Online Instructor’s Manual
to accompany

Digital Fundamentals
Tenth Edition

Thomas L. Floyd

PEARSON

e

Prentice
Hall

Upper Saddle River, New Jersey
Columbus, Ohio



This work is protected by United States copyright laws and is provided
solely for the use of instructors in teaching their courses and assessing
student learning. Dissemination or sale of any part of this work (includ-
ing on the World Wide Web) will destroy the integrity of the work and
is not permitted. The work and materials from it should never be

made available to students except by instructors using the accom-
panying text in their classes. All recipients of this work are expected to
abide by these restrictions and to honor the intended pedagogical pur-
poses and the needs of other instructors who rely on these materials.

Copyright © 2009 by Pearson Education, Inc., Upper Saddle River, New Jersey 07458.

Pearson Prentice Hall. All rights reserved. Printed in the United States of America. This publication is protected by
Copyright and permission should be obtained from the publisher prior to any prohibited reproduction, storage in a
retrieval system, or transmission in any form or by any means, electronic, mechanical, photocopying, recording, or
likewise. For information regarding permission(s), write to: Rights and Permissions Department.

Pearson Prentice Hall™ is a trademark of Pearson Education, Inc.
Pearson® is a registered trademark of Pearson plc
Prentice Hall® is a registered trademark of Pearson Education, Inc.

Instructors of classes using Floyd, Digital Fundamentals, Tenth Edition , may reproduce material from the
instructor’s manual for classroom use.

10987654321
PEARSON

P

" Prentice
Hall

ISBN-13: 978-0-13-712960-7
ISBN-10: 0-13-712960-2




CONTENTS

PART 1: PROBLEM SOLUTIONS

CHAPTER 1  Introductory CONCEPLS .......cocueevueereereiirieiieieenieenee e
CHAPTER 2 Number Systems, Operations, and Codes ...........cccccevceerverucrncnn
CHAPTER 3 LOZIC GAES ..ecuveeeeiieeiieeiieeeiee ettt e steeeieeesiteeeteesseeesnseesseeesnseennns
CHAPTER 4 Boolean Algebra and Logic Simplification.............ccccceveecvverennene
CHAPTER 5 Combinational Logic ANalysis .......ccccereereenieniieniienieeieeneeneene
CHAPTER 6 Functions of Combinational LOZIC.........ccccceerveeneneesienenecnienennes
CHAPTER 7  Latches, Flip-Flops, and Timers.........ccccccecervierverneeneeneeneennennn
CHAPTER 8 COUNLELS ...eoueieueieieinieeniieniieeieete et eieestee st site st st beesneennees
CHAPTER 9 Shift REZISTEIS ..ccccvviiiiieiiieeiieeeiiesiie et eeiteetteesveeseeessseeesneee e
CHAPTER 10 Memory and StOraZE .........ccccveeerveerireeerieesreessereesreessseeesseesssneenes
CHAPTER 11 Programmable Logic and Software.........c..ccccevenercenenecncnennenn
CHAPTER 12 Signal Interfacing and Processing ..........ccccceeveervververnerveeneeneennes
CHAPTER 13 Computer CONCEPLS .....eeevrrrrereeerieeniieenieeeieeenreesseessseessseessseesnnns
CHAPTER 14 Integrated Circuit TeChnolOgies .......c.ccecvverierrcrieeriierieeeeeenneenns

PART 2: SYSTEM APPLICATION ACTIVITY SOLUTIONS

CHAPTER 4 e
CHAPTER 5 ettt ettt et
CHAPTER 6 oo s
CHAPTER 7 et
CHAPTER 8 et s e
CHAPTER O e e
CHAPTER 10 oottt et
CHAPTER 11 oo

PART 3: OVERVIEW OF IEEE STD. 91-1984

217

218
221
223
228
230
233
234
235

239

PART 4: LABORATORY SOLUTIONS FOR EXPERIMENTS IN DIGITAL

FUNDAMENTALS by David Buchla

265

iii



To access supplementary materials online, instructors need to request an instructor access code.
Go to www.pearsonhighered.com/irc, where you can register for an access code. Within 48
hours after registering you will receive a confirming e-mail including an instructor access code.
Once you have received your code, go the site and log on for full instructions on downloading the
materials you wish to use.

NOTE: For access to hidden faults in Multisim circuits, the password is book.

v



PART 1

Problem Solutions




CHAPTER 1
INTRODUCTORY 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.

3. A clock, a thermometer, and a speedometer can have either an analog or a digital output.

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

4. In positive logic, a 1 is represented by a HIGH level and a 0 by a LOW level. In negative logic,
a 1 is represented by a LOW level, and a O by a HIGH level.

5. HIGH =1; LOW =0. See Figure 1-1.
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FIGURE 1-1

6. A lisaHIGH and a0 i1s a LOW:
(a) HIGH, LOW, HIGH, HIGH, HIGH, LOW, HIGH
(b) HIGH, HIGH, HIGH, LOW, HIGH, LOW, LOW, HIGH
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7. See Figure 1-2.
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8. T =4 ms. See Figure 1-3.

W
o f : } - 4 4 1 - f TS|
1 L 7 L] 11 (K] 15 17
— 4w —E
FIGURE 1-3

1

=0.25 kHz =250 Hz

1
T 4ms

10. The waveform in Figure 1-61 is periodic because it repeats at a fixed interval.
11. tw=2ms; T=4ms

% duty cycle = (%)100 = (2 s

J 100 = 50%
4 ms

12. See Figure 1-4.
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13. Eachbittime =1 ps
Serial transfer time = (8 bits)(1 ps/bit) = 8 us

Parallel transfer time = 1 bit time = 1 pus

1 1

4, T=—=——
f 35GHz

=0.286 ns

Section 1-3 Basic Logic Operations
15. Lon=SWI1+SW2+SWI.-SW2
16. An AND gate produces a HIGH output only when a// of its inputs are HIGH.

17. AND gate. See Figure 1-5.
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FIGURE 1-5

18. 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 Introduction to the System Concept

19. See Figure 1-6.
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T= !
10kHz

20. =100 ps

100 ms
00 ps

Pulses counted = = 1000

21. See Figure 1-7.

0101 —— 000 O |]O]O |O |O Initially

0 1{01]1 010010 After shifting in four bits

FIGURE 1-7

Section 1-5 Fixed-Function Integrated Circuits

22. Circuits with complexities of from 100 to 10,000 equivalent gates are classified as large scale
integration (LSI).

23. 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.

24, See Figure 1-8.
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Section 1-6 Test and Measurement Instruments

25. Amplitude = top of pulse minus base line
V=8V-1V=7V

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

Section 1-7 Introduction to Programmable Logic
27. The following do not describe PLDs: VHDL, AHDL

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

29. (a) Designentry: 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.
30. 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.



CHAPTER 2
NUMBER SYSTEMS, OPERATIONS, AND CODES

Section 2-1 Decimal Numbers

1. (a)

(b)

(©)

2 (a)
()
3 (a)
(b)
()

1386 =1x 10° +3 x 10> + 8 x 10" + 6 x 10°
=1x1000+3x100+8x10+6x1
The digit 6 has a weight of 10° = 1

54,692 =5x10*+4x10° +6 x 10> +9 x 10" +2 x 10°
=5x%x10,000+4x1000+6x100+9x10+2x1
The digit 6 has a weight of 10* = 100

671920=6x10°+7x10*+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

10 = 10 (b) 100 =10°
10,000 = 10* (d) 1,000,000 =10°

471 =4 x 10> +7 x 10" + 1 x 10°
=4x100+7x10+1x 1
=400+ 70 + 1

9356=9x10°+3 x 10>+ 5 x 10" + 6 x 10°
=0x1000+3x100+5x10+6x1
=9,000 + 300 + 50 + 6

125000=1x 10° + 2 x 10* + 5 x 10°
=1 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

5. (a)
(b)
©
(d)
(e
(H
€]
(h)

M=1x2"+1x2"=2+1=3
100=1x22+0x2"+0x2°=4
MM1=1x22+1x2"+1x2°=4+2+1=7
1000=1x2°+0x2°+0x2'+0x2"=8

1001 =1x2°+0x2°+0x2'+1x2°=8+1=9
1100=1x2°+1x22+0x2'+0x2°=8+4=12
011=1x22+0x22+1x2'+1x2°=8+2+1=11
M11=1x2+1x224+1x2"+1x2°=8+4+2+1=15
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6. (@ 1110=1x2°+1x2*2+1x2'=8+4+2=14
) 1010=1x2'+1x2"'=8+2=10
() 11100=1x2*+1x2°+1x2>=16+8+4=28
(d) 10000=1x2'=16
() 10101 =1x2*+1x22+1x2°=16+4+1=21
() 11101 =1x2*+1x2 +1x22+1x2°=16+8+4+1=29
(g 10111=1x2"+1x22+1x2'+1x2°=16+4+2+1=23
(h)y 11111 =1x2"+1x2%+1x22+1x2'+1x2°=16+8+4+2+1=31

7. (@ 11001111 =1x2+1x2*+1x2'+1x2°+1x2"'+1x27?
=32+16+2+1+05+0.25=51.75
(b) 10101001 =1x2°+1x2°+1x2'+1x22=32+8+2+025
=4225
(c) 1000001.111=1x2°+1x2"+1x2"+1x22+1x27
=64+1+05+025+0.125 = 65.875
(d)  1111000.101 =1 x2°+ 1 x2°+ 1 x2*+1x2°+1x2"+1x27
=64+32+16+8+0.5+0.125=120.625
() 1011100.10101 =1 x2°+ 1 x2* + I x 22+ 1 x 22+ 1 x2"+1x27 +1x27°
=64+ 16+8+4+05+0.125+0.03125
=92.65625
(f) 11100010001 =1 x2°+1x27+1x2*+1x2°+1x27*
=64+32+16+1+0.0625=113.0625
(g) 1011010.1010 =1 x2°+ 1 x2* + I x 2P+ 1 x2' + I x27 '+ 1 x 27
=64+16+8+2+05+0.125=90.625
(h) 1111111111 =1 x 28+ 1 x 2%+ 1 x 2+ 1 x 22 + 1 x 22 + 1 x 2!
x24I x 2 I x 2241 x 27+ 1 x2 41 x27
=64+32+16+8+4+2+1+0.5+025+0.125+0.0625 +0.03125

=127.96875
8. (@ 2°-1=3 b 2°-1=7
() 2°-1=15 (d 2°-1=31
(e) 2°-1=63 6 27 -1=127
(g 2%-1=255 (h)y 2°-1=511
i 2"-1=1023 G) 2" -1=2047

9. (a @'-1)<17<(2’-1);5bits
(b) (2°-1)<35<(2°-1); 6 bits
() (2°-1)<49<(2°-1); 6 bits
(d (2°-1)<68< (2" -1);7 bits
() (2°—1)<81<(2"-1);7 bits
) (2°-1)<114< (" -1);7bits
(g @' -1)<132<(2*-1);8bits
(h) (2"-1)<205<(2*-1); 8 bits



10.

(a)
(b)
(©)

(d)

(e)

Chapter 2

0 through 7:

000, 001,010,011, 100, 101, 110, 111

8 through 15:

1000, 1001, 1010, 1011, 1100, 1101, 1110, 1111

16 through 31:

10000, 10001, 10010, 10011, 10100, 10101, 10110, 10111, 11000, 11001, 11010,
11011,11100, 11101, 11110, 11111

32 through 63:

100000, 100001, 100010, 100011, 100100, 100101, 100110, 100111, 10100, 101001,
101010, 101011, 101100, 101101, 101110, 101111, 110000, 110001, 110010, 110011,
110100, 110101, 110110, 110111, 111000, 111001, 111010, 111011, 111100, 111101,
111110, 111111

64 through 75:

1000000, 1000001, 1000010, 1000011, 1000100, 1000101, 1000110, 1000111,
1001000, 1001001, 1001010, 1001011

Section 2-3 Decimal-to-Binary Conversion

11.

12.

(a)
(b)
(©)
(d
(e
(H
(@)
(h)

(a)
(b)
(©)

10=8+2=2>+2'=1010

17=16+1=2*+2° =10001

24=16+8=2%+2>=11000

48 =32 + 16 =2° + 2* = 110000
61=32+16+8+4+1=2+2*+2+22+2°=111101
03=64+16+8+4+1=2°+2*+2°+2*+2°=1011101
125=64+32+16+8+4+1=2°+2+2*+ 2+ 22+ 2°= 1111101
186=128+32+16+8+2=2"+2°+2*+2*+2'=10111010

0.32=0.00+0.25+0.0625 + 0.0 + 0.0 + 0.0078125 = 0.0101001
0246=0.0+0.0+0.125+0.0625 + 0.03125 + 0.015625 =0.001111
0.0981=0.0+0.0+0.0+0.0625+0.03125 + 0.0 + 0.0 + 0.00390625 = 0.0001101
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1 21 2
13.  (a) ?5:7,R:1(LSB) () -=10,R=1(SB)  (© 78:14, R =0 (LSB)

1 14

7.3 R=1 s r=0 =7, R=0

2 2 2

31 R=1 .2, R=1 7.3 R=1

2 2 2

1 _0, R=1MsB) 2.1, R=0 3.1 R=1

2 2 2
1_0. R=1MsB) L0, R=1MsB)
2 2

34

& — =17.R=003B) () 4—2():20,R:0(LSB) (f) 579:29,R:1(LSB)

17 ) )

7=8,R=1 —O:IO,R:O —9:14,R:1

. 2 2

5 =4 R=0 _5 r=o0 18 7. R=0

: 2 2

> =2 R=0 222, R=1 L3 R=

: 2 2

>=1 R=0 2.1, R=0 2.1, R=l
2 2

1

5 =0, R=1(MSB) %:0, R=1(MSB) %:o, R=1(MSB)

65

(@ = =32,R=1(0SB) 7—23=36,R=1(LSB)

2:16,1%:0 §=18,R=0

2 2

15 _g r=0 18 _g Rr=0

2 2

§=4, R=0 2:4, R=1

2 2

22 R=0 22 Rr=0

2 2

2.1, R=0 221, R=0

2 2

1

> =0, R=1(MSB) %:0, R =1 (MSB)

10



14.

(a)

(©)

098 x2=1.96
096x2=192
092x2=1.84
0.84 x2=1.68
0.68x2=136
036x2=0.72

1 (MSB)

—_ e =

0

continue if more accuracy is desired

0.111110

0.9028 x 2 =1.8056
0.8056 x2=1.6112
0.6112 x2=1.2224
0.2224 x 2 =0.4448
0.4448 x 2 =0.8896
0.8896 x 2 =1.7792
0.7792 x 2 = 1.5584
continue if more accuracy is desired

0.1110011

1 (MSB)
1
1
0
0
1

1

Section 2-4 Binary Arithmetic

15.

16.

(a)

(d)

(a)

(d)

11
+ 01

100

111
+110

1101

11
-01
10

1110
- 0011

1011

(b) 10
+10
100

(e) 1001
+ 0101

1110

(b) 101
—100

001

(e) 1100
—1001

0011

11

(b)

Chapter 2

0.347 x2=0.694 0 (MSB)
0.694 x 2 =1.388
0388 x2=0.776
0.776 x 2 =1.552
0552 x2=1.104
0.104 x 2 =0.208
0208 x2=0416 0

continue if more accuracy is desired
0.0101100

O == O

(c) 101
+011

1000

(f) 1101
+1011

11000

(c) 110
—-101

001

(f) 11010
~10111

00011
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17. (a) 11
x11
11
11

1001

() 1101
x 1101
1101
0000
1101
1101

10101001

8. @ 99 _o10
10

(b) 100 () 111 )
% 10 x 101
000 111
100 000
1000 111
100011
() 1110
x 1101
1110
0000
1110
1110
10110110
o 20101 © U0 _gop;
0011 0100

Section 2-5 1’s and 2’s Complements of Binary Numbers

19. Zero is represented in 1’s complement as all 0’s (for +0) or all 1°s (for —0).

20. Zero is represented by all 0’s only in 2°s complement.

21. (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.

22. Take the 1’s complement and add 1:

(@ 01+1=10

(c) 0110+1=0111
() 00011+ 1=00100
(g) 01001111 + 1 =01010000

(b)
(d)

(h)

000 + 1 =001

0010+ 1 =0011

01100 +1=01101
11000010 + 1 =11000011

12

1001
x110

0000
1001
1001

110110




Section 2-6 Signed Numbers

23.

24.

25.

26.

27.

28.

29.

30.

(a)

(©

(a)

(©)

(a)

(©)

(a)
(a)
(b)
(©)
(a)
(b)
(©)

(a)

(b)

(a)

(b)

Chapter 2

Magnitude of 29 = 0011101 (b)  Magnitude of 85 = 1010101
+29=00011101 -85 =11010101

Magnitude of 100,o = 1100100 (d) Magnitude of 123 =1111011
+100 =01100100 -123=11111011
Magnitude of 34 = 0100010 (b) Magnitude of 57 =0111001
-34=11011101 +57=00111001

Magnitude of 99 = 1100011 (d) Magnitude of 115 =1110011
-99 =10011100 +115=01110011
Magnitude of 12 = 1100 (b)  Magnitude of 68 = 1000100
+12 =00001100 —-68 = 10111100

Magnitude of 101,, = 1100101 (d) Magnitude of 125 =1111101
+101,=01100101 —125 =10000011

10011001 = -25 (b) 01110100=+116 (¢) 10111111=-63

10011001 =—(01100110) =-102
01110100 =+(1110100) = +116
10111111 =—(1000000) = —64

10011001 =—(1100111) = —103
01110100 = +(1110100) = +116
10111111 = —(1000001) = —65

0111110000101011 — sign=0

1.11110000101011 x 2'* — exponent = 127 + 14 + 141 = 10001101
Mantissa = 11110000101011000000000
01000110111110000101011000000000

100110000011000 — sign = 1
1.10000011000 x 2'" — exponent = 127 + 11 = 138 = 10001010
Mantissa = 11000001100000000000000
11000101011000001100000000000000

11000000101001001110001000000000

Sign=1

Exponent = 10000001 =129 — 127 =2

Mantissa = 1.01001001110001 x 2* = 101.001001110001
—-101.001001110001 = -5.15258789

01100110010000111110100100000000
Sign=0

Exponent = 11001100 =204 — 127 =77
Mantissa = 1.100001111101001
1.100001111101001 x 27’

13
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Section 2-7 Arithmetic Operations with Signed Numbers

31. (a) 33=00100001 00100001 (b)
15=00001111 + 00001111
00110000
() 46 =00101110 11010010 (d)
—-46=11010010 +00011001
25 =00011001 11101011
32. (a) 00010110 (b) 01110000
+00110011 + 10101111
01001001 100011111
33. (a) 10001100 (b) 11011001
+ 00111001 + 11100111
11000101 11000000
34. (a) 00110011 00110011 (b)
— 00010000 + 11110000
A 00100011
35. 01101010 01101010
x 11110001 x 00001111
01101010
01101010
100111110
01101010
1011100110
01101010
11000110110
Changing to 2’s complement with sign: 100111001010
36. 01000160 = 00000010
00011001
68

— =2, remainder of 18
25

Section 2-8 Hexadecimal Numbers

37.

(a)  38,6=0011 1000

(b)  59,6=0101 1001

(©)  Ald;s=10100001 0100

(d) 5C8,,=0101 1100 1000

(e)  4100,5=0100 0001 0000 0000
(f) FB17,4=111110110001 0111
(g) 8A9D;¢= 1000 1010 1001 1101

14

56 =00111000
27 =00011011
—27=11100101

110,=01101110
—11010= 10010010
84 =01010100
-84 =10101100

01100101
— 11101000 +

00111000
+ 11100101
00011101

10010010

+ 10101100
100111110

01100101

00011000

01111101



38.

39.

40.

41.

(a)
(b)
(©)
(d
(e
(H

(@)
(b)
(©)
(d)
(e
()
(2
(h)

(a)

(©)

(e

(@

(a)
(b)
(©)

1110=E16

10 =216

0001 0111 =176

1010 0110 =A616

0011 1111 0000 = 3F0,¢
1001 1000 0010 = 9826

2316=2%x16' +3x16°=32+3 =35
92,6=9x16"+2x 16" =144 + 2 = 146
IAs=1x16"+10x 16" =16 +10=26
8D;s=8x 16" + 13 x 16° =128 + 13 = 141
F316=15x 16" + 3 x 16° =240 + 3 =243
EBjg=14x 16"+ 11 x 16° =224 + 11 = 235

Chapter 2

5C216=5x 16+ 12x 16" +2 x 16° = 1280 + 192 + 2 = 1474

700,6=7 x 16° = 1792

8 =0, remainder = 8 (b)
16

hexadecimal number = 84

33
16
2
16
hexadecimal number = 214

=2, remainder = 1 (LSD) (d)

=0, remainder = 2

21_864 = 17, remainder = 12 = Cy¢ (LSD) ®
H =1, remainder = 1

16

1 .

— =0, remainder = 1

16

hexadecimal number = 11C 4

% =251, remainder = 3 (LSD) (h)
E =15, remainder = 11 = B4

16

15 .

E =0, remainder = 15 = Fy¢

hexadecimal number = FB3 ¢4

3716 + 29]6 = 6016
A016 + 6B16 = 10B16
FFc + BBis = 1BAj¢

15

% =0, remainder = 14 = E4

hexadecimal number = E¢

% = 3, remainder = 4 (LSD)
— =0, remainder =3
16

hexadecimal number = 344

% = 180, remainder = 10 = A4 (LSD)

@ =11, remainder = 4
16

:—1 =0, remainder = 11 = By,

hexadecimal number = B4A 4

6?% =406, remainder = 4 (LSD)
%6 =25, remainder = 6
f—s = 1, remainder =9

i =0, remainder = 1
16

hexadecimal number = 1964 4
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42. (@) S5l—40,0= 11,
(b) C8is—3A;s=8E
(c) FDjs—8816=7516

Section 2-9 Octal Numbers

43. (a) 123=1x8"+2x8"=8+2=10
(b) 273=2x8'+7x8 =16+7=23
() 565=5x8"+6x8"=40+6=46
(d) 643=6x8"+4x8"=48+4=52
() 1035=1x8+3x8 =64+3=67
(f)  5575=5x8+5x8" +7x8 =320+40+7=367
(g 1635=1x8+6x8'+3x8"=64+48+3=115
(h) 10245=1x8 +2x8 +4x8 =512+16+4=532
(i)  77655=7Tx8 +7x8 +6x8" +5x8 =3584 +448 + 48 + 5 = 4085

44. (a) % =1, remainder = 7 (LSD) (b) 2?7 = 3, remainder = 3 (LSD)
1 ) 3 .
— =0, remainder =1 g =0, remainder = 3
octal number = 174 octal number = 334
46 ) 70 )
©) 3 =5, remainder = 6 (LSD) (d) 3 = 8, remainder = 6 (LSD)
5 . 8 .
g =0, remainder = 5 g =1, remainder =0
octal number = 564 1 )
g =0, remainder = 1

octal number = 1064

100 142 )
(e) o =12, remainder = 4 (LSD) ® < = 17, remainder = 6 (LSD)
1 17 .
— =1, remainder =4 ? =2, remainder = 1
8
1 2 .
— =0, remainder = 1 g =0, remainder = 2
8
octal number = 1444 octal number = 2164
219 ) 35 . _
(g) —— =27, remainder = 3 (LSD) (h) 5 - 54, remainder = 3 (LSD)
27 = 3, remainder = 3 % = 6, remainder = 6
8
6

E =0, remainder = 3 =0, remainder = 6
8

octal number = 3335 octal number = 6634

16



45.

46.

(a)
(b)
(©)
(d
(e
(H
(@)
(h)
()

(a)
(b)
(©)
(d
(e
(H
(2)
(h)
)

133=001 011

573=101111

1015 =001 000 001

3215=011 010 001

5405 = 101 100 000

46533 =100 110 101 011
132713=001 011 010 111 001
456005 = 100 101 110 000 000
1002133 =001 000 000 010 001 011

111="7s

010 =2

110 111 = 673

101 010 = 524

001 100 = 145

001011 110 = 1364

101 100 011 001 = 54315

010 110 000 011 = 26035
111111 101 111 000 = 775705

Section 2-10 Binary Coded Decimal (BCD)

47.

48.

(a)
(b)
(©
(d
(e
(H
€9)
(h)
(1)
)]
(k)
)

(a)
(b)
(©)
(d
(e
()
(@)
(h)
()
€);
(k)
)

10 =0001 0000
13 =0001 0011
18 =0001 1000
21 =0010 0001
25=0010 0101
36 =00110110
44 = 0100 0100
57=01010111
69 =0110 1001
98 =1001 1000
125 =0001 0010 0101
156 =0001 0101 0110

10 =1010, 4 bits binary, 8 bits BCD
13=1101, 4 bits binary, 8 bits BCD
18 =10010, 5 bits binary, 8 bits BCD
21 =10101, 5 bits binary, 8 bits BCD
25=11001, 5 bits binary, 8 bits BCD

36 = 100100, 6 bits binary, 8 bits BCD
44 =101100, 6 bits binary, 8 bits BCD
57 =111001, 6 bits binary, 8 bits BCD
69 = 1000101, 7 bits binary, 8 bits BCD
98 = 1100010, 7 bits binary, 8 bits BCD
125=1111101, 7 bits binary, 12 ibts BCD
156 = 10011100, 8 bits binary, 12 bits BCD

17
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49. (@) 104=0001 0000 0100
(b) 128 =0001 0010 1000
(c) 132=00010011 0010
(d) 150 =0001 0101 0000
(e) 186=0001 1000 0110
() 210 =0010 0001 0000
() 359=00110101 1001
(h) 547 =010101000111
() 1051 =0001 00000101 0001

50. (@ 0001=1 (b) 0110=6
(c) 1001=9 (d 0001 1000 = 18
(e) 0001 1001 =19 () 00110010 =32
() 01000101 =45 (h) 1001 1000 =98

(6] 1000 0111 0000 = 870

51. (a) 1000 0000 = 80
(b) 001000110111 =237
(c) 001101000110 =346
(d) 010000100001 =421
(e) 011101010100 =754
(f) 1000 0000 0000 = 800
(g) 10010111 1000 =978
(h) 00010110 10000011 =1683
@ 1001 0000 0001 1000 =9018
Gy 0110011001100111 = 6667

52. (@ 0010 () 0101 ) 0111

+0001 +0011 +0010

0011 1000 1001

d 1000 () 00011000 () 01100100

+0001 +00010001 +00110011

1001 00101001 10010111
(& 01000000 (h) 10000101
+01000111 +00010011
10000111 10000111

18
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53. (a) (b)

1000 0111
+0110 +0101

1110 invalid 1100 invalid
+0110 +0110

00010100 00010010
(©) (d)

1001 1001
+ 1000 +0111
10001 invalid 10000 invalid
+0110 +0110

00010111 00010110
©) ()
00100101 01010001
+00100111 +01011000
01001100 invalid 10101001 invalid
+0110 +0110
01010010 000100001001
(8) (h)

10011000 010101100001
+10010111 + 011100001000
100101111 invalid 110001101001 invalid
+01100110 +0110

000110010101 0001001001101001

19
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54. (a) 4+3 b) 5+2
0100 0101
+0011 +0010
0111 0111
() 6+4 d 17+12
0110 00010111
+0100 +00100010
1010 00101001
+0110 65 4 58
0N 000N +
00010000 ® 01100101
€ 28+23 +01011000
00101000 10111101
+00100011 +01100110
01001011 000100100011
+OLI9 h) 295+ 157
1010001 +
01010001 ® 001010010101
@ 113+101 +000101010111
000100010011 001111101100
+ 000100000001 +01100110
001000010100 010001010010

Section 2-11 Digital Codes

55. 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

56. (@ 1+1+0+1+1 Binary ®) 140+0+1+0+1+0 Binary
1 01 1 0 Gray 1 1.0 1 1 1 1 Gray

c 1+1+1+1+0+1+1+14+0+1+1+14+0  Binary
100 0 11 001 100 1 Gray

57. (@ 1010 Gray () 00010 Gray
1100 Binary 00011  Binary

(c 11000010001 Gray
10000011110 Binary

58. (a) 1—00110001 (b) 3—>00110011
(¢c) 6—>00110110 (d 10— 0011000100110000
(e) 18 —0011000100111000 () 29—0011001000111001
(g 56—0011010100110110 (h) 75—0011011100110101

1) 107 — 001100010011000000110111

20



59.

60.

61.

62.

(a) 0011000 - CAN (b) 1001010 > J

(¢c) 0111101 » = (d 0100011 — #

(e) 0111110 »>> €3] 1000010 - B

1001000 1100101 1101100 1101100 1101111 0101110 0100000
H e 1 1 0 . #

1001000 1101111 1110111 0100000 1100001 1110010 1100101
H 0 w # a r e

0100000 1111001 1101111 1110101 O111111
# y 0 u ?

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 O111111
20 79 6F 75 3F

30 INPUT A, B

3 0110011 336

0 0110000 3046

SP 0100000 2046

I 1001001 496

N 1001110 4E 6

P 1010000 5046

U 1010101 5516

T 1010100 5416

SP 0100000 2046

A 1000001 416

) 0101100 2Cs

B 1000010 426

Section 2-12 Error Detection Codes

63.

64.

65.

Code (b) 011101010 has five 1s, so it is in error.

Chapter 2

Codes (a) 11110110 and (c) 01010101010101010 are in error because they have an even

number of 1s.

(@ 1 10100100 (b) 0 00001001 (¢) 111111110

21
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66.

67.

68.

69.

(a) 1100
+1011

0111

(a) 1100
+0111

1011

(b)

(b)

1111
+ 0100

1011

1111
+1011

0100

In each case, you get the other number.

101100100000

1010444

1001
1010
1100
1010
1100
1010,
1100

1010,

y

1100
1010
Remainder =0110

Append remainder to data.

101100100110
1010444
1001
1010
1100
1010
1101
1010y
1111
1010y
1010
1010
0000

CRC s 101100100110.

Error in MSB of transmitted CRC:

-
001100100110

1010
1001
1010,
1100
1010
1101
10104
1110
1010,
1000

1010yy
1011

10104
10

Remainder is 10, indicating an error.

22
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CHAPTER 3
LOGIC GATES

Section 3-1 The Inverter

1. See Figure 3-1.

LT

FIGURE 3-1

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

3. See Figure 3-2.

FIGURE 3-2

Section 3-2 The AND Gate

4. See Figure 3-3.
A &
B - -
C— —A
f
FIGURE 3-3
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5. See Figure 3-4.

B

FIGURE 34

6. See Figure 3-5.

T T T T
0

FIGURE 3-5

7. See Figure 3-6.

LT L

X | | l R
it ! .

FIGURE 3-6
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8.

See Figure 3-7.

Section 3-3 The OR Gate

9.

10.

See Figure 3-8.

See Figure 3-9.

FIGURE 3-7

i iﬁ

FIGURE 3-8

FIGURE 3-9
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11.  See Figure 3-10.

12. See Figure 3-11.

13.  See Figure 3-12.

14.

FIGURE 3-10

jplpipipSpEpEpEpENE

O e O e W e I

I | g

I e Jir Il

AMIY ot JI_| I_I_

O outpat_| L
FIGURE 3-11

A— =
B —
¢ — — Y
N —
FIGURE 3-12

—_———0 O O O
—_— OO0~ OOl
— O, O~ O~ OoON

._‘,_.,_._‘,_.,_,_‘ok
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Section 3-4 The NAND Gate

15. See Figure 3-13.

T T ' T T T T T
B [ N O T T T S S S S
[ S SN I T T S ¥ I L S S S I
[T S [

LT S
L T T e L T S e S O A A

FIGURE 3-13

16.  See Figure 3-14.

FIGURE 3-14

17.  See Figure 3-15.
A l_“ 1
p_ ] L 14
. LT
D | f ]_
N ‘E :
FIGURE 3-15
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18.

See Figure 3-16.

= |=
= =
ERES
==
_ =
=
=
- - = |+
=
o =

S

1

-

%

FIGURE 3-16

Section 3-5 The NOR Gate

19.

20.

See Figure 3-17.

See Figure 3-18.

' h :::.m

) SRR mﬂ

FIGURE 3-17

1T

FIGURE 3-18
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21. See Figure 3-19.

FIGURE 3-19

22.  See Figure 3-20.

FIGURE 3-20

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

23. 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

24. See Figure 3-21.

FIGURE 3-21
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25.

26.

See Figure 3-22.

See Figure 3-23.

Section 3-7 Fixed-Function Logic

27.

28.

The power dissipation of CMOS increases with frequency.

(a)

(b)
(©)
(d
(e

P= (MJV@ :(1'6 mA + 4.4 mAjs.s V=165mW
2 2

VOH(min) = 27 V

tprg = TPHL =15ns

VOL =04V (max)

@ VCC =2 V, tpyr = tpry = 75 ns; @ VCC =6 V, tpyr = tprg = 13 ns
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29. See Figure 3-24.

Input

Output
5 ns/div 5 . . ,
2 V/div - - »
=43ns =10.5ns
! PLH s ! PHI. "
FIGURE 3-24

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

31.  Pp=Vecle=(5 V)@ mA) =20 mW

32. Iccu=4mA; Pp=(5V)4mA)=20 mW

Section 3-8 Troubleshooting

33. (a) NAND gate OK
(b)  AND gate faulty
(c) NAND gate faulty
(d) NOR gate OK
(e) XOR gate faulty
(f) XOR gate OK

34. (a) NAND gate faulty. Input A open.
(b) NOR gate faulty. Input B shorted to ground.
(c) NAND gate OK
(d) XOR gate faulty. Input A open.

35. (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.
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36. The timer input to the AND gate is open. Check for 30-second HIGH level on this input when
ignition is turned on.

37. An open seat-belt input to the AND gate will act like a constant HIGH just as if the seat belt
were unbuckled.

38. Two possibilities: An input stuck LOW or the output stuck HIGH.

Section 3-9 Programmable Logic

39. X] = AB
X,= AB
X;= AB

40. X] = ZBC

Row 1: blow 4, B, E, C,andE column fuses
Row 2: blow 4, Z, E, C,andE column fuses
Row 3: blow 4, Z, B, E, and C column fuses
X, = ABC

Row 4: blow Z, B, E, C,andE column fuses

Row 5: blow 4, Z, E, C,and C column fuses

Row 6: blow 4, Z, B, E, and C column fuses

X;= ABC

Row7: blow 4, B, E, C,andE column fuses

Row 8: blow 4, Z, E, C,and C column fuses

Row 9: blow 4, Z, B, E, and C column fuses

Special Design Problems

41. See Figure 3-25.

Temperature sensor

:D’; Alarm

NOR gate

Tank

Pressure sensor

FIGURE 3-25
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42.

43.

44.

45.

See Figure 3-26.

Boan] Pasition —
Agtiviie insertion s
Compenent i chambor ——

FIGURE 3-26

Add an inverter to the Enable input line of the AND gate as shown in Figure 3-27.

FIGURE 3-27

See Figure 3-28.

KESET

e ij

S e I B
N T [
]

I
]|

FIGURE 3-28

See Figure 3-29.

Lzmition
switch Titner
To
Lighis — lwadlight
swilcl - comirl

4

Tomer praslices o LOW oipul
15 = after ANIDY gare aaitpul pases HIGH

FIGURE 3-29
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46.

47.

See Figure 3-30.

o -
Existing sensors —
—

Additional sensors Alarm
Room |

Additional sensors
Room 2 —

FIGURE 3-30

See Figure 3-31.

Alarm

=D P
==) D

FIGURE 3-31

Multisim Troubleshooting Practice

48.

49.

50.

51.

Input A shorted to output.
Inputs shorted together.
No fault.

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. (@ O
© 1
e 1
5. (a) AB=1whend=1,B=1
(b) ABC =1whend=1,B=0,C=1
(c) A+B=0whend=0,B=0
(d A+B+C =0whend=1,B=0,C=1
€0 A+B+C =0whend=1,B=1,C=0
(f) A+B =0whend=1,B=0
(¢) ABC =1whend=1,B=0,C=0

+0

- o +
|

O>—||

—_

NaZ

—_

—

+ -

]

—

—

1

—_

+

]

1l

-0
-0

6. (a X=UAU+BC+B

A B C A+ B 4+ B)C X
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=A4+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
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() X= ABC +A4B

LN
oy

—_——— 0 O O O
—_—_ 0O =~ OOl
—_ O = O = 0O~ o0

'S

—_—_——0 0 0 O O

—_—_0 0O oo O0o

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

A

—_—_ O O
- O = O
—_0 = O

() X=(4+BC)(B+C)

N
—+
o)
@
o |
al

—_———0 O O O
—_—_ 0O~ —= OOl
—_ O = O = O~ OoOI0
—_—— e == OO O

O— == OO OO

O = O e e [

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) Rule9: A=4
(b) Rule 8: AA =0 (applied to 1st and 3rd terms)
(¢) Rules5: A+A=4

(d) Rule6: A+ A =
(e) Rule 10: A+AB=4

() Rulell: A+ AB = A+ B (applied to 1st and 3rd terms)
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Section 4-3 DeMorgan’s Theorems

10.

