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THE NEW EDITION OF THIS POPULAR TEXT PRESENTS INTRODUCTORY COVERAGE OF ELECTRONIC
MATERIALS AND DEVICES FOR UNDERGRADUATE COURSES IN MATERIALS SCIENCE AND ENGINEERING
ELECTRICAL ENGINEERING AND PHYSICS WITH THE ADDITIONAL TOPICS IN THE TEXT AND SELECTED
ARTICLES FROM THE CD ROM IT CAN ALSO BE USED IN A GRADUATE INTRODUCTORY COURSE IN
ELECTRONIC MATERIALS OR FOR SELF STUDY IT HAS BEEN WRITTEN WITH AMPLE FLEXIBILITY TO
ALLOW SECTIONS AND CHAPTERS TO BE SKIPPED AS DESIRED BY THE INSTRUCTOR FOR BOTH
SHORT AND LONG COURSES CROSS REFERENCING HAS BEEN MINIMIZED THE THIRD EDITION INCLUDES
NEW TOPICS AND EXTENDED SECTIONS SUCH AS DIFFUSION CONDUCTION IN THIN FILMS
INTERCONNECTS IN MICROELECTRONICS ELECTROMIGRATION STEFAN S RADIATION LAW FIELD
EMISSION FROM CARBON NANOTUBES PIEZORESISTIVITY AMORPHOUS SEMICONDUCTORS SOLAR CELLS
LEDS DEBYE RELAXATION GIANT MAGNETORESISTANCE MAGNETIC DATA STORAGE RESTSTRAHLEN
ABSORPTION LUMINESCENCE AND WHITE LEDS AND X RAY DIFFRACTION APPENDIX IT ALSO HAS A
LARGE NUMBER OF NEW \WORKED EXAMPLES NUMEROUS NEW HOMEWORK PROBLEMS AND MANY NEW
ILLUSTRATIONS AND PHOTOGRAPHS THIS TEXT IS ONE OF THE FEW BOOKS IN THE MARKET THAT
HAS THE BROAD COVERAGE OF ELECTRONIC MATERIALS AND DEVICES THAT TODAY S SCIENTISTS

AND ENGINEERS NEED BOOK JACKET

THIS HANDBOOK PROVIDES THE MOST COMPREHENSIVE UP TO DATE AND EASY TO APPLY
INFORMATION ON THE PHYSICS MECHANICS RELIABILITY AND PACKAGING OF MICRO AND OPTO

ELECTRONIC MATERIALS IT DETAILS THEIR ASSEMBLIES STRUCTURES AND SYSTEMS AND EACH
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CHAPTER CONTAINS A SUMMARY OF THE STATE OF THE ART IN A PARTICULAR FIELD THE BOOK
PROVIDES PRACTICAL RECOMMENDATIONS ON HOW TO APPLY CURRENT KNOWLEDGE AND
TECHNOLOGY TO DESIGN AND MANUFACTURE IT FURTHER DESCRIBES HOW TO OPERATE A VIABLE
RELIABLE AND COST EFFECTIVE ELECTRONIC COMPONENT OR PHOTONIC DEVICE AND HOW TO MAKE

SUCH A DEVICE INTO A SUCCESSFUL COMMERCIAL PRODUCT

VOLUME IS INDEXED BY THOMSON REUTERS BCI WOS THE ELECTRONIC PROPERTIES OF SOLIDS
HAVE BECOME OF INCREASING IMPORTANCE IN THE AGE OF INFORMATION TECHNOLOGY THE STUDY
OF SOLIDS AND MATERIALS WHILE HAVING ORIGINATED FROM THE DISCIPLINES OF PHYSICS AND
CHEMISTRY HAS EVOLVED INDEPENDENTLY OVER THE PAST FEW DECADES THE CLASSICAL
TREATMENT OF SOLID STATE PHYSICS WHICH EMPHASIZED CLASSIFICATIONS THEORIES AND
FUNDAMENTAL PHYSICAL PRINCIPLES IS NO LONGER ABLE TO BRIDGE THE GAP BETWEEN MATERIALS
ADVANCES AND APPLICATIONS IN PARTICULAR THE MORE RECENT DEVELOPMENTS IN DEVICE
PHYSICS AND TECHNOLOGY HAVE NOT NECESSARILY BEEN DRIVEN BY NEW CONCEPTS IN PHYSICS
OR NEW MATERIALS BUT RATHER BY THE ABILITY OF ENGINEERS TO CONTROL CRYSTAL
STRUCTURES AND PROPERTIES BETTER VIA ADVANCES IN CRYSTAL GROWTH AND PATTERNING
TECHNIQUES IN MANY CASES NEW APPLICATIONS SIMPLY ARISE FROM THE ADAPTION OF
CONVENTIONAL IDEAS TO INTERDISCIPLINARY AREAS ONE EXAMPLE IS THAT OF RECENT ADVANCES
WHICH RELY HEAVILY UPON THE AVAILABILITY OF THE SUB MICRON TECHNOLOGY DEVELOPED BY

