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Preface

Digital electronics is essential to understanding the design and working of a wide range of applications,
from consumer and industrial electronics to communications; from embedded systems, and computers
to security and military equipment. As the devices used in these applications decrease in size and
employ more complex technology, it is essential for engineers and students to fully understand both
the fundamentals and also the implementation and application principles of digital electronics, devices
and integrated circuits, thus enabling them to use the most appropriate and effective technique to suit
their technical needs.

Digital Electronics: Principles, Devices and Applications is a comprehensive book covering, in
one volume, both the fundamentals of digital electronics and the applications of digital devices and
integrated circuits. It is different from similar books on the subject in more than one way. Each chapter
in the book, whether it is related to operational fundamentals or applications, is amply illustrated
with diagrams and design examples. In addition, the book covers several new topics, which are of
relevance to any one having an interest in digital electronics and not covered in the books already in
print on the subject. These include digital troubleshooting, digital instrumentation, programmable logic
devices, microprocessors and microcontrollers. While the book covers in entirety what is required by
undergraduate and graduate level students of engineering in electrical, electronics, computer science and
information technology disciplines, it is intended to be a very useful reference book for professionals,
R&D scientists and students at post graduate level.

The book is divided into sixteen chapters covering seven major topics. These are: digital electronics
fundamentals (chapters 1 to 6), combinational logic circuits (chapters 7 and 8), programmable logic
devices (chapter 9), sequential logic circuits (chapters 10 and 11), data conversion devices and circuits
(chapter 12), microprocessors, microcontrollers and microcomputers (chapters 13 to 15) and digital
troubleshooting and instrumentation (chapter 16). The contents of each of the sixteen chapters are
briefly described in the following paragraphs.

The first six chapters deal with the fundamental topics of digital electronics. These include different
number systems that can be used to represent data and binary codes used for representing numeric and
alphanumeric data. Conversion from one number system to another and similarly conversion from one
code to another is discussed at length in these chapters. Binary arithmetic, covering different methods
of performing arithmetic operations on binary numbers is discussed next. Chapters four and five cover
logic gates and logic families. The main topics covered in these two chapters are various logic gates
and related devices, different logic families used to hardware implement digital integrated circuits, the
interface between digital ICs belonging to different logic families and application information such
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as guidelines for using logic devices of different families. Boolean algebra and its various postulates
and theorems and minimization techniques, providing exhaustive coverage of both Karnaugh mapping
and Quine-McCluskey techniques, are discussed in chapter six. The discussion includes application of
these minimization techniques for multi-output Boolean functions and Boolean functions with larger
number of variables. The concepts underlying different fundamental topics of digital electronics and
discussed in first six chapters have been amply illustrated with solved examples.

As a follow-up to logic gates – the most basic building block of combinational logic – chapters
7 and 8 are devoted to more complex combinational logic circuits. While chapter seven covers
arithmetic circuits, including different types of adders and subtractors, such as half and full adder and
subtractor, adder-subtractor, larger bit adders and subtractors, multipliers, look ahead carry generator,
magnitude comparator, and arithmetic logic unit, chapter eight covers multiplexers, de-multiplexers,
encoders and decoders. This is followed by a detailed account of programmable logic devices in
chapter nine. Simple programmable logic devices (SPLDs) such as PAL, PLA, GAL and HAL devices,
complex programmable logic devices (CPLDs) and field programmable gate arrays (FPGAs) have been
exhaustively treated in terms of their architecture, features and applications. Popular devices, from
various international manufacturers, in the three above-mentioned categories of programmable logic
devices are also covered with regard to their architecture, features and facilities.

The next two chapters, 10 and 11, cover the sequential logic circuits. Discussion begins with the
most fundamental building block of sequential logic, that is, flip flop. Different types of flip flops
are covered in detail with regard to their operational fundamentals, different varieties in each of
the categories of flip flops and their applications. Multivibrator circuits, being operationally similar
to flip flops, are also covered at length in this chapter. Counters and registers are the other very
important building blocks of sequential logic with enormous application potential. These are covered
in chapter 11. Particular emphasis is given to timing requirements and design of counters with varying
count sequence requirements. The chapter also includes a detailed description of the design principles
of counters with arbitrary count sequences. Different types of shift registers and some special counters
that have evolved out of shift registers have been covered in detail.

Chapter 12 covers data conversion circuits including digital-to-analogue and analogue-to-digital
converters. Topics covered in this chapter include operational basics, characteristic parameters, types
and applications. Emphasis is given to definition and interpretation of the terminology and the
performance parameters that characterize these devices. Different types of digital-to-analogue and
analogue-to-digital converters, together with their merits and drawbacks are also addressed. Particular
attention is given to their applications. Towards the end of the chapter, application oriented information
in the form of popular type numbers along with their major performance specifications, pin connection
diagrams etc. is presented. Another highlight of the chapter is the inclusion of detailed descriptions of
newer types of converters, such as quad slope and sigma-delta types of analogue-to-digital converters.

Chapters 13 and 14 discuss microprocessors and microcontrollers – the two versatile devices that
have revolutionized the application potential of digital devices and integrated circuits. The entire
range of microprocessors and microcontrollers along with their salient features, operational aspects
and application guidelines are covered in detail. As a natural follow-up to these, microcomputer
fundamentals, with regard to their architecture, input/output devices and memory devices, are discussed
in chapter 15.

The last chapter covers digital troubleshooting techniques and digital instrumentation.
Troubleshooting guidelines for various categories of digital electronics circuits are discussed. These will
particularly benefit practising engineers and electronics enthusiasts. The concepts are illustrated with
the help of a large number of troubleshooting case studies pertaining to combinational, sequential and
memory devices. A wide range of digital instruments is covered after a discussion on troubleshooting
guidelines. The instruments covered include digital multimeters, digital oscilloscopes, logic probes,
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logic analysers, frequency synthesizers, and synthesized function generators. Computer-instrument
interface standards and the concept of virtual instrumentation are also discussed at length towards the
end of the chapter.

As an extra resource, a companion website for my book contains lot of additional application
relevant information on digital devices and integrated circuits. The information on this website includes
numerical and functional indices of digital integrated circuits belonging to different logic families,
pin connection diagrams and functional tables of different categories of general purpose digital
integrated circuits and application relevant information on microprocessors, peripheral devices and
microcontrollers. Please go to URL http://www.wiley.com/go/maini_digital.

The motivation to write this book and the selection of topics to be covered were driven mainly by
the absence a book, which, in one volume, covers all the important aspects of digital technology. A
large number of books in print on the subject cover all the routine topics of digital electronics in a
conventional way with total disregard to the needs of application engineers and professionals. As the
author, I have made an honest attempt to cover the subject in entirety by including comprehensive
treatment of newer topics that are either ignored or inadequately covered in the available books on the
subject of digital electronics. This is done keeping in view the changed requirements of my intended
audience, which includes undergraduate and graduate level students, R&D scientists, professionals and
application engineers.

Anil K. Maini



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