11.

(a)
(b)
(©)
(d)
©)
)
(&)

(h)

()
(b)

(©)
(d)

(e)

()

(b)

(©)

A+B=AB=AB
AB=A+B=A+B
A+B+C = ABC

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

E+C_D=A+B+C+D

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

(A+§)(E+D) =A+B+C+D=AB+CD

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

AB(CD + EF) = AB +(CD + EF) = A+ B+ (CD)(EF)

= A+B+(C+D)E+F)

(A+E+C+B)+ABC5=ZBED+A+B+C+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)Y(EFG)+(HIJ)YKLM) = ABC + EFG + HIJ + KLM
= ABC+EFG+ HlJ + KLM = (ABC)(EFG)(HIJ)(KLM)

=(A+B+CYE+F+G)YH+I+J)YK+L+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+DY)E+F)G+H)
=(A4+B)(C+D)E+F)G+H)=ABCDEFGH
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Section 4-4 Boolean Analysis of Logic Circuits

12. (@) AB=X
(b) A=X
(c) A+B=X
(d A+B+C=X

13. See Figure 4-1.

(b) X=AB+C
(a) X =ABCD

A — AB

A

[ — )

¢ — X B — ¥
n — .

¢y x=AB
A A A+ B
A v .
X
B X
C

FIGURE 4-1

14. See Figure 4-2.

A (U h e
i —i Xo=Aw B4 d It N= AR
t' ¢ — _}

1] (b

Al
# X= Al s I

N=Alst " —

(9] ()

FIGURE 4-2
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15.

16.

17.

See Figure 4-3.

Chapter 4

(©) X=AB(C + D)

(a)  See Figure 4-4(a).
(b)  See figure 4-4(b).

M
X
B —e

A —q
B
v

(Y X=A4BlC+ DB+ O

FIGURE 4-3

(a)

ASSERT—
READY ——

See Tables 4-1 and 4-2.

Dc»— ENABLE

(b

FIGURE 4-3

LOAD —
READY

Do— HOLD

Table 4-1 Table 4-2
INPUTS OUTPUT INPUTS OUTPUT |
VCR | CAMI | RDY | RECORD RTS | ENABLE | BUSY SEND ‘
0 0 0 0 0 0 0 1
0 0 1 1 0 0 1 1
0 1 0 0 0 1 0 1
0 1 1 1 0 1 1 1
1 0 0 0 1 0 0 1
1 0 1 1 1 0 1 1
1 1 0 1 1 1 0 0
1 1 1 1 1 1 1 1
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18. (@ X=A+B
(b) X=AB

—_—_ 0 O
—_ O — O
»—t»—»—nok

—_—_ O O
—_ O = Ol
—_0 O O

(¢) X=A4B+BC
d X=(+B)C

_———0 O O O
—_—0 O = = O Ol
—_ O = O = O = OoOI0
—_—_0 0= OO O

—_—_———0 O O O
—_—_ 0 O = = O O
—_ O = O = O~ o0
—O = O =0 0O

) X=(4+B)YB+C)

A B C A+B B+C X
0 0 0 0 1 0
0 0 1 0 1 0
0 1 0 1 0 0
0 1 1 1 1 1
1 0 0 1 1 1
1 0 1 1 1 1
1 1 0 1 0 0
1 1 1 1 1 1

Section 4-5 Simplification Using Boolean Algebra
19. (a) AA+B)=AA+BB=A+AB=A(1+B)=A4

(b) A(A+AB)= AA+ AAB =0+ AB =AB

(©0 BC+BC=C(B+B)=C1)=C

(d) A(A+AB)= AA+AAB =A+(0)B=A+0=A

(e) ABC+ ABC+ ABC = ABC + AC(B + B) = ABC + AC(1)
= ABC+ AC = C(A+ AB) = C(A+ B) = AC + BC
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20.

21.

(a)

(b)

(©

(d)

©)]

()

(b)

(©)

(d)

(e)

(A+B)(A+C)=AA+ AC + AB+BC = A+ AC + AB + BC
=A(1+C+B)+BC = A(l)+ BC = A+ BC

AB + ABC + ABCD + ABCDE = AB(1+C + CD + CDE) = AB(l)
= AB

AB+ ABC+ A= AB+(A+B)C+ A= AB+ AC+BC + A
AB+1)+ AC+BC = A+ AC+BC=A+C+BC=A+C(+B)
=A+C

(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+(4+ 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+ BC)(B+ D) =B(+C)B+C)B+D)
B(B+C)B+D)=(BB+BC)(B+D)=(B+BC)B+D)

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

B(1+C)(B+D)=BB+D)=BB+BD=B+BD=B(1+D)=8B

Chapter 4

= 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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22. First develop the Boolean expression for the output of each gate network and simplify.

(@)  See Figure 4-5.

N ; on o+ 5

-~

<

i ACT + B)

> x|

X =ABC +ACD + )

FIGURE 4-5

X= ABC+ A(CD + B) = ABC + ACD + AB = B(A+ AC) + ACD
= B(A+C)+ ACD = AB+ BC + ACD

(b)  See Figure 4-6.

X =AB+ ACT + ABC

FIGURE 4-6

X= AB+ ACD + ABC = AB(1+C)+ ACD = AB+ ACD

(c)  See Figure 4-7.

B AB

FIGURE 4-7

AB+BCD No further simplification is possible.

S
1
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(d)

See Figure 4-8.

X=AB+ ACD

ACD

FIGURE 4-8

X= AB+ ACD No further simplification is possible.

Section 4-6 Standard Forms of Boolean Expressions

23. (a)
(b)
()
24. (a)
(b)
(©)
25. (a)
(b)
(©
26. (a)

(b)
(©

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

(A+BC)C = AC+ BCC = AC + BC
A+ CO)YAB+ AC)=AAB + AAC+ ABC+ ACC=A4AB + AC+ ABC + ACC
=(AB+AC)(1 +C)=AB + AC

AB+CD(AB+CD) = AB+ ABCD + CDCD = AB + ABCD + CD

= AB(AB+1)CD = AB +CD

AB(BC + BD) = ABBC + ABBD =0+ ABD = ABD
A+B[AC+(B+C)D]= A+ ABC +(B+C)BD

= A+ ABC + BD+ BCD = A(1+ BC)+ BD + BCD = A+ BD(1+ C)
=A+BD

The domainis 4, B, C
The standard SOP is: ABC + ABC + ABC + ABC

The domainis 4, B, C
The standard SOP is: ABC + ABC + ABC

The domainis 4, B, C
The standard SOP is: ABC + ABC + ABC

AB + CD = ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
ABD = ABCD + ABCD
A+BD= ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD

+ ABCD + ABCD + ABCD + ABCD
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27. (a)
(b)
(©)
28. (a)
(b)
(©
29. (a)
(b)
(©
30. (a)

(b)

(©

ABC + ABC + ABC + ABC: 101 + 100 + 111 +011
ABC + ABC + ABC: 111 + 101 + 001
ABC + ABC + ABC: 111 + 110 + 101

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD :
1111+ 1110+ 1101 + 1100 + 0011 + 0111 + 1011

ABCD + ABCD: 1111 + 1101

ABCD + ABCD + ABCD + ABCD + ABCD + ABCD

+ ABCD + ABCD + ABCD + ABCD :
1000 + 1001 + 1010 + 1011 + 1100 + 1101 + 1110 + 1111 + 0101 + 0111

(A+B+C)YA+B+C)A+B+C)A+B+C)
(A+B+C)A+B+C)YA+B+C)A+B+C)A+B+C)
(A+B+C)A+B+C)YA+B+C)A+B+C)A+B+C)

(A+B+C+D)A+B+C+D)YA+B+C+D)A+B+C+D)A+B+C+D)
(A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)

(A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)
(A+§+C+D)(A+§+C+l_))(A+§+(_?+D)(A+§+E+5)(Z+B+C+D)
(A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)A+B+C+D)

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

Section 4-7 Boolean Expressions and Truth Tables

31. (a)

Table 4-3 (b)  Table 4-4
A B C| X X Y zJo
0 0 0] O 0 0 0|1
0 0 1]0 0 0 1|1
0 1 0|1 0 1 010
0 1 1|0 0 1 1|1
1 0 0] o0 1 0 010
1 0 1|1 1 0 11
1 1 0] 0 1 1 01
1 1 1] 1 1 1 110
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Table 4-6

(b)

Table 4-5

X

A B C D

(a)

32.

ABC + ABC + ABC + ABC + ABC

AB+ ABC+ AC + ABC

(a)

33.

N

S

N

+ N

IN

:

AN T
[~

NISES

YWW

N+

W_ZZ

LIEE

NS

NN
N

=l

=53

SN R

IN + +

Ny

+

|

(b)

Table 4-8

Table 4-7

A B C| X
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34.

35.

36.

(a)

(a)

(a)

(b)

(©)

Table 4-9
A B C| X
0O 0 0] 0
0 0 1 1
0 1 0] O0
0o 1 1 1
1 0 O 1
1 0 1 1
1 1 0 1
1 1 1 0
Table 4-11
A B C| X
0O 0 0] O0
0O 0 1 0
0o 1 0] 0
0o 1 1 1
1 0 O 1
1 0 1 1
1 1 O 1
1 1 1 1

X= ABC + ABC + ABC + ABC

(b)

(b)

Table 4-10
A B C D X
0 0 0 0 1
0 0 0 1 1
0 0 1 0 1
0 0 1 1 1
0 1 0 0 1
0 1 0 1 0
0 1 1 0 0
0 1 1 1 1
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
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
Table 4-12
A B C D X
0 0 0 0 1
0 0 0 1 0
0 0 1 0 1
0 0 1 1 1
0 1 0 0 0
0 1 0 1 0
0 1 1 0 0
0 1 1 1 0
1 0 0 0 1
1 0 0 1 0
1 0 1 0 0
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

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

X= ABC + ABC + ABC

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

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

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

Chapter 4

X= ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
X=(A+B+C+D)YA+B+C+D)Y(A+B+C+D)(A+B+C+D)A+B+C+D)
(A+B+C+D)A+B+C+D)YA+B+C+D)A+B+C+D)

Section 4-8 The Karnaugh Map

37. See Figure 4-9.

38. See Figure 4-10.

39. See Figure 4-11.

AB
00

01

C 0

000

001

010

011

110

100

101

FIGURE 4-9

AL or 1110

00 o000 1000t o011 | 001¢

01 (10100 {010 o111{OT1(

C 0 1
AB
) 00 |ABC|ABC
) 01 1ABC| ABC

1 1100 {1101 LI 111

11 |ABC|aBc

1000|1001 1011 | 101¢

10 | ABC | ABC

FIGURE 4-10

Section 4-9 Karnaugh Map SOP Minimization

40. See Figure 4-12.

FIGURE 4-11

(W]

N=ABC+ARCeATC (D) X
i 1
Wi I | AR
(L 1] {:l U (L1}
ihl 1]
I 1l
[ m 1
|
K= Al + 0
N a A e RO o RO« 570 [y x

= ARC & ABC & AR+ A

ACTH & €y = AL + AR

L] |

0
0

ABCPARC o ABC o A BT

1;;\{ ." ! " LT
Wi T rdT‘I
LU III‘-l |-‘1 11} ]
1" | IJ 1 |
118 m 'l._IJ
X=H K=0
FIGURE 4-12
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41. See Figure 4-13.

() XeABFCHABC+ABC+ART (b) X=ACB + B + 0]

=ABC+ABC + ABCC=ABC +ABC
¢ 0 1 .
AB 0 |

AB

0o @ 00

0l @ 01

1 @ I m

1 @ 10 w
e

No simplification X=AC

() X=DEF+DEF+DEF

0 1
nDr

00 (l\
01 KD

FIGURE 4-13

42. (a) AB+ ABC+ ABC = AB(C +C)+ ABC + ABC

= ABC + ABC + ABC + ABC
= ABC + ABC + ABC

(b) A+BC=AB+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 + BYCD + (A + A)BCD + ABCD =
= ABCD+ ABCD + ABCD = ABCD + ABCD + ABCD
(d AB+ ABCD+CD + BCD + ABCD
= AB(C+C)D + D)+ ABCD + (A+ A)YB + B)CD + (A + AYBCD + 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
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43.

4.

See Figure 4-14.

See Figure 4-15.

AB 0 AR Co0oo
00 00
01 01 ?
N
11 1 ’ I (1 1)
10 1) ofln | 1
(1) X=AB+AC (b) X=A+BC
cD cD
ABNL00 01 11 10 AN 00 01 11 10
00 00 M)
0l 1) (l\ 01 1
)
1 (1) @ ¥ i
1 |
10 W /(1|1 ) 1)
(¢) X=BCD +BCD+ACD + ACD (d) X=AB +CD
FIGURE 4-14
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49

ch ch
ApN_00_Or 11 10 Ap\_00_01 11 10
) L1
00 1 00
orf{1 | 1|1 0l
INEHEVIE q 1 (1 |1)
-
10[{1 | 1 || 1) 10
\ N/
() X=A+BC+CD (b) X=ABC+ ABC
ch Cl
AN 00 ot i 1o AN\ 01 1110
N\
00 l P! J oo WLt [ [0
0l orf 1 I
1 (g 1
10 1 1 10| (7 N\
IR
T I
(d) X=BC (¢) X=B+D

ch

00

Ol

10

AB
00

01

1

1
A

1

_J

X =BC + ACD

FIGURE 4-15
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45. Plot the 1’s from Table 4-11 in the text on the map as shown in Figure 4-16 and simplify.

AN
00 (1)
Ll 1)

01 1

|<)(1 \J
|

X=B+C

FIGURE 4-16

46. Plot the 1’s from Table 4-12 in the text on the map as shown in Figure 4-17 and simplify.

oD
AN 00 01 1110

ool (D Ih)
0l D
loaD
10 L{J M

1 L

1|'—-|:1"t oHoEH IRE g =
|

=

-

=

FIGURE 4-17

47. See Figure 4-18.

CD »
AB 00 0l 10

-
00 M M c
01 ( 1 111 ,(7
! 1_w>q x |\ |[x) N
ol Jl xS

Ug
1

X=ABCD + CD + BC +AD
FIGURE 4-18
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Section 4-10 Five-Variable Karnaugh Maps

48.

49.

X =ABCDE + ABCDE.
See Figure 4-19.

DE

[l

See Figure 4-20.

BCN, 00 01 11 10 BOS_ 00 01 11 10
00 00
LT —
o |® ol D
11 11
10 10
A=0 A=
X =BCDE
FIGURE 4-19

pr.  ABCDE DI
BC 00/01 11 10 BC 00 01 11 10 L
\ 00 — —BCDE
0O (O Tasoe O
0l Q}/ 0l
11 1 11
ABCDE —/'@ m L _
0 UW;DE 0| 1| TABCD
ABCDE A=1

FIGURE 4-20
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50. See Figure 4-21.

V7 ¥z
weN\_ 00 01 1110 weN\_ 00 01 1110
00 | . 00] ‘ |

011 | 01 0|
1 1 ' I 1 1

| 1 uﬂ 1
V=10 V=1

No simplification is possible
FIGURE 4-21

Section 4-11 Describing Logic with an HDL

51. 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;

52. 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;

System Application Activity

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

54. The purpose of the invalid code detector is to detect the codes 1010, 1011, 1100, 1101, 1110,
and 1111 to activate the display for letters.
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The standard SOP expression for segment c is:
c= H,H,H ,H,+H,H,HH,+HH,HH,
This expression is minimized in Figure 4-22.

H\Hy

HH, o0 01 11 10
0(x) x| x| x
01 x x(}T_Jq
1l HQ_IJ
(X)X |00

o= HHy+ H:H,

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

FIGURE 4-22

The standard SOP expression for segment d is:
d= H,H,H H,+HH,HH,+H,HHH,+HHHH,
This expression is minimized in Figure 4-23.

H\H,
R 00 01 11
0] x) x| x

o1 X | X |(X)
||{}uL1_J
lﬂ"m‘z‘iﬂ‘

d = HyH\Hy + Ha

=

q:xﬂ

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

FIGURE 4-23
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The standard SOP expression for segment e is:
e= H,H,H ,H,+H,H,HH,+HH,HH,+HH,HH,+HHHH,
This expression is minimized in Figure 4-24.

H\H,

H3H; 00 01 11 10

MW x| x| x
L]

X
01 X |(X)| X
0
0

X
1o o1
X

X

10

e = HyH Hy

The standard expression requires five 4-input AND gates, one 5-input OR gate, and 3 inverters.
The minimum expression requires one 3-input AND gate.

FIGURE 4-24

The standard SOP expression for segment fis:
f= H,H,HH,+HH,HH,+HHHH,+HHHH,
This expression is minimized in Figure 4-25.

H Hy
HyyN_ 00 01 11 10
W x x| X

X
o\ 1)
o X | X |0

= HaH,

X
0l rﬁ_ﬁx
0

0

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

FIGURE 4-25
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The standard SOP expression for segment g is:
g= H,H,H H,+H,H,HH,+HHHH,+HH,HH,
This expression is minimized in Figure 4-26.

H\H,
MM, 00 01 11 10
7,

Wifx] x| x| X
or|[ X[ x |(X) x
af o) o
|ﬂ€5 X 0/]0

g = H\Hy+ H:aH\ Hy

The standard expression requires four 4-input AND gates, one 4-input OR gate, and 3 inverters.
The minimum expression requires one 2-input AND gates, one 3-input AND gate, one 2 input
OR ¢ate. and 2 inverters.

FIGURE 4-26

Special Design Problems

57.

58.

Connect the OR gate output for each segment to an inverter and then use the inverter output to
drive the segment with a HIGH.

See Figure 4-27. F=1111

The expression for segment a to include the letter F is:
a= H,H,H H,+H,H,HH,+HHHH,+HHHH,
The expression is minimized in Figure 4-27.

H\Hy
Hyt; XN _ 00 01 11 10

00 x |[X) x| X

H
ol x |[x| x| x Hf%}l:D’”
>

Iy of1)ofo0
Hy

o| X (& D) 0
o= H].ﬁj“u + ﬁ|”¢|

FIGURE 4-27
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59. See Figure 4-28. Segment b is used for letters 4 and d.
b= H,H,H H,+H,H,HH,

H{H,
HaHa s 00 01 11 10
00//x) x (x| x
Hﬂi—cl:)—
01X X X m H1—g b
ol 1) 1
o/ x 1) 0
b=ﬁ|ml+H:H|+HlHu
FIGURE 4-28

See Figure 4-29. Segment c is used for letters A4, b, and d.
c= H,H,HH,+HH,HH,+HH,HH,

H H,
HatyNC 00 01 11 10
0/x) x| x| x .,
]
o[ x| X [XTX) HO% {,
i1l ollef
un P
X)X 00
¢ = HyHy + HaH,
FIGURE 4-29
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See Figure 4-30. Segment d is used for b, C, d, and E.
d= H,H,H H,+H,H,HH,+H,H,HH,+HHHH,

H,H,
HiH, 00 01 11 10
00
01 X | X |[X] X H, :)_::Dfd
1o [oij1)] 0
DU ——
ol XY x|o (1_
o =I Hz_u + HzHllﬂn
FIGURE 4-30

See Figure 4-31. Segment e is used for 4, b, C,d, E, and F.
e= H,H,H H,+H,H,HH,+HH,HH,+HH,HH,+HHHH,+HHHH,

H Hy

HiHa ™ 00 01 11 10

W x| X|X|X

01 X | XXX [_7*'
o000 =
mxX[(xXx|o0|0

Since segment e is active-LOW for all letters, e = 0.

FIGURE 4-31
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See Figure 4-32. Segment fis used for 4, b, C, E, and F.
f= H,H,H H,+HH,HH,+HH,HH,+H,H,HH,+HH,HH,

HHy
HyH, 00 01 11 10
00 x |(x) x| X
0 X [|[X|X|X Hl—CD—D_f
1nfofrfolo Hy——
10| X \.‘EJ 0|0
f=§|Hu
FIGURE 4-32

See Figure 4-33. Segment gisusedin4,b,d, E,and F.
g= H,H,H H,+HH,HH,+HH,HH,+HH,HH,+HH,HH,

H\Hy

HyH, fC‘_I'_D\ 01 11 10
WX x| x| x
O X | X | X | X H
R+
1njlrolo|o Hy
mQE, X[(0|0
F;"=-"Tl_u
FIGURE 4-33
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Chapter 4

The invalid code detector must disable the display when any numerical input (0-9) occurs. A
HIGH enables the display and a LOW disables it. A circuit that detects the numeric codes and
produces a LOW is shown in Figure 4-34.

HyHy
HiHy 00 a1 11 10
0Olo ol oo

0o [0 [0]0
nG iy ::I:D_D_X
[0 o1 1)

X =HyHs+ HsH) = HyHy + Hy)

FIGURE 4-34

Multisim Troubleshooting Practice

61.

62.

63.

Input 4 inverter output open.
Input 4 of segment e OR gate open.

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.

FIGURE 5-1

2. (@ X=AB+A+AC
(b) X= AB+ ACD + DBD

3. () X=A4BB
(b) X=AB+B

() X= A+B
(d) X=(4+B)+4B
() X= ABC

() X=(4+B)B+C)
4. See Figure 5-2 for the circuit corresponding to each expression.

(@) X=(4+B)C+D)=AC+AD + BC +BD

(b) X= ABC +CD = (ABC)(CD) = (4+ B)CCD = ACD + BCD
) X=UB+OD+E=ABD+CD+E

d X=(A4+B)BC)+D=(A+B)YBC)+D=A+B+BC+D=A+B+D

() X=(AB+C)D+E=(AB+C)D+E = ABD+CD+E

(f)  X= (AB+CD)(EF +GH) = (AB + CD)(EF + GH) = (AB + CD) + (EF + GH)
= (AB)(CD) + (EF)(GH)

= (A+B)C+D)+(E+F)G+H)=AC+BC+AD+BD+EG+FG+EH+FH
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()

]
i

I

{c)

FIGURE 5-2
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=4+ B)(C+D)

X

(a)

A B C D X

(A+B)BC)+D

X

(d)

AB+C)D+E

X

(©)

A B C D E X| A B C D E X
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(AB+C)D+E
A B C D E X|[A4 B C D E X

(AB + CD)(EF + GH)

® X

X

(e)

—

— o e e e

>

KX HE K XKoo

>~

KX oo XX

o

KX R XoXo

<

XX O O KXo

<

Koo XXX X

]

SRl i

<

O X O K XXX

A|B|C|D|E|F|G|H|I

)

KO X KKK X

=0.

For all other entries X

don’t care
An abbreviated table is shown because

X =

there are 256 combinations.

1

0 0 O
0
0
1
1
1
1

0
0
0
0
0
0
0

(A+B)(A+B)

AB + AB = (AB)(AB)

X

7.

Section 5-2 Implementing Combinational Logic

power. See Figure 5-3.

guard, S = switch, M = motor temp, and P =

GS +MS

Let G

8.

P=G

D

i

M

URE 5-3

FI{
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9. X= ABCD + EFGH

10. See Figure 5-4.

fa) (b (e}
A
i A
¢ , . pe X=d4+B+C |
D X= AR I
() {€) (n
A
E
k
C
A
. B
{ A - ) ) .
1l f X ABC  DEF)CEfA-BF
y g
' X-acp + gy F
(zh (h)
FIGURE 5-4
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11.  See Figure 5-5.

A AB
B me
_ _ C
E B B : ; ) C
I X =AB+ BC C L X=AB+C)
NN A— BC A

C

@ (b)
A AB
B 20-

B B
X=AB+AB
ADB
(c)

X=ABC + BUEF + G)

BUEF + G)

(d)

A A+B+C+ D
B BCA+B+C+ D)
R

pm

D A X=A[BCA + B+ C + D))

()

( ' —
L DL

CDE + EFG
X = BICDE + EFGYAB + O)

AB+C

()

FIGURE 5-5
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12.

13.

See Figure 5-6.

0w

y
v %guu
YA

(a) x= AR+ CD+ (AT B(ACD+ EE)

(b) X- ARCD+ DEF+ AF

(¢) X="A[B+C(D+ 5]

FIGURE 5-6

X= ABC + ABC + ABC + ABC + ABC
See Figure 5-7.

C

AN
00/ (1)

plDSp
B— DX:AB+€

FIGURE 5-7
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14.

15.

Chapter 5

X= ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD + ABCD
See Figure 5-8.

AB
00

0l
I

cD

B__]
C—]
[‘7__

A —]

D —

57—

LVTEG 380 o 8 o o o)

C —

A—
X =ABC +ACD + BC + AB | ‘

FIGURE 5-8

X=AB+ABC=AB(1 + C)= AB

A

B

X

0
0
0
0
|

l
l
|

0
0
l
1
0
0
I
|

0
0
0
0
0

D

A BlX
0 010
0O 110

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

Since C is a don’t care variable, the output depends only on 4 and B as shown by the two-
variable truth table above which is implemented with the AND gate in Figure 5-9.

FIGURE 5-9
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16. X= (AB)B+C)+C =(AB)B+C)C = (AB)(B+C)C = (4+ B)(BC)C

= (ABC +BC)C = ABC + BC = BC(A+1) = BC

See Figure 5-10.

I 9
— X
O

FIGURE 5-10

17. (@) X= AB+BC

No simplification. See Figure 5-11.

¢
AB 0

| {

oo | 0

o1 9

8]

i |G

£

10

B

(b) X= AB+C)=AB+ AC

X = AB + BC

No simplification is possible

FIGURE 5-11

The output is dependent
only on B and C. The value
of 4 does not matter. The
NOR gate behaves as a
negative-AND.

No simplification. Equation can be expressed in another form, as indicated

in Figure 5-12.

A

B

(¢©) X= AB+AB=AB+B) =A

FIGURE 5-12

D
B

A direct connection from input to output. No gates required.
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(d) X= ABC+B(EF +G)= A+ B+C+ BEF + BG
= Z+E+BEF+§+5=Z+E+E+EF+6

See Figure 5-13.

FIGURE 5-13

() X=ABCA+B+C+D))=ABCA + ABCB + ABCC + ABCD
=ABC+ ABC+ ABC + ABCD = ABC + ABC(1 + D)
=ABC+ABC=ABC

See Figure 5-14.

A—]
i )
O —

FIGURE 5-14

(f) X= B(CDE +EFG)(AB +C) = (BCDE + BEFG)(A+ B +C)
= ABCDE + ABEFG + BCDE + BCEFG
= BCDE(A+1)+ ABEFG + BCEFG
= BCDE + ABEFG + BCEFG

See Figure 5-15.

FIGURE 5-15
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18. (a) X= AB+CD+(A+B)ACD+BE)= AB+CD + AB(ACD + B+E)
= ZB+CD+Z§+EE=Z(B+§)+CD+Z§E
= Z+EE+CD=Z(1+§E)+CD=Z+CD

See Figure 5-16.

AP
c :D *
Ie D

FIGURE 5-16

(b) X= ABCD+ DEF + AF = ABCD + DEF + A+ F
= A+ BCD+F + DE

See Figure 5-17.

L

>
2 DN
D

:

FIGURE 5-17

(©) X= AB+C(D+E))=AB+CD+CE)= AB+ ACD + ACE

See Figure 5-18.

>
B

FIGURE 5-18
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Chapter 5

The SOP expressions are developed as follows and the resulting circuits are shown in Figure 5-19.

(a)

(b)
(©

(d)

(e)
®

X=(4+B)C+D)=AC+AD + BC + BD

X= ABC +CD = (ABC)(CD) = (A + B)CCD = ACD + BCD
X=UB+CD+E=ABD +CD +E

X= (A+BYBC)+D=(A+B)YBC)+D=A+B+BC+D
= A+B1+C)+D=A+B+D

X=(AB+C)D+E=(AB+C)D+E=ABD+CD+E

X= (4B + CDY(EF + GH) = (AB+ CDY(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

(k)

()

FIGURE 5-19 in
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Section 5-3 The Universal Property of NAND and NOR Gates

20. See Figure 5-20.

FIGURE 5-20

21. X=(4AB)YB+C)+C

See Figure 5-21.

BiC X =(ABYB+C)+C

FIGURE 5-21

22,

1
[1@

(a) (b)
FIGURE 5-22
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23. See Figure 5-23.

"’@ 1 wE
LS
I e D_[ D_._ ¥

Xe ABE: O+ C

FIGURE 5-23

Section 5-4 Combinational Logic Using NAND and NOR Gates
24. (@) X=ABC (b) X= ABC

See Figure 5-24. See Figure 5-25.

%} %}&

FIGURE 5-24 FIGURE 5-25

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

See Figure 5-26. See Figure 5-27.

A
4

) > O>— | \ x
c

FIGURE 5-2
GURE 5-26 FIGURE 5-27
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See Figure 5-28.

N
L

’JJ

b

ok

) X=U+B)C+D)
See Figure 5-29.

FIGURE 5-28

A
B

(o
I

oA

FIGURE 5-29

(g
See Figure 5-30.

DA

X= AB[C(DE + AB) + BCE]

ry

X,
e

Ry

Y

DE
(\DE+ AR
D D

G

i

i

FIGURE 5-30
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25. (a)

(©

(e

®

Chapter 5

X=4BC (b) X=4BC
See Figure 5-31. See Figure 5-32.
4 ' A
D] D
FIGURE 5-31 FIGURE 5-32

X+A+B d X=A+B+C
See Figure 5-33. See Figure 5-34.

.4—+D°1 ) g +3’”} B
D DI

FIGURE 5-33 FIGURE 5-34

X= AB+CD
See Figure 5-35.

1D
}DD i

FIGURE 5-35

X=A+B)C+D)

igure 5-36. = P
See Figure 5-36 .I.D:_I_D]
- RIDIDSE

FIGURE 5-36
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(¢) X= AB[C(DE + AB)+ BCE]
See Figure 5-37.

AR A—B+ D_E —_—
A QAR+DE)  __
F— H / / QAR+ DE)+ BCE

O

FIGURE 5-37

26. (a) X=A4B b)) X=4+8B
See Figure 5-38. See Figure 5-39.

U I g

B —

FIGURE 5-38 FIGURE 5-39

(c) X=4B+C (d X=4BC+D
See Figure 5-40. See Figure 5-41.
A 4
B— E—
(&
b'¢

C—{ D—{

FIGURE 5-40 FIGURE 5-41
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(e) X=A+B+C (f) X=ABCD
See Figure 5-42. See Figure 5-43.

%D | DD

FIGURE 5-42

FIGURE 5-43

(& X=A(CD+B)=ACD+ AB

See Figure 5-44.

€ ]
1
X
A
BW

FIGURE 5-44

(h) X=AB(C+DEF)+CEA+B+F)
= ABC + ABDEF + CEA + CEB + CEF

See Figure 5-45.

A4 —
B ]
C—

A

pP—

>
|
il >3 >
|
-

E
F

FIGURE 5-45
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27. (a) X= AB+BC (b) X= AB+C)= AB+ AC

See Figure 5-46. See Figure 5-47.

)= -
Ba

X X
 p—

FIGURE 5-46 FIGURE 5-47

i —
&

() X= AB+AB

See Figure 5-48.

FIGURE 5-48

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

See Figure 5-49.

FIGURE 5-49
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Section 5-5 Logic Circuit Operation with Pulse Waveform Inputs

X=A[BC(A + B + C + D)] = ABCA + ABCB + ABCC + ABCD
= ABC + ABC + ABC + ABCD + ABC(1 + D) = ABC

See Figure 5-50.

=D

FIGURE 5-50

X= 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 5-51.

4
I
pE }o =
= |
—
e
_r,'ﬁ__ }
.‘?b—. S
o
FIGURE 5-51

28. X=A+B+B=A4BB =0
The output X is always LOW.

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

See Figure 5-52.
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FIGURE 5-52

30. Xis HIGH when ABC are all HIGH or when 4 is HIGH and B is LOW and C is LOW or when
A is HIGH and B is LOW and C is HIGH.

X= ABC + ABC + ABC

See Figure 5-53.

FIGURE 5-53

31. Xis HIGH when 4 is HIGH, B is LOW, and C is LOW. We do not know if X is HIGH when
all inputs are HIGH.

X= ABC

See Figure 5-54.

A 1

FIGURE 5-54
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32.

33.

See Figure 5-55.

A L Lo
B Lo Lo
C L Lo

FIGURE 5-55

Chapter 5

The output pulse is sufficiently wide. It is greater than 25 ns. A maximum is not specified.
See Figure 5-56.

A
B

GI out

)

PORN——

! 10 ns

100 ns

110 ns

20 ns

110 ns

110 ns

140 ns

- 70 ns !

MO ns

FIGURE 5-56
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Section 5-6 Troubleshooting

34. 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.

35. X=ABC+DE
Since X is the same as the G5 output, either G, or G, has failed with its output stuck LOW.

36. 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.

37. See Figure 5-57.

Driving gate Load gates
lﬁllﬁllﬁl/lﬁllﬁlml?l lﬁllﬁllﬁllllﬁl\mm
5 o' . L
L2 N\BI 4] ]Le] 7] L 2] BI[4]s]Le][7]
Load gate

FIGURE 5-57

38. X= AB+CD+EF = (ABYCD)EF) = (4 + B)(C + D)(E + F)

Since X does not go HIGH when C or D is HIGH, the output of gate G, must be stuck LOW.
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39. (a) X= (Z+E+C)E+(C+B)E=ZE+§E+CE+ES§+BE
= AE + BE + CE + DE

See Figure 5-58.

(A+ £+ OF

XA+ B+ OF+ (C+ D E

x cEAE| i 1 i |pr

FIGURE 5-58

b) X=E+ED+C)=E(l+D+C)=E

Waveform X is the same as waveform £, in Figure 5-58. Since this is the correct

waveform, the open output of gate (53 does not show up for this particular set of input
waveforms.

(¢) X=E+EA+B+C)=E(l+A+B+C)=E

Again waveform X is the same as waveform E. As strange as it may seem, the shorted
input to G5 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.
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40. TP= AB+CD

The output of the CcD gate is stuck LOW. See Figure 5-59.

14

FIGURE 5-59

Section 5-7 Combinational Logic with VHDL

41. X <=AandBandC

42. entity Circuit5_54b is
port (A, B, C, D: in bit; X: out bit);
end entity Circuit5_54b;
architecture LogicFunction of Circuit5_54b 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;

43.(e) entity Circuit5_55¢ is
port (A, B, C: in bit; X: out bit);
end entity Circuit5_55e;
architecture LogicFunction of Circuit5_55¢ 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;
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(f)  entity Circuit5_55f is
port (A, B, C: in bit; X: out bit);
end entity Circuit5_55f;
architecture LogicFunction of Circuit5_55f is
begin
X <= (A or B) and (not B or C);
end architecture Logic Function;

44. See Figure 5-60 for input/output, gate, and signal labeling.

X
IN3——8 G30UT
G3

FIGURE 5-60

--Program for the logic circuit in Figure 5-60 (textbook Figure 5-56(d))

entity (Circuit5_56d is
port (IN1, IN2, IN3, IN4: in bit; OUT: out bit);

end entity Circuit5_56d;

architecture LogicOperation of Circuit5_56d 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 G10UT, G20UT, G30UT, G40UT, G50UT: bit;

begin
G1: Inverter port map (A =>IN1, X => G10UT);
G2: NORgate port map (A => G10UT, 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;

85



Chapter 5

45.

46.

See Figure 5-61 for input/output, gate, and signal labeling.

X ouT

FIGURE 5-61

--Program for the logic circuit in Figure 5-61 (textbook Figure 5-56(f))
entity Circuit5_56f is
port (IN1,IN2, IN3, IN4, INS, IN6, IN7, IN8: in bit; OUT: out bit);
end entity Circuit5_56f;
architecture LogicFunction of Circuit5_56f is
--Component declaration for NAND gate
component NANDgate is
port (A, B: in bit; X: out bit);
end component NANDgate;
signal G1OUT, G20UT, G30UT, G40UT, G50UT, G6OUT: bit;
begin
G1: NANDgate port map (A =>IN1, B =>IN2, X => G10UT);
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 => G10UT, B = G20UT, X => G50UT);
G6: NANDgate port map (A => G30UT, B => G40UT, X => G60UT);
G7: NANDgate port map (A => G50UT, B => G60OUT, X => OUT);
end architecture LogicFunction;

X= ABC+ ABC + ABC + ABC + ABC
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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--Program for textbook Figure 5-66 data flow approach
entity Fig5_66 is
port (A, B, C,D, E: in bit; X: out bit);
end entity Fig5_66;
architecture DataFlow of Fig5_66 is
begin
X <=(A and B and C) or (D and not E)
end architecture DataFlow;

See Figure 5-62 for the circuit in textbook Figure 5-66 modified for the structural approach.

INT —A G10UT
X
IN2 —B
A

Gl
IN3

M

A
IN5 F
b’ INVOUT

INV

FIGURE 5-62

--Program for textbook Figure 5-66 structural approach
entity Fig5_66 is
port (IN1,IN2, IN3, IN4, IN5: in bit; OUT: out bit);
end entity Fig5_66;
architecture Structure of Fig5_66 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 G10UT, G20UT, G30UT, INVOUT: bit;
begin
G1: AND_gate port map (A =>IN1, B =>IN2, X => G10UT);
G2: AND_gate port map (A => G10UT, 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;
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48.

