
July 10, 2002 12:54 vra23151_fmt Sheet number 1 Page number i black

Fundamentals
of

Digital Logic with Verilog Design

Stephen Brown and Zvonko Vranesic
Department of Electrical and Computer Engineering

University of Toronto

Boston    Burr Ridge, IL    Dubuque, IA    Madison, WI    New York    San Francisco    St. Louis
Bangkok    Bogotá    Caracas    Kuala Lumpur    Lisbon    London    Madrid    Mexico City
Milan    Montreal    New Delhi    Santiago    Seoul    Singapore    Sydney    Taipei    Toronto

1 APPLE 1009f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


July 15, 2002 09:50 vra23151_cop Sheet number 1 Page number ii black

McGraw-Hill Higher Education
A Division of The McGraw-Hill Companies

FUNDAMENTALS OF DIGITAL LOGIC WITH VERILOG DESIGN

Published by McGraw-Hill, a business unit of The McGraw-Hill Companies, Inc., 1221 Avenue of the Americas,
New York, NY 10020. Copyright © 2003 by The McGraw-Hill Companies, Inc. All rights reserved. No part of
this publication may be reproduced or distributed in any form or by any means, or stored in a database or
retrieval system, without the prior written consent of The McGraw-Hill Companies, Inc., including, but not
limited to, in any network or other electronic storage or transmission, or broadcast for distance learning.

Some ancillaries, including electronic and print components, may not be available to customers outside the
United States.

This book is printed on acid-free paper.

International 1 2 3 4 5 6 7 8 9 0 QPF/QPF 0 9 8 7 6 5 4 3 2
Domestic 1 2 3 4 5 6 7 8 9 0 QPF/QPF 0 9 8 7 6 5 4 3 2

ISBN 0-07-282315-1
ISBN 0-07-121322-8 (ISE)

Publisher: Elizabeth A. Jones
Senior sponsoring editor: Carlise Paulson
Administrative assistant: Michaela M. Graham
Executive marketing manager: John Wannemacher
Senior project manager: Jill R. Peter
Production supervisor: Kara Kudronowicz
Lead media project manager: Judi David
Senior media technology producer: Phillip Meek
Coordinator of freelance design: Michelle D. Whitaker
Cover designer: Rokusek Design
Cover image: Stephen Brown and Zvonko Vranesic
Senior photo research coordinator: Lori Hancock
Compositor: Techsetters, Inc.
Typeface: 10/12 Times Roman
Printer: Quebecor World Fairfield, PA

Library of Congress Cataloging-in-Publication Data

Brown, Stephen D.
Fundamentals of digital logic with Verilog design / Stephen D. Brown, Zvonko G. Vranesic.—1st ed.

p. cm. (McGraw-Hill Series in electrical and computer engineering)
Includes index.
ISBN 0-07-282315-1
1. Logic circuits—Design and construction—Data processing. 2. Verilog (Computer hardware

description language). 3. Computer-aided design. I. Vranesic, Zvonko G. II. Title. III. Series.

TK7868.L6 B76 2003
621.39′2—dc21 2002071439

CIP

INTERNATIONAL EDITION ISBN 0-07-121322-8
Copyright © 2003. Exclusive rights by The McGraw-Hill Companies, Inc., for manufacture and export. This
book cannot be re-exported from the country to which is is sold by McGraw-Hill. The International Edition is
not available in North America.

www.mhhe.com

2f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


June 14, 2002 09:52 vra23151_ded Sheet number 1 Page number iii black

To Susan and Anne

3f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


June 20, 2002 09:49 vra23151_ata Sheet number 1 Page number v black

v

About the Authors

Stephen Brown received his B.A.Sc. degree in Electrical Engineering from the University
of New Brunswick, Canada, and the M.A.Sc. and Ph.D. degrees in Electrical Engineering
from the University of Toronto. He joined the University of Toronto faculty in 1992, where
he is now an Associate Professor in the Department of Electrical & Computer Engineering.
He is also Director of Software Development at the Altera Toronto Technology Center.

His research interests include field-programmable VLSI technology and computer
architecture. He won the Canadian Natural Sciences and Engineering Research Council’s
1992 Doctoral Prize for the best Ph.D. thesis in Canada.