THE SEMICONDUCTOR INDUSTRY ANOTHER EXAMPLE IS THE EMERGENCE OF NANOTECHNOLOGY

THE IMPORTANCE OF MATERIALS SCIENCE FOR THE PROGRESS OF ELECTRONIC TECHNO LOGY HAS
BEEN APPARENT TO ALL SINCE THE INVENTION OF THE TRANSISTOR IN 1948 THOUGH THAT
EPOCH MAKING EVENT WAS THE RESULT OF FAR SIGHTED RESEARCH PLANNING BY BELL
LABORATORIES DATING FROM A DECADE OR MORE BEFORE NO MERE CHANCE DISCOVERY THEREFORE
BUT THE FRUITION OF WORK WHICH ALLOTTED AT ITS INCEPTION A VITAL ROLE TO MATERIALS
THE TRANSISTOR IS NOW VERY OLD HAT BUT NEW MATERIALS DEVELOPMENTS ARE CONTINUALLY
TRIGGERING FRESH DEVELOP MENTS IN ELECTRONICS FROM OPTICAL COMMUNICATIONS TO HIGH

TEMPERATURE SUPERCONDUCTORS ELECTRONIC ENGINEERS ARE NOW GIVEN AT LEAST TWO
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COURSES IN MATERIALS AS PART OF THEIR DEGREE PROGRAMME THIS BOOK AROSE FROM A SERIES