--Program for textbook Figure 5-70 data flow approach
entity Fig5_70 is
port (A, B, C,D, E: in bit; X: out bit);
end entity Fig5_70;
architecture DataFlow of Fig5_70 is
begin
X <= (not A or not B or C) and E or (C or not D) and E;
end architecture DataFlow;

See Figure 5-63 for the circuit in textbook Figure 5-70 labeled for the structural approach.

IN1
IN2

IN3

IN4

INS

FIGURE 5-63

--Program for textbook Figure 5-70 structural approach
entity Fig5_70 is

port (IN1, IN2, IN3, IN4, INS5: in bit; OUT: out bit);
end entity Fig5_70;
architecture Structure of Fig5_70 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_gate? is

port (A, B: in bit; X: out bit);
end component NAND_gate?2;
--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

G1: 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 =>IN1, 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;
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49. From the VHDL program, the logic expression is stated as a Boolean expression as follows:

X:(E+ZE+ZB+§E+E+D_C)
= ((4+B)(A+C)A+D)B+CYB+D)D+C(C))
= (A+B)(A+C)YA+D)B+C)YB+D)D+C)

The truth table is:

—_ O OO R O—= O =0 =0~ O|A
—_—_ OO =, —m OO = =00~ —=OO|l
= k=== N e NN ol o)
N R = N =l e e N e e NNl | )

—F—, P, O, 000000000 OO

50. --Program for textbook Figure 5-72 data flow approach
entity Fig5_72 is
port (A1, A2, B1,B2: in bit; X: out bit);
end entity Fig5_72;
architecture LogicCircuit of Fig5_72 is
begin
X <= (Al and A2) or (A2 and not B1) or (not B1 and not B2) or (not B2 and Al);
end architecture LogicCircuit;
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51. The AND gates are numbered top to bottom G1, G2, G3, G4. The OR gate is G5 and the
inverters are, top to bottom. G6 and G7. Change A4,, 4>, By, B> to IN1,IN2,IN3, IN4
respectively. Change X to OUT.

entity Circuit5_72 is
port (IN1, IN2, IN3, (IN4: in bit; OUT: out bit);
end entity Circuit 5_72;
architecture Logic of Circuit 5_72 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, G7OUT: bit;
begin
G1: AND_gate port map (A =>IN1, B =>IN2, X => G10UT);
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 => G10UT, B => G20UT, X => G30UT,
D => G40UT, X => OUT);
G6: Inverter port map (A => IN3, X => G60UT);
G7: Inverter port map (A =>IN4, X => G70UT);
end architecture Logic;

System Application Activity

=L, +L,.F

‘max "~ inlet

See Figure 5-64.

52. T,

inlet

I

v

FIGURE 5-64
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53. V=L Fied

outlet ‘min "~ inlet

See Figure 5-65.

Lmin

54. See Figure 5-66.

T

Finlea

£

FIGURE 5-65

55. Vaddirive =TL

See Figure 5-67.

‘min

FIGURE 5-66

l[-min

D_ Vaddlli Vi
T —

FIGURE 5-67
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Special Design Problems

56.

As A4, A Ao X
0 0 0 O 1
0 0 0 1 1
0O 0 1 O 1
0 0 1 1 0
O 1 0 0 0
0O 1 0 1 0
0o 1 1 0 0
0o 1 1 1 0
1 0 0 O 0
1 0 0 1 0
1 0 1 O 0
1 0 1 1 0
1 1 0 O 0
1 1 0 1 1
1 1 1 0 1
1 1 1 1 1
See Figure 5-68.
Ay
.r"! |.4 i A T e £ »7
A
A A ™ m‘_m_ 1 __‘:
wiopo] ol i P
gl ) 0|0 0 ,:,‘ DO ‘_D__\-
[V R (T P T, P p—
Tl (€55 o
] 00 Ay 3 Do
A, —a )

X= .r:i.j.-"TJ.";l-“] + A ja'j! :fi i+ A _||-'1- _-..-"I 1+ A T'Jh :-"1 0

FIGURE 5-68
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57.

58.

Let
X =Lamp on

A = Front door switch on

A= Front door switch off
B = Back door switch on

B = Back door switch off
X= AB+ AB . This is an XOR operation.

See Figure 5-69.

See Figure 5-70.

i

FIGURE 5-69

" MER

F o Fmary

LsR

FIGURE 5-70
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Multisim Troubleshooting Practice
59. Pin B of G1 open.

60. Pin C of OR gate open.

61. Inverter input open.

62. No fault.
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CHAPTER 6
FUNCTIONS OF COMBINATIONAL LOGIC

Section 6-1 Basic Adders

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

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

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

2. (@ A4=0,B=0,C,=0
b) A4=1,B=0,C,=00r4=0,B=1,C;,=0
or4=0,B=0,C;,=
c) A=1,B=1,C,=1
(d A4=1,B=1,C,=00rd4=0,B=1,C;,=1
ordAd=1,B=0,C,=1
3. (@A) X=1,Co=0 b)) X=1,Cou=0
© Z=0,Cu=1 d Z=1,Cu=1

Section 6-2 Parallel Binary Adders

4. 111 See Figure 6-1.
101
1100

FIGURE 6-1
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5. 10101 See Figure 6-2.
00111
11100
1 0 00 1 1 0 1 110
— e e e L
A B Cip A B Gy A B Gy A B Gy A B Gy
FAS A4 FA3 FA2 FAl
(‘nul b ('uul z ('vuul z ('v(.u[ b3 Cnul z
0 1 1 1 0 0
FIGURE 6-2

6. (a)  When the Add/Subt is HIGH, the two numbers are subtracted.
(b)  When the input is LOW, the numbers are added.
7. A=1001=-7,B=1100=—4

1001

0011 <« Complement of B
1 <« LSB Carry input

1101 =-3in 2’s comp

8. See Figure 6-3.

J'il- | !
20 R e I e S e O e

FIGURE 6-3
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10.

Ay As

5 4

0

1

1 0
0 O
1 0

—

— O = Ol
w2

—_—_ O O
I
— = e

— o OO
[ NoNotal
O == O M
(98]
—_O = =M
[

S == OM

%, =0110
¥, =1011
¥3=0110
24, =0001
25 =1000

0100
1110
10010

Y outputs should be C,,;24232,% = 10010.
The Z; output (pin 2) is HIGH and should be LOW.

See Figure 6-4.

(1
[E]]
{3

0
1

ﬂ (1]
(1

1 T
{4}
{10

(13)

| ()
L] [:
il
}!} s 5

(1)
in ol

FIGURE 6-4
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Section 6-3 Ripple Carry Versus Look-Ahead Carry Adders
11.  t40n =40 ns + 6(25 ns) + 35 ns = 225 ns
12. Full-adder 5:
Cin5 = C’out4
Coms = Cgs + Cp5Cg4 + Cp5Cp4Cg3 + Cp5Cp4Cp3Cg2 + Cp5Cp4Cp3Cg2Cg1 + Cp5Cp4Cp3Cp2Cp1Cin1

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

As Bs

Ci n Cu utd

C, C/14

outs

e

Pl

FIGURE 6-5

Section 6-4 Comparators
13. The 4 = B output is HIGH when 4, = By and 4, = B;.

See Figure 6-6.

FIGURE 6-6
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14. See Figure 6-7.

A=T00LA= 1A = 1105A = 110014 = 0101 |
B=0100 B= 11011 o8 = 0010 8= 0001 F= 1100

A<B 5 i

A=H8

A>B | |

FIGURE 6-7

15. (@) A>B: 1,A=B: 0,4<B: 0
b) A>B: 0,A=B:0,4<B: 1
(¢) A>B:0,A=B:1,A<B: 0

Section 6-5 Decoders

16. (a) AzA,4,4,=1110 (b)  A34,4,4,=1100
(C) A3A2A1A0 = 1111 (d) A3A2A1A0 = 1000
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17.

18.

19.

See Figure 6-8.

(MSE)

Rl
.

|
J

—
P

(MSE)

7
-
7y
-

X

1]
(LSB)
iMSIEI

(MSE)

=

vivyy
:

EL:BJ @) ——
l]—>~—

"
d
.

FIGURE 6-8

Change the AND gates to NAND gates in Figure 6-8.

X = Ay dy A Ay + A A A Ay + Ay Ay Ay Ay + Ay A, A A

See Figure 6-9.

Ay

(L] 1l 11

00| 0 00 f—

o] O Fpp—

bodgdad dy # .'fj.'rzrf.

FIGURE 6-9
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20.

21.

22.

Y= A A Ay + Ay A Ay + A, A 4y

See Figure 6-10.

See Figure 6-11.

A,

)

FIGURE 6-10

EY YRR |

=

s
E
B

W 0O =) O L LI

FIGURE 6-11

016944480

Section 6-6 Encoders

23.

Aoy, A1, and Az are HIGH. 434,4,4y = 1011, which is an invalid BCD code.

101

— . . : . ' HIGH

e e e 1<
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24. 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: ZA_zAlA0 =0111, which is binary 8 (1000).

Section 6-7 Code Converters

25. (a) 2= 00105 = 0010,
(b)  81p=10005p = 1000,
©) 135 =000100115cp = 1101,
(d) 2640=001001105cp = 11010,
() 33,0=001100115cp = 100001,
26. (a) 1010101010 binary (b)y 1111100000 binary
1111111111 gray 1000010000  gray
(c) 0000001110 binary (d 1111111111 binary
0000001001  gray 1000000000  gray
See Figure 6-12.
B B, B B B,
|
G c:r; G G GG q (g G G
FIGURE 6-12
27. (a) 1010000000 gray (b) 0011001100  gray
1100000000  binary 0010001000  binary
(c) 1111000111 gray (d) 0000000001 gray
1010000101  binary 0000000001  binary

See Figure 6-13.
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B, B, B B

FIGURE 6-13

Section 6-8 Multiplexers (Data Selectors)

28.

29.

30.

S1So = 01 selects, D, therefore Y= 1.

See Figure 6-14.

See Figure 6-15.

] z‘;_l

BinininIDn

FIGURE 6-14

—I_
L_

IBID BRI DD,

oL l_ L LI

FIGURE 6-15
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Section 6-9 Demultiplexers

31. See Figure 6-16.

A
5
5

Datain - ] : |_I

[ J
I.xnl ﬁl, —I___,_I_l_!

n -
i

FIGURE 6-16

Section 6-10 Parity Generators/Checkers

32. See Figure 6-17.
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33.

See Figure 6-18.

Saipiy m

N gagaiins
LU
uunp Ry

Eeven -

...odd; g |_[_|

FIGURE 6-18

Section 6-11 Troubleshooting

3.

Chapter 6

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

Ci, is indeed stuck HIGH, perhaps shorted to V.

See Figure 6-19 for the correct output waveforms.

et
oulputs
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35. (@ OK (b) Segmentgburned out; output Gopen (c) Segment b output stuck LOW

36. 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 A3 A2 Al A()

None | 1 1 1 1
0 1 1 1 1
1 1 1 1 0
2 1 1 0 1
3 1 1 0 O
4 1 0 1 1
5 1 0 1 O
6 1 0 0 1
7 1 0 0 O
8 0 1 1 1
9 0 1 1 O

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

specified in Table 2.

Hold down keys | Depress keysone atatime | 43 A, A4, Ao
1 0 1 1 1 0
2 1,0 1 1 0 1
3 2,1,0 1 1 0 O
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 O
8 7,6,5,4,3,2,1,0 o 1 1 1
9 8,7,6,5,4,3,2,1,0 0O 1 1 0

TABLE 2

37. (a) Open 4, 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.

(b)  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.

(c) The Z4 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.

(d)  Z; 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.

38. (a) The 1Y1 output of the 74L.S139 is stuck HIGH or open; B cathode open.
(b)  No power; EN input to the 74L.S139 is open.
(c)  The foutput of the 74LS47 is stuck HIGH.
(d)  The frequency of the data select input is too low.
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39.

40.

41.

—

Chapter 6

Place a LOW on pin 7 (Enable).
Apply a HIGH to Dy 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 0o oM
—_—_ 0 0o —=m—= 0ol
— O~ O~ O ~O

OO0 OO —|~

TABLE 3

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.

Dy D, D, Dy Dy Ds D¢ D; | Y Y | &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 O
L L L L L H L L 1 0 1 0 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:

B W =

> EVEN output of the 74L.S280 stuck LOW.

Error gate faulty.

The ODD input to the 74L.S280 is open thus acting as a HIGH.

The inverter going to the ODD input of the 74L.S280 has an opern output or the output is
stuck HIGH.

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 (S5,515) and check for a HIGH on the corresponding data output and LOWSs on all
the other data outputs.

One possible approach to implementation is to decode the 5,55, 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.
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+ V

3-BIT BINARY
DECODER
Sp —

S
S, |

HIGH dunng the selected bit bme
changes a LOW Fratw a HIGH

N v
p,

Switches select the bt that 15 to be inermor

FIGURE 6-20

System Application Activity

42. See Figure 6-21.

MO

SR

NETALSH |54 T4LSOO

5 —I_
From MY
=l v
decoder >
5
; MR
24
i 154 TALS00 gy
Chstput logic
FIGURE 6-21
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43.

See Figure 6-22.

From
stale

decoder

Special Design Problems

4.

See Figure 6-23.

B3 THLS MG

g

]

5,

14 TALS0D 156 T4LS04

MY

ME

104 T4LS00 156 T4L504

S0

Chatpat logic

FIGURE 6-22

Chapter 6

74LS157

MA
A
AMA
Wi
AN

74L8157

b—oud 4 ¢
N s
l—8 i
74LS157 741548
1NN E
el R
[ ol O e I o I |
D « B A
XY
[ ()or
2 o
D
0
=
— 74LS139
FIGURE 6-23
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45.

S = ABC, + ABCin + ABCin + ABC,,
Cou = ABCyy + ABC, + ABC, + ABCin

See Figure 6-24.

AB
00

01

11

C.

g

C

in

AB 0

00

01

a0

0| 1 10 1
_/
X =No simplification Cou=BCy, + AB + AC,,
A —0—Do
EEsia = DS
Cin e
N Cin
o—Do A
z
7
MUX MUX
N INN
Cn——0 Cin —
B— 6% B—— G
A—2 A —]
—lo | —0
1 1 x 1 Cou
2 *—2
q 3 1 3
4 +—|4
—|5 5
—6 6
7 7
= 74LS151 — 74LS151
FIGURE 6-24
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46.

47.

Y= A Ay Ay Ay + Ay Ay Ay Ay + Ay Ay A Ay + Ay A Ay + Ay Ay A, Ay

+ A A Ay A Ay Ay Ay + A Ay A Ay + A Ay A A,

See Figure 6-25.

See Figure 6-26.

I—rE;.';  MUX
-’4['_ 'L ﬂ
4, fat
A;—-z
+ 1 - ?
2
) s
. ID‘,- :
I [
1=
74L.S151
FIGURE 6-25
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48.

See Figure 6-27.

49.

Wi TALE2HA ihilg T4LE2K3
Ajgee— 0y L I
r'l i ARy » ” . LL1] a
fR— | ho ]y A u
1 l.—”J | 1 o Eu Aq i | Iy = Xy
. |r:- ¥ . ||:| 5.
o LI z L £ i il X g L I
" AL : y ¥, it ! T |1 ) KL X,
: o ST M ¥
. |1|m ! B By, ey i
" I 1
. HEE 1% . i1y
T c, C, W € (‘1 _‘
1N TALS M3 o T4L5283
. (L1 I1 [ .|'h:| _I|
ihE TI A . e (A )
P —T11 I + Iy it 1 I‘m o
= e, = P s
x I ¥ 2
Hh_lrl_!: [ ] 1151 i"' AL “-,I,I I : 1% i"
", ~E — I, B — 1
H" tlll' ! H B W 1I:| [ H
ol i s . 1
. 1 . LD
- Cy C . Lo G
FIGURE 6-27

See Figure 6-28.

74LS85

A=H
A=H
A= H

5
il
f L 7ausss A, ],
A, 12D PTE
] 1! . L — ]
s 113 3 L A, 113 ) A
Ay 1153 X Ay 1%
(E1) (k1] 1]
A= Axl s LEL
(A1) ] L%
= —— A=l A=l L
(] 17 126
™ A=l Ao IG:l- Ao R
= #, 2y, H il
LI PTIT]
PRLLL O N g A b E
f‘.i ] Hy _IIJ k]
FIGURE 6-28
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50. See Figure 6-29.

% MSIYHOTY (AR

S Drlisglay LAy dispdny

TABLETS BOTTLE CIRCUIT

MRS ECT

741547

R N

MSDdisplay

LA Ty

74LS47

MSIYdisplay 1500 abisplay LS deplay

TOTAL TABLETS BOTT LED CIRCUIT

FIGURE 6-29
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51. See Figure 6-30.

V..
[on
@ _:*QUL 74LS147 [N
B
s
olele]=n
—a 7
@ s
i 9
w5 JT:I
2
3 SRR
_|
1
- FIGURE 6-30

52. See Figure 6-31.

{11
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:u‘;llll\ I !
anf Td1%4 BINARY
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. ol o el i _'| _. 8]
o Wl LT ™ Wl
o [LEN!
I 1 '.'HI
mn g -||‘~'01;_-\. 1 an : o5 MEE
| -—‘ s
“\.ﬂ_- |
FIGURE 6-31

Multisim Troubleshooting Practice

53. LSB adder carry output open.
54. Pins 4 and 5 shorted together.
55.  Pin 12 of upper 74148 open.

56. Pin 3 of upper 74151 open.
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CHAPTER 7
LATCHES, FLIP-FLOPS, and TIMERS

Section 7-1 Latches

1. See Figure 7-1.

e niinininl
o LI

FIGURE 7-1

2. See Figure 7-2.

s UL (L
R L [

oL LI

FIGURE 7-2

3. See Figure 7-3.

s |
R—U UL I_Ir
o 1 i

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

FIGURE 7-4

5. See Figure 7-5.

6. See Figure 7-6.

LU
1 B
|

FIGURE 7-6
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7. See Figure 7-7.
v 1 [

o T LT

o__| L i

FIGURE 7-7

Section 7-2 Edge-Triggered Flip-Flops

8. See Figure 7-8.

{a) The Aup-flap inggess on the negabve edge of the clock pulte
() The Mip-flop ggers on the postive edge of the clock pulse
FIGURE 7-8

9. See Figure 7-9.

N o D0

FIGURE 7-9
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10.

11.

12.

13.

See Figure 7-10.

FIGURE 7-10

See Figure 7-11.

oy
D
<

e ra

n i ¥
i i i ¥ n L
i

FIGURE 7-11

See Figure 7-12.

N L S
L |
<

FIGURE 7-12

See Figure 7-13.
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FIGURE 7-13
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14. See Figure 7-14.

¢ LT LI

FIGURE 7-14

15.

U Uiy
o L

c JLTLILILJL LT
J:‘
|

L]

N L i

FIGURE 7-15

16. J: 0010000
K: 0000100
Q: 0011000

17.  See Figure 7-16.

EEINinimuin
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K
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K,
o i i

sl

FIGURE 7-16
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18.  See Figure 7-17.

SN I S
oo L
R anEng il
e A O
L
JUEEEENERE R EEE
LT
o i
FIGURE 7-17

Section 7-3 Flip-Flop Operating Characteristics
19. The direct current and dc supply voltage

20. tpy (Clock to Q):
Time from triggering edge of clock to the LOW-to-HIGH transition of the O output.
tpar (Clock to Q):
Time from triggering edge of clock to the HIGH-to-LOW transition of the O output.

tpr (PRE to Q):

Time from assertion of the Preset input to the LOW-to-HIGH transition of the Q output.
tpur (ﬁ to Q):

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

21. T,,=30ns+37ns=67ns

Fae = TL =14.9 MHz

min
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22. See Figure 7-18.

c _f—en— ) N

Q —hHm

—_ | Q},. -

FIGURE 7-18 T = Sns 4+ 2ns=Tns

J ==
maL Fenin

= —I = 1429 MHz
T ns

FIGURE 7-19

23.  Ir=15(10 mA) = 150 mA
Pr=(5 V)(150 mA) = 750 mW

24. See Figure 7-19.
Section 7-4 Flip-Flop Applications

25. See Figure 7-20.

c | LI L LIL
2 e I

Divide-by-two

FIGURE 7-20

26. See Figure 7-21.

c L L FLLLFLPL
o)

Qi [ L 1 -

FIGURE 7-21

Section 7-5 One-Shots

27.  ty=0.7TRCgxy = 0.7(3.3 k€2)(2000 pF) = 4.62 ps
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-0.7=1.56 kQ

28. Ry= ty _07 = 5000 ns
RCeyr 0.32x10,000 pF

29. See Figure 7-22.

[} Irlﬁ\;l.lﬁ__i'l

W

Choose O, =1 p#

Fyy (X5«

AT TR TN

g,, Tr_H]

(2) 335

+5 %

Trpper

-
I

FIGURE 7-22

Section 7-6 Astable Multivibrator

30. f= ! = ! =44.6 kHz
0.7(R, +2R,)C, 0.7(1000 2+ 2200 ©2)(0.01 uF)
31. = 1 = ! =50 ps
f  20kHz
For a duty cycle of 75%:
ty=37.5usand t, =12.5 us
ty 375 ps
Ri+R= = =26,786 Q
0.7C  0.7(0.002 pF)
t 12.5
Ry= —L B -89290 (use 9.1 kQ)

= 0.7C  0.7(0.002 uF)
R =26,786 Q — R, = 26,786 Q — 8.929 O = 17,857 Q (use 18 kQ)
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Section 7-7 Troubleshooting

32.

33.

34.

35.

36.

The flip-flop in Figure 7-94 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.

™m0~

WO T

Jinput is open, creating an apparent HIGH.

FIGURE 7-23

Since none of the flip-flops change, the problem must be a fault that affects all of them. The
two functions common to all the flip-flops are the clock (CLK) and clear (CLR) inputs. One
of these lines must be shorted to ground because a LOW on either one will prevent the flip-

flops from changing state. Most likely, the CLR line 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 | | !

X /U

Glitch Glitch Glitch

|
o, — 1 i 1
% ' /

FIGURE 7-24
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37. (a) See Figure 7-25.

o, |

1
e, _ i [ i
E;Ergnxugau: é i i l_li 15 i i

alln ' .
{hower MAND gate) ' "

FIGURE 7-25

(b)  Kg open acts as a HIGH and the operation is normal. The timing diagram is the same as
Figure 7-25.

(¢)  See Figure 7-26.
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{Lower MANDHE

T B

|
|
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FIGURE 7-26

(d)  Xremains LOW if Qs =1 (Q, =0). Xfollows Q, if 05 =0 (0, =1).

(e)  See Figure 7-27.

L] L]

Q.08 : : :

{Lpper NAND) : : :

.00 1 ! " ] ]
gé‘wg ANDY ' \ 1 . F +— Flaaing kel

I : ' i

x i i [ i

FIGURE 7-27
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38. fW = 07RCEXT

One-shot A: #=0.7(0.22 uF)(100 kQ) = 15.4 ms

One-shot B: #=0.7(0.1 pF)(100 k€2) = 7 ms

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_l
o A |-|‘— LR ——— |
Carmect { H

0, | fe—rm—s]__

E apoa. &0 f

o1
e Py

FIGURE 7-28

System Application Activity

39. Forthe 6 s timer let C; =1 uF
6s

1 -

(L.1)(1 pF)

For the 40 s timer let C; = 2.2 uF
40 s

T AD22 )
See Figure 7-29.

= 5.5 MQ (use 5.6 MQ)

=16.5MQ (use 15 MQ)

L 2 RISATT Ir"
% B T f—o
T
TIERESI
Trjg\gr:r THHKi 0T
1 _—'L‘ ant gl
‘ L

6 s timer and 40 s timer are the same except for the
component values calculated above.

FIGURE 7-29
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40. fW=6S.LCt CEXT= 1 HF
tw = 07RCEXT
6s

R=—r =8.6 MQ
0.7Ce;  0.7(1 pF)

ty = 40 s. Let CEXT =10 MF

w405 _ _s7M0

T 07C,, 07(10 uF)

See Figure 7-30.

—=lz | & |1 —™ :z & |1
— — T o
= =
— y/a
o e
i X R [
Chxr Cpxt
'f :
i\
| pF = R 10 pF = Rexr
% 8.6 Mi2 % 5.6 ML
Ve Voo
FIGURE 7-30

41. fW=6S.LCt CEXT= 1 HF
t, =032R.Corr {1 + ﬂj =0.32R, ., Cr +(0.7)(0.32)Ciy
EXT
R 2 =ODODC oy 65-0224)AWH) _ oo
0.32C,; 0.32 (1 puF)

tw= 40 s. Let CEXT =10 MF
40 s—(0.224)10 yF _
0.32(10 uF)

=125 MQ

REXT =

See Figure 7-31.

126




Chapter 7

—= =z | & [IL —1 =] & [
e ey e ey
] == _ =
RIOCX RXACX st REOOK RXOCX
Ryxr Rpxr
15 ME2 12 ME2
FIGURE 7-31

Special Design Problems

42. See Figure 7-32.

iLsny AMSD;
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FIGURE 7-32
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43.

4.

See Figure 7-33 for one possibility.

Op
l am ¥ J J 7 ; = _['L -
J_L PC 24 > ¢ Lo Lo l L Box full
Switch ¥ 13 13
pulses
1 2 3 14 15 16 30 31 32
Switch l '
pulses — T T Trttttm m R mooooeos

0, L
outpat L

FIGURE 7-33

Changes required for the system to incorporate a 15 s left turn signal on main:

1 Change the 2-bit gray code sequence to a 3-bit sequence.

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 7-34.

FIGURE 7-34 T Vs
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Multisim Troubleshooting Practice
45. é output of U1 open.
46. K input of U2 open.

47. SET input of Ul open.
48. No fault.

49. K input of U2 open.
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CHAPTER 8
COUNTERS

Section 8-1 Asynchronous Counters

1. See Figure 8-1.

FIGURE 8-1

2. See Figure 8-2.

Spiigigipipipupinh
o L
FIGURE 8-2

3. fpmax) = 3(8 ns) = 24 ns

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 &
CLKB

-

RO,

CTR DIV 9

CLKB —f

KA — o>

r—>
RO
[ o,

CTRDIV 11

B
:

970 911 ;)2 91:,

(a)

=

Y
O 0 9,y

(B

CTRDIV 14

CLKA ____of> CTRDIV 13
>
CLKB —Ro,
1
R0, 02
LC:F -
Qo C!l ;72 .00

CLKA — o=

CLKB

CTR DIV 15

>
—RO,

R
2
4
E

QO Ql '02 03

(e)

FIGURE 8-3

Section 8-2 Synchronous Counters

S.

6.

See Figure 8-4.

8 ns, the time it takes one flip-flop to change state.

FIGURE 8-4
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7. Each flip-flop is initially reset.

CLK | JoKy JiKy SKy, SK3| Qo O O Os
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

8. See Figure 8-5.

SN p R p I

FIGURE 8-5

9. See Figure 8-6.

FIGURE 8-6
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10.  See Figure 8-7.

BNe T
Nt 1
[OAD | & il

o LT
SRR RRRSERR REy
RCO | i b

FIGURE 8-7

11.  See Figure 8-8.

reo LAl

FIGURE 8-8
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Section 8-3 Up/Down Synchronous Counters

See Figure 8-9.

12.

FIGURE 8-9

See Figure 8-10.

13.

203 1415

6 7 8 9 10011

5

FIGURE 8-10

See Figure 8-11.

14.

13 14 15

(L e

56 7T 8 9

4

3

1 1

[N (RN U S R — S —— -

-

[
LOALy

FIGURE 8-11
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15.

See Figure 8-12.

Chapter 8

(NOTE: The text answer, Figure P-64, is incorrect in the first printing. It will be corrected to
match Figure 8-12 in the 2™ printing.)

CLK I 4 05 0 7T B 9 (001213 1415
T LT
o

o T LT
o T
NESEESSEESEENSEE
e EEEEERREREREEE
0, | : o - L

FIGURE 8-12

Section 8-4 Design of Synchronous Counters

16.

S}

—

(=)

D,

Dy

Initially

AtCLK 1
AtCLK 2
AtCLK 3
AtCLK 4
AtCLK 5
AtCLK 6

O~ oo ol

oo~ r—~r—oof

—_0 O = = = olQ

co~r~r—~ocolb

0

1
1
1
0
0
1

1

—_— O O = =

The sequence is 000 to 001 to 011 to 111 to 110 to 100 and back to 001, etc.
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17.

FF3 FF2 FF1 FFO
Initially Tog Tog Tog Tog
After CLK1 | NC NC NC Tog
After CLK2 | NC NC Tog Tog
After CLK3 | NC Tog Tog Tog
After CLK 4 | Tog Tog Tog Tog
After CLKS5 | Tog Tog Tog Tog

)
(=)

=N \)
— O = == o
o~ o ~r—ol
— o~ 0o~ o

Tog = toggle, NC = no change

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

18. NEXT-STATE TABLE

Present State Next State
O Qo O Qo
0 0 1 0
1 0 0 1
0 1 1 1
1 1 0 0
TRANSITION TABLE
Output State Transitions Flip-Flop Inputs
(Present state to next state)

O Qo S K S Ky
Oto1 OtoO 1 X 0 X
1to0 Oto1 X 1 1 X
Otol 1tol 1 X X 0
1to0 1t00 X 1 X 1

See Figure 8-13.
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19.

Bk

NEXT-STATE TABLE

FIGURE 8-13

Present State Next State
0, O Do O O Qo
0 0 1 1 0 0
1 0 0 0 1 1
0 1 1 1 0 1
1 0 1 1 1 1
1 1 1 1 1 0
1 1 0 0 1 0
0 1 0 0 0 1
TRANSITION TABLE

Output State Transitions

(Present state to next state)

Flip-flop Inputs

O O Qo S K Ji K Jo Ky
Oto1 0to0 1to0 1 X 0 X X 1
1to0 Oto1 Oto1 X 1 1 X 1 X
Otol 1to0 1to1l 1 X X 1 X 0
1tol Oto1l 1to1l X 0 1 X X 0
1to1l 1to1l 1to0 X 0 X 0 X 1
0to0 1to0 Oto1 0 X X 1 1 X
1to0 1to1l 0to0 X 1 X 0 0 X

137

Chapter 8



Chapter 8

See Figure §-14.

='lel’LQz

10
J

0

011 X10

&

10, X0

FIGURE 8-14
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Chapter 8

NEXT-STATE TABLE

Present State Next State

O O O 0|0 O O O
O 0o O o1 0 0 1

1 0 0 1[0 O 0 1

o o o 1|1 0 0 O

1 0 0 o0 O 1 O

o o 1 ojo0 1 1 1

o 1 1 10 0 1 1

o o 1 1|0 1 1 O

o 1 1 o]0 1 0 O

o 1 0 o|0 1 0 1

0O 1 0 1]0 0O 0 O

TRANSITION TABLE
Output State Transition Flip-flop Inputs

(Present State to next state)
05 O O Qo
Otol O0to0 Oto0O Otol
1to0 O0to0 Oto0 Otol
Otol 0O0to0 Oto0 1toO
1to0 Oto0 Otol OtoO
0to0 Otol 1tol Otol
0to0 1to0 1tol 1tol
0to0 Otol 1tol 1toO
0to0 1tol 1to0 OtoO
0to0 1tol Oto0 Otol
0to0 1to0 Oto0 1to0

Coo0O0O0C O X~ Xr—|&
— O O M= X X KN
CONXMNMNM—~ oo o~
MM — O OO KKK MR
MmO M= O MK — S
— M X = O MY~ O M

DX = D= |
MK XX — X — OO o oS

Binary states for 10, 11, 12, 13, 14, and 15 are unallowed and can be represented by don’t cares.

See Figure 8-15. Counter implementation is straightforward from input expressions.

Q]QO Q]Qo QlQo QIQO
O ONJoo 01| 1 10 QONWo 1w  QONWo i 0N 0001 1o
" wl1]1)]o]0 " w001 000 [X]X o1 [ XYX D
01/ 0{ 0100 o X | X|X|[X 000X X 01 X|0
nX|X|X|X WX XXX uxXyX | X X XXX
XXX |X 10(0]0N\X[X/ 1[1]0 [ XX 100X XX
I — - —_ — -
J, =00 J2=0 J1 = GG Jo =0 %0
0,0 0,0 0,0
QzQle%o 01 11 10 0,05 "0 o1 11 10 0,0, log oL 1 10 0505 60 o1 1 10
ool XX XX oo| X X oo| XX {010 ool X Ty 1 [XD)
X XXX o0 1 110 X\ X(0}1[ uX{1/[0[X
XX X [X | XX |Xix n XX | XNL| X [ Xx[x
w11 X X/ 10| X X o XX [X|{X 10[X [0 [X]|X
K =1 K, =9, K -0,3, K =0,G+ 0,0
FIGURE 8-15
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21. NEXT-STATE TABLE
Present State Next State
Y=1Up) Y =0 (Down)

Oy O O Q| Os O O O O O O O

0 0 0 O 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)

05 0, 0 0 LKy LKy JK Ko
Otol Oto0 Otol Otol 0 1X 0X 1X 1X
Oto0 Oto0 Otol Otol 1 0X 0X 1X 1X
Oto0 O0to0 1to0 1to0O | O 0X 0X X1 X1
0to0 Otol 1to0 1tol 1 0X 1X X1 X0
Oto0 1to0 Otol Itol 0 0X X1 1X X0
0to0 1tol Otol ltol 1 0X X0 1X X0
0to0 1tol 1to0 1tol 0 0Xx X0 X1 X0
Oto1 1to0 1to0 1tol 1 1X X1 X1 X0
1to0 Otol Otol 1tol 0 X1 1X 1X X0
Itol O0to0 Otol ltol 1 X0 0X 1X X0
lItol O0to0 1to0 1tol 0 X0 0X X1 X0
1to0 0to0 1to0 1to0 1 X1 0X X1 X1

See Figure 8-16.
Y=90

00 Q‘?” 2,Q 20, 2,9

32 00 01 11 10 Q}Q2 00 01 11 10 00 \ 90 oL 11 10 Q3Q2 00 0l 11 10
o NX[OJX] = o[0]XJOIX] * *ofA[X[X]X) ool 1 [X [X K
aX 100X ol XX X[X X (1 ]X|X o X[ XXX
XX XX 1 X[x X[ XI1X[X X1 XXX
of ¥IX X 10 X1 101X 10X 11 [ X[X) 10[X X X [X)

1,20, J,=0.0, Ji=1 Jo=1
2,9, % 0,0, 2,0,

%Qz 00 01 11 10 %Qz 00 01 11 10 00 00 Ol 11 10 ge 00 0L 1 10
o XX IXRX X]| XX RXY  C  oXX]1[X)
alX[X[IX[X o X110 [X X [ X[1([X afX]0[0 X
XXX X XXX 11X X XX X XIXI[X
o X110 [X o[ X XXX 0 XX 11X/ 10/ X]0 [0]X

K =0, K.=0, K= Ko=00,
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Section 8-5 Cascaded Counters

Y=1
0,2, 2,9, 2,9 09,

2O\ w ot 1 10 GON W o 110 g2\ L o 1l 10 00, "0 01 1 10
o 01X]0|X o 01Xr1 o1 IXTXTXY 7 “oof 1 [X[X]X)
X[ 01X [ X[ X afXITIX X [ XIXXIX
1| X [X XX A | X[XIXIX X [X XX | X[X[XIX
o] XIX XX 10| X]0]0 X 10X [1 [X]X) 1o [ X [X]X)
J,=0,9, 7,=0.0, Jy=1 Jo=1
2,2, 2,% 20, 20,

%Qz 00 01 11 10 Q}Q2 00 0L 11 10 %Q "00 o1 11 10 00 \ 00 01 11 10
oo XX XX o X[X XX 2ol XIXTIXY  ° 2 oo X[XT1]X)
o X XX (X o X]0]1[X X (X1 [X alX|0]0 (X
XXX nf XX XX nXXIXX X XXX
10 X0 10] X | X\ XX} 10X [1]X) 10[X]0 [0 |X

K,=0, K,=Q, K,=1 Ky=0 2,
7_ | |
2 2,
Q2 Q=1 J J —
./,; 1) 2 Q2" 1 Ql 1o QO_
61— >C } él ~C _ ~¢ — Q‘g 1 —
2, 183 94 g Ky O | M4 E»Q:D'_KO Yo"
I
l
CLK
FIGURE 8-16

22. (a) Modulus =4 x 8 x 2 = 64
fi= 2 o501z
fi= 2002 505w,
f= L2 s 625 HE
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(b) Modulus =10 x 10 x 10 x 2 = 2000

o J00KHz 0
10 kHz
= =1kHz
% 10
=200 Bz
o J00H
(¢)  Modulus =3 x 6 x 8 x 10 x 10 = 14400
o 2MHE
fi= IMHZ 67 MHZ
fi= LIOTMHZ 45 875 khz
fi= % — 14.588 kHz
14.588 kH
fi= 20002 _ 1459 kHz
10
(d) Modulus=2x4x6x8x16=6144
AkH
fi= 2AKHZ g0 vy
= OTKHZ sk
4 .925kH
fi= OB er083Ha
o 30683 0 6t
102.6 Hz
=—— =641Hz
s 16
23. See Figure 8-17.
1t _ TN TC! CTIN T CTEN TC| TEN TC——100 Hz
>': CTRDIV 10 . CTRDIV 10 :CTH DIV 10 >’._CTR DIV 10
| [ C [
1 MH:z
t —F " o s e 2 R 1 ROV B e o 10 [—10 Hz
[~ = i = =
1 MHz
FIGURE 8-17
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24. See Figure 8-18.