He has won four awards for excellence in teaching electrical engineering, computer
engineering, and computer science courses. He is a coauthor of two other books: Funda-
mentals of Digital Logic with VHDL Design and Field-Programmable Gate Arrays.

Zvonko Vranesic received his B.A.Sc., M.A.Sc., and Ph.D. degrees, all in Electrical Engi-
neering, from the University of Toronto. From 1963–1965, he worked as a design engineer
with the Northern Electric Co. Ltd. in Bramalea, Ontario. In 1968 he joined the University
of Toronto, where he is now a Professor in the Departments of Electrical & Computer Engi-
neering and Computer Science. During the 1978–79 academic year, he was a Senior Visitor
at the University of Cambridge, England, and during 1984–85 he was at the University of
Paris, 6. From 1995 to 2000 he served as Chair of the Division of Engineering Science at
the University of Toronto. He is also involved in research and development at the Altera
Toronto Technology Center.

His current research interests include computer architecture, field-programmable VLSI
technology, and multiple-valued logic systems.

He is a coauthor of four other books: Computer Organization, 5th ed.; Fundamentals
of Digital Logic with VHDL Design; Microcomputer Structures; and Field-Programmable
Gate Arrays. In 1990, he received the Wighton Fellowship for “innovative and distinctive
contributions to undergraduate laboratory instruction.”

He has represented Canada in numerous chess competitions. He holds the title of
International Master.

4f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


June 13, 2002 15:36 vra23151_ch06 Sheet number 15 Page number 311 black

6.2 Decoders 311

f = w2fw2 + w2fw2

= w2(w3 + w1w4)+ w2(w1w3 + w3w4)

Observe that f w2
= fw2 ; hence only two 3-LUTs are needed, as illustrated in Figure 6.14b.

The LUT on the right implements the two-variable function w2fw2 + w2f w2
.

Since it is possible to implement any logic function using multiplexers, general-purpose
chips exist that contain multiplexers as their basic logic resources. Both Actel Corporation
[2] and QuickLogic Corporation [3] offer FPGAs in which the logic block comprises an ar-
rangement of multiplexers. Texas Instruments offers gate array chips that have multiplexer-
based logic blocks [4].

6.2 Decoders

Decoder circuits are used to decode encoded information. A binary decoder, depicted in
Figure 6.15, is a logic circuit with n inputs and 2n outputs. Only one output is asserted
at a time, and each output corresponds to one valuation of the inputs. The decoder also
has an enable input, En, that is used to disable the outputs; if En = 0, then none of the
decoder outputs is asserted. If En= 1, the valuation of wn−1 · · ·w1w0 determines which of
the outputs is asserted. An n-bit binary code in which exactly one of the bits is set to 1 at a
time is referred to as one-hot encoded, meaning that the single bit that is set to 1 is deemed
to be “hot.” The outputs of a binary decoder are one-hot encoded.

A 2-to-4 decoder is given in Figure 6.16. The two data inputs are w1 and w0. They
represent a two-bit number that causes the decoder to assert one of the outputs y0, . . . , y3.
Although a decoder can be designed to have either active-high or active-low outputs, in
Figure 6.16 active-high outputs are assumed. Setting the inputs w1w0 to 00, 01, 10, or 11
causes the output y0, y1, y2, or y3 to be set to 1, respectively. A graphical symbol for the
decoder is given in part (b) of the figure, and a logic circuit is shown in part (c).

Larger decoders can be built using the sum-of-products structure in Figure 6.16c, or
else they can be constructed from smaller decoders. Figure 6.17 shows how a 3-to-8 decoder
is built with two 2-to-4 decoders. The w2 input drives the enable inputs of the two decoders.
The top decoder is enabled if w2 = 0, and the bottom decoder is enabled if w2 = 1. This
concept can be applied for decoders of any size. Figure 6.18 shows how five 2-to-4 decoders
can be used to construct a 4-to-16 decoder. Because of its treelike structure, this type of
circuit is often referred to as a decoder tree.
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Figure 6.15 An n-to-2n binary decoder.
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