OF FORTY LECTURES THE AUTHOR GAVE TO THE THIRD YEAR STUDENTS ON THE EXTENDED

HONOURS DEGREE COURSE IN ELECTRONIC AND ELECTRICAL ENGINEERING AT LOUGHBOROUGH

UNIVERSITY THOUGH ADDITIONAL ELEMENTARY MATERIAL HAS BEEN INCLUDED TO MAKE THE BOOK

SUITABLE FOR FIRST YEAR STUDENTS THE BIGGEST PROBLEM IN SUCH A COURSE IS DECIDING

WHAT MUST BE LEFT OUT AND THIS | AM AFRAID | SHIRKED BY LEAVING OUT ALL THOSE AREAS

WHICH | WAS NOT FAMILIAR WITH FROM MY DAYS IN THE MINISTRY OF AVIATION THE

SEMICONDUCTOR DEVICE INDUSTRY AND AS A GRADUATE STUDENT AND RESEARCH WORKER | HOPE

THAT WHAT REMAINS IS SUFFICIENTLY CATHOLIC

AN ADVANCED LEVEL TEXTBOOK COVERING GEOMETRIC CHEMICAL AND ELECTRONIC STRUCTURE OF

ELECTRONIC MATERIALS AND THEIR APPLICATIONS TO DEVICES BASED ON SEMICONDUCTOR

SURFACES METAL SEMICONDUCTOR INTERFACES AND SEMICONDUCTOR HETEROJUNCTIONS STARTING

WITH THE FUNDAMENTALS OF ELECTRICAL MEASUREMENTS ON SEMICONDUCTOR INTERFACES IT THEN

DESCRIBES THE IMPORTANCE OF CONTROLLING MACROSCOPIC ELECTRICAL PROPERTIES BY ATOMIC

SCALE TECHNIQUES SUBSEQUENT CHAPTERS PRESENT THE WIDE RANGE OF SURFACE AND INTERFACE

TECHNIQUES AVAILABLE TO CHARACTERIZE ELECTRONIC OPTICAL CHEMICAL AND STRUCTURAL

PROPERTIES OF ELECTRONIC MATERIALS INCLUDING SEMICONDUCTORS INSULATORS NANOSTRUCTURES

AND ORGANICS THE ESSENTIAL PHYSICS AND CHEMISTRY UNDERLYING EACH TECHNIQUE IS DESCRIBED

IN SUFFICIENT DEPTH WITH REFERENCES TO THE MOST AUTHORITATIVE SOURCES FOR MORE

EXHAUSTIVE DISCUSSIONS WHILE NUMEROUS EXAMPLES ARE PROVIDED THROUGHOUT TO

ILLUSTRATE THE APPLICATIONS OF EACH TECHNIQUE WITH ITS GENERAL READING LISTS EXTENSIVE

CITATIONS TO THE TEXT AND PROBLEM SETS APPENDED TO ALL CHAPTERS THIS IS IDEAL FOR

STUDENTS OF ELECTRICAL ENGINEERING PHYSICS AND MATERIALS SCIENCE IT EQUALLY SERVES AS

A REFERENCE FOR PHYSICISTS MATERIAL SCIENCE AND ELECTRICAL AND ELECTRONIC ENGINEERS

INVOLVED IN SURFACE AND INTERFACE SCIENCE SEMICONDUCTOR PROCESSING AND DEVICE MODELING

AND DESIGN THIS IS A COPRODUCTION OF WILEY AND IEEE FREE SOLUTIONS MANUAL AVAILABLE

FOR LECTURERS AT WILEY VCH DE SUPPLEMENTS
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UNLIKE EARLIER ELECTRONIC CIRCUITS TODAY S MICROELECTRONIC DEVICES DEMAND THAT SOLDER
SERVE STRUCTURAL AS WELL AS ELECTRICAL ENDS AND DO SO AT RELATIVELY HIGH
TEMPERATURE FOR YEARS FATIGUE AND FAILURE OF THE SOLDER HAS THEREFORE BECOME AN

ISSUE IN THE INDUSTRY NINE STUDIES FROM A MAY 1993 sympos

RELIABILITY AND FAILURE OF ELECTRONIC MATERIALS AND DEVICES IS A WELL ESTABLISHED AND
WELL REGARDED REFERENCE WORK OFFERING UNIQUE SINGLE SOURCE COVERAGE OF MOST MAJOR
TOPICS RELATED TO THE PERFORMANCE AND FAILURE OF MATERIALS USED IN ELECTRONIC DEVICES
AND ELECTRONICS PACKAGING WITH A FOCUS ON STATISTICALLY PREDICTING FAILURE AND
PRODUCT YIELDS THIS BOOK CAN HELP THE DESIGN ENGINEER MANUFACTURING ENGINEER AND
QUALITY CONTROL ENGINEER ALL BETTER UNDERSTAND THE COMMON MECHANISMS THAT LEAD TO
ELECTRONICS MATERIALS FAILURES INCLUDING DIELECTRIC BREAKDOWN HOT ELECTRON EFFECTS AND
RADIATION DAMAGE THIS NEW EDITION ADDS CUTTING EDGE KNOWLEDGE GAINED BOTH IN
RESEARCH LABS AND ON THE MANUFACTURING FLOOR WITH NEW SECTIONS ON PLASTICS AND
OTHER NEW PACKAGING MATERIALS NEW TESTING PROCEDURES AND NEW COVERAGE OF MEMS
DEVICES COVERS ALL MAJOR TYPES OF ELECTRONICS MATERIALS DEGRADATION AND THEIR CAUSES
INCLUDING DIELECTRIC BREAKDOWN HOT ELECTRON EFFECTS ELECTROSTATIC DISCHARGE CORROSION
AND FAILURE OF CONTACTS AND SOLDER JOINTS NEW UPDATED SECTIONS ON FAILURE PHYSICS
ON MASS TRANSPORT INDUCED FAILURE IN COPPER AND LOW K DIELECTRICS AND ON RELIABILITY
OF LEAD FREE REDUCED LEAD SOLDER CONNECTIONS NEW CHAPTER ON TESTING PROCEDURES
SAMPLE HANDLING AND SAMPLE SELECTION AND EXPERIMENTAL DESIGN COVERAGE OF NEW