Chapter 8

— 62.5 kHz

143

10MHz—  DIV2  [—=5MHz
(a)

10MHs——s  DIV2 DIV2  |— 2.5MHz
(b)

I0MH/—p{ DIV5 | —m2MHz
()

[0 MHz—p DIVIO |—m | MHz
(d)

10MH+—sd DIV 10 » DIV2 (= 500kHz
(e)

10MHz— DIV 10 DIV2  [—m DIV2 |— 250kHz
M

10MH—p DIV 10 » DIV2 |[—» DIV2 DIV 2 DIV 2
®

10MHe—={ DIV 10 DIVS  [—m DIVS | —a40kHz
()

10 MH~—p{ DIV 10 » DIVIO |[—w DIVI0 |—m l0kHz
(i)

10 MHz—s DIV 10 DIVI0 | DIVI0 » DIVI0 |—pplkHz
®

FIGURE 8-18
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Section 8-6 Counter Decoding

25. See Figure 8-19.

Q )

D =D
ol

02 ——-J— Oz WSB)

2, (MSB) 3

(©) @

% —P

oo -

A 4Dv—l—'

o) (MSB)

@

)

FIGURE 8-19

26. See Figure 8-20.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

ewe TUULLLLULUUULLL

=

3 L

FIGURE 8-20
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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 8-20 (Problem 8-26) 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

See Figure 8-21.

CTRDIV 16 BIN/DEC , jo——

0
g,
Qs

o oo —

CLK = C ‘p—o

o EN 14

FIGURE 8-21
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29. See Figure 8-22.

CLK } ] I —

o b N
o 1 L0 | 1 0 10 ¢ |0
— 1 [] 1 T T F
o 1 F | &1 ¥
: 1 1 : 1 7 1
Pi 10 T 1 0 0 T 1 1.0
0 B BN T S b I B
1 ] 1
i ' 1 1 1 ] 1 1
1 3 1 1 i
g+ 0+ 0 0T 1T 1T 1 0
Decodeds ! : : : ' ' CLK
{Ideal | N ' ' " | ' :
! ' ' ) t 1 ' 1 j
—_ ' 1 t 3 1 1 ) 1
Q1 & L &£ £ F =
! ] v 1 ! 1 ! 1 11
Op 1 Ray 1 ey T aay
! 1 : : ' 1! : : ::
02 ) . : :Iddy ' :: : : :hly [ES—
: 1 1 1 : :’ : | !
Decodeds ' : : . ‘ J H Gliteh on 111 to 000 transitbn
@) T T T T T
! ] 1 1 ' 1

CLK][_iﬁﬁr‘],_;{_jﬂ[_

1
Decoded s !
(Comrected)

1

FIGURE 8-22

30. @ There is a possibility of a glitch on decode 2 at the positive-going edge of CLK 4 if the
propagation delay of FFO is less than FF1 or FF2.

@ There is a possibility of a glitch on decode 7 at the positive-going edge of CLK 4 if the
propagation delay of FF2 is less than FFO and FF1.

@ There is a possibility of a glitch on decode 7 at the positive-going edge of CLK 6 if the
propagation delay of FF1 is less than FFO.

See the timing diagram in Figure 8-23 which is expanded to show the delays.

Any glitches can be prevented by using CLK as an input to both decode gates.

2

clk ||

e

N |
o, | - ! | !
2 J | © 5
7 L e @ T
FIGURE 8-23
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Section 8-7 Counter Applications

31.

32.

33.

34.

Chapter 8

For the digital clock in Figure 8-49 of the text reset to 12:00:00, the binary state of each counter

after sixty-two 60-Hz pulses are:

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

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

60
Seconds counter:

E =16.7 mHz
60

Minutes counter:
16.7 mHz

60
Hours counter:
278 uHz

12

=278 uHz

=23.1 uHz

53 +37-22=68

See Figure 8-24.
CLK I I I l |
Q 0 H H

Q,

Q,

Serial : h : : ' : —
Data : :
Out :

FIGURE 8-24

147



Chapter 8

Section 8-9 Troubleshooting

35.

36.

(a)
(b)

(©)

(d)
(e)

(a)
(b)

0o and O, will not change due to the clock shorted to ground at FFO.

0O, being open does not affect normal operation. See Figure 8-25.

CLKJI|_!|__! |_!|_
0, L

FIGURE 8-25

See Figure 8-26.

Ol remains inits initial state

FIGURE 8-26

Normal operation because an open J input acts as a HIGH.

A shorted K input will pull all J and K inputs LOW and the counter will not change from
its initial state.

0y and Q; will not change from initial states.

See Figure 8-27.

e LI L1

Q, -l ! : : : floating level (looks like & HIGH 10 FF1)
| 1

o, I N

FIGURE 8-27
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(c)  See Figure 8-28.

e [ LI L1

remaing in initial state

FIGURE 8-28

(d)  Normal operation. See Figure 8-29.

ew [T L L1

I I N |

g 2 | | L

FIGURE 8-29

(e) Both Jand K of FF1 are pulled LOW if K is grounded, producing a no-change condition.
0O also grounded. See Figure 8-30.

ek | L1 L L LI L

o

0

LOW

o, remains ininitial state

FIGURE 8-30

37. First, determine the correct waveforms and observe that Oy is correct but Q; and Q, are
incorrect in Figure 8-83 in the text. See Figure 8-31.

Since O, goes HIGH and stays HIGH, FF1 must be in the SET state (/= 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.

g

g
—r—
.

FIGURE 8-31
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38. Since O, toggles on each clock pulse, its J and K inputs must be constantly HIGH. The most
probable fault is that the AND gate’s output is open.

39. If the O, input to the AND gate is open, the JK inputs to FF2 are as shown in Figure 8-32.

CLKJI | [ I [ I | | | | | l_l |_| L

e N e

el 1 i
FIGURE 8-32

40. Number of states = 40,000
5MHz
T = 40,000
76.2939 Hz is not correct. The faulty division factor is

ﬂ = 65,536
76.2939 Hz

=125Hz

Obviously, the counter is going through all of its states. This means that the 63C0,¢ on its
parallel inputs is not being loaded. Possible faults are:

= Inverter output is stuck HIGH or open.

= RCO output of last counter is stuck LOW.

41.

Stage Open | Loaded Count Jfout
1 0 63C1 250.006 Hz
1 1 63C2 250.012 Hz
1 2 63C4 250.025 Hz
1 3 63C8 250.050 Hz
2 0 63D0 250.100 Hz
2 1 63E0 250.200 Hz
2 2 63C0 250 Hz
2 3 63C0 250 Hz
3 0 63C0 250 Hz
3 1 63C0 250 Hz
3 2 67CO0 256.568 Hz
3 3 6BCO 263.491 Hz
4 0 73C0 278.520 Hz
4 1 63C0 250 Hz
4 2 63C0 250 Hz
4 3 E3CO0 1.383 kHz
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42. = The flip-flop output is stuck HIGH or open.

= The least significant BCD/7-segment input is open.

See Figure 8-33.

Open

N

Q
<O
Stuck HIGH —»|

S

A— Open

BCD/7-segment
decoderdniver

il

7-segment display

©-1)

FIGURE 8-33

Chapter 8

43. Th DIV 6 is the tens of minutes counter. (; 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 Ctr. Apparent state
O, O O O
0 0 0 1 0
1 0 0 1 1
2 0 0 1 0
3 0 0 1 1
4 0 1 1 0

The decode 6 gate interprets count 4 as a 6 (0110) and clears the counter back to O (actually

0010). Thus, the apparent (not actual) sequence is as shown in the table.

44. 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.
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=  Counter
Action: Pulse sensor input.
Observation: Counter should advance.
Conclusion: If counter does not advance, replace it.

= Qutput 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.

System Application Activity

45. The expressions for the D, and the D, flip-flop inputs in the sequential logic portion of the
system were developed in the System Application Activity. Figure 8-34 shows the NAND
implementation.

Do= 0,0, + 0,1, Vs + O T, Vs
D, = QOTL +Q1TS

o 11 X
QU
T — D,
Vs 1
L1
Tl.
N
, )3 )
o —
FIGURE 8-34

46. See Figure 8-35.

I o
20
TS INPUT
T, — LOGIC *——35,
VS 7 Q1 J oH
Ob» —op>C
> b b
7476 7476
10 kHz N
|/
FIGURE 8-35
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Chapter 8

The time interval for the green light can be increased from 25 s to 60 s by increasing the value
of either the resistor or the capacitor value by

60
25 2.4 times
25s
Special Design Problems
48. See Figure 8-36.
. b DD 5, L p D Lo DD
IR
LOAD R
1.0 AD &OA) 'EIOL)
v biod 2CO Lln RCO T_xn RCO —Output
ec XET IHT XET
& >c >
i [ 7]
6; ¢ ‘51. -Oo ‘o c'z 951 ,Q, RE Oz 'al .00
FIGURE 8-36
49. 65,536 -30,000 =35,536

50.

Preset the counter to 35,536 so that it counts from 35,536 up to 65,536 on each full cycle, thus
producing a sequence of 30,000 states (modulus 30,000).

35,536 = 1000101011010000, = 8AD04¢

See Figure 8-37.
()Iﬁ ')16 Alﬁ xI(s
0 000 11 01 1 010 Lo 00
) S I e 1 I RS I I
ce ENP Dy Dy D) Dy |—9— ENP Dy Dy D\ Dy |—9— ENP Dy D, D, Dy —9— ENP Dy D, D, D,
_t ENT L ENT L— ENT T— ENT
—a —9 —d —d
> C > C > C > C
{ 74HC161 { 74HC 161 ( 74HC161 [7 74HC 161
CLE e et et LOAD
FIGURE 8-37

65,536 — 50,000 = 15,536

Preset the counter to 15,536 so that it counts from 15,536 up to 65,536 on each full cycle, thus
producing a sequence of 50,000 states (modulus 50,000).

15,536 = 11110010110000, = 3CB0
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See Figure 8-38.

J— ¢ CTR DIV 16
CLK

‘—>C CTR DIV 16

51.

FIGURE 8-38

LOAD
0 Bl(, C16 3 16
L1 |11 1111
LOAD LOAD
74HC161 74HC161 LOAD 24HC161 LOAD  74HC161
NP RCO [ENP RCO ENP RCO ENP RCO
Vcc_E ENT Lt Uinr Unr
I—>C CTR DIV 16 b»C CTR DIV 16

The approach is to preset the hours and minutes counters independently, each with a fast or

slow preset mode. The seconds counter is not preset. One possible implementation is shown
in Figure 8-39.

a1 H

.1 L F

¢

-~

Hicwars CTR

—

&M

>

it}

A KK
¥y
ALK
¥y
Ak

Yy

T -

H.' MNormal
i

Bl

Min
Faa

FIGURE 8-39
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52.

53.

See Figure 8-40.

Chapter 8

See Figure 8-41.

Hrsand Min Existing Hrs and Min
Alarm SetCTR CTRs
—>
Slow —g
CLK o+
o ©
2
[ 2
Fast
cLK —T0 | O
+Vee —0 O0—»
ALARM
SET @< | i A____.
OFF

FIGURE 8-40

MUX
1 foed
1 To existing
1 BCDI!7-seg
} + Logic
1
SELECT
COMP
1
J
—— To Alarm
EN
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LATCH DIU .
¥ CIRDIV 10 L CIRDIV 10 [_ CIRDIV 10
CTEN RCO CTEN RCO CTEN RCOp—
R — JT__[¢ Fad |T> Plnd T> o MAX/MIN
v v
1000- SPACECOUNTER
DIU CTRDIV 3
RCO from ———CTEN 74190
1000s CTR >
Decode 3
HIGH activates FULL sign and lowers gate
ol OO
Add to 1000-space counter for expansion to 3000 spaces
FIGURE 8-41




Chapter 8

54.

55.

See Figure 8-42.

CLKA
CIRDIVS
L W e
CLKE —4f>C ;4034
RO1

o)

Yo b
_Co k2 A

Y

L LT v
a

NOh N h W O

D

FIGURE 8-42

-

74151A

NEXT-STATE TABLE

Present State Next State
O O O O |0y O O1 Oo
0O 0 0 0|1 1 1 1
1 1 1 1|1 1 1 O
1 1 1 0] 1 1 0 1
1 1 0 1 1 0 1 0
1 o0 1 o]0 1 0 1
o 1 0 1|10 0 0 O

TRANSITION TABLE
Output State Transitions Flip-flop Inputs

05 0> O Qo LKy LK, K JoKo
Otol Otol Otol Otol 1X 1X 1X 1X
ltol 1tol 1tol 1to0 X0 X0 X0 X1
1to1l 1to1l 1to0 Otol X0 X0 X1 1X
ltol 1to0 Otol 1to0 X0 X1 1X X1
1to0 Otol 1to0 Otol X1 1X X1 1X
0to0 1to0 Oto0 1to0 0X X1 0X X1
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See Figure 8-43.

The desired sequence

Chapter 8

0,0,

0,0 Ioo o1 11 10 QQQI%) oL 11 10 QQQIIgO ot 1 1o QQng0 01 11 10
: 3% 3%2 3%
3o%JKIXXX/ o 1]X[X [X) o[\ 1 X |x/ 00| 1] X [ XX
0n|X|0|X|X | X|X|X|X oa|X| ol X|X o||X X {X[X
u X[X|x[X u|X [ X|[x]X s fX [ X [X) u|X X |X] 1
1oXXXX\ 10@XX} m}(XXXX? 10\5}){&
| T
Jy=Ch J=1 J= G+ @ Jo=1
9,9, o
Q3Q2]|co0 o1 11 10| znglc%) o1 11 10 Q3Q2_]go 01 11 10 Q3Q2ngo0 o1 11 1o
ol [X[x]X/ T X | RIX [x 0| X)X | X o|E[X XX
01| X |X | X |X an]lX| 11X |x o| X X[X||X o1f[X | 1] XX
ulX0f[0]0 | X 1500 u| X[ X| 01 ulX | 1] 1{X
10 XX‘I} 10\X__>9XX _1o__>9XXL1_ | [ X | XX
_ I — —
K3= 0y Ky= 0Oy K= 9y Ko=1
I !
VA g, LJZ 7, a,
> ¢ _ > ¢ . el . —= ¢
K, by 9, X, Ly 9 K, 2 K, 0—0,
CLK FFO FF1 FF2 FF3
FIGURE 8-43
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56. See Figure 8-44.

Traffic signal control logic Traffic light and
iterface unit

; Combinational lozic

Sequential logic ME
) {ry
Wehicle MY
SEAROL — 05
il . MG
i SR
r 5Y
S0
Short Long Tum Clock Timner
limer  mer
Long trigger
Main
clock L el Short trigger
Turn trigger
——|
MT «
FIGURE 8-44

Multisim Troubleshooting Practice
57.  Q output of U3 open.

58. SET input of U1 open.

59. Pin A of G3 open.

60. No fault.

61. Pin 9 open.
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CHAPTER 9
SHIFT REGISTERS

Section 9-1 Basic Shift Register Operations
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

3. Shift data and store data

Section 9-2 Serial In/Serial Out Shift Registers

4. Initially: 0000
1** CLK: 1000
2" CLK: 1100
3" CLK: 0110

5. See Figure 9-1.

6. See Figure 9-2.

o LT LI

aninniinii

R Nl

FIGURE 9-2
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Initially 101001111000
CLK 1 010100111100
CLK2 001010011110
CLK3 000101001111
CLK4 000010100111
CLK 5 100001010011
CLK 6 110000101001
CLK 7 111000010100
CLK 8 011100001010
CLK9 001110000101
CLK 10 000111000010
CLK 11 100011100001
CLK 12 110001110000

8. See Figure 9-3.

LI 3 o+ 3 0 T 3 OYO O OO IFE IR

ax Porob : : PEra: 1 P P
BATAOUT i

FIGURE 9-3

9. See Figure 9-4.

L F 3 L] 5 & T " 9 o1 1213 1k 1% 16 1T LB LY 20

cx JUUUUUUTUUUUUUUTUUUUUL

e LT L L L

DATA OUT | | ] f_l |_
FIGURE 9-4

10. See Figure 9-5.

o rfofrir[of1i1

The nurmber binary number 11011010 is stored in the register after
eight clock pulses.

FIGURE 9-5

Section 9-3 Serial In/Parallel Out Shift Registers

11.  See Figure 9-6.
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Lo 3 % B B T B T WP L1 LT OB W O 1F 1B T 1D

FIGURE 9-6

12.  See Figure 9-7.

ioF ¢ & F & 7 4 % B UL I B OB OF B T W o0

SN i Uiga Ry By
Uﬁjé'i i —— e

e
1
-]

13.  See Figure 9-8.

b
w
o|lojelale

FIGURE 9-8
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Section 9-4 Parallel In/Serial Out Shift Registers
See Figure 9-9.

Chapter 9

14.

A S g
......... A e SRPLY CETT ST - L IR R I =
E = (=) - 1
= T =N T ==l I Sy 2
| PR 5 g
...... h.. SR = I S e B m - I . w
- F - [
- - - -l - - B N A I R Sl e e F
[=] — Exr] ™ T T T T ) T Tt N
4 _m T o o W - ...”_ ............... - .\A_ .............
v g
S —— 2 <88 E O <88 E O
™ g M w T w o b w
= £ <) . i a v -
= 7] = o
o o
5 I
S S
= =
.20 =
o =
O o
o o
1%5) %)
v =
— o
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17.  See Figure 9-12.

I T T T L N LN N

' [ H i \ S :
L g 0 gk
""" T T +
SHILD : : | : 0 : : | v : :
LA L I
H : J ] "
i

intEN i
N - [ ' O
:

P S U N N

FIGURE 9-12

Section 9-5 Parallel In/Parallel Out Shift Registers

18.  See Figure 9-13.

L

e ST
i e B

Y
siib |

FIGURE 9-13
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See Figure 9-14.

19.

sssadecksssssad
O LEELE L - -

14

FIGURE 9

See Figure 9-15.

20.

|(4)|(5)I(6) |<7)

SRG 4

J
K

74195

D C

@)
[©)]
©)

)
(10)

|<4)|<5)|<6) |<7)

SRG 4

~ X

74195

> C

3

o}

13)U2)

e —

14

o

0F172

)

—

@)

<

SERIN {
SHLD

a)

CLR (10
CLK

FIGURE 9-15
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Section 9-6 Bidirectional Shift Registers

21.

22.

23.

Initially (76) 01001100

CLK 1 10011000 Shift left

CLK 2 01001100 Shift right

CLK 3 00100110 Shift right

CLK 4 00010011 Shift right

CLK 5 00100110 Shift left

CLK 6 01001100 Shift left

CLK 7 00100110 Shift right

CLK 8 01001100 Shift left

CLK 9 00100110 Shift right

CLK 10 01001100 Shift left

CLK 11 10011000 Shift left

Initially (76) 01001100

CLK 1 00100110 Shift right

CLK 2 00010011 Shift right

CLK 3 00001001 Shift right

CLK 4 00010010 Shift left

CLK 5 00100100 Shift left

CLK 6 01001000 Shift left

CLK 7 00100100 Shift right

CLK 8 01001000 Shift left

CLK 9 10010000 Shift left

CLK 10 00100000 Shift left

CLK 11 00010000 Shift right

CLK 12 00001000 Shift right

See Figure 9-16.
o, o D.‘ oy, o, b, p} v,
ﬂ'?:l +la:l’"'3 SRG 4 |:_L;:C $HG 4
5 O [1L0]
SR SER m—m TAHE 1 SRSER  (2) TAHCTM
L SER JT”} ¢
&0, @ T n|ﬂ,, alo|e,
CLE )

FIGURE 9-16
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See Figure 9-17.

24.

PRSI E_—

FIGURE 9-17

Section 9-7 Shift Register Counters

2n =10

(b)

(@ 2n=6

25.

2n=16

(d)

2n=14

(©)

=9 flip-flops
0}

2n=18;n

26.

Os Os Qs O Os

0s

O

Qo

o000~ A == O O

OO0 —~rrArdArt A~ —— O OO

OO OO OO0 —~rrmrdrad = = — O O OO

QOO OO = === —=— O OO OO

SO0 OO ————————=— O OO0 OO

OO0~ A A = = O O OO O

OO0~ rA A A A A O OO

OO e A S =S =S OO OO0 O

O =A== = OO0 OOOO
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See Figure 9-18.

CLE

L
] i Fl '¢l & ?! & ?. £ ﬁ" F '.p’ r LI QI' - JL
e — et -] —t & e — P i —t p
a " ' - - - ' & ] -
.
FIGURE 9-18

27. See Figure 9-19.

L35S I I O O A O I O
< I N N N N LT
o T -
s ﬁ N Pl
0y I_.l : ' :

Q. _I_I : i
Qs [ I S
3 RN
O [
o, 1

FIGURE 9-19

28. A 15-bit ring counter with stages 3,7, and 12 SET and the remaining stages RESET.
See Figure 9-20.

FIGURE 9-20
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Section 9-8 Shift Register Applications

29. See Figure 9-21.

SHALD

2§ i 7 2 - 23

o A SRG 4 4 SRG 4 e SRG 4 ._15.;: SRG 4

£ Lo LL

- 74HC195 - 74HC195 = 74HC195 . 74HC195

|£ . [ [ 0 LA -

T3 (T3} 12) TH]
_ [T — [T T LT g
CLR @3 23 X
CLK
FIGURE 9-21

30. The power-on LOAD input provides a momentary LOW to parallel load the ring counter when
power is turned on.

31. Anincorrect code may be produced.

Section 9-10 Troubleshooting

32. (O, goes HIGH on the first clock pulse indicating that the D input is open. See Figure 9-22.

Correct waveforms
———————— Incormet wave forms

FIGURE 9-22
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33. 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.

cL}:I]_IL_JI]_l_\_
ro| 0 1!

Q: 1T 1 Incomrect. The I% bit loaded as a 1 instead of 2 10

1 1
I | I
@, o 1 o 11 1 Comuct

FIGURE 9-23

34. It takes a LOW on the RIGHT/LEFT input to shift data left. An open inverter input will keep
the inverter output LOW thus disabling all of the shift-left control gates G5, G6, G7, and G8.

35. (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; O, 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.

36. 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.

2.

Os

Qs

0s

Oy

O

Key Code Register

Qo

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
38
39
40

41

42

43

44
45

46
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37.

47 1 0 0 0 0 0
48 1 0 0 1 1 1
49 0 0 0 0 1 1
50 0 0 0 1 0 1
51 0 0 0 0 0 1
52 0 0 0 1 1 0
53 0 0 0 0 1 0
54 0 0 0 1 0 0
55 0 0 0 0 0 0
56 0 0 0 1 1 1
57 1 1 1 0 1 1
58 1 1 1 1 0 1
59 1 1 1 0 0 1
60 1 1 1 1 1 0
61 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

(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.

Chapter 9

(d)  Clock generator is disabled after each pulse by the flip-flop being continuously

SET and then RESET.

System Application Activity

38.

39.

40.

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.

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

Shift Register A: 1001
Shift Register C: 00000100

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

41. See Figure 9-24.

+5 W v
LR
RESET LT
[l i
e CLR
e ]
¢ — 7415164
J; eu T PC o 0, 0,0,0,0,0,0,
Data

In

+5W

5
LOAD Dy oy vy D :.u p.o, o0, 0,0, 00,0,
5
ENP 5
ENT T4LE163 RO a TALE199
— S

dax 0,0, 0, 0, e 0,0,0,0,0,0.0,0,

Parallel Da
—T T aralle ta Out
F:H

= |0

74121 X CRRK
C
ExT T4

E
2

FIGURE 9-24
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42. Figure 9-25 shows only the 74L.S164, 741.S199, and 74L.S163 portions of the circuit that
require modification for 16-bit conversion.

B oy
Data LK HE
A
In I ; THLE164 |_ [ LS8
From . o™
CLK Q,0,8,0,0,0,0,0, 0,0, 2,0,2,0:0. 0y
Gen (555)
WY a5
jow b D oD, DD DD, D, L I L R
0 o 1 3 1 4 [3 5”
& 5 X
@ TALS 199 5L TLET
e SH
b 0,0, 0, 0,0, 0,0, 0, e @, @, 0,0,0,0.0,0,
Parallel Data Oue (HIGH) Parallel Diata Out (LOW)
Y From 74121
J outpul
- o, .fJ;_ iy n“ ; MRE
ENP
ENT TALE 163 HiTH =
— I @
CLE g, @, @, @, | CLE
| = 7476
FIGURE 9-25

43. See Figure 9-26 for one possible implementation.

[3ata bits
.'"_'—A—\_\"'\.
o TR LN I T A
SHALD —w 1 Fr My My My M By ) )
. Bwphbis D | Start hit
W —T—* l
] | =
SRG 4 SRGE

SER

74LS195 74LS195 —
= J:— s
| |

FIGURE 9-26
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44. One possible approach is shown in Figure 9-27.

Spike on swieh closure
AN T l— ¢
o Ik
aver-on swile —_
R n—— ¢ L[
Fower-on LOAD

This is one way to implement a pover-on LOAD circuit

FIGURE 9-27

45. See Figure 9-28.

+V
o
i .
_}{" 0
K = -—
» Y — - -—— _ J_
Delects
— + ¥V Sop
Powes-on SET stap b E1N N
* T hits | bins ! Start bit
—s ¥ T E N S e SHG 1 l=
—c SHLD
= = =7 o - Ot
flr il
CLE —te -
FIGURE 9-28

46. Register A requires 8 bits and can be implemented with one 74199. Register B requires 16 bits
and can be implemented with two 74199s.

Multisim Troubleshooting Practice

47. CLK input of U3 open.
48. No fault.

49. Pin 14 open.

50. No fault.

51. CLK input of U6 open.
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CHAPTER 10
MEMORY AND STORAGE

Section 10-1 Memory Basics

1.

(@) ROM: no read/write control
(b) RAM

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.

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.

(a) 0A16 = 000010102 = 1010
(b) 3F16=001111112=6310
(c) CDj=11001101, = 20549

Section 10-2 The Random-Access Memory (RAM)

S.

BITO | BIT1 |BIT2 | BIT3
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.
Jq- u
0
Address A4 3¥ DOy
445
Dlg ———
Data In | 2 DO,
DI
RW—9
FIGURE 10-1
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7. 64k x 8 =512 x 128 x 8 =512 rows x 128 8-bit columns

8. See Figure 10-2.

I
= |
—]>= |
1
[}
Py || e
v rows columns
§ —P= ‘E
I
= B
<=
T |
O | T =
nput data [—— Column decoder and [/O
DQ7 control |
Il Address Lines
v 13
W — |
_ Ly <+
6 —o < A
~N
FIGURE 10-2
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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

2712 =2 =16,777 216 bits = 16 Mbits

Section 10-3 The Read-Only Memory (ROM)

11.
Inputs Outputs
Al A() 03 02 01 00
0 O o 1 0 1
0 1 1 0 0 1
1 0 1 1 1 0
11 0O 0 1 0
12.
Inputs Outputs
A2 A] A() 03 02 01 00
0 0 O 0O 1 0 O
0 0 1 1 1 1 1
0 1 O 1 0 1 1
0o 1 1 1 0 0 1
1 0 O 1 1 1 0
1 0 1 1 0 0 0
1 1 0 0o 0 1 1
1 1 1 0O 1 0 1
13.
BCD Excess-3 SCORS
Dy D, Dy Dy Es E, Ei Eg 8
0 0 0 O 0 o0 1 1 I
0 0 0 1 0 1 0 0 |p— ]
0 0 1 0 0 1 0 1 D—14 ‘
0 0 1 1 0 1 1 0 b—ps 7
0 1 0 0 o 1 1 1 7
0 1 0 1 1 0 0 O :
0 1 1 0 1 0 0 1
0o 1 1 1 1 0 1 0
1 0 0 O 1 0 1 1
1 0 0 1 1 1 0 O
See Figure 10-3. FIGURE 10-3

14. 2'*'=16,384 addresses
16,384 x 8 bits = 131,072 bits

177



Chapter 10

Section 10-4 Programmable ROMs

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 28 27 20 23 gt 3 2 b 0
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
e Ao Q- Qo
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.

A e

o gach chip

T sl i

Ald —of

A1y —

Decoder

W =

o b T i

[# 3rs]

FIGURE 10-4

- Kl

Ldm

sy [ E

[ES R

k- 1T :>

4 it { frvwm et chip)

16k x 4 DRAMS can be connected to make a 64k x § DRAM as shown in Figure 10-4.
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18.  See Figure 10-5.

A
0
256K P 2sek
-
15 16
A4
A EAL
rTHEALY
L= ik~
"W
D 3 ;
| ' :
I ' '
I i '
[ : !
I ' :
I ' !
| 1 !
1 : "y : 1
: ' I ! Il
I L1 -
| | —T 256K 256K
D
0
1 4
As —READ @ EAD
Aqg e Fﬁ-w_m
W

FIGURE 10-5

19. Word length = 8 bits, word capacity = 64k words
Word length = 4 bits, word capacity = 256k words
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Section 10-7 Special Types of Memories

20.

21.

See Figure 10-6.

See Figure 10-7.

FIGURE 10-6

4096 X &
[
) 16 ,
i
I
I
i
Fly
i
i 64 byte stack
FFF 15
(40935)
Stack-Lowest address: FCO
Highest address: FFF
FIGURE 10-7
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22.

Chapter 10

The first byte goes into FFF .
The last byte (16th) goes into a lower address: 16,9 =104
FFF16 - 1016 = FEFl()

See Figure 10-8.

RAM

16th byte in FFFIs— 1016: FEF

st byte in FFF,¢

FIGURE 10-8

Section 10-8 Magnetic and Optical Storage

23.

24.

25.

26.

A hard disk is formatted into tracks and sectors. 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.

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.

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

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.

28.

The correct checksum is 00100.
The actual checksum is 01100. The second bit from the left is in error.

(@) ROMO: Low address - 0044 High address - 1F
ROMI1: Low address - 2046 High address - 3F
ROM?2: Low address - 4064 High address - 5F ¢
ROMS3: Low address - 604 High address - 7F ¢
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(b)  Same as flow chart in Figure 10-68 in text except that the last data address is specified as
TE16 (TF16 — 1).

(c)  See Figure 10-9.

Read checksum
address

ICompare checksum
with final XOR -
sum of data

Read address n

XOR contents of
address n with
previous sum.

Update the sum.

Indicate fault

Last data
address in

current ROM
?

Next address
n=n+1

FIGURE 10-9

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

29. (a) 406 — 5F6is 64 — 95 decimal; ROM 2

(b) 2046 — 3F61s 32 — 63 decimal; ROM 1
(¢) 0046 —7F;¢is 0 — 127 decimal; All ROMs
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System Application Activity

30.

31.

32.

33.

Special Design Problems

34.

See Figure 10-10.

FIGURE 10-10

Chapter 10

On first digit entry, the register state is 0001. On second digit entry the register state is 0010.

The purpose of the switch memory is to store a 4-digit security code and permit easy code

change.

A new code can be entered by simply moving the DIP switch settings. No power is required.

NAND gates Ul A-U4D: four 74HCO00
NAND gates USA-U6B: two 74HC20

Shift register U7: 74HC195
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35. See Figure 10-11.
Memory
Code digit | Codedigit?  Codedigit3  Codedigitd  Code digit 5
N
DD
T a2 T 82 JELE IBEE 1 E2 \gl:)_
o 1 1 - 1 1 BCD code
Lo security
code logic
L L L L
Serial Py I
S-Di sl
Input FERISCT o
' @
2
&3
&
SHALY CLK
= il
o1
Clock

FIGURE 10-11
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CHAPTER 11
PROGRAMMABLE LOGIC AND SOFTWARE

Section 11-1 Programmable Logic: SPLDs and CPLDs

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

B B C C

i
X
i >
X A >X=A3C+ABC+ABC
[

FIGURE 11-1

2. See Figure 11-2.

A A B B C C A A B B C C
H ABC H AB
i i
L - L - B B
ABC X Ac X = AC + AB
i i
L L
i A i
(a) (b) Cannot be implemented as stated because it has 4 product terms.
Simplify to: X = AC + AB
FIGURE 11-2

3. (a) PALI16L2 is a programmable array logic device with 16 inputs and two active-LOW
outputs.

(b) PALI12HG6 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.

S. 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. () 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 [/O to AIM: 16 (d)  Outputs from FB to I/O: 16

11. X,= ABCD+ ABCD + ABCD:; X, = ABCD + ABCD + ABCD + ABCD

Section 11-4 Macrocells
12. (a) A O on the select line selects Dy. The output is 1.
(b) A1 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 1/0”
output making ital.

(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 ita 0.

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 GCKI1 clock is applied to the flip-flop because the D, input of MUX 3 and the D,
input of MUX 5 are selected.
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(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 MUX?2 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, input of MUX 8 is
selected, allowing the flip-flop output to pass through.

(b) The GCKI1 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 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.

(d)  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

A ——> 3

B ——> p—— SOP output

3 ABC + ABC + ABC

|
VPTPTTS

FIGURE 11-3
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Section 11-6 Altera FPGAs

19. An ALM consists of an LUT for combinational logic, adder logic, and register logic.

20. The modes of operation of an ALM are: Normal, Extended LUT, Arithmetic, and Shared
arithmetic.

21. See Figure 11-4.

——| 6-input
—— LUT

—| 2-input
— LUT

FIGURE 11-4

2. (AALA + AALLA) A+ (AL + ALAT + A4 AT)A,
= A4A322A1A0 + Z412'322“11140 + Z5"43‘42‘4120 + ASZ3A22120 + A5A3A'ZZI‘ZO

Section 11-7 Xilinx FPGAs

23. See Figure 11-5.

A AgAsA A3 AYA, Ay B,BBsB,B3B,B| B,
A AgAsA Ay AYA Ay
+ B;B4BsB,B;B,B, B,
A3ArA 1A B3B,B, B
Ay —> By ——»
A —] B; —»
A, —&| LUT By —| LUT
Ay —>] By —»
Ay —] By —»
Ag —»] By —»
Ay —»| LUT B, —| LUT
Ay —»] By —» Vee
ArAq AsAy B;Bg BB, Slice 2
FIGURE 11-5
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24. See Figure 11-6.

AAcAsA, + A3A A A B;BgBsB, + B3B,B, B,
A;AcAsA, + A3ALA A
+ B,BsBsB, + B;B,B, B
MUX 7260504 320120
A3AyA 4, B3B,B, B,
Ay —> By —»
Ay —> B| —»
A LUT | L By LUT
Ay —> Vee By —
MUX
Ay —> By —»
A5 —] By —»
A LUT L B LUT
A7 = VCC B7 =
ArAg AsA, Slice 1 B, B, BsB, Slice 2
FIGURE 11-6

25. One slice. See Figure 11-7.

ArAgAsA A3 AL AL Ay

A3A24,4g
Ay —
A —>
A LUT
2 —
Ay —»
Ay —>
Ay —
Ag LUT
Ay —
AjAg AsA, Slice 1

FIGURE 11-7
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26. Three slices are required. See Figure 11-8.

A3A)A 1Ay
Ay —»
A —»
A, LUT
Ay —»
Ay —»]
Ag —»
Ag LUT
A —»]
AjAg AA,

ArAGAsAALAA Ay B;BgBsBB;B,B, B,

Slice 1

C7C4C5C4C5C,CCy

B3B, BB, CHTHCE,
By —» Cy —»
B; —» Cy —>
B, LUT fol LUT
B; —» C3 —»
By —» Cy —»
Bs — Cs —»
B, LUT Gy LUT
B; —» C; —»
B,By BsB, Slice 2 CoC@5Ca Slice 3
FIGURE 11-8

Section 11-8 Programmable Logic Software

27. See Figure 11-9.

(b)

FIGURE 11-9
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28. X =ABCD+ ABCD + ABCD + ABCD + ABCD + ABCD
= ABD + ACD + ABC + BCD + ABCD

See Figure 11-10.

O

&

FIGURE 11-10

29. See Figure 11-11.

Waveform Editor | of x|
Al

Name: | 1#s  4us 8us 12 us 16us
1 1 1 1 1

- A

mw~B

w~C

w—~D

- X

KT |

FIGURE 11-11
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30.

X = ABCD + ABCD + ABCD + ABCD + ABCD. See Figure 11-12.

Name: |14 4us 8us 12us 16us jl
s LM
- B [ L1 L L1 |
- /1 /1
=D | L
- X L[ 1 [

m 2
FIGURE 11-12

Section 11-9 Boundary Scan Logic

31.

