
(2) (b)
+5SV
HIGH —
HIGH — | HIGH — | )/ Highz
HIGH
HIGH —
HIGH
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FIGURE 14-

18. Connect a 1 kQ pull-up resistor to the unused inputs of the two NAND
gates. Connect the unused input of the NOR gate to ground. Connect a
pull-up resistor to the open collector of the NOR gate (value depends
on load).

Section 14-4 Practical Considerations in the Use of
TTL

19. See Figure 14-3.

+5 V= HIGH 0V =LOW
+5 Y = HIGH *F——LOW LOW
Open = HIGH Open = HIGH

(a) (b)

+5Y

HIGH
o LOwW

LOW - FIGURE 14-

(c)
FIGURE 15-3

20. (a) The driving gate output is HIGH, it is sourcing 3 unit loads.

I, = 3(40 pa) = 120 paA

(b) The driving gate output is LOW, it is sinking current from 2
unit loads.
I, = 2(-1.6 mA) = -3.2 mA
(c) Gl output is HIGH, it is sourcing 6 unit loads.

I, = 6(40 puA) = 240 pA

G2 output is LOW, it is sinking current from 2 unit loads.
I = 2(-1.6 mA) = -3.2 mA

T

G3 output is HIGH, it is sourcing 2 unit loads.

I, = 2(40 pA) = 80 pA

21. See Figure 14-4. Pull-up resistors of second-level inverters are not

shown.
+V
R
X
N

+V
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FIGURE 14-4

22. (a) x = ABCD

(b) x = (ABC)(DE)(FG)

(¢) x = (A+B)(C+D)E+F)G+H)=ABCDEFGH

23. Worst case for determining minimum R, is when only one gate is
sinking all of the current
(40 mA maximum) .

For 10 UL: I = 10(1.6 mA) = 16 mA

L

For each gate: I = I — 16 mA = 40 mA — 16 mA = 24 mA

Rp (max) OL (max)

V, =5V —-0.25V =4.75V

V
_ Rp :4.75V _ 108 O
Rp(max) 24 mA

R , for (a), (b), and (c) is the same value.

24. See Figure 14-5.

Section 14-5 Com [, Performance

25. F series: SPP = 3.3
LS series: SPP = 10
ALS series: SPP = 7 ns X
ABT series: SPP = 3.2 ns 17 uw 0.0544 pJd
HC series: SPP = 7 ns x 2.75 pW 0.01925 pJd
AC series: SPP = 5 ns x 0.55 puW = 0.00275 pJ
AHC series: SPP = 3.7 ns x 2.75 pW = 0.010175 pJd
LV series: SPP = 9 ns x 1.6 pW = 0.0144 pd
LVC series: SPP = 4.3 ns 0.8 uW = 0.00344 pJd

ns x 6 mWw = 19.8 pJd

ns x 2.2 mW = 22 pJd
1
X

.4 mW = 9.8 pd
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ALVC series: SPP = 3 ns x 0.8 uW = 0.0024 pJ

ALVC has the best (lowest value) speed-power product. It is,
however, misleading to compare CMOS and TTL in terms of SPP because
the power of CMOS goes up with frequency.

26. (a) ALVC
(b) AHC
(c) AC
(d) ALVC
27. (a) A and B to X: 3(3.3 ns) = 9.9 ns
C and D to X: 2(3.3 ns) = 6.6 ns
(b) A to X1, X2, X3: 2(7 ns) = 14 ns
B to X1: 7 ns
C to X2: 7 ns
D to X3: 7 ns
(c) A, B to X: 3(3.7 ns) = 11.1 ns
C, D, to X: 2(3.7 ns) = 7.4 ns
28. (a) HC has an f, = 50 MHz
1
fi.. = —— = 20 MHz
50ns
(b) LS has an f__ = 33 MHz
1
fclOck = = 16.7 MHz
60 ns
(c) AHC has an f__ = 170 MHz
1
—— = 250 MHz

clock

4ns

Since f > f for the AHC flip-flop, the output will be erratic.

clock max

Section 14-6 Emitter-Coupled Logic (ECL) Circuits

29. ECL operates with nonsaturated BJTs whereas TTL transistors saturate
when turned on.

30. (a) Lowest propagation delay - ECL
(b) Lowest power - HCMOS
(c) Lowest speed/power product - HCMOS
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