PACKAGING MATERIALS INCLUDING PLASTICS AND COMPOSITES

WITH ONE OR TWO EXCEPTIONS THE MATERIALS DEALT WITH ARE ALL ACTIVE MATERIALS THOSE
INVOLVED IN THE PROCESSING OF SIGNALS IN A WAY THAT DEPENDS CRUCIALLY ON SOME
SPECIFIC PROPERTY OF THOSE MATERIALS THE TYPES OF SIGNALS CONSIDERED INCLUDE OPTICAL

AS WELL AS ELECTRONIC FUNCTIONS AND ALSO CHEMICAL S

A TEXT ABOUT MATERIALS WHICH ARE USED FOR THEIR ELECTRICAL AND MAGNETIC PROPERTIES

RATHER THAN THEIR MECHANICAL PROPERTIES ASSUMING A WORKING KNOWLEDGE OF BASIC
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SCIENTIFIC TECHNOLOGICAL AND MATERIALS IDEAS MANY OF THE CONSEQUENCES OF THE

BEHAVIOUR OF ELECTRONS WITHIN THE MATERIAL ARE EXPLAINED

IN THE VAST REALM OF TECHNOLOGY ELECTRONIC MATERIALS PLAY A CRUCIAL ROLE IN SHAPING

OUR MODERN WORLD FROM THE SMALLEST MICROPROCESSORS TO THE LARGEST POWER GRIDS

ELECTRONIC MATERIALS ARE THE FOUNDATION OF COUNTLESS DEVICES AND SYSTEMS THAT DRIVE

OUR SOCIETY FORWARD IN THIS SUBCHAPTER WE WILL DELVE INTO THE DEFINITION AND

IMPORTANCE OF ELECTRONIC MATERIALS PROVIDING STUDENTS IN THE FIELD OF MATERIALS SCIENCE

AND ENGINEERING WITH A COMPREHENSIVE UNDERSTANDING OF THIS FASCINATING SUBJECT

ELECTRONIC MATERIALS CAN BE BROADLY DEFINED AS SUBSTANCES THAT POSSESS PROPERTIES

CONDUCIVE TO THE FLOW OF ELECTRIC CURRENT THESE MATERIALS EXHIBIT A WIDE RANGE OF

ELECTRICAL BEHAVIORS SUCH AS CONDUCTIVITY RESISTANCE AND INSULATING PROPERTIES WHICH

MAKE THEM INVALUABLE IN THE DESIGN AND DEVELOPMENT OF ELECTRONIC DEVICES FROM

SEMICONDUCTORS LIKE SILICON AND GERMANIUM TO CONDUCTORS LIKE COPPER AND ALUMINUM

ELECTRONIC MATERIALS COME IN VARIOUS FORMS EACH WITH ITS UNIQUE SET OF PROPERTIES

AND APPLICATIONS THE IMPORTANCE OF ELECTRONIC MATERIALS IN THE FIELD OF MATERIALS

SCIENCE AND ENGINEERING CANNOT BE OVERSTATED THESE MATERIALS ARE THE BUILDING BLOCKS

OF ELECTRONIC DEVICES ENABLING THE CONVERSION STORAGE AND TRANSMISSION OF ELECTRICAL

ENERGY THEY ARE ESSENTIAL IN THE PRODUCTION OF INTEGRATED CIRCUITS TRANSISTORS SOLAR

CELLS BATTERIES SENSORS AND COUNTLESS OTHER ELECTRONIC COMPONENTS THAT POWER OUR

DAILY LIVES UNDERSTANDING THE PROPERTIES BEHAVIOR AND FABRICATION METHODS OF

ELECTRONIC MATERIALS IS FUNDAMENTAL FOR STUDENTS PURSUING A CAREER IN THIS FIELD

MOREOVER THE STUDY OF ELECTRONIC MATERIALS IS CRUCIAL FOR ADVANCING TECHNOLOGY AND

DRIVING INNOVATION AS THE DEMAND FOR FASTER SMALLER MORE EFFICIENT AND ENVIRONMENTALLY

SUSTAINABLE ELECTRONIC DEVICES CONTINUES TO GROW RESEARCHERS AND ENGINEERS NEED TO

EXPLORE NEW MATERIALS AND IMPROVE EXISTING ONES BY UNDERSTANDING THE PROPERTIES AND