32.

33.

3.

The Shift input = 1, 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 clock into Capture register B on the trailing edge of
the clock pulse.

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.

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.

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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35.

Chapter 11

000011001010001111011 shifted from TDI to TDO, left-most bit first. The bold-faced code

will appear on the logic inputs in the sequence shown.

N W =00 R = WUNNDO—ONW—=O

15
14
13
11

000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011
000011001010001111011

System Application Activity

36.

11 inverters can be eliminated. Only four are needed to produce the complements of 4, 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 11-13.

37.

Should be HIGH

Should be HIGH
Should be HIGH
Should be HIGH

J =T Y

Waveform Editor

Name:

- SEGa

- SEGb

- SEGc

- SEGd

FIGURE 11-13
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CHAPTER 12
SIGNAL INTERFACING AND PROCESSING

Section 12-1 Converting Analog Signals to Digital

1. See Figure 12-1.

v A
15
14
13
12
11
10

O

— N W RN )0

3
>

<

123 45678 91011121314151617 181920 212223 2425 ((ms)
FIGURE 12-1

2. See Figure 12-2.

v
15
14
13
12
11
10

Rl

— N W Ak n N~ 0

1234 56 7 8 910111213 141516 17 18192021 2223 2425  ¢(ms)

<o

FIGURE 12-2

3. 11,11,11,11,01,11, 11,11, 11

4. 1000, 1110, 1011, 0100, 0001,0111, 1110, 1011,0100
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5. See Figure 12-3.

14 v

15 15

4 14

13 13

12 12

11 11

10 10

9 9

8 8

7 7

6 6

5 5

4 4

3 3

2 2

1 1

0 1 23 45 678 91011121314151617 181920212223 2425 ((ms) O | 23 45 6 7 8 910 1112 1314151617 181920 212223 2425 (ms)

(a) (b)
FIGURE 12-3

6. See Figure 12-4.

0000 I 1 [ 1

FIGURE 12-4

Section 12-2 Analog-to-Digital Conversion Methods

7 Yo 2V _9g9
Ve 10mV
8. VOUT :ﬁ
Vin Ry
Re= R, Your | _ 1 k330) = 330 kQ
VN
9. A =—£=—47 kO _ -214

"R 22kQ
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10. Number of comparators = 2" —1=2° —1 =255

11. 001,010,011, 101,110,111,111,111,111, 110,101, 101, 110, 110, 110, 101, 100,011, 010,
001.

See Figure 12-5.

14

4
111

. 110
110 N b |10 N

P40 TN N

o) 01

¢ 001

$

D e B LI e A N =) OO

0 10 20 30 40 S0 60 70 80 50 100 110 120 130 140 150 10 170 180 190 ! 49

FIGURE 12-5

12.  Output of 3-bit converter: 000,001, 100, 110, 101, 100,011,010,001,001,011, 110, 111,
111,111,111, 111, 111, 111, 100.

See Figure 12-6.

\4
111 111
o 11 111
8_
7_
6
5_
AL 100
3_
27 o001
1
L8 N N Y N N Y S Y N Y Epy 7
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
FIGURE 12-6
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13.
SAR Comment
11 Less than V;,. Keep the 1.
11 Less than V;,. Keep the 1.
11 Less than Vj,. Keep the 1.
Conversion never terminates since 2 bits cannot represent the input.
14.

SAR Comment

1000 Greater than V;,. Reset MSB.

0100 Less than V3,. Keep the 1.

0110 Equal to V;,. Keep the 1 (final state)

15. See Figure 12-7.

A

(b) Outputif 0111 code is missing

o111
0110 ix
0101
0100
0011
0010
0001
0000 >

FIGURE 12-7
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Section 12-3 Digital-to-Analog Conversion Methods

16. Ro=10kQ
Ri=R 10K g0
2 2
R, 10kQ
4
R, 10kQ

8

R2 = = 2.5 kQ

Ry = =1.25kQ

17. See Figure 12-8.

0 !
—0.25
—0.50
-0.75
-1.00
-1.25
-1.50
-1.75
—2.00
—2.25
—2.50
—2.75
-3.00
-3.25
-3.50
=3.75

Volts

FIGURE 12-8
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FIGURE 12-9

See Figure 12-9.

Chapter 12

18.

IS
o0
I R &
« X S
X =) S
I (@) (@)
o 1] 1]
(] (]
=& =
~ 7 N 7/
— p— —
— 3%. — m_ _ o10_
~ (q\| o

|
(
[

(a)
(b)
(©)
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20.

21.

See Figure 12-10.

Chapter 12

See Figure 12-11.

+V
e CTRDIV 16 e CTR DIV 16
ENT 74LS 163 RCO| ENT 74LS 163
CLK. ~>C —=>C
CLR I i

MSB

FIGURE 12-10

LSB

Output
amplitude
7_
6| [
50
4
3
2
(l) ; Binary
e — = — O =D =D — mnput
So==Soc==—So==3>3c=—
SR oo === 00 ====
SESScoccodSE3Sococoo
-
MSB stuck at O

FIGURE 12-11
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22. See Figure 12-12.

Analog
output
A
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0
g 3 8 2 8 38 Z8 3 & =z 8 5 & =
S 8 8 8 R ARA A2 2 2 &8 = == zZ

TheLSB L} is stuck HIGH and D, is stuck LOW.

FIGURE 12-12

Section 12-4 Digital Signal Processing Basics

$» Binary input

23. 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.

24. See Figure 12-13.

Anti-aliasing
filter

Sample-and-
hold circuit

ADC ]

DSP

DAC

Reconstruction
filter

FIGURE 12-13

25. The purpose of digital-to-analog conversion is to change a sequence of digital codes into an
analog signal represented by the digital codes.
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Section 12-5 The Digital Signal Processor (DSP)

26. 2000 MIPS x 32 blt/%nStI’l]CthIl
8 bits/byte
= 2000 MIPS x 4 bytes/instruction
= 8000 Mbytes/s
27. 400 Mbits/s = 12.5 million instructions/s
32 bits/instruction

28. 1000 MFLOPS = 1,000,000,000 floating-point operations/s
29. Program address generate (PG). The program address is generated by the CPU.
Program address send (PS). The program address is sent to the memory.
Program access ready wait (PW). A memory read operation occurs.

Program fetch packet receive (PR). The CPU receives the packet of instructions.

A WD~

30. 1. Instruction dispatch (DP): Instruction packets are split into execute packets and assigned
to functional units;
2. Instruction decode (DC): Instructions are decoded.
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CHAPTER 13
COMPUTER CONCEPTS

Section 13-1 The Basic Computer

1.

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

Two types of software are system and application.

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.

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

Section 13-2 The Microprocessor

S.

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

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

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

Groups of Pentium instructions are: data transfer, arithmetic and logic, bit manipulation, loops
and jumps, strings, subroutines and interrupts, and control.

Pipelining is the process by which a microprocessor begins executing the next instruction
before the previous instruction has been completed.

Multitasking is the process of executing more than one program at a time. Multithreading is the
process of executing different parts (threads) of a single program simultaneously.

Section 13-3 Basic Microprocessor Operation

11.

12

A microprocessor repeatedly cycles through fetch, decode, execute.

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

The six segment registers of the 80386 and above are:
CS, DS, SS,ES, FS, GS

204



Chapter 13

14. The code segment (CS) register contains OF05 and the instruction pointer contains 0100. The
physical address is

0F050 + 0100 = OF150

15. 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.

16. (a) Aflagis abit 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.

17.  Instruction pairing allows two instructions to execute at the same time.

Section 13-4 Computer Programming
18.  An assembler is a program that translates mnemonics and operands into machine code.

19. The flowchart in Figure 13-1 shows the process for adding numbers from one to ten and saving
the results in a memory location named TOTAL.

Initialize TOTAL
to zero

NUM =1

Add NUM
to TOTAL

y

Increment NUM

]
FIGURE 13-1
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20. The flowchart in Figure 13-2 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

3

Point to start
of string

Is value = 20H?

Increment
COUNT

3

Increment
pointer

]
FIGURE 13-2

21. When the instruction mov ax, [bx] is executed, the word in memory pointed to by the bx
register is copied to the ax register.

22. A compiler is a program that compiles or translates a program written in high-level language
and converts it to machine code.

Section 13-5 Interrupts

23. Inapolled I/O, 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.

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

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

Section 13-6 Direct Memory Access (DMA)

26. 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.

27. The CPU is bypassed in DMA.
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Section 13-7 Internal Interfacing

28. See Figure 13-3.

Data are valid

/
DAV [ ]

(Source)

Data I I

(Source) _— Ready for data

NRFD

(Acceptor) _~ Data accepted
NDAC ] [
(Acceptor)

FIGURE 13-3

29. See Figure 13-4.

Enable A .

Data B

Enable B :

1 i ' 1
1 1 1 ' 1
1 1 1 ' 1
1 1 1 ' t
1 { L L
3 ¥ 1 1 i
3 t 1 1 1
t 1 1

] ' 1 1 1
L} T 1
' 1 E 1 1
} 1 1 1 1

T

1 1 1 i 1
1 1 ] ' 1
1 1 1 ] 1
1 1 1 ' 1
1 1 1 1 ]
1 t 1 1 1
[

Bus -

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

FIGURE 13-4
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30. See Figure 13-5.

~

™

i
C

N

> B
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FIGURE 13-5

Section 13-8 Bus Standards

31. The local bus is the collection of buses interfacing directly with the processor. The PCI bus is
used for expansion devices and is connected to the local bus through a bus controller.

32. 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.

33. The PCI bus is a 33 or 66 MHz, 32- or 64-bit, plug-and-play compatible expansion bus. ISA is
an 8- or 16-bit 8.33 MHz expansion bus. PCI supports 3.3 V supplies while ISA supports 5 V
and 12 V supplies.

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

35. 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.

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

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

38. Three data bytes are transferred because the NDAC line goes HIGH three times, each time
indicating that a data byte is accepted.
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39. 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 13-6.

Device at Device at

001A 00iB

N
o

ntroller

Data
Bus &

Management §
Bus
Data Transfer sz
Control

FIGURE 13-6

40. If atalker 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 14
INTEGRATED CIRCUIT TECHNOLOGIES

Section 14-1 Basic Operational Characteristics and Parameters

1.

2.

No, because the Vopmin) 1S less than the Viggmin). The gate may interpret 2.2 V as a LOW.
Yes, they are compatible because the Vopmay 1S less than the Vi max)-

VNH = VOH(min) - VIH(min) =24V -225V= 015 \Y
VNL = VIL(max) - VOL(max) = 065 V - 04 V = 025 V

The maximum amplitudes equal the noise margins of 0.15 V and 0.25 V.

Gate A: VNu=24V-2V=04V
VPae=08V-04V=04V

Gate B: Vap=35V-25V=1V
V’ae=06V-02V=04V

Gate C: Vau=42V-32V=1V
V’ae=08V-02V=06V

Gate C has the highest noise margins.

PD(LOW) = (5 V)(2 mA) =10 mW

PD(HIGH) = (5 V)(35 mA) = 175 mW

A prow) T B DHIGH) _ 27.5mW
2

=13.75 mW

P D(avg) =

The pulse goes through three gates in the shortest path.

3x4ns=12ns
e = torn ;tPHL _ 2n342r3ns —95ms

Gate A average propagation delay:

forn +lour _ Ins+1.2ns ~ 1.1ns
2 2

Speed/Power product = (1.1 ns)(15 mW) = 16.5 pJ

Gate B average propagation delay:

S5ns+4ns
2

=45ns

Speed/Power product = (4.5 ns)(8§ mW) =36 pJ
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Gate C average propagation delay: w =10 ns

Speed/Power product = (10 ns)(0.5 mW) =5 pJ
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
(¢) OFF (d ON

14. Unused inputs should be connected as follows:
Negative-OR gate (NAND) to Ve
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.

Souree 1 )

Source 2

utput
Source 3

Source 4
—

S S

t o
Selection inputs

FIGURE 14-1

Section 14-3 TTL (Bipolar) Circuits

16. (a) ON: high voltage on base forward-biases the base-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: base and emitter at same voltage. No forward bias.
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17.  See Figure 14-2.

HIGH — HIGH —

HIGH — | i
HIGH LOW Floating

LOW —

+5V
HIGH
HIGH ——_ HIGH v, High-2
HIGH
HIGH ———
HIGH
(© @
FIGURE 14-2

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.

+sv=msﬁ—} ov&owD;
+5V =HIGH — LOW LOW
Open=HIGH — Open = HIGH
(8) (b)
+5Y
FIGH Q LOW
LOW
()
FIGURE 14-3
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20.

21.

22,

23.

Chapter 14

(a)  The driving gate output is HIGH, it is sourcing 3 unit loads.
It =3(40 pA) =120 pA

(b)  The driving gate output is LOW, it is sinking current from 2 unit loads.
It=2(-1.6 mA) =-3.2 mA

(¢)  G1 output is HIGH, it is sourcing 6 unit loads.
It =6(40 pA) = 240 pA

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

G3 output is HIGH, it is sourcing 2 unit loads.
It =2(40 pA) = 80 pA

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

R
+V P B D

@ ® ©
FIGURE 14-4

() X= ABCD

(b) X= (ABC)(DE)FG)

(c) X=(A+B)C+D)E+F)G+H)=ABCDEFGH

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
For each gate: TRp(max) = ToL(maxy — 16 mA =40 mA — 16 mA =24 mA

Vp=5V—-025V=475V
Ve 475V
Lpmay 24 MA

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

=198 Q

Rymin) =
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Chapter 14

24. See Figure 14-5.

FIGURE 14-5

Section 14-5 Comparison of CMOS and TTL Performance

25. Fseries: SPP=33nsx 6 mW =198 pJ
LS series: SPP=10ns x 2.2 mW =22 pJ
ALS series: SPP=7ns x 1.4 mW =9.8 pJ
ABT series: SPP =3.2ns x 17 uW =0.0544 pJ
HC series: SPP=7ns x2.75 uW =0.01925 pJ
AC series: SPP =5 ns x 0.55 uW =0.00275 pJ
AHC series: SPP=3.7ns x2.75 uW =0.010175 pJ
LV series: SPP=9ns x 1.6 uW =0.0144 pJ
LVC series: SPP=4.3ns 0.8 uW =0.00344 pJ
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) AandBtoX: 3(33ns)=99ns
Cand D to X: 2(3.3ns)=6.6 ns

(b) AtoXl1,X2,X3: 2(7ns)=14ns
B to X1: 7ns
Cto X2: 7ns
D to X3: 7ns

0 A,BtoX: 3(3.7ns)=11.1ns
C,D,to X: 2(3.7ns)=74ns
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Chapter 14

28. (a) HC has an f;,,, = 50 MHz

1
Clock = —— =20 MHz
Jeosk 50 ns

(b) LS has an f,.x =33 MHz
1
Clock = =16.7 MHz
Jaosk = 5

ns

(¢)  AHC has an fy = 170 MHz

1
](clock = —— =250 MHz
4 ns

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

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 — CMOS HC series
(c)  Lowest speed/power product — CMOS HC series
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CHAPTER 4
SYSTEM ACTIVITY APPLICATION

1. The digit 2 is formed by segments a, b, d, e, g.
2. The digit 5 is formed by segments a, ¢, d, f, g.
3. The letter A is formed by segments a, b, c, e, f, g.

4. The letter E is formed by segments a, d, e, f, g.

5. There is no segment common to all digits.
6. There is no segment common to all the letters shown in text Figure 4-46.
7. Segment d is used in letters b, C, d, and E. The hexadecimal code for each letter is as follows:

b—1011; C—1100; d—1101; E—1100.
The expression for segment d is

d= H,H,H H,+H,H,HH,+HHHH,+HH,HH,

HH,

HaH N 00, 01 11 .10
{J{}_pg X | x [(x
o1 X | X |(X)| X
1l oo LIJ 0
10 X) X | 0 (1]

The minimized expression for segment d is

d= H,H,+H,HH,
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8. Segment e is used in letters A, b, C, d, and E. The hexadecimal code for each letter is as
follows: A—1010;b—1011; C—1100; d—1101; E—1110.

The expression for segment e is

e= H,H,HH,+HH,HH,+HH,HH,+HH,HH,+HHHH,

HH,
HH; 00 01 11 10
WX | x| X|X
01| X | X @ X
o o1 o
| X[ X, 0|0
The minimized expression for segment e is
e=H,HH,
9. Segment f'is used in letters A, b, C, and E. The hexadecimal code for each letter is as follows:

A—1010; b—1011; C—1100; E—1110.

The expression for segment f'is

f= H,H,H,H,+ H,H,HH,+H,H,HH,+HHHH,

HH,
HyyN_ 00 01 11 10
0 x| x

X | X
01 X (X X) X
ij oo

X 0

10 X0

The minimized expression for segment f'is
f=H,H,

10.  Segment g is used in letters A, b, d, and E. The hexadecimal code for each letter is as follows:
A—1010; b—1011;d—1101; E—1110.

The expression for segment g is

¢= H,H,HH,+H,H,HH,+HH,HH,+HH,HH,
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HathyN\_ 00 01 11 10
00/(x) x| x| x
o1|[X|| X |(X] X
nffaf o) o
|(}@Xﬂ 0

The minimized expression for segment g is
g=H,H H, +I__111__10

11.  The location for segment d is

Hy — >0
Hy o
H, !

12.  The logic for segment e is

13.  The logic for segment f'is

14.  The logic for segment g is
H,
H,
Hy

Putting Your Knowledge to Work

To modify the decoder for a common-cathode display, the segment outputs must be active-HIGH. An
inverter in each segment output will provide an active-HIGH.
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CHAPTER 5
SYSTEM APPLICATION ACTIVITY

[a—

The two “cannot occur” conditions in text Table 5-6 are not possible because if the maximum
level, Lyax, has been reached as indicated by a 1, the minimum level Lyyy also must have been
reached, but the O indicates that it has not.

The inlet valve is open under three conditions as indicated by Vinier = 1.
The inlet valve turns off when the maximum level is reached.
The standard SOP expression for Vi is

+L L

‘max " —~min~ inlet

Vintet = Z +L

max~—~min~ inlet mamein inlet

F

Cinlet

Ladmin™ 0 1
0011 jj
(1 .J_J
11
—
(51

The simplified Vi, expression is correct.

Vinlet = me + L

‘max ~ inlet

The simplified logic for the inlet valve control:

I

TN

'f'iul:-.'l V‘.m :
=

Ir'r||.||'l

The additional input to the outlet valve control is 7 for temperature. The corn syrup must be at
a specified temperature for proper viscosity before the syrup can be released into the mixing
vat.

The outlet valve is open under two conditions as specified by the 1s in text Table 5-7.

Once the tank starts draining, the outlet value remains open (on) until the minimum level is
reached.
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10.

The standard SOP expression for Ve is

Vowrer =L L. F T+L L F

‘max —“min” inlet ‘max "—“min” inlet

'F..III|I.'|.T.
I'I"I'l.l"'\.f'l'll"ﬂ m U I I I IU

00

01 m

|

n X X X | X

The simplified Ve €Xpression is correct.

Voutlet =L F T

‘min~ inlet

The simplified logic for the outlet valve control:

‘r-min —_—
';'-iul_u:_l ] E } Voutlet

I

Putting Your Knowledge to Work

This assumes that the corn syrup is acceptable as long as its temperature is no more than 9° below the
specified temperature. The temperature control circuit could be modified by eliminating the LSD in

the BCD code for the measured temperature.
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CHAPTER 6
SYSTEM APPLICATION ACTIVITY

1. The system remains in the first state (00) for 25 s if there is a vehicle on the side street or as
long as there is no vehicle on the side street.

2. The system remains in the fourth state (10) for 4 s.
3. The expression for the condition producing a transition from the first state to the second state is
LV,
4. The expression for the condition that keeps the system in the second state is
Ts

5. The diagram for the light output logic:

5y ———
. MR
5 &
.".l
5

MY

* s

6. The truth table for the light output logic:

Inputs Outputs
Sy S 08 S MR MY MG SR SY SG
0O 0 o0 1 0 0 1 1 0 0
0o 0 1 0 0 1 0 1 0 0
0O 1 0 O 1 0 0 0 0 1
1 0 0 0 1 0 0 0 1 0
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The diagram for the trigger logic:

:' :D— LongTrig

1 ShortTrig

The truth table for the trigger logic:

Inputs Outputs
Sy S8 S LongTrig ShortTrig
0O O 0 1 1 0
0O o0 1 0 0 1
0 1 0 0 1 0
1 0 0 0 0 1

The diagram of the complete combinational logic:

[ —o—Dc, Dﬂ_
— LongTrig
G D}D__L' 5
A _D— ShorTrig
N\
_——
>
N\
B MY
Mi:
&Y
S
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Putting Your Knowledge to Work

(a)  One approach is shown by the modified state diagram.

T+ V;

First state
00
Main: green
Side: red

Second stane
(1
Main: yellow

Fourth state
(o

Main: red

Fifth state
[LhiA]
Main: red
Side: red

TIs

Side: vellow Side: red

Third state
all
Main: red
Side: green

P = pedestrian push button activated
Tp = 15 s pedestrian timer

v,

When a pedestrain pushes the button, one of the following sequences occurs:

N If system is in first state (000), it goes immediately to second state (001) for 4 s and
then to fifth state (100) for 15 s and then back to first state (000).

O If system is in third state (011), it goes immediately to fourth state (010) for 4 s and
then to fifth state (100) for 15 s and then back to first state (000).

O If system is in either second or fourth states, the short timer is retriggerd and the system

remains in that state for another 4 s before going to the fifth state.
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(b)  The modified combinational logic block diagram:

State decoder
5
—» Gy 52
Slatu . G 51
inputs
4" Gi 'SI-I-
Ss

The modified state decoder logic:

iy ———

Light owtput logic

—» ME

—» MY
—» MG

—» 5Y
—» S0

>
» g
’ ! >
” >
yYyY Yy

—— Lonelrig
Trigger logic - ShortTrig
———» PedTrig

D i } 5
G, [>o _
} 84
Gy [> I
— } 3
J 3y
™ :
J hE3
The modified light output logic:
s, ]
:f ] MR
5, MY
5 * MG
&Y
SiF

226



The modified trigger logic:

S 4D— LongTrig
8
E:D— ShortTrig
Xy

8§ ———————— PedTrig
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CHAPTER 7
SYSTEM APPLICATION ACTIVITY

1. The resistor and capacitor values for the 25 s timer are determined as follows.
Let C, =100 pF
tW = 1 .1R1C1

S BS aka
1.1C,  1.1(100 pF)

Other combinations are possible.

1

2. The resistor and capacitor values for the 4 s timer are determined as follows.

Let C; =100 pF

tW = 11R1C1

R=_ 4
1.1(100 pF)

Other combinations are possible.

364 kQ

3. The resistor and capacitor values for the 10 kHz oscillator are determined as follows.
Let C, =0.01 uF
1.44

fr—

(R, +2R,)C,
Ry +2R, = Lad_ 144 =144 kQ

fC, (10 kHz)(0.01 pF)

LetR; =1.5kQ
R, = 144 sz—l.S kQ 645 KO
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4. The 25 s timer and the 4 s timer using 74121 one-shots:

ty = 25 S, let CEXT =10 HF
tw = 0.7RexrCexr
ty 25s

Rexr = 0.7C,, 0.7(10 uF) =30 Mo
—_— & 1o
e T
=
—
Rl CX RXACX

1
Crarl——4

10 uF
- lrt.I X1
36 Mi2

! (K8

ty= 4 S, let CEXT =10 l.lF
tw = 0.7TRgxtCexr
4

=———  =571kQ
0.7(10 uF)

REXT

[}

T

RO RXACX

I _L
Crxr |
> M
T 570 ki
v

1 pF
[

Putting Your Knowledge to Work
Real time is determined by connecting a Multisim probe to the one-shot output and measuring its on-

time. Simulation time is determined by connecting a virtual oscilloscope to the one-shot output and
measuring the pulse-width.
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CHAPTER 8
SYSTEM APPLICATION ACTIVITY

1. The Boolean rule usedis 4+ A =1.

In this case, the terms G G, were factored out leaving T, + T:
G,G,(T + T;) = G,G,(1) = GG,

2. D, is reduced by first expanding to standard SOP form:
D, = éléOTLVs + élGO +G GV,

= GIGOTLI/S + (_;IGOY_-LIZ + GIGOTLI/S + GIGOTLZ + (_;IGOTLI/S + GIGOTLI/S

v,
tiGp™>_00 01 11 10

00 fl-\'

otl(1 [la)f1) D
1

H &,

10

The reduced expression is
D, =GG,+GLLV, +G TV,

3. D, has five variables and is reduced by applying Boolean rules:

ofs +GG LV, + GlGofL + G1G017s + GléoTs
ofs +GiG, (TLI/S + ]_1)_'_ GIGOZ + GG, T

Applying the rule 11: A+ AB=A+B

D, = (_;1Go]_; +G,G, (K +TL)+ GIGOZ + Glc_;OTS
D, = élGofs +G,G )V, + GIGOY_—L + G1GOI75 + Gléors
= (_;1G()Ts +GG, (Vs +TL + IZ)"’ Glc_;OTS
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Applying the rules 2 and 6: A+1=1and A+ 4=1

D, =G,G,T, + GG, (1)+ GG, T, = GG,T; + G,G,T; + G,G,T; + GG, Ty

Ty
iy Gy \ 0 1
00
01|(1)
1)
1/l 1
10
The reduced expression is
D, = Gofs +G T
4. The expressions agree with text Figure 8-64.

Putting Your Knowledge to Work

The combinational logic portion of the system was modified in Chapter 6 to accommodate a
pedestrian input to turn both lights red for 15 s. To accomplish this exercise, the student must
recognize that the timing circuits and the sequential logic must also be modified.

Timing circuit modification: An additional 555 timer configured as a one-shot with a 15 s output
pulse is addded:

Let C; = 100 pF.
tw = 11R1C1
15s

=2 =136k
1.1(100 4F)
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Sequential logic modification: A third flip-flop is added. First, the next-state table is modified to
accommodate the pedestrian input (P).

PRESENT STATE NEXT STATE COlzll\];li}FJI%NS FF INPUTS
()} o Qo (@) O Qo D, D, D,
0 0 0 0 0 0 T +7 0 0 0
0 0 0 0 0 1 TV +P 0 0 1
0 0 1 0 0 1 T 0 0 1
0 0 1 0 1 1 TP 0 1 1
0 0 1 1 0 0 TP 1 0 0
0 1 1 0 1 1 TV, 0 1 1
0 1 1 0 1 0 T 47 +P 0 1 0
0 1 0 0 1 0 T, 0 1 0
0 1 0 0 0 0 TP 0 0 0
0 1 0 1 0 0 TP 1 0 0
1 0 0 0 0 0 T 0 0 0

D, =G,G,G, (L,V, + P)+ G,G,G,T, + G,G,G,T,P + G,G,G,T, V,

Notice that the expressions contain up to seven variables. Karnaugh map simplification would not be
feasible. If you wish to minimize the expressions, the Quine-McCluskey method can be used but will

be left as an exercise that can be assigned to students.

D, will take three 5-input AND (or NAND) gates, two 4-input AND (or NAND) gates, and
one S5-input OR (or NAND) gate.

D, will take two 5-input AND (or NAND) gates, four 4-input AND (or NAND) gates, and one

6-input OR (or NAND).

D, will take two 5-input AND (or NAND) gates and one 2-input OR (or NAND) gate.
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CHAPTER 9
SYSTEM APPLICATION ACTIVITY

1. The BCD code sequence for 4739 is 0100,0111,0011, 1001.
2. The state of shift register C after two correct code digits are entered is 00000100.

3. The purpose of the OR gate is to produce a trigger when a key is pressed in order to generate
the clock pulses for the system.

4. When the digit 4 is entered, 0100 appears on the outputs of register A.
Putting Your Knowledge to Work

The security code logic can be modified for a 5-digit code by moving the HIGH parallel input of shift
register C back one position. It would then take five clock pulses to shift the 1 to the output.
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CHAPTER 10
SYSTEM APPLICATION ACTIVITY

1. The shift register initial outputs are Q) =1, 0, =0, 0, =0, 0, =0.
2. The state of the shift register after three clock pulses is
0 =0, 9,=0,0,=0,0,=1
3. The purpose of the OR gates is to produce the BCD code from the selected AND gates.

4. In text Figure 10-73, NAND gates are used to implement the AND-OR logic of
Figure 10-72.

5. The resistor packs provide pull-up resistors for the DIP switch outputs.

Putting Your Knowledge to Work
The memory and code selection logic can be modified for a 5-bit code by adding a DIP switch with

resistor pull-ups, four more AND gates, changing the OR gates to five inputs, and changing the shift
register from four bits to five bits.
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CHAPTER 11
SYSTEM APPLICATION ACTIVITY

1. The logic expression for SEGa is SEGa= AC + AC + B+ D.

The conditions for SEGa to be HIGH are indicated on the waveform in the following figure,
showing that the waveform is correct.

MName

-_.ndl

=B

-c L ]

-_D

L]

| D { D {AC

= SEGa[7C || [AC{B | A;c:gf,jr:ﬁg'

2. The logic expression for SEGb is SEGb = AB + AB +C.

The conditions for SEGb to be HIGH are indicated on the waveform in the following figure,
showing that the waveform is correct.

= iiggiiggiiggiipgEing
s o[ L AL L]
- 0 T 1]
- ° ]| 111

=sew|eiTiciciapll . [BiTITIT
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The logic expression for SEGc is SEGe = A+ B+C.

The conditions for SEGc to be HIGH are indicated on the waveform in the following figure
showing that the waveform is correct.

=a LU L e P L
oo 3N IREERRRR SR RREERERER
-c | | | | ||

=p ' LT T L

= spGe | B | B AiCiCicC

.;;“
et
=]
i

The logic expression for SEGd is SEGd = AB + AC + BC + ABC + D.

The conditions for SEGd to be HIGH are indicated on the waveform in the following figure,
showing that the waveform is correct.

Name I s ™ ET 12 s 16y
S ggiiggiiggiiggiigpt
= L I .;: ' ||
il

= seaal38] | [FETRE| | fcae] | [ 1o e
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3.

The logic expression for SEGe is SEGe = AB + AC.

The waveform for SEGe is shown in the following figure.

= L] | | LU HEREEE

'-I-D

-—c LA
[TTT1LY

= SE(Ge

The logic expression for SEGf is SEGf = AB+ AC + BC + D.

The waveform for SEGf is shown in the following figure.

S iippEippiippiippEiggil
- (11T | EREEEE
- LA LTI T ]
= SEGT

The logic expression for SEGg is SEGg = AB+BC +BC +D.

The waveform for SEGg is shown in the following figure.

= L L LT T L
=g | E | AREEEE
-—c WL AL
- | - |

= SEGg . |_| L_
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PART 3

Overview of
IEEE Standard 91-1984

Explanation of Logic Symbols

Courtesy of Texas Instruments




1.0

2.0

INTRODUCTION

The International Electrotechnical Commission (IEC) has been developing a very powerful
symbaolic language that can show the relationship of each input of a digital legic circuit Lo each
output without showing explicitly the internal logic. At the heart of the system s dependency
notation, which will be explained in Section 4.

The system was introduced in the USA i a rudimentary form in IEEE'ANSI Standaard
¥32.14-1973. Lacking at that time a complete deveiopment of dependency notation, it offered
little more than a substitution of rectangular shapes for the familiar distinctive shapes for
representing the basic functions of AND, OR, negation, etc. This is no longer the case

Internationally, Working Group 2 of IEC Technical Committee TC 3 has prepared o new
document (Publication 617-12) that consolidates the original work started in the mua 196075
and published in 1972 (Publication 117-15) and the amendments and supplements rhat have
followed. Similarly for the USA, IEEE Committee SCC 11.9 has revised the pubhcation |EEE
Std 91/ANSI ¥32.14. Now numbered simply IEEE Std 91-1984, the IEEE standard contains
all of the IEC work that has been approved, and also a small amount of matenal still under
international ca'nside ration. Texas Instruments is participating in the work of both organizations
and this document introduces new logic symbols in accordance with the new standards When
changes aresmade as the standards develop, future editions will take those changes into account

The following explanation of the new symbolic language is necessarily brief and greany
condensed from what the standards publications will contain. This s not intended to be sulficient
for those people who will be developing symbaols tor new devices. It 15 primarily intended to
make possible the understanding of the symbols used in various data books and the comparisun
of the symbaols with logic diagrams, functional block diagrams, and. or function tables will furthe:
help that understanding.

SYMBOL COMPOSITION

A symbol comprises an outline or a combination of outlines together with one or more qualifving
symbols. The shape of the symbals is not significant. As shown in Figure 1. general gualitying
symbols are used to tell exactly what logical operation is performed by the elements Table i
shows general qualifying symbols defined in the new standards. Input lines are placed on the
left and output lines are placed on the right. When an exception is made to that convention,
the direction of signal flow is indicated by an arrow as shown in Table Il.

All outputs of a single, unsubdivided element always have identical internal logic states

determined by the function of the element except when otherwise indicated by an associated
gualifying symbaol or label inside the element.
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OUTLINE GENERAL QUALIFYING
—\ / SYMB0L

|

INPUT oUTPUT
LINES LINES

*Possible positions for qualifying symbaols relating to inputs and outputs

Figure 1. Symbol Composition

The outlines of elements may be abutted or embedded in which case the foliowing conventions
apply. There is no logic connection between the elements when the line common to their outlines
is in the direction of signal flow. There is at least one logic connection between the elements
when the line common to their outlines is perpendicular to the direction of signal flow. The
number of logic connections between elements will be clarified by the use of qualifying symbols
and this is discussed further under that topic. {f no indications are shown on either side of
the common line, it is assumed there is only one connection.

When a circuit-has one or more inputs that are common to more than one element of the circuit,
the common-control block may be used. This is the only distinctively shaped outline used in
the IEC system. Figure 2 shows that unless otherwise gualified by dependency notation, an
input to the common-control block is an input to each of the elements below the common-
control block.

COMMON-CONTROL BLOCK

L]
2 —
S - . —
b—f [~ ———
= - |
¢— -
d L . ] ——

Figure 2. Common-Contro! Block
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3.0

3.1

3.2

A common output depending on all elements of the array can be shown as the output of a
common-output element. Its distinctive visual feature is the double line at its top. In addition
the common-output element may have other inputs as shown in Figure 3. The function of th'
common-output element must be shown by use of a general qualifying symbol.

COMMON-OUTPUT b— N

ELEMENT \ b . .
(must, like other el s, ¢ g f
have a qualifying symbel to

denote its logic function)

—9

Figure 3. Common-Qutput Element

QUALIFYING SYMBOLS
General Qualifying Symbols

Table | shows general qualifying symbols defined by IEEE Standard 91. These characters are
placed near the top center or the geometric center of a symbol or symbol element to define
the basic function of the device represented by the symbol or of the element.

Qualifying Symbols for Inputs and Outputs

Qualifying symbols for inputs and outputs are shown in Table Il and will be familiar to most
users with the possible exception of the logic polarity and analog signal indicators. The older
logic negation indicator means that the external O state produces the internal 1 state. The
internal 1 state means the active state. Logic negation may be used in pure logic diagrams;
in order to tie the external 1 and O logic states to the levels H (high) and L {low), a statement
of whether positive logic (1 = H, 0 = L) or negative logic (1 = L, 0 = H) is being used is
required or must be assumed. Logic polarity indicators eliminate the need for calling out the
logic convention and are used in various data books in the symbology for actual devices. The
presence of the triangular polarity indicator indicates that the L logic level will produce the
internal 1 state (the active state) or that, in the case of an output, the internal 1 state will
produce the external L level. Note how the active direction of transition for a dynamic input
is indicated in paositive logic, negative logic, and with polarity indication.