BEHAVIORS OF ELECTRONIC MATERIALS STUDENTS CAN CONTRIBUTE TO THE DEVELOPMENT OF

CUTTING EDGE TECHNOLOGIES SUCH AS FLEXIBLE ELECTRONICS WEARABLE DEVICES RENEWABLE

ENERGY SYSTEMS AND QUANTUM COMPUTING
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THERE HAS BEEN AN UNPRECEDENTED GROWTH OF INTEREST IN THE ELECTRONIC PROPERTIES OF
MATERIALS OVER THE PAST THIRTY YEARS THIS TEXT PROVIDES A COMPLETE AND STRUCTURED
APPROACH TO THE UNDERSTANDING AND DESCRIPTION OF THE VARIOUS PROPERTIES OF MATERIALS
WHICH ARE DEPENDENT ON THEIR ELECTRONIC STRUCTURE THE MAIN OBJECTIVE IS TO PROVIDE AN

UNDERSTANDING OF THE DIVERSE RANGE OF ELECTRONIC MATERIALS AND THEIR PROPERTIES

MODERN ELECTRONIC MATERIALS FOCUSES ON THE DEVELOPMENT OF ELECTRONIC COMPONENTS THE
BOOK FIRST DISCUSSES THE HISTORY OF ELECTRONIC COMPONENTS INCLUDING EARLY
DEVELOPMENTS UP TO 1900 DEVELOPMENTS UP TO WORLD WAR Il POST WAR DEVELOPMENTS
AND A COMPARISON OF PRESENT MICROELECTRIC TECHNIQUES THE TEXT TAKES A LOOK AT
RESISTIVE MATERIALS TOPICS INCLUDE RESISTOR REQUIREMENTS BASIC PROPERTIES EVAPORATED
FILM RESISTORS THICK FILM RESISTORS AND SPECIAL RESISTORS THE TEXT EXAMINES DIELECTRIC
MATERIALS CONSIDERATIONS INCLUDE BASIC PROPERTIES EVAPORATED DIELECTRIC MATERIALS
CERAMIC DIELECTRICS METALLIZATION PROCESS VACUUM TIGHTNESS AND MATERIALS WITH LARGE
VALUES OF PERMITTIVITY THE TEXT ALSO DISCUSSES THE RELIABILITY OF DISCRETE ELECTRONIC
COMPONENTS THE BOOK ALSO EXPLAINS MAGNETIC MATERIALS FOCUS IS ON BASIC PROPERTIES
PREPARATION OF FERRITE MATERIALS MAGNETIZATION CURVE AND MICROWAVE PROPERTIES OF
FERRITE MATERIALS THE TEXT IS A VALUABLE REFERENCE FOR READERS INTERESTED IN ELECTRONIC

MATERIALS

PRINCIPLES OF ELECTRONIC MATERIALS AND DEVICES SECOND EDITION IS A GREATLY ENHANCED
VERSION OF THE HIGHLY SUCCESSFUL TEXT PRINCIPLES OF ELECTRICAL ENGINEERING MATERIALS AND
DEVICES IT IS DESIGNED FOR A FIRST COURSE ON ELECTRONIC MATERIALS GIVEN IN ELECTRICAL
ENGINEERING MATERIALS SCIENCE AND ENGINEERING AND PHYSICS DEPARTMENTS AT THE
UNDERGRADUATE LEVEL THE SECOND EDITION HAS NUMEROUS REVISIONS ADDITIONAL SECTIONS
SUCH AS PHONONS AND OPTOELECTRONIC MATERIALS AND DEVICES MORE SOLVED PROBLEMS AND
A COMPLETELY NEW CHAPTER ON OPTICAL PROPERTIES OF MATERIALS THE REVISIONS HAVE
IMPROVED THE RIGOR WITHOUT SACRIFICING THE ORIGINAL SEMIQUANTITATIVE APPROACH THAT

THE STUDENTS LIKED FOR EXAMPLE THE THERMOELECTRIC EFFECT NOW INCLUDES THE MOTT JONES
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INDEX X WHICH IS NORMALLY TREATED AT THE GRADUATE LEVEL BUT HAS BEEN INTRODUCED

HERE THROUGH A SEMIQUANTITATIVE DISCUSSION TO EXPLAIN THE TRUE SIGN OF THE SEEBECK

COEFFICIENT IN METALS ONE OF THE MOST DIFFICULT GRADUATE TOPICS IN QUANTUM MECHANICS

OF METALS THE PROBLEMS HAVE ALSO BEEN UPDATED AND VARIOUS DIFFICULT FIGURES HAVE

BEEN REDRAFTED TO ENHANCE THE PEDAGOGY THE SECOND EDITION INCLUDES THE ELECTRONIC

MATERIALS AND DEVICES CD ROM THE CD INCLUDES COLOR OVERHEAD TRANSPARENCY DIAGRAMS

THAT CAN BE PRINTED BY INSTRUCTORS AND STUDENTS ON ANY COLOR PRINTER AN ILLUSTRATED

DICTIONARY OF ELECTRONIC MATERIALS AND DEVICES NUMEROUS SELECTED TOPICS AND SOLVED

PROBLEMS THE TEXT WITH ITS SELECTED TOPICS CAN ALSO SERVE AS A FIRST COURSE IN

MATERIALS SCIENCE AIMED AT ELECTRICAL ENGINEERS AND ENGINEERING PHYSICS STUDENTS IT IS

SUITABLE FOR BOTH ONE AND TWO SEMESTER COURSES BY FOCUSING ONLY ON THOSE TOPICS

RELEVANT TO MATERIALS THAT MAKE UP ELECTRONIC AND OPTOELECTRONIC DEVICES THE BOOK

OFFERS STUDENTS A DEEPER AND MORE MEANINGFUL DISCUSSION OF THIS MATERIAL THAN IS

OFFERED IN GENERAL MATERIALS SCIENCE TEXTBOOKS THE COVERAGE IS UP TO DATE AND THE

APPLICATIONS ARE OF SPECIAL RELEVANCE TO STUDENTS OF ELECTRONICS MATERIALS SCIENCE

AND ENGINEERING PHYSICS THE SOLUTIONS MANUAL FOR THE SECOND EDITION IS AVAILABLE FROM

THE PUBLISHER THE MCGRAW HILL WEBSITE AND ALSO FROM THE AUTHOR S WEBSITE AT

ELECTRONICMATERIALS USASK CA

THE SECOND UPDATED EDITION OF THIS ESSENTIAL REFERENCE BOOK PROVIDES A WEALTH OF

DETAIL ON A WIDE RANGE OF ELECTRONIC AND PHOTONIC MATERIALS STARTING FROM

FUNDAMENTALS AND BUILDING UP TO ADVANCED TOPICS AND APPLICATIONS ITS EXTENSIVE

COVERAGE WITH CLEAR ILLUSTRATIONS AND APPLICATIONS CAREFULLY SELECTED CHAPTER

SEQUENCING AND LOGICAL FLOW MAKES IT VERY DIFFERENT FROM OTHER ELECTRONIC MATERIALS

HANDBOOKS IT HAS BEEN WRITTEN BY PROFESSIONALS IN THE FIELD AND INSTRUCTORS WHO

TEACH THE SUBJECT AT A UNIVERSITY OR IN CORPORATE LABORATORIES THE SPRINGER HANDBOOK

OF ELECTRONIC AND PHOTONIC MATERIALS SECOND EDITION INCLUDES PRACTICAL APPLICATIONS

USED AS EXAMPLES DETAILS OF EXPERIMENTAL TECHNIQUES USEFUL TABLES THAT SUMMARIZE

EQUATIONS AND MOST IMPORTANTLY PROPERTIES OF VARIOUS MATERIALS AS WELL AS AN

8 Principles Of Electronic Materials And Devices 3rd Edition



PriNciPLEs OF ELEcTRONIC MATERIALS AND Devices 3rD EDITION

EXTENSIVE GLOSSARY ALONG WITH SIGNIFICANT UPDATES TO THE CONTENT AND THE REFERENCES
THE SECOND EDITION INCLUDES A NUMBER OF NEW CHAPTERS SUCH AS THOSE COVERING NOVEL
MATERIALS AND SELECTED APPLICATIONS THIS HANDBOOK IS A VALUABLE RESOURCE FOR
GRADUATE STUDENTS RESEARCHERS AND PRACTICING PROFESSIONALS WORKING IN THE AREA OF