The internal connections between logic elements abutted together in a symbol may be indicated
by the symbols shown in Table Il. Each logic connection may be shown by the presence of
qualifying symbols at one or both sides of the common line and if confusion can arise about
the numbers of connections, use can be made of one of the internal connection symbols.
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Table |. General Qualifying Symbols

SYMBOL DESCRIPTION Cmos - TTL
EXAMPLE EXAMPLE
& AND gate or function. ‘HCOO SN7400
21 OR gate or function. The symbol was chosen to indicate that at least ‘HCO2 SN7402
one active input is needed to activate the output.
=1 Exclusive OR. One and only one input must be active to activate the ‘HC86 SN7486
output.
= Logic identity. All inputs must stand at the same state. 'HC86 SN74180
2k An even number of inputs must be active. ‘HC280 SN74180
2k + 1 An odd number of inputs must be active. ‘HC86 SN74ALS86
1 The one input must be active. ‘HCO4 SN7404
Dorg A buffer or element with more than usual output capability ‘HC240 SN74S436
(symbol is oriented in the direction of signal flow).
o Schmitt trigger; element with hysteresis. ‘HC132 SN74LS18
XY Coder, code converter (DEC/BCD, BIN/JOUT, BIN/7-SEG, etc.). ‘HC42 SN74LS347
MUX Multiplexer/data selector. ‘HC151 SN74150
DMUX or DX Demuitiplexer. ‘HC138 SN74138
L Adder. 'HC283 SN74LS385
P-Q Subtracter. * SN741LS385
CPG Look-ahead carry generator ‘HC182 SN74182
x Multiplier. * SN74LS384
CcOomMmpP Magnitude comparator. ‘HC85 SN741L5682
ALY Arithmetic logic unit. ‘HC181 SN741L5381
U Retriggerable monostabie. ‘HC123 SN741LS422
1 Nonretriggerable monostable (one-shot) 'HC221 SN74121
.r?n. Astable element. Showing waveform is optional. . SN74LS5320
_,_’3‘_ Synchronously starting astable. ¢ SN74L5624
_g},_ Astable element that stops with a completed puise. * *
SRGmM Shift register. m = number of bits. ‘HC164 SN74LS595
CTRm Counter. m = number of bits; cycle length = 2M, ‘HC590 SN54LS520
CTR DIivm Counter with cycle length = m. ‘HC160 SN74LS668
RCTRm Asynchronous {ripple-carry} counter; cycle length = 2M. ‘HC4020 .
ROM Read-only mamory. ‘ SN74187
RAM Random-access read/write memory. ‘HC189 SN74170
FIFO First-in, first-out memory. . SN74LS222
1=0 Element powers up c'eared to O state. * SN74AS5877
1=1 Element powers up set to 1 state. ‘HC7022 SN74AS877
3 Highly complex function; *‘gray box '’ symbot with limited * SN74LS608

netail shown under special rules.

*Not all of the geirera quatifying symbols have beer: used in Ti's CMOS and TT L data books, but they are included here tor the sake of
completensss.
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Table I1. Qualifying Symbols for inputs and Outputs
Logic negation at input. External O produces internal 1.
Logic negation at output. Internal 1 produces external 0.
Active-low input. Equivalent to —q in positive logic.
Active-low output. Equivalent to b—in positive logic.
Active-low input in the case of right-to-left signal flow.
Active-low output in the case of right-to-left signal flow.

Signal flow from right to teft. If not otherwise indicated, signal flow is from left to right.

Bidirectional signal flow.

POSITIVE NEGATIVE POLARITY
_ LOGIC LOGIC INDICATION
. 1 —— 0
Pvnamuc not used
nputs
active 0 ! H
< “not used not used

on I L
indicated r— 1 0 = H
transition § 0 1 L I

Nonlogic connection. A label inside the symbol will usually define the nature of this pin.

Input for analog signals (on a digital symbol) {see Figure 14).

bR LpL HHLTTETA

Input for digital signals {on an analog symbol} (see Figure 14).

{ Internal connection. 1 state on left produces 1 state on right.
é Negated internal connection. 1 state on left produces 0 state on right.
T E'" Dynamic internal connection. Transition from 0 to 1 on left produces transitory 1 state on
ceaed ol right.
_{"" Internal input {virtual input). It always stands at its internal 1 state unless affected by an
c——- overriding dependency relationship.

""} internal output (virtual output). lts effect on an internal input to which it is connected is
- indicated by dependency notation.

The internal (virtual) input is an input originating somewhere eise in the circuit and is not
connected directly to a terminal. The internal (virtual) output is likewise not connected directly
to a terminal. The application of internal inputs and outputs requires an understanding of
dependency notation, which is explained in Section 4.
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Table (11. Symbols Inside the Outline

Postponed output (of a pulse-triggered flip-flop). The output changes when input
initiating change (e.g., a C input) returns to its initial external state or level, See § 5.

Bi-threshold input {input with hysteresis).

N-P-N open-cotlector or similar output that can supply a relatively +
low-impedance L level when not turned off. Requires external
pult-up. Capable of positive-logic wired-AND connection.

Passive-pull-up output is similar to N-P-N open-collector output but {
is suppiemented with a built-in passive pull-up.

N-P-N open-emitter or similar output that can supply a relatively low-
impedance H level when not turned off. Requires external pull-down.
Capable of positive-logic wired-OR connection.

o +

Passive-pull-down output is similar to N-P-N open-emitter output but
is supplemented with a built-in passive pull-down.

3-state output.

Output with more than usual output capability (symbol is oriented in the direction
of signal flow).

Enable input
When at its internal 1-state, all outputs are enabled.
When at its internal 0-state, open-collector and open-emitter outputs are oft,
three-state outputs are at normally defined internal logic states and at external
high-impedance state, and all other outputs {e.g., totem-poles) are at the
internal O-state.

Usual meanings associated with flip-flops (e.g., R = reser, T = toggle)
. . ﬁs

Data input to a storage element equivalent to: R

Shift right (left) inputs, m =1, 2, 3, etc. If m = 1, it is usually not shown.

Counting up {down) inputs, m =1, 2, 3, etc. !f m = 1, it is usually not shown.

Binary grouping. m is highest power of 2.

The contents-setting input, when active, causes the content of a register to take
on the indicated value.

The content output is active if the content of the register is as indicated.

Input line grouping . . . indicates two or more terminals used to iImplement a singls
logic input.

.Y.-—-{'E
e.g., The paired expander inputs of SN7450. S(_NIJ

Fixed-state output always stands at its internal | state. ¥or example, see SN74185.
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3.3

4.0

4.1

in-.an array of elements, if the same general qualifying symbol and the sams gualifying symbols
associated with inputs and outputs would appear inside each of the elements of the array,
these qualifying symbols are usually shown only in the first element. This is done to reduce
clutter and to save time in recognition. Similarly, large identical elements that are subdivided
into smaller elements may each be represented by an unsubdivided outline. The SN%54HC242
or SN54LS440 symbol illustrates this principle.

Symbols Inside the Outline

Table Ili shows some symbols used inside the outline. Note particularly that cpen-collector
{open-drain}, open-emitter (open-source), and three-state outputs have distinctive symbols.
Also note that an EN input affects all of the outputs of the circuit and has no effect on inputs.
When an enable input affects only certain outputs and/or affects one or more inputs, a form
of dependency notation will indicate this (see 4.9). The effects of the EN input on the various
types of outputs are shown.

Itis particularly important to note that a D input is always the data input of a storage element.
At its internal 1 state, the D input sets the storage element to its 1 state, and at its internal
0 state It resets the storage element to its O state.

The binary grouping symbol will be explained more fully in Section 8. Binary-weighted inputs
are arranged in order and the binary weights of the least-significant and the most-significant
lines are indicated by numbers. In this document weights of input and output lines will be
represented by powers of two usually only when the binary grouping symbol is used, otherwise
decimal numbers will be used. The grouped inputs generate an internal number on which a
mathematical function can be performed or that can be an identifying number for dependency
notation (Figure 28). A frequent use is in addresses for memaories.

Reversed in direction, the binary grouping symbol can be used with outputs. The concept is
analogous to that for the inputs and the weighted outputs will indicate the internal number
assumed to be developed within the circuit.

Other symbols are used inside the outlines in accordance with the IEC/IEEE standards but are
not shown here. Generally these are associated with arithmetic operations and are self-
explanatory.

When nonstandardized information is shown inside an outline, it is usually enclosed in square
brackets [like these].

DEPENDENCY NOTATION

General Explanation

Dependency notation is the powerful tool that sets the IEC symbols apart from previous systems
and makes compact, meaningful, symbolis possible. It provides the means of denoting the
relationship between inputs, outputs, or inputs and outputs without actually showing all the

elements and interconnections involved. The information provided by dependency notation
supplements that provided by the qualifying symbols for an element’s function.
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4.2

In the convention for the dependency notation, use will be made of the terms ‘‘affecting’’ and
*affected.”’ In cases where it is not evident which inputs must be considered as being the
affecting or the affected ones (e.g., if they stand in an AND relationship), the choice may be
made in any convenient way.

So far, eleven types of dependency have been defined and all of these are used in various T}

data books. X dependency is used mainly with CMQOS circuits. They are listed below in the
order in which they are presented and are summarized in Table IV following 4.12.

Section Dependency Type or Other Subject

4.2 G, AND
4.3 General Rules for Dependency Notation
4.4 V, OR

4.5 N, Negate (Exclusive-OR)
4.6 Z, Interconnection

4.7 X, Transmission

4.8 C, Control

4.9 S, Set and R, Reset
4.10 EN, Enable

4.11 M, Mode

4.12 A, Address

G (AND) Dependency

A common relationship between two signals is to have them ANDed together. This has
traditionally been shown by explicitly drawing an AND gate with the signals connected to the
inputs of the gate. The 1972 IEC publication and the 1973 IEEE/ANSI standard showed several
ways to show this AND relationship using dependency notation. While ten other forms of
dependency have since been defined, the ways to invoke AND dependency are now reduced

to one.

In Figure 4 input b is ANDed with input a and the complement of b is ANDed with c. The letter
G has been chosen to indicate AND relationships and is placed at input b, inside the symbol.
A number considered appropriate by the symbol designer {1 has been used here) is placed after
the letter G and also at each affected input. Note the bar over the 1 at input c.

"

Figure 4. G Dependency Between Inputs

In Figure 5, output b affects input a with an AND relationship. The lower example shows that
itis the internal logic state of b, unaffected by the negation sign, that is ANDed. Figure 6 shows
input a to be ANDed with a dynamic input b.
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4.3

-

a1 sib—s A * = a—r‘—f_{_rc'_b
e s e

|

— 77 —— . r-"1
a—fi sip—s = s ' pb = ";_-D_j.__‘ b
epe = A TU = L

Figure 5. G Dependenzy Between Qutputs annd iNputs
s Gt _ a..._f'§,"{;-
Tl R

The rules for G dependency can be summarized thus:

When a Gm input or output {m is a numberj stands at its internal 1 state, all inputs and
outputs affected by Gm stand at their normally defined internal logic states. When the
Gm input or output stands at its O state, all inputs and outputs affected by Gm stand
at .their internal O states.

Conventions for the Application of Dependency Notation in General

The rules for applying dependency relationships in general follow the same pattern as was
illustrated for G dependency.

Application of dependency notation is accomplished by:

1) labeling the input (or output) affecting other inputs or outputs with the letter symbol
indicating the relationship involved (e.g., G for AND) followed by an identifying number,
appropriately chosen, and

2) labeling each input or output affected by that affecting input (or output) with that
same number.

If it is the complement of the internal logic state of the affecting input or output that does
the affecting, then a bar is placed over the identifying numbers at the affected inputs or outputs
(Figure 4).

If two affecting inputs or outputs have the same letter and same identifying number, they stand
in an OR relationship to each other (Figure 7).

e i
. ¢

Figure 7. ORed Affecting Inputs
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4.4

4.5

If the affected input or output requires a label to denote its function (e.g., 'D"’), this label will
be prefixed by the identifying number of the affecting input (Figure 15).

If an input or output is affected by more than one affecting input, the identifying numbers of
each of the affecting inputs will appear in the label of the affected one, separated by commas.
The normal reading order of these numbers is the same as the sequence of the affecting
relationships (Figure 15).

If the labels denoting the functions of affected inputs or outputs must be numbers (e.g., outputs
of a coder), the identifying numbers to be associated with both affecting inputs and affected
inputs or outputs will be replaced by another character selected to avoid ambiguity, e.g., Greek
letters (Figure 8).

] o a—[‘
b Ga b G1
cqa ch

Figure 8. Substitution for Numbers

Wi

V (OR) Dependency

The symbol denoting OR dependency is the letter V (Figure 9).

£ = [

—_—

Figure 9. V (OR} Dependency

When a Vm input or output stands at its internal 1 state, all inputs and outputs affected by
Vm stand at their internal 1 states. When the Vm input or output stands at its internal O state,
all inputs and outputs affected by Vm stand at their normally defined internal logic states.

N (Negate) {Exclusive-OR) Dependency

The symbol denoting negate dependency is the letter N (Figure 10). Each input or output affected
by an Nm input or output stands in an Exclusive-OR relationship with the Nm input or output.
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4.6

b
oy ) 1l — =
{4

A0

.
T
E
T
I

1fa=0, thenc=b
ffa=1, thenc=>b

Figure 10. N (Negate) (Exclusive-OR)} Dependency

When an Nm input or output stands at its internal 1 state, the internal logic state of each input
and each output affected by Nm is the complement of what it would otherwise be. When an
Nm input or output stands at its internal O state, all inputs and outputs affected by Nm stand
at their normally defined internal logic states.

Z {Interconnection) Dependency

The symbol denoting interconnection dependency is the letter Z.

Interconnection dependency is used to indicate the existence of internal logic connections
between inputs, outputs, internal inputs, and/or internal outputs.

The internal logic state of an input or output affected by a Zm input or output will be the same
as the internal logic state of the Zm input or output, uniess modified by additional dependency

notation (Figure 11).
a—[Zl —l]——b [ ] b where —‘D—— = —'D‘—

F-

—{— ! a where L e— =

-

I
»

-
@o

o

a—Gi~
u:Ezg zl ‘

[

1

Figure 11. Z {Interconnection} Dependency
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4.7 X (Transmission) Dependency
The symbol denoting transmission dependency is the letter X.

Transmission dependency is used to indicate controiied bidirectionai connections between
affected input/output ports (Figure 12).

1}—¢»— b If a = 1, there is a bidirectional
- connection between b and c.
a —1 X1 MMNp—e—>»—c

i1t a =0, there is a bidirectional

1 — d connection between c and d.

Figure 12. X (Transmission) Dependency

When an Xm input or output stands at its internal 1 state, all input-output ports affected by
this X/m input or output are bidirectionally connected together and stand at the same internal
logic state or analog signal level. When an Xm input or output stands at its internal O state,
the connection associated with this set of dependency notation does not exist.

- +
-1

Figure 13. CMOS Transmission Gate Symbol and Schematic

# MUXOMUX
|1 pxd
oD
-<ﬂ>—‘0/1!2/3 1 4ﬂ>-
) N
| AN

Figure 14. Analog Data Selector (Multiplexer/Demultiplexer)

Althougn the transmission paths represented by X dependency are inherently bidirectinal, use
is not always made of this property. This is analogous tc a piece of wire, which may be
constrained to carry current in only one direction. If this is the case in a particular application,
then the directionai arrows shown in Figures 12, 13, and 14 would be omitted.
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4.8 C (Controf) Dependancy
The symbel denoting control dependency is the letter C.
Contrel inputs are usually used to enable or disable the data (D, J, K, R, or S) inputs of storage

elements. They may takz on their internal 1 states (be active) either statically or dynamically.
in the latter case the dynamic input symbol is used as shown in the third example of Figure 15.

i—{él— 2 &ls

b1 - 5.4&—% &ir

2 (%] 2 Gt FY & &

b—JC2 = bd1C2 = b s

c—{1,20 ¢— 20 c R
/

d

Note AND relationshipof aand b
°' el
1.20 b L3 s
2 ¢ {53

o

n

3—{1,20

b— 1.20 _
c— G1 -
4 c2

Input c selects which of a or b is stored when d goes low.

Figure 15. C (Control) Dependency

When a Cm input or output stands at its internal 1 state, the inputs affected by Cm have their
normally defined effect on the function of the element, i.e., these inputs are enabled. When

a Cm input or output stands at its internal O state, the inputs affected by Cm are disabled and
have no effect on the function of the element.
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4.9

4.10

S (Set) and R (Reset) Dependencies

The symbol denoting set dependency is
the letter S. The symbol denoting reset
dependency is the letter R.

Set and reset dependencies are used if it
is necessary to specify the effect of the
combination R=S=1 on a bistable
element. Case 1 in Figure 16 does not use
S or R dependency.

When an Sm input is at its internal 1 state,
outputs affected by the Sm input will
react, regardless of the state of an R input,
as they normally would react to the
combination S=1, R=0. See cases 2, 4,
and 5 in Figure 16.

When an Rm input is at its internal 1 state,
outputs affected by the Rm input will
react, regardless of the state of an S input,
as they normally would react to the
combination S=0, R=1. See cases 3, 4,
and 5 in Figure 16.

When an Sm or Rm input is at its internal
O state, it has no effect.

Note that the noncomplementary output
patterns in cases 4 and 5 are only pseudo
stable. The simultaneous return of the
inputs to S=R=0 produces an
unforeseeable stable and compiementary
output pattern.

EN (Enable) Dependency

s Rla a
5 § a 0 01! nc nc
0o 1|0 1
R—R o—a (! 0]1 0
1 1 ? ?
CASE 2
S R|la a
$ s 1 a 0 0| nc nc
0 1o
R—R 1o—ia T 01 o
1 101 ¢
CASE 3
S Rja a
s—
$ ! a 0 0 nc nc
0 110 1
R——{R1 tb—@g |1 o1 0
1 1o 1
CASE 4
S R|la a
s s 1 a 0 0| nc nc
0 1]0 1
R—R2 2b—1 1 011 o0
1 1 1o
CASE 5
s S RiaQ a
$ 2 a 0 O nc nc
0o 1]lo 1
R—iR2 p—a |V 0|1 0
1 1]l0 o

0 = external 0 state
nc = no change

Figure 16. S (Set) and R (Reset) Dependencies

1 = external 1 state

? = unspecified

The symbol denoting enable dependency is the combination of letters EN.

An ENm input has the same effect on outputs as an EN input, see 3.1, but it affects only those
outputs labeled with the identifying number m. It also affects those inputs labeled with the
identifying number m. By contrast, an EN input affects all outputs and no inputs. The effect

of an ENm input on an affected input is identical to that of a Cm input (Figure 17).

253




When an ENm input stands at its internal 1 state, the inputs affected by ENm have their normaily
defined effect on the function of the element anc the outputs affected by this input stand at
their normally defined internal logic states, i.e., these inputs and outputs are enabled.

v
’ EN? ita= 0, bisdisabled snd d = ¢

4 ffa=1,cisdisabled and d = b
- o

Figure 17. EN (Enable} Dependency

When an ENm input stands at its internal O state, the inputs affected by ENm are disabled
and have no effect on the function of the element, and the outputs affected by ENm are also
disabled. Open-collector outputs are turned off, three-state outputs stand at their normally
defined internal logic states but externally exhibit high impedance, and all other outputs (e.g.,
totem:=pole outputs) stand at their internal O states.

4.11 M {(MODE) Dependency
The symbol denoting mode dependency is the letter M.

Mode dependency is used to indicate that the effects of particular inputs and outputs of an
element depend on the mode in which the element is operating.

If an input or output has the same effect in different modes of operation, the identifying numbers
of the relevant affecting Mm inputs will appear in the label of that affected input or output
between parentheses and separated by solidi (Figure 22).

4.11.1 M Dependency Affecting Inputs

M dependency affects inputs the same as C dependency. When an Mm input or Mm output
stands at its internal 1 state, the inputs affected by this Mm input or Mm output have their
normaliy defined effect on the function of the element, i.e., the inputs are enabled.

When an Mm input or Mm output stands at its internal O state, the inputs affected by this
Mrm input or Mm output have no effect on the function of the element. When an affected
input has several sets of labels separated by solidi (e.g., C4/2—/3 +), any set in which the
identifying number of the Mm input or Mm output appears has no effect and is to be ignored.
This represents disabling of some of the functions of a multifunction input.

254



4.11.2

The circuit in Figure 18 has two inputs, b and ¢, that control which one of four modes (0, 1, 2,
or 3) will exist at any time. Inputs d, e, and f are D inputs subject to dynamic control (clockin~*
by the a input. The numbers 1 and 2 are in the series chosen to indicate the modes so inpt

e and f are only enabled in mode 1 (for parallel loading) and input d is only enabled in mode 2
{for serial loading). Note that input a has three functions. It is the clock for entering data.
In mode 2, it causes right shifting of data, which means a shift away from the control block.
In mode 3, it causes the contents of the register to be incremented by one count.

Nots that all operations are synchronous.

In MODE 0 (b = 0, c = 0}, the outputs
remain at their existing states as none

of the inputs has an effect.

in MODE 1 (b=1,c=0), parallel toading
takes place thru inputs ¢ and f.

In MODE 2 (b =0, c = 1}, shifting down
and serial loading thru input d take place.
in MODE 3 (b = ¢ = 1), counting up by
increment of 1 per clock pulse takes placs.

Figure 18. M {(Mode) Dependency Affecting Inputs

M Dependency Affecting Outputs
When an Mm input or Mim output stands at its internai 1 state, the affected ouiputs stand
at their normally defined internal logic states, i.e., the outputs a

When an Mm input or Mm output stands at its internal O state, at each affected output anv
set of labels containing the identifying number of that Mm input or Mm output has no effe
and is to be ignored. When an output has several different sets of iabels separated by solidi
{e.g., 2,4/3,5), only those sets in which the identifying number of this Mm input or Mm
output appears are to be ignored.

Figure 19 shows a symbol for a device 5
whose output can behave like either a
3-state output or an open-collector
output depending on the signal applied
to input a. Mode 1 exists when input PR 19/70 b a
a stands at its internal 1 state and, in
that case, the three-state symbol
applies and the open-element symbol
has no effect. When a = O, mode 1
does not exist so the three-state symbol
has no effect and the open-element
symbol applies.

E I e X 1

b EN

Figure 19. Type of Output Determined By Mede
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in Figure 20, if input a stands at its internal
1 state establishing mode 1, output b will * -—l Mt 1CT=9 }— b
[}
]
o
|
]

stand at its internal 1 state only when the
content of the register equals 9. Since
output b is located in the common-control
block with no defined function outside of
mode 1, the state of this output outside
of mode 1 is not defined by the symbol.

S i

Figure 20. An Output of the Common-Control Block

In Figure 21, if input a stands at its

internal 1 state establishing mode 1, [ N
. o a —I M1 1CT=18 b
output b will stand at its internal 1 state TCT-UIT
)
L]
L]
|
i
)

only when the content of the register
equals 15. If input a stands at its internal
O state, output b will stand at its internal
1 state only when the content of the
register equals O.

In Figure 22 inputs a and b are binary
weighted to generate the numbers O, 1,
2, or 3. This determines which one of the

2 )] 0
. 0 4

four modes exists. b—{1pM3 (2'%’4 ¢

€N 24/3.5}—3
. . d GS

At output e the label set causing negation —_—————

(if ¢ = 1)is effective only in modes 2 and Figure 22. Dependent Relationships

3. In modas O and 1 this output stands Affected by Mode

at its normally defined state as if it had

no labels. At output f the label set has

effect when the mode is not O so output

e is negated (ifc = 1)in modes 1, 2, and

3. in mode O the label set has no effect so the output stands at its normaily defined state.
in this example 0,4 is equivalent to (1/2/3)4. At output g there are two label sets. The first
set, causing negation {if c = 1), is effective only in mode 2. The second set, subjecting g to
AND dependency on d, has effect only in mode 3.

Note that in mode O none of the dependency relationships has any effect on the outputs, so
e, f, and g will all stand at the same state.

4.12 A (Address) Dependency
The symbol denoting address dependency is the letter A.
Address dependency provides a clear representation of those elements, particularly memories,
that use address control inputs to select specified sections of a multildimensional arrays. Such

a section of a memory array is usually called a word. The purpose of address dependency is
to allow a symbolic presentation of the entire array. An input of the array shown at a particular
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element of this general section is common to the corresponding elements of all selected sections
of the array. An output of the array shown at a particular element of this general section is
the result of the OR function of the outputs of the corresponding elements of selected sections.

Inputs that are not affected by any affecting address input have their normally defined effect
on all sections of the array, whereas inputs affected by an address input have their normally
defined effect only on the section selected by that address input.

An affecting address input is labeled with the letter A followed by an identifying number that
corresponds with the address of the particular section of the array selected by this input. Within
the general section presented by the symbol, inputs and outputs affected by an Am input are
labeled with the letter A, which stands for the identifying numbers, i.e., the addresses, of the
particular sections.

» —]A1 » ——ent
b —jA2 b —]EN2
c —A3 = ¢ ——EN3
d—ca J ——c4

r e R
. ——-&33 Apl— ! . a0 T
’ <h E 240 3

340 3

;
-

] 1,40 h
E 240 2
340 3

Figure 23. A (Address) Dependency

Figure 23 shows a 3-waord by 2-bit memory having a separate address line for each word and
uses EN dependency to explain the operation. To select word 1, input a is taken to its 1 state,
which establishes mode 1. Data can now be clocked into the inputs marked **1,4D."”” Unless
words 2 and 3 are also selected, data cannot be clocked in at the inputs marked ‘'2,4D’* and
*‘3,4D."" The outputs will be the OR functions of the selected outputs, i.e., only those enabled
by the active EN functions.

The identifying numbers of affecting address inputs correspond with the addresses of the
sections selected by these inputs. They need not necessarily differ from those of other affecting
dependency-inputs (e.g., G, V, N, . . .), because in the general section presented by the symbol
they are replaced by the letter A.

If there are several sets of affecting Am inputs for the purpose of independent and possibly
simultaneous access to sections of the array, then the letter A is modified to 1A,
2A, . ... Because they have access to the same sections of the array, these sets of A inputs
may have the same identifying numbers. The symbols for ‘'HC170 or SN74LS170 make use
of this.

Figure 24 is another illustration of the concept.
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RAM 16 X 4

EN
0

0
A15

LI

|11 ]
HRR

Figure 24. Array of 16 Sections of Four Transparent Latches with 3-State Outputs
Comprising a 16-Word X 4-Bit Random-Access Memory

Table 1V. Summary of Dependency Notation

TYPE OF LETTER AFFECTING INPUT AFFECTING INPUT
DEPENDENCY SYMBOL* AT ITS 1-STATE AT ITS O-STATE
Address A Permits action (address selected) Prevents action {address not selected)
Control C Permits action Prevents action

Prevents action of inputs

Qoutputs off

Enable EN Permits action goutputs at external high impedance.
no change in internal logic state

Other outputs at internal O state

AND G Permits action Imposes O state
Mode M Permits action (mode selected) Prevents action (mode not selected)
Negate (Ex-OR) N Complements state No effect
Aftected output reacts as
Reset R P 1 No effect

itwouldtoS = 0, R =

Affected output reacts as

Set S itwouldtoS = 1,R = O No effect

OR \Y imposes 1 state Permits action

Transmission X Bidirectional connection exists Bidirectional connection does not exist
Interconnection z Imposes 1 state Imposes O state

*These letter symbols appear at the AFFECTING input {or output) and are followed by a number. Each input {or output} AFFECTED by
that input 1s labeled with that same number. When the labels EN, R, and S appear at inputs without the following numbers, the descriptions
above do not apply. The action of these inputs is described under **Symbols Inside the Outhine,’* see 3.3.

5.0 BISTABLE ELEMENTS

The dynamic input symbol, the postponed output symbol, and dependency notation provide
the tools to differentiate four main types of bistable elements and make synchronous and
asynchronous inputs easily recognizable (Figure 25). The first column shows the essential
distinguishing features; the other columns show examples.

Transparent latches have a level-operated control input. The D input is active as long as the

C input is at its internal 1 state. The outputs respond immediately. Edge-triggered elements
accept data from D, J, K, R, or S inputs on the active transition of C. Pulse-triggered elements
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require the setup of data before the start of the control pulse; the C input is considered static
since the data must be maintained as long as C is at its 1 state. The output is postponec il
C returns to its O state. The data-lock-out element is similar to the pulse-triggered version exvept
that the C input is considered dynamic in that shortly after C goes through its active transition,
the data inputs are disabled and data does not have to be held. However, the output is still
postponed until the C input returns to its initial external leval.

Notice that synchronous inputs can be readily recognized by their dependency labels (1D, 1J,
1K, 1S, 1R) compared to the asynchronous inputs (S, R), which are not dependent on the C

ioputs.
A
o1 -
o R e
[}
. J —20 N
TRANSPARENT 172 SN74HC75
LATCHES
==
r ! -3 | —u -
—410 -t C 1
+c'" l— L - o LI .
1 1 i) R
Le-ad
EDGE-TRIGGERED 1/2 SN74HC74 1/2 SN74HC107
A ;
Cm o E:&]‘s i —er
] [l :H‘R —_p— e L]
| GRS o~ =
PULSE-TRIGGERED SN74L71 1/2 SN74107
If' Dt | S s
" s | —Hu -~
—+Cm -\'— c1 —pC1 L
'L_ _ _.} K - L— iR
R
DATA-LOCK-OUT SN74110 1/2 SN74111
Figure 25. Four Types of Bistable Circuits
6.0 CODERS
The general symbol for a coder or code XY

converter is shown in Figure 26. X and Y
may be replaced by appropriate
indications of the code used to represent
the information at the inputs and art the Figure 26. Coder General Symbol
outputs, respectively.
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indication of code conversion is based on the following rule:

Depending on the input code, the internal logic states of the inputs determine an internal
value. This value is reproducad by the internal logic states of the outputs, depending on
the output code.

The indication of the relationships between the internal logic states of the inputs and the internal
value is accomplished by:

1)

2)

labeling the inputs with numbers. In this case the internal value equals the sum of
the weights associated with those inputs that stand at their internal 1-state, or by
replacing X by an appropriate indication of the input code and labeling the inputs with
characters that refer to this code.

The relationships batween the internal value and the internal logic states of the outputs
are indicated by:

1)

2)

labeling each output with a list of nhumbers representing those internal vaiues that
lead to the internal 1-state of that output. These numbers shall be separated by solidi
as in Figure 27. This labeling may also be applied when Y is replaced by a letter
denoting a type of dependency (see Section 7). If a continuous range of internal values
produces the internal 1 state of an output, this can be indicated by two numbers
that are inclusively the beginning and the end of the range, with these two numbers
separated by three dots (e.g., 4 ... 9 = 4/5/6/7/8/9) or by

replacing Y by an appropriate indiction of the output code and labeling the outputs
with characters that refer to this code as in Figure 28.

Alternatively, the general symbol may be used together with an appropriate reference to a table
in which the relationship between the inputs and outputs is indicated. This is a recommended
way to symbolize a PROM after it has been programmed.

FUNCTION TABLE
INPUTS OUTPUTS

¢ b a9 f e d

0O 0 0{0 O O O

1 ]/ | S 0O 0 1]0 0 0 1
2 e @ 0 1 0|0 0 1 O
4 3/4 e § o t 1]0 1 1 0
T e § 1 0 00 1 0 1

1 0 1 0 0 0 O

1 1 0|0 0 O O

1 1 1 1 0 0 O

Figure 27. An X/Y Code Converter
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FUNCTION TABLE

Figure 28. An X/Octal Code Converter

7.0 USE OF A CODER TO PRODUCE AFFECTING INPUTS

8.0

it often occurs that a set of affecting
inputs for dependency notation is
produced by decoding the signals on
certain ‘inputs to an element. In such a
case use can be made of the symbol for
a coder as an embedded symbol
(Figure'29).

if all affecting inputs produced by a coder
are of the same type and their identifying
numbers shown at the outputs of the
coder, Y {in the qualifying symbol X/Y}
may be replaced by the letter denoting the
type of dependency. The indications of
the affecting inputs should then be
omitted (Figure 30).

INPUTS OUTPUTS
c b s|j I h g ¢ o d
0 0 0jo 0 0 0 O O O
0 0o t1{0 0 0 0O O 0 1
0o 1 0|0 0 0 O O 1 O
0 t 110 0 0o 0O 1t 0O O
1t 0 0j0 0 O 1 0 O O
1t 0 (0o 0 1 0 O O O
t + 0|0 t* 0 O O O O
t 1+ 111 0 0 O O O O

T

0+G1

—'  14e2

—2 21TVv4

2/3+NS

—C3

Figure 29. Producing Various Types of
Dependencies

XM X/Y
— ] 0+ pa— { G‘Pm

14 —_— 14M
2 2 Z-LMZ

T

Figure 30. Producing One Type
of Dependency

USE OF BINARY GROUPING TO PRODUCE AFFECTING INPUTS

if all affecting inputs produced by a coder are of the same type and have consecutive identifying
numbers not necessarily corresponding with the numbers that would have been shown at the
outputs of the coder, use can be made of the binary grouping symbol. k external lines effectively
generate 2k internal inputs. The bracket is followed by the letter denoting the type of
dependency followed by m1/m2. The m1 is to be replaced by the smallest identifying number
and the m2 by the largest one, as shown in Figure 31.
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)

Figure 31. Use of the Binary Grouping Symbol

9.0 SEQUENCE OF INPUT LABELS

if an input having a single functional effect is affected by other inputs, the qualifying symbol
(if there is any) for that functional effect is preceded by the labels corresponding to the affecting
inputs. The left-to-right order of these preceding labels is the order in which the effects or
modifications must be applied. The affected input has no functional effect on the element if
the logic state of any one of the affecting inputs, considered separately, would cause the affected
input to have no effect, regardiess of the logic states of other affecting inputs.

If an input has several different functional effects or has several different sets of affecting inputs,
depending on the mode of action, the input may be shown as often as required. However,
there are cases in which this method of presentation is not advantageous. In those cases the
input may be shown once with the different sets of labels separated by solidi (Figure 32). No
meaning is attached to the order of these sets of labels. If one of the functional effects of
an input is that of an unlabeled input to the element, a solidus will precede the first set of labels

shown.

if all inputs of a combinational element are a—{mi~" a—TPmr ="
disabled {caused to have no effect on the b—82 = b G2
function of the element), the internal logic ce—{1RA12R ‘% f"
states of the outputs of the element are === bl
not specified by the symbol. If ail inputs . c;"- . a1l
of a sequential element are disabled, the »—i2/01 = :I
content of this element is not changed and :[ - —‘C 1

the outputs remain at their existing

internal logic states. T TTTT
*—1/G1 = @ 61

Labels may be factored using algebraic
techniques (Figure 33). Figurs 32. Input Labels
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——[11mn = —[umn
—EU,!,I-{IM‘I-} = ——Eu.:,im.u.l.l-

Figure 33, Factoring Input Labels

10.0 SEQUENCE OF OUTPUT LABELS

If an output has a number of different labels, regardless of whether they are identifying numbers
of affecting inputs or outputs or not, these labels are shown in the following order:

1) If the postponad output symbaol has to be shown, this comes first, if necessary
preceded by the indications of the inputs to which it must be applied

2] Followed by the labels indicating modifications of the internal logic state of the output,
such that the left-to-right order of these labels corresponds with the order in which

~ their effects must be applied

3) Followed by the label indicating the effect of the cutput on inputs and other outputs
of the elemeant.

Symbols for open-circuit or three-state
outputs, whare applicable, are placed just 61
inside the outside boundary of the symbaol EN2

adjacent to the output line (Figure 34). '
a L ey
[ 1iv

Iif an output needs several different sets

of labels that represent alternative Figurs 34. Placamant of 3-State Symbols
functions (e.g., depending on the mode

of action), these sets may be shown on

diffarent output lines that must be

connected cutside the outline. However, there are cases in which this method of presentation
is not advantageous. In those cases the output may be shown once with the different sats
of labels separated by solidi (Figure 35).

Two adjacent identifying numbers of affecting inputs in a set of labels that are not already
separated by a nonnumeric character should be separated by a comma.

If a ga; of Inhals_ of an mJtFut not adwr Gerancreish—s _ o—iMi  TcT-aje-b
containing a solidus contains the = 1CT=1
identifying number of an affecting Mm S ——

input standing at its intarnal O state, this

set of labsels has no effect on that output. .f;'?;;_;ggﬁ;i _ _I:'-'* “erabes
| = 1ﬂ-1lb

- -

-

Figurs 35, Qutput Labels
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Instructor Multisim Solutions

There are Multisim files for Multisim 9 and Multisim 10 files for seven experiments (5, 8, 10, 12, 18, 19,
and 23) on the companion website. To access supplementary materials online, instructors need to request an
instructor access code. Go to www.pearsonhighered.com/irc, where you can register for an instructor
access code. Within 48 hours after registering, you will receive a confirming e-mail, including an instructor
access code. Once you have received your code, go to the site and log on for full instructions on
downloading the materials you wish to use.

The Multisim suffix is .ms9 (version 9) or .ms10 (version 10). The naming convention for all files is
Exp-xxnf for files with no fault (“xx” refers to the experiment number). The “nf” in the file name is
replaced with f1 and f2 for files with hidden faults. The circuit restrictions password that will allow faults
to be revealed is df10lm for both Multisim versions. The circuit and fault descriptions are as follows:

File name Description

Exp-05nf The circuit is from Figure 5-2 and performs either a 1’s or 2’s complement
depending on the position of the “Complement” switch.

Exp-05f1 The 330 Q resistor on the output of D is open.

Exp-05f2 The Complement switch is shorted.

sk sk sfe sk sk sk skoskoskoskok s sk sk sk skoskoskoskokok ok

Exp-08nf The circuit is the combinational logic circuit given in Figure 8-4, the BCD
invalid code detector.

Exp-08f1 The input from the D switch to NAND2 is open at the NAND gate.

Exp-08f2 Switch C is shorted.

sfeskoskeoskoskoskoskoskoskokok skskeoskoskoskoskoskokokor ok

Exp-10nf The circuit is a simulation of the outlet valve for the model-1 Molasses tank
given in Figure 10-2. To simulate the operation, open the L switch (tank is
filling), then open the Ly switch (tank full). Close the Ly switch and note
that the valve remains open until Z; is closed.

Exp-10f1 Resistor R; is 3.3 kQ (value not shown).