ELECTRONIC OPTOELECTRONIC AND PHOTONIC MATERIALS

THIS REPORT WAS PREPARED BY HUGHES AIRCRAFT COMPANY CULVER CITY CALIFORNIA UNDER
CONTRACT NUMBER F33615 70 ¢ 1348 THE WORK WAS ADMINISTERED UNDER THE DIREC TION
OF THE AIR FORCE MATERIALS LABORATORY AIR FORCE SYSTEMS COMMAND WRIGHT PATTERSON
AIR FORCE BASE OHIO WITH MR B EMRICH PROJECT ENGINEER THE ELECTRONIC PROPERTIES
INFORMATION CENTER EPIC IS ADESIGNATED INFORMATION ANALYSIS CENTER OF THE DEPARTMENT
OF DEFENSE AUTHORIZED TO PROVIDE INFORMATION TO THE ENTIRE DOD COMMUNITY THE PURPOSE
OF THE CENTER IS TO PROVIDE A HIGHLY COMPETENT SOURCE OF INFORMATION AND DATA ON
THE ELECTRONIC OPTICAL AND MAGNETIC PROPERTIES OF MATERIALS OF VALUE TO THE
DEPARTMENT OF DEFENSE ITS MAJOR FUNCTION IS TO EVALUATE COMPILE AND PUBLISH THE
EXPERIMENTAL DATA FROM THE WORLD S UNCLASSIFIED LITERATURE CONCERNED WITH THE
PROPERTIES OF MATERIALS ALL MATERIALS RELEVANT TO THE FIELD OF ELECTRONICS ARE WITHIN
THE SCOPE OF EPIC INSULATORS SEMICONDUCTORS METALS SUPER CONDUCTORS FERRITES
FERROELECTRICS FERROMAGNETICS ELECTROLUMINESCENTS THERMIONIC EMITTERS AND OPTICAL
MATERIALS THE CENTER S SCOPE INCLUDES INFORMATION ON OVER 100 BASIC PROPERTIES OF
MATERIALS INFORMATION GENE RALLY REGARDED AS BEING IN THE AREA OF DEVICES AND OR
CIRCUITRY IS EXCLUDED GRATEFUL ACKNOWLEDGEMENT IS MADE FOR THE REVIEW AND COMMENTS
BY DR VICTOR REHN OF THE U S NAVAL ORDNANCE TEST STATION AT CHINA LAKE CALIFORNIA
AS WEIL AS FOR REVIEW BY STAFF MEMBERS OF THE NATIONAL BUREAU OF STANDARDS
NATIONAL STANDARD DATA REFERENCE SYSTEM V CONTENTS INTRODUCTION COMPOSITE DATA
TABLE 5 DIAMOND 6 BIBLIOGRAPHY 11 GERMANIUM 14 BIBLIOGRAPHY 28 siLicoN 36

BIBLIOGRAPHY
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THIS IS LIKEWISE ONE OF THE
FACTORS BY OBTAINING THE
SOFT DOCUMENTS OF THIS
PrINCIPLES OF ELECTRONIC
MATERIALS AND DEVICES 3RD
EDITION BY ONLINE. You
MIGHT NOT REQUIRE MORE GET
OLDER TO SPEND TO GO TO
THE EBOOK INITIATION AS
SKILLFULLY AS SEARCH FOR
THEM. IN SOME CASES, You
LIKEWISE ATTAIN NOT
DISCOVER THE BROADCAST
PrinciPLES OF ELECTRONIC
MATERIALS AND DEevICES 3rD
EDITION THAT YOU ARE
LOOKING FOR. IT WILL
UTTERLY SQUANDER THE TIME.
HowEVER BELOW, SIMILAR TO
YOU VISIT THIS WEB PAGE,
IT WILL BE FOR THAT REASON
AGREED EASY TO ACQUIRE AS
WELL AS DOWNLOAD LEAD
PriNCIPLES OF ELECTRONIC
MATERIALS AND DEVICES 3RD
EDITION IT WILL NOT ENDURE
MANY BECOME OLD AS WE

NOTIFY BEFORE. YOU CAN DO

10

IT EVEN IF ACT OUT

SOMETHING ELSE AT HOME
AND EVEN IN YOUR
WORKPLACE. CONSEQUENTLY
Easy! So, ARe You
QUESTION? JUST EXERCISE
JUST WHAT WE PAY FOR
UNDER AS WITH EASE AS
REVIEW PRINCIPLES OF
ELECTRONIC MATERIALS AND
Devices 3rD EDITION WHAT

YOU WITH TO READ!