Exp-10f2 NAND gate U2B has an open output.

keskokosksokskoskokskok skoskeoskoskoskokokokokorok

Exp-12nf The circuit is an overflow detection circuit, given as a design problem using
gates in Experiment 11. A 74153 MUX is used in this problem.

Exp-12f1 The inverter has an open input.

Exp-1212 The inverter has an input to output short.

sk sk kokokskok s sk sk sk skoskoskoskoskok ok

Exp-18nf The circuit is counter shown in Figure 18-6 with an oscilloscope. Glitches
are easily seen in Multisim, but they are more difficult to see in lab.

Exp-18f1 The CLK input to the FFB is open.

Exp-18f2 The Q output of FF4 is open.
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sfskoskoskoskoskoskoskoskokok skoskeoskoskoskokokokoskorok

Exp-19nf The circuit is the J-K counter in Figure 19-3 with no faults. The logic
analyzer is used in place of LEDs on the output.

Exp-19fl1 The preset switch is shorted to ground.

Exp-19f2 The third NAND gate from the top has an open output.

sfoskoskoskoskoskoskoskoskokok

Exp-23nf The circuit is the J-K counter in Figure 19-3 with no faults. The logic

analyzer is used in place of LEDs on the output.
Exp-23fl The start bit flip-flop has an open on the CLR input.

Exp-23f2 The inverter has an open output.
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Experiment 1: Laboratory Instrument Familiarization

Data and Observations

Data and the number of significant figures will vary according to signal generator and measurement equipment.

Sample (measured) data is shown.

TABLE 1-1 TABLE 1-2
Voltage Setting=5.0V Voltage Reading Function Generator Measured
Power Supply meter 50V Parameters (at 1.0 kHz) Values
DMM 502V Pulse Width 197 us
Oscilloscope 504V Period 1.00 ms
Amplitude 4.3V
TABLE 1-3
Step Digital Oscillator Measured
Parameters Values
Period 306 us
12 Duty cycle 78%
Amplitude 3.75V
Frequency 3.27 kHz
13 Period 352 ms
Frequency 2.84 Hz
_ —_} 1] ]
Gnd—> E — Gnd—> =T :
x=250 ps/div y=1.0 V/div —4—] -x =250 ps/div y =10 V/div
[ S I I [ N N S I

Plot 1 Generator waveform

Plot 2 Voltage across LED
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T T T LT T T T
] | Measured frequency = 3.27 kHz
Measured pk-pk voltage =3.75V
-] T TR VU VR SO E
Gnd—> 1 ] Gnd—> :
x =250 ps/div y=1.0 V/div —— -x =100 ps/div y =10 V/div
IR L1131 1 |
Plot 3 Voltage across R, Plot 4 Digital Oscillator Output (pin 3)

Further Investigation Results:

With the partial failure consisting of a 100 Q resistor in parallel with the LED, most of the current goes through
the resistor (Figure 1-8b). This current can be traced through R, and R, and back to the supply using a logic
pulser and current tracer as shown in Figure 1-9. With the short circuit (Figure 1-10), the current can be traced
along the protoboard’s bus, through the short and back to the supply with no current in the resistors or the LED.

Evaluation and Review Questions

1.
2.

The circuit can be damaged if the wrong voltage is connected to it.

Vertical section: sets the amplitude of the input signal and develops voltages for display section; it sends
signals to the trigger section.

Trigger section: causes the start of the acquisition of the waveform. A stable display requires the trigger
to occur at the same point on the waveform for each acquisition.

Horizontal section: controls the time base.

Display section: changes the intensity or other display parameters.

A probe from each channel is connected across the ungrounded component. All grounds are connected to
the circuit ground. The scope is configured to measure the difference between the two channels. (This
will vary between scope types; it sometimes requires the channels to be added with one channel
inverted).

(a) The oscillator works but the LED is off. The voltage at pin 3 and the LED are identical.

(b) The oscillator works but the frequency is too low (depending on the capacitor).

(c) Reversing the power and ground leads will result in destructively high current.

(d) The oscillator works but the LED is off. No voltage appears at the LED (but pin 3 is okay).

A digital oscilloscope is typically as accurate as a DMM and allows detection of noise or ripple with a
power supply. A DMM is typically more portable. An analog scope is not as accurate as a DMM but does
not show potential problems such as noise or ripple. A digital scope may be as accurate as a DMM
because of automated measurement capability and gives more information than a DMM about potential
problems such as the presence of noise.

Pulses from the logic pulser are applied to the circuit board trace that normally carries power but with
power removed. The current tracer can be moved along this line, following the path of current until the
short is found. (Note that this technique can be used for any board, analog or digital).
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Experiment 2: Constructing a Logic Probe

Data and Observations

Step 3: Logic thresholds HIGH _1.98 V LOW _ 0.76 V

TABLE 2-1
Output Logic Level
Step Input is LOW  Input is OPEN  Input is HIGH

4 one inverter HIGH Low Low

5 two series inverters Low HIGH HIGH
TABLE 2-2

Input Output
Logic Level Logic Level Logic Level Logic Level

(pin 3)

(pin 3)

(pin 5)

(pin 6)

7 Vi, momentarily on ground.
8 V:, momentarily on +5.0 V.
9 Fault condition: open at pin 5 INVALID
10 Voltages with fault: DMM 0.06 Vv 4.14 Vv 1.64V 0.06 V
11 Voltages with fault: (scope) 0.06 v 4.18V 1.65V 0.06 V
Further Investigation Results:
The signals are nearly identical as shown. In the [ 1 | [ ] |
experimental circuit, a slight difference in Ch1
amplitude was noted and the output is delayed by input
14 ns on the leading edge and 16 ns on the trailing
edge. The time difference is due to transition time Gnd—> ]
through the gates.
Ch2
output
Gnd—>» } i i
I | I I | |
x =500 ps/dv y=2.0V/idiv
BN

Evaluation and Review Questions:

1. Increase the value of the 330 Q resistor in the input voltage divider.

Plot 1

2. Two inverters in series form a buffer that can allow additional drive current from the same logic output.

3. (a) The circuits are identical.

(b) If the input to the first inverter is open, an invalid level of approximately 1.6 V will be observed.
(c) If the input to the first inverter is open, then the output will be LOW.

4. A logic probe can quickly determine if a valid logic HIGH or LOW is present at some point in a circuit
whereas a DMM can assign a numeric quantity to the level.

5. (a) Vout will alternate between a HIGH and LOW at a rapid rate.

(b) Approximately 50 ns.

(c) Since the period will be approximately 100 ns, the oscillation frequency is 10 MHz.

6. A steady state invalid level is an indication of an open input.
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Experiment 3: Number Systems

Data and Observations

TABLE 3-1
Inputs Output
Seven-
Binary BCD Segment
Number Number Display
0000 0000 -
0001 0007 H
0010 0010 2
0011 0011 =
0100 0100 9
0101 0101 =
0110 0110 =
0111 0111 =]
1000 1000 =
1001 1001 =
]
1010 INVALID c Step 6. Method to cause leading zero suppression: The 7447A's
1011 INVALID Ia ripple-blanking input for the most significant digit is connected
— toa LOW. If inputs 4, B, C, D are also LOW, the display will
1100 INVALID [ be off and the ripple blanking output is LOW. Successive digits
1101 INVALID FI are blanked by connecting the ripple blanking output from the
= most significant digit to the next decoder's ripple-blanking
1110 | INVALID | input.
1111 | INVALID H
TABLE 3-2
Trouble Trouble Observations
Number

1

LED for the C input is open

The “C” switch has no effect on the output. The “C”
input on the 7447A is always LOW.

of the 7447A is open

2 A input to 7447A is open Only odd numbers can be observed on the display
because the open A input is interpreted as a HIGH.
3 LAMP TEST is shorted to | All segments are on; switches have no effect.
ground
4 Resistor connected to pin 15 Upper left (f) segment is always off. Numbers 0, 4, 5, 6,

8, 9 are shown incorrectly.
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Further Investigation Results:

The circuit needed is the same as Figure 3-2 except the MSB is disconnected and grounded at the BCD input to
the 7447A. The LED used to indicate the D input can be connected to an LED that represents the octal MSB or
it could be shown on the A input of a second 7447A decoder. The idea of this investigation is to reinforce
converting a binary number to an octal number by grouping the binary bits by groups of three.

Evaluation and Review Questions:

1. Segment g open on seven segment display, open wire or resistor to g segment, bad 7447A.

2. Leave switches with binary 1000 and test logic at segment g. If the g segment is LOW, the segment is
bad; if it is HIGH, move to pin 14 of 7447A and test the logic. If it is LOW, the resistive path is open; if
it is HIGH, test inputs to 7447A.

3. All segments will be off.

4. Binary is a base two weighted number system. Column values increase by powers of two. BCD is a code
that represents each decimal digit with 4 binary bits.

5.

Binary Octal Hexadecimal Decimal BCD
01001100 1714 4C 76 0111 0110
11000100 304 Cc4 196 0001 1001 0110
11100110 346 E6 230 0010 0011 0000

111001 71 39 57 0101 0111

110001 61 31 49 0100 1001

6. a. The base can be found algebraically by solving 1x* + 2x' + 5 = 85 (x represents the base). The positive

root (base) is 8.
b. 16
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Experiment 4: Logic Gates
Data and Observations

TABLE 4-2 D
NAND Gate.
Inputs Output I\o/ll?f;:]ltred
A B X Voltage
0 0 7 3.95V
0 1 17 3.95V
1 0 7 3.95V
1 1 o 0.06V
TABLE 4-4
Truth table for Figure 4-4. {D
Input Output I(\)/[Sf; llll:ed
A X Voltage
0 7 3.95V
1 o 0.06 Vv
TABLE 4-6
Truth table for Figure 4—£D—+:1}
Input Output I\O/Ilffps lllltred
A X Voltage
0 0 0.05V
1 7 3.97 Vv
&
a4
i R - Ly
TABLE 4-8 B & |
Truth table for Figure 4-8.
Inputs Output lc\)/lff;;‘tred
A B X Voltage
0 0 0 0.05Vv
0 1 1 3.98V
1 0 7 3.98V
1 1 1 398V

TABLE 4-3 D%
NOR Gate.
Measured
Inputs Output Output
A B X Voltage
0 0 1 4.01 Vv
0 1 o 0.06 vV
1 0 o 0.06 Vv
1 1 o 0.06V
TABLE 4-5 D
Truth table for Figure 4-5. {
Input Output I(\)/[S;)S lllltred
A X Voltage
0 7 4.01Vv
1 o 0.06 vV
TABLE 4-7
Truth table for Figure 4-7.
Measured
Input
nputs Output Output
A B X Voltage
0 0 [ 0.06 V
0 1 o 0.06 Vv
1 0 o 0.06 Vv
1 1 o 3.96 VvV
TABLE 4-9 A— =l 2L x
Truth table for Figure 4-9. g — {
Measured
Input
npats Output Output
A B X Voltage
0 0 o 0.06 v
0 1 7 3.96V
1 0 7 3.96V
1 1 17 395V
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Further Investigation Results:

+50V

R's =
10kQs

. A4 T
E N ] > ) :
TABLE 4-10
Truth table for Figure 4-10. :D

Inputs Output gﬁf;l‘l‘tred
A B X Voltage

0 0 7 3.97V
0 1 0 0.06 vV
1 0 0 0.06 v
1 1 1 3.97V

The equivalent gate is an XOR gate.

Evaluation and Review Questions:

1.

a. Figures 4-4 and 4-5.
b. Figure 4-7.
c. Figures 4-8 and 4-9

Betty. A LOW on any input produces a LOW on the output. This describes an AND gate.

A HIGH on any input causes a HIGH output. This describes an OR gate.

A_[DUL )

B

When the signal is HIGH, data is transmitted; when it is LOW, data is received.

The fact that an output is at a constant level does not in itself indicate a bad gate. If the circuit is not
working properly, check the inputs first. If all inputs are HIGH, and the output is HIGH, the gate may be
bad, but connections to the output should be checked to see if another component is holding the output
HIGH.
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Experiment 5: More Logic Gates
Data and Observations:

TABLE 5-2 TABLE 5-3
OR Gate D XOR Gate jD
. Measured . Measured
Inputs Output Output Inputs Output Output
A B X Voltage A B X Voltage
0 0 o 0.07V 0 0 0 0.06 vV
0 1 7 3.93V 0 1 1 394V
1 0 1 393V 1 0 7 394V
1 1 1 393V 1 1 o 0.06V
TABLE 5-4
D3 DZ DI DO Q3 QZ QI QO
0O 0000 o0 o0 o0
0 00 1717111
0 01 071717110
O 0 1 1|71 01
! O 1 0 0|7 1 0 0
Pin 2 (input) Hiiiwiiiﬂiiiﬂiiiﬂiii, 0 1 0 1 170 1 1
Output (pin 3) ‘ ‘ ‘ ‘ ‘ 0O 1 1 0 170 1 0
with s, open || 1L 01 11,7001
Output (pin 3) ‘ 1 0 0 0|7 0 00
with S, closed 1 ﬁ ﬁ h ﬁ r oo 1071 11
1 01 o0 1 1 0
PLOT 1 1 01 10 1 0 1
1 1.0 0|0 1T 0 0
I 1.0 10 0 1 1
1 11 00 01 0
I 1.1 10 0 0 1
TABLE 5-5
Symptom Symptom Possible Cause
Number
1 None of the LEDs operate; the Power supply not on or open lead from the power
switches have no effect. or ground line to the board.
2 LEDs on the output side do not Power or ground connection to the 7486 open.
work; those on the input side do
work.
3 The LED representing Qs is An input to the top XOR gate is likely to be open.
sometimes on when it should be
off.
4 The Complement switch hasno | Open or shorted connection from switch or a bad
effect on the outputs. switch.
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Further Investigation Results:
Each time a switch is thrown, no matter which one, the LED will change states (either on or off).

Evaluation and Review Questions:

1.

One input is a control input and the other is
the data. The data is unchanged if the
control input is LOW but is inverted if the
control input is HIGH. This is easily seen on
a truth table to the right.

The circuit can be expanded by “chaining”
additional OR gates to D3 and the output of the
upper OR gate as shown in the partial schematic to
the right. The output of the OR gate is connected to
the input of the next XOR gate. The other XOR
input is connected to the data line as before.

Control Data Output
0 0 0
0 1 1
1 0 1
1 1 0
To OR gate inputs
of next stage
A
D, . \ 0,

The output of an XNOR is HIGH when the inputs agree. If the A B C D inputs all agree with their
respective switch settings, then all XOR gates have a HIGH output and the NAND gate output (labeled

X) will be LOW; otherwise it will be HIGH.

The comparator schematic, drawn with ANSI/IEEE Std 91-1984 symbols, is shown below.

+50V

A

x5 1.0kQ —
+50V

. 1.0 kQ

B

ek

+50V
C B T

*_ %1.01@

&

- =1
L Sov -

D

1.0 kQ
w3 -

D_

|||_1

Ll
-

XOR function with NAND gates:

A }

B X=AB+AB
; jo_li

E—

277

O O % o

. Four input OR function with 2-input gates:

X=4A+B+C+D




Experiment 6: Interpreting Manufacturer's Data Sheets
Data and Observations:

TABLE 6-1

TTL 7404

Recommended Operating Conditions

DM35405 DM7404 Units Measured Value
Symbol Parameter Min | Nom | Max Min Nom Max
Vee Supply Voltage 45 5 55 4.5 5 525
Vin High-Level Input Voltage 2 2 a. 4.98V
VL Low-Level Input Voltage 0.8 0.8 b. 0.289V
Iou High-Level Output Current 04 0.4 mA c.—0.245 mA
IoL Low-Level Output Current 16 16 mA d. 14.5 mA
T, Free Air Operating Temperature -55 125 0 70 °C
Electrical Characteristics Over Recommended Operating Free Air Temperature (unless otherwise noted)
Symbol Parameter Conditions Min Typ Max Units
2 Input clamp voltage Vee=Min, [i=-12mA -1.5 \Y
Vou High-level output voltage Vee=Min, Ioy=Max 24 34 v e. 3.68V
Vi =Max
Low Level Output Vce=Min, Iop=Max
VOL Voltage Vi =Min 0.2 04 v f 0.222 V
Input Current @ max _ _

1/ Input Voltage Vcc—MaX, V] =55V 1 mA
Electrical Characteristics Over Recommended Operating Free Air Temperature (unless otherwise noted)
Symbol Parameter Conditions Min Type Max Units Measured Value
Iy High-Level Input Current Vee=Max, Vi =24V 40 pA g. 7.4 uA
Iy Low-Level Input Current Vee=Max, Vi=0.4 V -1.6 pHA h.—-0.88 mA

- DM54 -20 -55
Ios Short Circuit Output Current Vee=Max mA

DM74 -18 -55
Tecn ]S_Il..lpply Current With Outputs Vee=Max 8 16 mA
igh

. ]Sj(l)[;f)ly Current With Outputs Vee = Max 14 27 mA
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TABLE 6-2 CMOS 4081

Manufacturer’s
Specified Measured
Quantity Value Value
(a) Yo e 0.05V 0.1 mV
(b) Y g 495V 499V
© 15V 15V
@ ot vluge 35V 35V
() o 0.51 mA 1.10mA
® ot current. ~0.51 mA _1.05mA
() Isp- input current + 107 pA 0.04 pA*

Further Investigation Results:

Vin (V) Vou (V)
0.4 3.98
0.8 3.64
12 2.88
13 2.52
1.4 1.39
15 0.03
1.6 0.03
20 0.03
24 0.03
2.8 0.03
32 0.03
36 0.03
40 0.03

* limited by instruments

V.= V=
08V 20V
5 : ‘
4 ——+ Threshold
S \
f 2 3 \
1 l k
O "1 2 3 4 5
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Evaluation and Review Questions:

1.

N

A load causes the output LOW to be higher. (The measured LOW with no load was 30 mV; with the
minimum load, the measured LOW was 222 mV).

R=24V/04mA=06kQ.

VNL(LOW) =03V
VNL(HIGH) =05V

. a. Circuit (a) is better.

b. The Ioy specification is exceeded in circuit (b). In (a), the LED is turned on with I and is within the
specified limit.

. Logic levels are specified with reference to ground and can produce incorrect logic if the ground level is

wrong. The scope should be dc coupled to assure the troubleshooter knows the ground level of the signal.
(Note that in some digital scopes, the ground level is shown with a small arrow to the side of the display.)

The transfer curve for an AND gate (with inputs tied together) is shown below. The threshold is expected
to occur at +1.6 V.

5 | |
Threshold
s 3 I
S /
1 J
O 1 2 3 4 5

Vix (V)

Plot for Question 6
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Experiment 7: Boolean Laws and DeMorgan's Theorems

Data and Observations:

TABLE 7-2
Schematic Timing Diagram Boaolean Rule
'E.‘
Inputs |_L£ U I_I I_l I_I I_I L
g§7T1:>__ {E( M. A+0=20
- L Ot ot
— - | 1y 1 I 1 1
ML
o Inputs {I el rienie!
I LI Aoy h o= a0
| 1 | | |
I oupe LA LALNN
n } |
Inputs {I 1 | (i
snhnfinn Arhen
T Output | 1 | | | |
- I |
— Output i I(Lolil) : | Lo
I | | | T T

TABLET7-3
Schematic Timing Diagram
Timing diagram for 8= 0
Rule 10: AL NN NIHR
| I Inputs [ABE i
0V REREEE

A+AB=4

Cutput

LS

Timing diagram for 8= 1:
AT L
lnputs { oo

AEE!LII |_!I |_i |_!I |_i |_i L

L

Clutput
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TABLE 7-4

Schematic

Timing Diagram

Rule 11:

+50V

lOkQ

£

A+AB= A+B

Timing diagram for B= 0:

e {AB wow

Output

Inputs ¢ — | | | | | | |
’ {ABU I}

Output

(HIGH)

Further Investigation Results:

TABLE 7-5
Truth table for Figure 7-5

TABLE 7-6
Truth table for Figure 7-6

Inputs || Output Inputs | Output
A B C X A B C X
0 0 0 1 0 0 O 1
0 0 1 0 0 0 1 0
0 1 0 0 0 1 0 0
0 1 1 0 0 1 1 0
1 00 1 1 0 O 1
1 0 1 0 1 0 1 0
1 1 0 1 1 1 0 1
1 1 1 0 1 1 1 0

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

Evaluation and Review Questions:

1. A(A+B)+C =AA + AB + C (distribution)
= A+AB+ C(rule 7)
= A + C (rule 10)

2. A
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3.

Rule 12: A+ B)4+C) A +BC

D

B

B—
A

c— ]
C

Because the two circuits have identical truth tables, they perform the same logic.

@AB+C) = ABC = (A+B)C

A1) = A+0 = A

Answers vary but should follow a logical sequence. An example is:
1. Verify that each IC has power and ground connected and that it is the correct voltage.

2. Select an input that should turn on the LED (such as all switches closed to ground.) With this
input, verify that the A, B, and C inputs to their respective gates are all LOW.

3. With all inputs LOW, verify that the output the 4069 gates are both HIGH and that the output of
the 4071 is HIGH. Verify that the output of the 4081 is HIGH.

4. Check that the LED is inserted in the correct direction and that there is a path from the output of
the 4081 through a 1.0 kQ resistor through the LED to ground.
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Experiment 8: Logic Circuit Simplification
Data and Observations

Note: Truth tables 8-2 and 8-3 are identical. Only Table 8-2 is shown.

TABLE 8-2
Truth table for BCD invalid code detector
A
Inputs Output p¢~00 0111 10

D C B A X 00010.010

DC 011010010
0000 0 Y iNan
0 0 0 1 0 10 (0|0 1
0 01 0 0
0 0 1 1 0 DB
0 100 0 FIGURE 8-3
0O 1 0 1 0 Karnaugh Map of truth table for the BCD invalid code detector
0O 1 1 0 0
0O 1 1 1 0 Minimum sum-of-products read from map:
1 0 0 O 0
1 0 0 1 0 x= DB+DC
1 01 O 1
1 0 1 1 1 Factoring D from both product terms gives:
I 1 0 O 1
1 1 0 1 1 X=_D(B~+C
I 1 1 0 1
11 1 1 1

Step 5: Circuit for BCD invalid code detector (replacing OR gate with equivalent NAND gates):

+50V
+50V
R's=1.0kQ
D~_ 330 Q

iv {jﬁjﬁ

Note that the A switch is not used in the invalid code detector.

2

~ LED

ol
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TABLE 8-4

Problem Problem Effect
Number
1 The pull-up resistor for the D The D input will be an invalid HIGH when the D
switch is open. switch is open. The circuit will perform normally
except is susceptible to noise.
2 The ground to the NAND gate in The LED will not turn on under any conditions
Figure 8-4 is open. since there is no return path for LED current.
3 A 3.3 kQ resistor was accidentally | Circuit operates normally but LED is slightly
used in place of the 330 Q resistor. | dimmer (may depend on the LED).
4 The LED was inserted backward. The LED will not turn on under any conditions.
5 Switch A is shorted to ground. The A input is not used so it will have no effect.

Further Investigation Results:

TABLE 8-5
Truth table for BCD numbers divisible by three
D AOO 0111 10

Inputs Output 00 l0ololilo
D C B 4 X AD 01101010 [1
0000 0 LA

10 |0 X\~

0 0 0 1 0 ~ABC
0 01 0 0 ABC
0.0 11 ! FIGURE 8-5
0 1 0 0 0 Karnaugh Ma]; of truth table for BCD numbers divisible
0 1 0 1 0 by three.
0 1 1 0 1 .
0 1 1 1 0 Minimum sum-of-products read from map:
1 0 0 O 0 y=_AD+ABC +ABC
I 0 0 1 1
1 010 X Circuit:
1 0 1 1 X +50V
1 1 0 O X A—
I 1.0 1 X b 3300
1 1 1 0 X - — ~ LED
11 1 1 X >QX { 2 X
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Evaluation and Review Questions:

1.

The path from the OR gate to the NAND gate may be open or the inputs to the NAND gate may both be
shorted to D. To troubleshoot the problem, put the circuit in state 1000 or 1001 and test the logic at the
OR gate output and at the input of the NAND gate.

Equivalent circuit for Figure 8-4 using only NOR gates:

33002
R's=1.0kQ

D
D
A\ TDOZ:DQXZDUHC)
C
B

\
o B +0)
.. (Not used)

> LED

The A input was not connected in the circuit in Figure 8-4 because the 4 variable was eliminated by
Boolean algebra from the output expression.

X= D(BC)
X= D(BC)
X= D+BC

Sum of products (SOP) form X = BD + CD. Product of sums (POS form) X = D(B+C). This can be done
by factoring or by reading the O's directly from the map (see Appendix B of text).

Implementation from the expression in step 2 (X = BD + CD) is shown in the schematic below:

+5.0V

B DQL 330 Q
- ~ LED
X

>

Bl
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Experiment 9: The Perfect Pencil Machine

The model-2 of the perfect pencil machine is a combinational logic circuit that delivers a pencil or change for
certain combinations of inputs representing coin switches. Coin switches are provided for one nickel, (Ny),

two dimes (D1 and D»), and a quarter (Q). (Only one nickel switch is used to simplify the problem). The two
dime switches are stacked on top of each other such that D is always activated before D>. The truth table has

a number of don't care (X) entries, considered to be impossible inputs as described in the experiment. For
example, D7 cannot be inserted in the machine until D1 has activated its switch and more than two coins

cannot be entered in the machine. These "don't cares" allow the logic to be simplified considerably.

NC = Nickel Change
D0

NDy
00
01
11
10

00 011110
0]o
0lofX[1
of x| XX

0\ 1

NC=NQ +D,

DC, = Second dime

DO
OO 01 11 10

N
00
01
11
10

TABLE 9-2
Truth table for model-2 perfect pencil machine
Inputs Outputs P = Pencil
DO
M |Di | D Q| P |NC|IDC | DG NS 00011110
0 0 0 0 0 0 0 00 |01
0110 [1[XY1
0 0 1 1 0 1 0 11 ( X1 XI%
0 0 1 0 X X X X 10 {0 [\1
0 0 1 1 X X X X P=ND,+D,+(Q
0 1 0 0 0 0 0 0
DC, =Firstdime
0 1 0 1 17 o 17 17 po Change
0 | 1 1] o0 171 1] o0 0 | ND\QOOL1I10
o0 |Off1 X
0 1 1 1 X X X X o1 [ol1]x]0
1 0 0 0 0 0 0 0 1T (o) X X{X
10 |[O\1 X
1 0 0 1 7 7 7 0
1ol 1ol X | x| x| X bc,=0
1 0 1 1 X X X X
1 1 0 0 7 0 0 0
1 1 0 1 X X X X
1 1 1 0 X X X X
1 1 1 1 X X X X
+507%7
3305
E: & = 5 A +50W E: &
1 280 O

287

#1

change

0]o[x|x
of1[x\o
0 \x[xjx

A simplified implementation is shown (switches not
shown). The output logic from the maps has been
inverted to light LEDs with a LOW rather than a
HIGH in keeping with TTL specified /o values.

+507
330 02
T o¥A 50V

3300




Further Investigation Results:

This investigation requires the student to modify his or her experiment to use only 2-input NAND gates. The
two circuits for dime change logic already meet that requirement. Modifications for the pencil and nickel
change logic are shown below:

+530W

N—1 &

= 330 0

DE'E&J 0" &PL& P ¥5

+507
" 330 0
— & 1 NC —
0— & r & R 7

288



Experiment 10: The Molasses Tank

The model-2 Molasses Tank controller uses standard combinational logic but one of the inputs to the truth
table is the output valve logic, Voyr, to produce latching action using feedback. The truth table for the output
valve is given in the experiment and the truth table for the alarm, 4, and the input valve, Vy, are given here.
(The input valve is implemented in the Further Investigation with an extra Karnaugh map provided in the
manual for this). Maps for these three outputs are also shown. (The heater output was not required in the

experiment, but could be implemented as H = T - L;.) A circuit implementation using inverters and NAND
gates is shown (note that 4 is implemented after applying DeMorgan’s theorem). Active LOW outputs are
used for the LEDs as given in the truth tables. Other implementations are possible.

Multisim files for the Model-1 controller are available on the website that was described previously. The
file Exp-10nf illustrates how the feedback avoids the oscillation that could occur if the high level detector was
the only control for the outlet valve by not closing the valve until the lower level is sensed.

— C;OU]' —
T;‘ VOUT LH Vour Tc V()U’T 7:1 V()UT 72 V;)UT
LL>000111 10 L,L~.00 0111 10 L0001 11 10
00 |(A] M D=L, 00 [1[1[ 1] N7 00 |[1]0] o1
SEER LT 01><111D(lL o1|1]0]o]1
- — . E—
11 o]ollul1 c 11 a1y 1] ot
10 ]ofo]olo 10 ]olo]olo 1o (L)1)l
V()UT =ZHZL +ZH V()UT + LLT( A =ZH +LL =LH.ZL I/IN_?CVOUT + TcioUT + LH
LH LL 7:3 VOUT fHZ_ 7‘(’3 VOUT
Inputs Outputs Feedback
+50V
Ly L T.Vor| 4 |V
00007 1]1
0 0 0 1 1]0 3300
001 0 111 -
00 1 1] 1]0 — Vow 1~ LED
01 00/ 1]1 —
01 01 1]0
01 1 0] 1]1 +50V
01 1 1] 1]0 ]
1 00 0] o0]1
1 00 1] 0]1 3300
1 01 0 o0]1 .
LED
101 1] 01 4 77
1 100/ 11
1 1.0 1] 1]1
1 1 10 1|1 ~__ Further Investigation ~+5.0V
1 1 1 1 11 g
A 3300
+50V
v ¥~ LED
R's:l.OkQé % =
L
LL"\
£
R SN
L
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Experiment 11: Adder and Magnitude Comparator

Data and Observations
The connections to the adder needed to complete the circuit in Figure 11-2 for a binary to excess-three
conversion circuit are:

input:  connect to:
B4 A>B

B3 Ground
B, A>B

By +50V

Co Ground

Results for the binary to excess-3 conversion are given in Table 11-4. The inverters are considered part of the
display, therefore, logic shown on Table 11-4 is before the 7404 inverters (a logic 1 turns ON an LED).

Further Investigation Results:

TABLE 11-4 TABLE 11-5
Truth table for Figure 11-2 Truth table for overflow error.

Inputs Outputs Sien Bits | B 3,

(Binary) (Excess-3) 1gn bits Tror A(; o 8 }
DCBA |A|DCB4 4,8 % | X 01 010

0 00 0|0/001 1 000‘1’ 110

0 00 1|0 0100 0 0 1 5 10 [0]0

O 01 0)jol0 1 0 1 0 1 0 FIGURE 11-5

0 0 1 1 ol o 1 1 0 0O 1 1 0 Karnaughmaﬁoroveﬂowerror.
010000111 1 00] 0 X=ABS, + 4B,
010 101000 Lo 170 _ —
0 1 1 0 0 1 0 0 1 1 1 0 1 X:A4B4Z4 + A4B4Z4
01 1 1]0l1010 L 1 110

1 00 0Jo/ 101 1

1 0 0 1{o0/1 10 0 1/3 7427 +50V
1 01 017,001 1

1 01 1110100 5

’ 3300
1 1 0 0J17/010 1 1%7411 1137427 .
1 1 0 1)1/0 110 : | ~ LED
L 1 1 0J1/0 11 1 ]
A, Overfl
I 1 1 101 1000 L ator
Overflow detection
circuit

Evaluation and Review Questions:
1. a. The input to the 7404 will see an illegal logic HIGH, causing the A' LED to be on.
b. Approx 1.6 V.

2. The carry-out (Cy,) of the lower order adder is connected to the carry-in (Cy) of the higher order adder.
The schematic is shown in text as Figure 6-12(a).

3. Itis the carry-in.

4. Connect the B inputs of the upper 7485 to 1000 and the lower comparator B inputs to 1100. Connect
cascading inputs on both so that A=B inputs are HIGH; all other cascading inputs are LOW.

5. To form the two's complement, invert the bits of the subtrahend and add one by connecting the carry-in to
a HIGH.

6. An additional voting switch can be connected to the carry-in logic of the parallel adders.
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Experiment 12: Combinational Logic Using Multiplexers
Data and Observations

TABLE 12-1
Truth table for 2-bit comparator 4A>B.
Inputs Output Connect

A, A B, | B, X Data to:
0O 0 of[O0| 17 3
0O 0 0j1] O '
0O 0 10| O 0

0O 0 11| 0

0 1 0/ 0| 1 ;

0 1 01 1

0O 1 1,0 o 0

0O 1 1/ 1] 0

1 0 00 1 1

1 0 01 1

1 0 1|0 1 |

1 0 1] 1] 0 5

1 1 00| 1 1

1 1 01 1

I 1 1{0) 1 1

1 1 1]1 1

Further Investigation Results:

TABLE 12-2
Truth table for even parity generator.
Inputs Output Connect

A, A, A | 4 X Data to:
0O 0 00| O y

0 0 0]1 1 0
0 0 110 1 —
00 1 10 Ao

0 1 070 1 A
0O 1 0] 1 0 0
0O 1 10| o0

0 1 1 1| 1 A

1 0 00 1 e
100 1] 0 Ao

1 0 10| 0O

10 11 1 Ao

1 1 00| 0

1 1.0 1 1 A,

1 1 1,0 1 e
1111 0 Ao

+50V
R's=10kQ 74151A
LI S G MUX
B, w__ A
2 . +50V
A |0 } 9
A
.Y 2 C 2 330Q
— «DD 1 go 0 7Y j A ZB
=1t ! w
+5.0 Vo D12
b3
D; |5
D,
b5
Figure 12-4
+50V
R's=1.0kQ % 74151A
A4, e MUX
Al ‘\_‘H‘ G ~ g
AN — 4 195 ) +50V
Az \ B }7 %
A
0 €2 3300
ﬁ{ ZO A(l g(l) 0 Y ;
1 w
D’) 2 .
D, 3 Even parity
D, |4
Dy
b0
D, |

Figure 12-5
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Evaluation and Review Questions:
1. The BCD invalid code detector can be designed as shown:

+5.0 Ve

T4151A
Dy |, +50V
D, ||
In g° 2 vl 3300
— D3 % Invalid BCD code
-
D
1.0 k2 D13 W
“ 16
D, |7
G
C B A
plcl ol a
BCD inputs

(A is not connected)

2. AAA, + AAA, + AAA, + AAA,

3. The input which affects the second half of the truth table is the A5 input. Place the circuit in a fault
condition and check the inputs to the multiplexer beginning with the A7 input.

4. The inverter output is used with minterms 0, 1, 10, and 11. However it will be incorrect only when B,
should be HIGH - which is a fault condition for minterm O and 10. Place the circuit in one of these fault
conditions and check the appropriate inputs to the multiplexer. Since the multiplexer input is incorrect,

the troubleshooter is led to test the inverter and discover the fault.

5. The lines on the truth table that would be incorrect are A,bAB,B; =000 1 and A,A;B,B;=1011. All

other lines will read correctly.

6. Odd parity can be obtained from the Y output of the 74151A.
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Experiment 13: Combinational Logic Using Demultiplexers
Traffic Light Output logic (Figure 13-6):

Connect 1Y to Main Yellow and to Side Red through the 7408 AND gate. Connect 1Y3 to Main Red
through a 7408 AND gate and to Side Green. Connect 1Y2 to Main Red through a 7408 AND gate and to
Side Yellow. The enable (G1) is wired LOW with switches to the Aj and B select inputs. The circuit is
shown below:

oV
47408 0 +50V
450V ;}} 3300 3300
Main .
- _, Side
R's=10kQ 1747408 Red “ Red
p E
;'\ 7 74LS139A D +50V +50V
- Al 170 -
B Bl 171 330Q 330Q
= 4Gl 172 _ Main Side
— 1Y3]o—s ~ Yellow > Yellow
B 2Vl +50V +50V
27200 B
G2
Y3jo— 330Q 3300
. Main - Side
~ Green -~ Green

I ] |
Y N S
DA N R T

Figure 13-8
Timing diagram for step 5

Further Investigation Results:
The NAND gate serves as a decoder for a particular output state from the counter. The decoded output then
enables the decoder and lights a corresponding LED. As long as the CLK input to the counter is above
approximately 100 Hz, the LED appears to be on steady. Different LEDs can be selected by changing the
decoder's inputs.
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Evaluation and Review Questions:
1. Use one-half of the 74LS139A for the least significant four bits and the other half for the most
significant four bits. Use the enable input on each decoder for the third select input, inverting it for the
most significant four bits.

2. To emphasize the active-LOW inputs and outputs.
Gray code is useful to prevent glitches in the decoded outputs.

4. a.The input is an illegal HIGH, preventing the 1Y( and the 1Y outputs from being selected.
b. The input is LOW, preventing the 1Y2 and the 1Y3 outputs from being selected.
c. The chip is not selected; therefore all outputs will be HIGH.

5. The sequence of the lights would be incorrect. This can be corrected by reversing the output logic for
states 2 and 3. The disadvantage is possible glitches in the decoded outputs.

6. The LED will be on whenever C is open (HIGH) or if C and B are closed (LOW) and A is open (HIGH).
(Multisim file is used for illustration.)

vee
5V
vee
5V
§1kﬂ§1kﬂ§1kﬂ
U1A §33l]ﬂ
o 112 10 pE—
Key = A o mge
—1a .1k 1¥a [o— !hLE[ﬂ
o//c B
Key=B T4LS139N UzA
e ) o—
Key=C T4LS86N
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Experiment 14: The D Latch and D Flip-Flop

Step 3 Observations: The output of the latch changes only when the switch makes initial contact with the 4 or B
terminals. The latch does not change when the switch is "bounced".

Step 5 Observations: As long as the enable is HIGH, the output (Q) follows the pulse generator input. When
enable is LOW, changes on the D input are not seen on the output, however; the outputs can be latched by
grounding either one momentarily, even when enable is not asserted.

Step 6 Observations: The burglar alarm basically illustrates the functions of the D latch. When enable is
asserted HIGH, the opening of a door or window switch causes the alarm LED to latch on. Closing the door or
window switch has no effect on the output. The alarm LED is turned off by closing all switches (or placing it in
standby) and pressing the reset pushbutton.

Step 7 and 8 Observations: The setup time specification for a 7474 is 20 ns. The four inverters provide
sufficient setup time to read the pulse as a HIGH, causing the output to remain a constant HIGH. When the
delay is removed, the output is a constant LOW.

Step 10 Observations: The D flip-flop needs setup time as shown with the clock delay circuit. When sufficient
setup time is given, the output will go HIGH; otherwise, it is LOW. The preset and clear inputs are asserted
with a LOW input and are observed to be asynchronous inputs. With the clock delay in place and connecting the
0 to D, the scope signal can be made to appear as if timing is changing when in fact it is not. (Trigger from the
clock to show the timing problem).

Further Investigation Results:

The serial parity test circuit changes the parity every time a logic 1 is received but does not change parity when
a logic 0 is received. The circuit has an advantage over the parallel parity test circuit in Floyd's text only when
the data is already in serial form and needs to be tested. In this case, the serial tester circuit is simpler and just as
fast.

Evaluation and Review Questions:
1. The switch debounce circuit requires two contacts (throws) because the output will not change if a single
contact were used.

2. No. With NOR gates, the output would change as the switch pole is first moved from the contact but the
other NOR gate output would be unaffected — causing bouncing to be seen on the output. A similar
problem would occur on the other contact.

3. +50V 4. +50V +50V
N.C. Switches % 1.0 kQ OV N.C. Switches 1.0 kQ 330Q
(doors, windows) 1/4 7475 stft 3300 (doors, windows) 2LED

fxu PLD Or— ~— WILED o Alarm

— EN é ) Alarm | — Ready/Standby

Ready/Standby _ I Reset
T

5. There are a several possibilities. Among them are:
1. Reset or enable switch stuck LOW.
2. Open path to the alarm LED including open resistor or open diode.
3. Faulty NAND gate (open output on lower right NAND gate, shorted output on top right gate, etc.)
The most likely fault is an open connection rather than a faulty component.

6. A latch would oscillate very rapidly whenever the data was HIGH.
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Experiment 15: The Fallen Carton Detector

The fallen carton detector is a sequential logic circuit which is designed to detect if a carton, moving on a
conveyor belt, is upright or has fallen over. If the carton has fallen, the circuit is to trip a solenoid (indicated by
an LED). The circuit can be implemented with a D flip-flop as shown. Student circuits may vary.

+50V
+50V
R, 112 7474
10 kQ
(see discussion) b PREQ 330Q
wsoy CSAL CLED
< CLK
0 Fallen Carton
R, L -
10 kQ - CLR
(see discussion)
B
€3 e 1.0 kQ2
j +50V

Students will need to experiment to determine optimum series resistors (shown as R; and R,) to use with the
photocells and with the particular room lighting. With a CdS photocell, a value of about 10 kQ will work in
normal room light when connected to a 7474 D flip-flop. The voltage will be LOW when uncovered (< 0.2 V)
and will be HIGH (> 3.0 V) when covered.

Further Investigation Results:

As the carton is sent into the reject hopper, a photocell can sense its presence. The photocell output can be
connected to the CLR input of the D flip-flop to produce a LOW input when it is covered by reversing the
photocell and the series resistor. Because TTL logic requires more current to pull it down, the value of R; must
be much smaller than in the first circuit. A value of 150 Q worked well with the photocell and the particular
room light tested. A reset button is also connected to the CLR input of the D flip-flop. The modified circuit is
shown below.

+50V
+50V § 1.0 kO
+50V
R 127474
10 kQQ e
PRE 3300
D 0l
wsoy CISAL LK ~ LED
é Fallen Carton
R, S
10 kQ = CLR
@)
CdS B < +50V
cds C - Reset
= O o—‘
R, N
150 Q3

(see discussion)
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Experiment 16: The J-K Flip-Flop

Data and Observations
Step 1 Observations: The preset and clear inputs are asserted with a LOW input and are asynchronous. When

both are LOW at the same time, both Q and é are HIGH.

Step 2 Observations: The truth table is verified — O follows J when the J and K inputs are different. The
output does not change when both inputs are LOW and the output toggles when the inputs are both HIGH.
The output is observed to change on the trailing edge of the clock. The output duty cycle is seen to be 50%.

Step 3 Observations: The circuit toggles for each clock pulse.

Step 4 Observations: The ripple counter divides the input frequency in two for each stage as shown in the
timing diagram. O, is % the Clock frequency; Op is % the clock frequency.

Clock : ﬂ | e

Plot 1
Further Investigation Results:

The 7476 measured and specified values are:
Measured fpp g = 20 ns. Manufacturer's specified tp g = 16 ns (typ), 25 ns (max).

Measured fpyp, = 25 ns. Manufacturer's specified tp; .4 = 25 ns (typ), 40 ns (max).
The 74LS76A is faster with specified values as follows:
Manufacturer's specified tpy g = 15 ns (typ), 20 ns (max). (Data is from ON Semiconductor.)
Manufacturer's specified tp. g = 15 ns (typ), 20 ns (max). (Data is from ON Semiconductor.)
Evaluation and Review Questions:

1. An asynchronous input is independent of the clock and can affect the output without the presence of a
clock signal. A synchronous input can only affect the output when a clock signal is present.

2. a. Assert the preset input (PRE ) which is asynchronous.
b. Clock the flip-flop when J is HIGH and K is LOW.

3. The output is latched.

4. If Qis connected to J and é is connected to K, the clock will not change the output logic.

5. The CLK input is open; the Q output is shorted LOW; the CLR input is shorted LOW.

6. Green LED could be open, 390 Q resistor open, +5.0 V supply not connected to 390 Q resistor, bad
74LS76A.
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Experiment 17: One-Shots and Astable Multivibrators

TABLE 17-1 TABLE 17-2
Data for 74121 monostable multivibrator Data for 555 timer as an astable multivibrator
Quantity Computed | Measured Quantity Computed Measured
Value Value Value Value
Timing Resistor, Ry 7.14 kQ 6.89 kQ Resistor, R, 7.5kQ 7.46 k2
External Capacitor, Cgxr | 0.01 uF 0.01 uF Resistor, R, 10 kQ 10.1 k2
Pulse width, fy 48.2 us 46.0 us Capacitor, C, 0.01 uF 0.01 uF
Frequency 524 kHz | 5.50 kHz
Duty Cycle 0.64 0.66

Step 3. Input logic levels and generator connection: To trigger the 74121 with a leading edge clock, either 41 or
A7 must be held LOW and the signal generator is connected to the B input.

Step 5. Observations as the frequency is raised to 50 kHz: The pulse width remains the same; it does not stay
HIGH when the frequency is increased.

Step 8.
C .
waetorm L L L]
Output
waveform ‘ ‘ ‘

Plot 1

Step 9. Observations with a short across R»: The output stays HIGH except for a short "spike" that appears
each time a new cycle is initiated.

Step 10. Various solutions are possible. One solution is to modify the circuit shown in Figure 17-2 by changing
R> to 3.3 kQ. (The calculated value is 3.45 kQ.)

Further Investigation Results:
Both timers need trailing edge triggers that can be obtained on the 74121 by connecting A1 and A» together and

connecting B HIGH (see Figure 17-1, 3 lines from the end of the table). The manufacturer specifies that the
external resistor cannot be larger than 40 kQ. An approximate 4 s pulse can be obtained by selecting a 150 uF
capacitor and a 39 kQ resistor as shown in Figure 17-1 (computed = 4.1 s). A 25 s pulse can be obtained by
selecting a 1000 pF capacitor and a 36 kQ resistor (computed = 25.2 s).

Evaluation and Review Questions:
1. A non-retriggerable monostable multivibrator ignores any triggers that occur during the timing cycle.

2. a. 0.036 pF.
b. Select an external variable resistor. For the computed capacitance, the external resistance needs to
vary from 2 kQ to 10 kQ.

3. Largest recommended resistor is 40 kQ. The largest capacitor is 1000 uF. With this combination the
pulse width is 28 seconds.

4. Duty cycle = 50.1%; frequency = 400 Hz.

The required frequency is 0.083 Hz. The sum of Ry + 2Ry = 1.72 MQ. From the duty cycle equation, the
resistors are found to be: Ry = 0.36 MQ and Ry= 0.68 MQ.

6. The voltage ranges from +5.0 V to +10.0 V.
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Experiment 18: Asynchronous Counters
Data and Observations

Waveforms from step 1: Waveforms from step 2:

Clock 1 T1 T1 T1 T1 Clock JL_ JTL T1T T1 T1
4 | | | A4 T | | | |
B | I [ B ] I [

Counter is a down counter. Counter is an up counter.

Waveforms from step 3: (same as step 1) Waveforms from step 4: (same as step 2)

Clock 1 T1 T1 T1 T1 Clock JL_ JTL T1T T1 T1
4 | | | 4 T | | | |
B | I [ B ] I [

Counter is a down counter. Counter is an up counter.

Waveforms from step 5: Waveforms from step 6:

Clock J1 1 T1 T1 TT Clock 1 _T1 T1 T1 TIT7

reset “spike”
B 1 1 [ B 1 1 [ L
Counter sequence is 0 - 1 - 2 - reset. The short state 0 ]_l_l | I_

"spike" is caused by the reset in state 3.

The decoded output shows a "glitch"
when both A and B change together.

Notice that the "glitch" in step 5 is a consequence of detecting state 3 and using it to reset the counter. The
"glitch" in the state zero decoded output is different. It is caused by the fact that the counter is momentarily in
state zero due to propagation delay between the two flip-flops.

Waveforms from step 7: Waveforms from step 8:
Ol 11 T1[] Oa

o 1 I LT LI LT ol LT Ll LIl
0. B m 0. Note glitch

Oy | 0, — |

The sequence is 0-1-2-3-4-5-6-7-8-9 - reset
(momentarily in state 10)
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Further Investigation Results:

R, O
s

7493A *D The XOR gates act as inverters when the Up switch
is closed and act as buffers when it is open. By

The disadvantage of the method is that the reversal
| of the bits when the switch is open or closed will

cause the count to change at the switching time.

CK B . . . .
Clock CK A Q. ® inverting or not inverting the waveforms, the
O, ' counter can appear as an up or a down counter.
]

Up ‘\07._WW_0+50V
L 10k

Evaluation and Review Questions:

1.

6.

a. The A signal is 4X faster than the clock. Since the measurement shows that it is 4.00 kHz, the clock
frequency is 1.00 kHz.

b. If you want to check the time relationship of any other signal with respect to the displayed signals, it is
easier to make the comparison with the slower waveform. Since it is a digital scope, the two channels are
digitized together and so this reason is for convenience only. If this were an analog scope, a timing error
can be made by triggering on a faster signal to observe (and compare) a slower signal.

a. The count sequence is truncated by decoding one number more than the ending number and using the
decoded output to reset the counter.
b. The procedure produces a glitch because the counter is in the decoded state for a very short interval.

The clear input may be shorted LOW, producing a HIGH output on both flip-flops; the line fromé to D

on the A flip flop may be open causing an (invalid) HIGH to be clocked into the A flip-flop at each clock
pulse.

The time relationship determined from a two channel oscilloscope could be interpreted incorrectly
because the scope can be triggered by any arbitrary clock pulse. Relative timing is unambiguous when
the various waveforms are compared to the slowest waveform.

a. Circuit: b. Waveforms:

Reset: waveforms repeat
7493A

¥
— ST LA L L
R01 Qc o——

| O N A L
R, O, b o
( 0 [ ] L

The sequence is 0-1-2-3-4-5-8-9-reset (momentarily in state 10)

Q

Clock
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Experiment 19: Analysis of Synchronous Counters with Decoding

TABLE 19-2
Analysis of synchronous counter
shown in Figure 19-3

Outputs Inputs

0, 0. /=0, | Ky =Q Ji=1 K.=0,
00 o0 7 7 o
o1 7 o 7 0
171 17 [/ 7 7
170 [/ 1 7 7
01 (Repeats..

State diagram:

5 oL LT T UL

o | LI [

Note the glitches in the _
decoded outputs for S, ‘
state 0 and state 3.

Step 4: State diagram:

S)yels) S is)

Plot 1
TABLE 19-3
Analysis of counter shown in Figure 19-4 Step 6: State diagram:
Outputs Inputs
0.0,0, | J=0, K.=1 | J,=1|K,=0,[/ =0 K,=1 @D\
000 7 7 7 7 7 7
111, 0 | 1 | 1 0 0 1 ®) s,)
010 [ 1 1 7 17 17
001 1 | 1 | 1 0 1 | {1 (s) (s)
171710 [ 17 17 17 [ 7
000 Repeats..test unused states:
011 0 1 7 | o0 1 1 s,) (5]
010 Returns to a tested state (main seq)
1700 7 7 17 17 [ 7
010 Returns to a tested state (main seq)
1701 7 17 17 [ [ 7
010 Returns to a tested state (main seq)

Further Investigation Results:
The circuit shows the letters for the word C-L-U-E in the seven segment display.
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Evaluation and Review Questions:
1. [ T T T N [ T T

| | | | | | | | | | |
Or 11,710, 0,0,0,0[FT,7,7]0,0,0,0,0[7,71,1 la,o0,0,
Og tof 11711 1lorororogrof1riri1lototototrof1r1rqlal
Oc '0'o'of771 " 1lo'o'o'o'ofiTi 7lo'o'0o'0'0o 777"
| | | | | | | | | | | | |
Op 0'0'0'0'of T 7 o000 o T T 7lo'a'0a'0a 0]
| | | | | | | | | | | | | | | |

2. The sequence is that of a down counter:

3. Full decoding means all possible states must be decoded. Because there are three outputs, full decoding
can be accomplished with a 3-to-8 decoder such as the 74L.S138.

4. Connect the pushbutton so that it clears the A and C counters and presets the B counter using the
asynchronous clear and preset inputs.

5. The counter can be locked in state 3 if there are no clock pulses or if the common preset line is shorted
LOW.

6. State 9 (DCBA =1001) should go to state 1 (DCBA = 0001) but isn’t changing. By observation, three of
the F/F’s do not change states for this transition (FFA, FFB, and FFC). FED should change and isn’t
changing, so it is the likely culprit.

302



Experiment 20: Design of Synchronous Counters

Present State Next State
O O O O Oy O,
0 0 0 00 1
0 0 1 01 1
0 1 1 010
01 0 7720
110 700
1 00 000
0 0 0 0 0 0
o 0 1 0 0 1 0l 0 1 0l 0 1 0 0 1 0 0 1
00|00 oolx|x ool o[fsf o0 /x|x| ool X o0 x o0
o1t o or|x|x o1 X[ X o100 o010 X o1|X 1
il x| rijelx i x| X i@ X 1o x 11 lx ¥
10| X | X 101} 100\X 1o X X 10]0] X 10X X
ch Q\QB [Q: é}z JB_ QA KB= Qc JA= Q}Q KA= QB
. o WW\—O0450V
I 0kQ
% TALSTOAL 15 TALST6A % TALSTOA
_ lﬁ _
gai > JA O, J, O, O JC &
O O CLK | .  ——O>CLK o POk | o
QB*KL O& QCiKB B K,Ci 0 C
CLR CLR CLR
i I i
A i MV—0 450V
Clock 1.0 kQ

Further Investigation Results:
The 74L.S139A can be connected to form a 3-to-8 decoder as shown below:

74LS139A

A Al 1Y0 o——
B Bl 1T o—
c g1 1R2p—
c 1Y3|o——
|| 2Y0 o——
7142 2Y1 o——

B
Gy 2Rp—
23—
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Evaluation and Review Questions:

Note: A variation for drawing Karnaugh maps was presented in the lab book in Figure 20-3 and repeated here for reference. The Op and Qa
variables are not written side-by-side; rather they are written nearly vertically. Some students find it easier to read the map to relate the
number to the variable when they are drawn like this.

1.

; 00 11,0 > 00 L 10 > 2,0 110 QQBAooolll 0
Go (X1 [XX do [X]x[ofo 60 K |X[ X[0 60 [X]0
01 |0 XXX 01 X[ X 010)§1X0 o1 |X|[X[X|X
11 ]o|X[x]|x 11X x]x{x4 110)%)()( 11| X|X|{x|x
1o]ofo [x]|x 10 [X]X[X]|x 10 1 [X\ x[x 10 [xX]o

JB :QAQD KB :QC JA: QBQC KA: QB

Since the largest binary number in the circuit for the experiment is less than ten, a BCD to seven-
segment decoder (such as the 74L.S47A) can be used to convert the binary number into a value that can
be shown in a seven-segment display.

The reset button is connected between ground and the preset input of FFC and FFB; it is also
connected between ground and the clear input of FFA.

The count sequence can be reversed by reversing the A and C bits from the counter. This can be
accomplished by using a 2-input MUX, such as the 74LS157. (Note that only a part of the 74LS157 is
shown.)

1574LS157
BN
Sequence reverse —— G1

MUX
1 L

14 1Y A output

1B
7{ >

2B

2Y+— Coutput

When the counter goes from state 3 to state 2, the A output is seen to do a 1 to O transition. Likewise,
when the counter goes from state 6 to state 4, the B output does a 1 to 0 transition. These transitions are
unique, therefore trigger by connecting the A and B outputs to the A1 and A2 trigger inputs of the
74121 (B trigger is HIGH). (See the function table for the 74121, given in Figure 17-1).

a. The D transition table is shown. The O, output follows D at the clock edge.

O | Ona|| D
0—»0| O
0—1 | 1
1—»01 O
111

b. The J-K flip-flop is more versatile because it has the latch and toggle states. For this reason, there
are X’s on the transition table which aid in designing a simpler circuit for irregular count sequences.
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Experiment 21: The Traffic Signal Controller

Note - Table 21-1 lists present states in the gray-code sequence selected for the controller (0-1-3-2) rather than binary sequence.

Table 21-1
Present State Next State Input Product Term | Input Product Term
o} 0o o} 0o Input Conditions for Data Selector-1 for Data Selector-0
0 0 0 0 T, + 7V, -
L 0 TV,
0 0 0 1 TV
0 1 0 1 T, — |
0 1 1 1 T :
1 1 1 1 T V.
fts 1 TL Vs
1 1 1 0 T+ Vs
1 0 1 0 T,
- T 0
1 0 0 0 Ty
Schematic:
DS-1
G +50V
= T s | Cl
Ts,—C,
L5V I P 10kQ
10kQ | = j
G FF-0 +50V | FF-1 J +50V
= 1‘9 ,? 1/2 7474 1/2 7474
PRE PRE
0 0 b 0 0, 330Q b 0 0, 330 Q
~ LED ~ LED
- CLK _ —>CLK
Vs— 5V O—\WW\— CO CLR CLR
e, » i
C,
Ve / c % 1.0 kQ
Lf B A
[ +5V
QI QO
Figure 21-4

Step 6: To return to the first state, the vehicle sensor must be LOW and remain LOW (no vehicle on side

street).

Further Investigation Results (TTL)
The first idea is sound; the short timer can be eliminated if states change in no less than 4 s. The equations
would need to be changed to implement this. The second idea will not allow the state machine to function as

designed.

Evaluation and Review Questions:
1. Gray code is selected to avoid false states due to decoding glitches.

2. The long timer (71) and the vehicle sensor (Vs) must both be HIGH.

3. A third flip-flop is needed for the counter and the MUXSs would be changed to 3-to-8 lines.
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Connect the Y output from the MUXs to J; this line is inverted and connected to K.

Refer to the 7th line down on the table in Figure 17-1. In order to have both A inputs trigger on a trailing
edge, B must be HIGH.

The next state will sequence only if the long timer (77) is LOW and the vehicle sensor (Vg) is HIGH.
Because the long timer is okay, test Vg. If it is okay, check the counter for clock pulses and correct inputs
on D. If okay, check asynchronous inputs, power, and grounds.
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Experiment 22: Shift Register Counters

Schematic for Johnson Counter: Schematic for Ring Counter:
+50V +50V
R's = R's=
330Q 330Q

74195 74195 il
O 0 O O 0, L9000 0,
K 9K
> CLK
g

——
CLK o o _ _
Pulse A B C D CLR SHAD | 150V Pulse A B C D CLR SH/AD | 450V
generator 0 enerator Q

R's = 1 R's = : VW=
1.0 kQ 1.0 kKQ
+50V e +50V 1
o —0 O
SHIFT/LOAD | SHIFT/LOAD |

e B p e
L o0 o L——o
Dj CLEAR —_ . Bj Cj Dg CLEAR

N.O. pushbuttons N.O. pushbuttons

\H—:‘;+
1 S
1 Q

Timing diagram
for Johnson counter:

Timing diagram for ring
counter loaded with 1110:
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Further Investigation Results
The Serial predict data is compared with the data from the device when the Strobe line goes HIGH as shown
in the following timing diagram:

Clockinputtod mp-top: | || L[ L[ L[ LT 1T L[ L
| | |

Input test data: { |

-

Strobe: -

Serial predict data 1 1 1 | 0

Data shown is for a 2-input NAND gate (1-1-1-0)

Evaluation and Review Questions:

1.

coa [1__[]1 ] [ S S N

The QOp, output of the first 74195 is connected to the . K inputs of the second. The EJ‘., output from the
second 74195 is connected to the ./-K inputs of the first.

To prevent the data from shifting more than one position for each clock pulse.
a. 101-110-011. b. 101-010-101. (An interesting but generally not useful result!).
After the stored data has been clocked out, the same input data will appear at all outputs.

The 8 active states are shown in the diagram. (Repeats after 8§ states).

So

Sy

S

6. Politely tell the boss that a normal ring counter is self-decoding and that a decoder is not necessary.
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Experiment 23: Application of Shift Register Circuits

Data and Observations:
Step 2: After loading the data, the start bit flip-flop is observed to have a LOW (LED on). Data from the shift
register can be seen to move to the right at each clock pulse. The data at the Q5 output moves to the Serial

data out position after 5 clock pulses. The register is then filled with HIGHs (LEDs all off) until reloaded.

Step 3: Sample calculations of the resistors for the 555 configured as an astable multivibrator are given. (See
Figure 17-2 for the circuit for the astable configuration.)
1

f=—=—1 ty=08ms ¢, =0.2ms
07(R,+2k)c Tms ™ -

Let C =0.1 \F.
Then:
TH 0.8 ms
Ri+R, = -0 — 114K
R =87 T 010D
and
Ry=— = _02ms _ _786kQ (choose2.7kQ)

07C ~ 0.70.1uF)
R1=114kQ-27 kQ=8.7kQ (choose9.1 k)

With the values selected above, the duty cycle is 81% and the frequency is 985 Hz.

Step 4: Because of the asynchronous relation between the data clock and the SHIFT/ LOAD pulse, the time
between the serial data out and the SHIFT/ LOAD and the start bit is not fixed.

Start bit —, s Stop bits
Serial Data Out | \ | | |

SHIFT/ LOAD | | | |

Step 5: The circuit to send exactly five clock pulses is shown in the shaded box. When the start bit is detected,
the data is shifted in the 74195. The frequency of the pulse generator is set to twice that of the transmitter in
order to generate one complete pulse with every two clocks. (The 7493A counts to ten during this process.)

+50V
Serial
data in R's=
330Q
Circuit to generate exactly 5 clock pulses . o
9 40 & -
+50V
7419 |
4%'0 K0 L0020 0,
127474 7493A <
PRE K
D — PCKB Q, CLK - -
iDQ‘ 0 KA o5 A B C D CLR SH/LD
CLK —
CLR N = o |
1.0 kQ
- +50V
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Further Investigation Results:
The receiver pulse generator is set twice as fast as the transmiitter's pulse generator because the circuit that
generates 5 clock pulses divides the receiver frequency by two. The generator frequencies should be close to
the 2-1 ratio, but it is not necessary to be exact. Five data pulses are used to send the start bit right through
the receiver (into the "bit bucket"), moving only the data that was set at the transmitter into the receiver. The
stop bits are represented by HIGHs, and since the line is held HIGH (no transition), the receiver will not be
clocked until a new start bit is received.

Evaluation and Review Questions:
1. The J-K inputs are connected HIGH. This HIGH is shifted into the 74195A at each clock pulse.

2. The first bit is a start bit which is not part of the data. The extra clock pulse causes it to be clocked
through the receiver's shift register.

3. The start bit transition is a falling edge (HIGH to LOW). The NAND gate, which acts as an inverter,
changes the active edge so that it can trigger the 7474 with a leading edge.

4. a. The numbers to be added are entered into the input shift registers. The full adder produces the sum and
the carry bit sequentially as each bit is shifted through the input registers. As the sum is produced, it is
moved sequentially through the output shift register. The carry-out flip-flop stores the carry bit to be
added to the next most significant bit.

b. The output shift register will contain 0011; the carry-out flip-flop will contain 1.

5. A 74195A shift register can be configured as a ring counter. The register is loaded with the pattern 1000
which is recirculated. The outputs are taken from either QA and Q¢ or from Qg and Qp.

6. If the start bit flip-flop is loaded with a HIGH instead of a LOW, the start bit will not occur. This could
occur if the clear input to the start bit flip-flop were open.
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Experiment 24: The Baseball Scoreboard
The baseball scoreboard is a sequential logic circuit that can be implemented with shift registers or with a

counter. One possible solution, using 74175 quad D flip-flops connected as shift registers is shown. Switch
debounce is provided by the 555 timers.

1.0k9£ 1.0 kQ

Ji; io 01 uF |>Strikes

Pushbutton

1.0k§2£ 1.0 k&

O

==001uF 7 Balls

+50V
+50V T
g 555 \
100 kQ V. RESET
DIS  OUT
THRES TRIG
__ |GND CONT
1.0 uF
+50V
+50V T
555 \
100 kQ V. RESET
DIS OUT
THRES TRIG
| |GND CONT
10 ul?\ L

—— Pushbutton

Further Investigation Results (TTL)
Student answers will vary. The inning display can be set up as a 16-position shift register with a single LED on
at any given time. Another approach is to use a 16-bit DMUX driven with a manually clocked 4-bit counter
controlling the select inputs of the DMUX. Outs can be connected as a 2-bit shift register made from D flip-
flops controlled by a debounced pushbutton, similar to the circuits shown above.

+50V
R's = .
Strikes
3300 display
8 &
74175 J
CLK &
-’ 0
0,
I 1/4 7402
2 .
D, 93 Clear
D, 0,
CLR %
FO 4 +50V
R's =
3300
. Balls
74175 J ST display
0,
> CLK 0,
D, 2
D 0,
2
D, 2
D, 0,
CLR 9
0,
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Experiment 25: Semiconductor Memories
The schematic for the addition to the security entry system is shown. The combination is entered as the
complements of the BCD numbers (95614) stored in locations 0000 through 0100. Location 0101 should have
0000 stored to blank the 7-segment display after the last number.

+5.0V
R's = 1O KO +50V +50V
S=1.
7415189 | 10kQ ]
V\O D Vee T44TA R +50V
¥ c — MANT2|
v Vodp Ve 330Q )
B [ a —w—=
Y 4 +—9BI/RBO  p| ., b [
2l L 4RBI el H H
v p, Y b—D d|—um—d H:H
Yo——— C e —w—5
\O D} 3
v D, Y, 0—— B f L wt] "=
v D, Y14 g —w—E
- B GND
FGND R/W 1
+50V B

74121 .
33 KO Write pulse
1.0 kQ A, o (50 ms) 1~
4 ©
! e

N
| F22wF g,
Storel L C, GND

Further Investigation Results:
The 7493A is set up to count from O through 5 by connecting the Qg and Q¢ outputs to the reset inputs and
QA output to the CLK B input.

Evaluation and Review Questions:
1. For this experiment, address and data switches are set manually, and do not change. Therefore, it is not
necessary to debounce the start push-button. It is included in the system because this is a simulation of a
portion of a larger system.

2. The number to be stored is 0000. The output is the complement of the stored number.

a. Locations are addressed by binary numbers. On chip decoding means that the binary addresses are
converted internally to the specific row information needed.
b. Outputs are in a high-Z state.

4. 256 locations

a. The word length needs to be expanded to 7 bits by expanding memory.
b. Locations would store the encoded combination for the seven segment display.

6. When R/'W is LOW, the outputs are the complements of the data inputs.
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Experiment 26: Introduction to Quartus II Software

Note: This experiment is a tutorial exercise that introduces the Quartus II design tool from Altera. Students
work at a computer that has the latest version of Quartus II software loaded. The software is available at

www altera.com. Click on Download, Quartus II software, and follow the instructions to download the free web
edition. A license file is necessary which is specific to that computer. The steps in this tutorial exercise illustrate
schematic entry, using the model-1 Molasses Tank outlet valve logic as a basic circuit. It was selected for this
exercise because it has a variation on strictly combinational logic (adding feedback) and the software simulation
can show this effect nicely. The TTL version of the circuit is shown for reference.

+50V

| +50V
1/6 7404
L - 330 Q2
= DQ 1/4 7400 - LED
1/4 7400 out | (Outlet valve)

If you want to go beyond this basic introduction to the software, you will need a PLD trainer board, such
as the PLDT-2 from RSR Electronics or the Altera board, available from Altera. The trainers allow students to
download the experiment to hardware and test the results. For detailed instructions on using both Altera and
Xilinx PLD programming software and including downloading to various trainers, see the lab manual
Experiments in Digital Fundamentals with PLD Programming by David Buchla and Doug Joksch. Five trainers
are discussed in detail in the PLD manual, with diagrams and tables for the boards, pin assignments, and more.

The final output signal that the student should draw is shown on the display. The VOUT signal goes
LOW when the valve is open. Notice that it opens only after the upper level sensor is covered but closes only
after the lower level sensor is uncovered (hence the hysteresis).
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Experiment 27: D/A and A/D Conversion

QLTI LI LT Sy or
o [ 1 LI L el LI LI 17 17T
Q0. | { T ol L[ L ]
0, | | 0] | B

Plot 1 Plot 2
Table 27-1
) Measured
Quantity Value

DC full-scale output voltage -1.96\V

Volts/step 0.13V/step
-001V > -001V

j—L
-196 V J—r -1.96 V >
[e—16ms —»| [¢«—— 16 ms —
Plot 3 Plot 4
Steps 7 and 8: The digital light meter has an oscillating behavior Pulse Generator:
because of the tracking A/D converter as shown. The D/A output Anal
: : : . alog output:

waveform increases its dc level from approximately -2 V to (pin4of DAC) | .

approximately —0.2 V as the light level increases.

Further Investigation Results
Measured data for the circuit in Figure 27-1 is shown on the table. The voltages listed are at the thresholds.
Voltage | Display | Voltage | Display | Voltage | Display | Voltage | Display
0.009 V 0 135V 4 259V 8 383V U

0437V 1 1.63V 5 291V 9 417V =
0.675V 2 193V 6 323V — 449V =
1.009 V 3 226V 7 353V = 485V | blank

Evaluation and Review Questions:
1. a. Binary 1010 is represented by —1.30 V. b. The output frequency is 62.5 Hz.

2. (=1.95V)/255 steps = —7.65 mV/step

3 a. The output voltage is larger because the reference current is larger.
b. The resolution measured in volts/step increases. (Note that if measured simply by number of bits, the
resolution is unchanged.)

4. The oscillation is caused by the quantizing error between the analog voltage from the photocell and the
digitized representation from the converter. If the least significant bit is not used, the oscillation can be
eliminated.

5. a. Decrease the reference current by increasing the 5.1 kQ resistor or decrease the 2.0 kQ2 load resistor.
b. No. The change only effects the digital display, not the basic sensitivity of the photocell.

6. A higher clock frequency causes the meter to respond faster to changes but has the disadvantage of
causing the display to change rapidly, making it more difficult to read.
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Experiment 28: Introduction to the Intel Processors

Note: This experiment is an introduction to microprocessor concepts and uses a tutorial format to acquaint
students with how computers store data, the Intel register structure, a few assembly language instructions, and
an introduction to programming. Debug is the program used for the tutorial and is available on any DOS based
computer. Debug is limited to the 16-bit registers. No hardware is needed and questions are answered in the
Procedure section. Although some steps do not require a student answer, the sequence of the steps is shown here
to aid in following the experiment.

Procedure:
Step 1: Student enters Debug and observes some Debug commands.

Step 2: Answers will vary depending on the computer. The equipment status word 27 C2 given as an
example is interpreted as follows:
Number of parallel printer ports attached = __3
Number of serial ports attached = __1
Number of diskette devices = __1
Initial video mode = 80 x 25
Math coprocessor is present? yes
Diskette drive is present? ___yes

Step 3: Answers will vary depending on the computer.

Step 4: The right side will be filled with zeros since 30H represents ASCII 0.

Step 5: Location DS:20 is changed to 31H (ASCII 1).

Step 6: The display will show DS:0020 31 30 DS:0050. (DS will have the current data segment value). This
indicates that location DS:20 does not correspond to location DS:50. The two corresponding data
points in these locations are 31H and 30H.

Step 7: The 16-bit register set is displayed.

Step 8: The command sequence is R BX <cr> followed by :200 <cr> and R CX <cr> followed by :F003
<cr> .

Step 9: The Debug assembler is used to enter a short code.
Step 10: The code in step 9 is traced. The caps lock is activated (and shown with an LED).
Step 11: Each loop toggles the caps lock function; the light will turn on and off twice before exiting the loop.

Step 12: “Byte-size” data is entered into 17 locations (the 17th location is DS:60 and will have a zero entered
as an end of record signal.

Step 13: The modified “BIG” code is assembled. After it is executed with the “go” command, AX will have
the largest number in the list, BX will contain 0060H (the last location), and CX will contain 0000H
(the final value of the loop counter).
Step 14: The largest number is observed to have been copied into location DS:60.
Further Investigation Results:

The smallest byte value in the list (from DS:50 to DS:5F will be moved into the AL register and into location
DS:60. The AX register will show FFH. BX contains 0060H (as before) and CX contains 0000H (as before).
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Evaluation and Review Questions:

1

2.

3.

The data in step 2 is from the BIOS RAM area, the data from step 3 is in ROM.
Locations from DS:1F0 to DS:1FF are filled with the value FAH.

D0:09

The BIOS work area starts at location 40:0. An example of data that is in this area is information about the
peripherals connected to the computer.

When any number is XORed with itself, the result is always zero because 0 XOR 0 =0 and 1 XOR 1 =0.

The LOOP instruction decrements the CX register and jumps to the start of the loop if CX is not zero;
otherwise it executes the next instruction.
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Experiment 29: Applications of Bus Systems

Step 3: With all switches on the 14532B open, the chip outputs are all LOW, including the GS output as shown
on the second line of the 14532B truth table. The transistors act as inverters, causing the corresponding inputs
on the 14051B to be HIGH. If the inhibit line is tied LOW on the 14051B, the internal FET switch is closed that
connects X7 to the common out/in line. This completes the path from the 555 timer to the LED representing the
least significant bit, causing it to blink.

Decoder schematic: The decoder schematic depends on the particular address assigned to each student. As an
example, a 7400 NAND gate, shown decoding address 01, is drawn below:

+50V

3.3kQ

. {j@%jf{j o

Further Investigation Results:

Answers may vary. A 4-bit counter such as the 7493 A may be selected or the student may design a two-bit
counter with J-K or D flip-flops (such as the ripple counter drawn in Figure 18-2). The counter output is
connected to a 7447A BCD to seven segment decoder similar to Figure 3-2.

Evaluation and Review Questions:
1 a. The transistors are used to provide an open-collector connection to the data bus.
b. The display is an input device. The bus can have multiple input devices connected to it without bus
contention problems.

2. Each priority encoder is located at a unique address as determined by the individual decoders.

The 14051B can be connected as a MUX by connecting inputs to the X lines and taking the output from
the common out/in line. The select inputs behave the same for both configurations.

4. Rjgis a current limiting resistor for the LEDs. If it opens, no LED will be on.
5. a. The constant HIGH is connected to the selected output, causing the selected LED to stay on.
b. All LEDs will be off.

6. a. The line will be LOW.
b. A data line can be pulled LOW by any transistor connected to the line that is conducting because it
provides a direct path to ground.
c. Check the address bus to determine which indicator is being addressed.
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