1. WHERE CAN | BUY PRINCIPLES
OF ELECTRONIC MATERIALS
AND Devices 3rp EDITION
BOOKS? BOOKSTORES:
PHYSICAL BOOKSTORES LIKE
BArNES € NOBLE,

W/ ATERSTONES, AND
INDEPENDENT LOCAL STORES.
ONLINE RETAILERS: AMAZON,
Book DEPOSITORY, AND
VARIOUS ONLINE BOOKSTORES
OFFER A EXTENSIVE SELECTION
OF BOOKS IN HARDCOVER AND

DIGITAL FORMATS.

2. WHAT ARE THE DIVERSE BOOK
FORMATS AVAILABLE? W/HICH
KINDS OF BOOK FORMATS ARE

PRESENTLY AVAILABLE? ARE

4.

THERE VARIOUS BOOK
FORMATS TO CHOOSE FROM?P
HARDCOVER: ROBUST AND
RESILIENT, USUALLY PRICIER.
PAPERBACK: LESS COSTLY,
LIGHTER, AND EASIER TO
CARRY THAN HARDCOVERS. E-
BOOKS: ELECTRONIC BOOKS
ACCESSIBLE FOR E-READERS LIKE
KINDLE OR THROUGH
PLATFORMS SUCH AS APPLE
Books, KiNDLE, AND GOOGLE

PLaY Books.

. SELECTING THE PERFECT

PriNCIPLES OF ELECTRONIC
MATERIALS AND DevVICES 3rD
EpiTioN BOOK: GENRES:
CONSIDER THE GENRE YOU
eNJoY (FICTION, NONFICTION,
MYSTERY, SCI-FI, ETC.).
RECOMMENDATIONS: ASK FOR
ADVICE FROM FRIENDS, JOIN
BOOK CLUBS, OR BROWSE
THROUGH ONLINE REVIEWS AND
SUGGESTIONS. AUTHOR: |F
YOU LIKE A SPECIFIC AUTHOR,
YOU MIGHT ENJOY MORE OF

THEIR \WORK.

How sHouLp | CARE FOR
PrincipLeEs OF ELECTRONIC
MATERIALS AND DevICES 3RrD

EDITION BOOKS? STORAGE:
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STORE THEM AWAY FROM
DIRECT SUNLIGHT AND IN A
DRY SETTING. HANDLING:
PREVENT FOLDING PAGES,
UTILIZE BOOKMARKS, AND
HANDLE THEM WITH CLEAN
HANDS. CLEANING:
OCCASIONALLY DUST THE

COVERS AND PAGES GENTLY.

5. CAN | BORROW BOOKS
WITHOUT BUYING THEM?
COMMUNITY LIBRARIES:
REGIONAL LIBRARIES OFFER A
VARIETY OF BOOKS FOR
BORROWING. Book SwAPS:
COMMUNITY BOOK EXCHANGES
OR INTERNET PLATFORMS

\WHERE PEOPLE SWAP BOOKS.

6. How caAN | TRACK MY
READING PROGRESS OR MANAGE
MY BOOK CLILECTION? Book
TRACKING APPS: Book
CATALOGUE ARE POPOLAR
APPS FOR TRACKING YOUR
READING PROGRESS AND
MANAGING BOOK CLILECTIONS.
SPREADSHEETS: YOU CAN
CREATE YOUR OWN
SPREADSHEET TO TRACK BOOKS
READ, RATINGS, AND OTHER

DETAILS.

7. WHAT ARe PrINcIPLES OF
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10.

ELECTRONIC MATERIALS AND
Devices 3rb EDITION
AUDIOBOOKS, AND WHERE CAN
| FIND THEM? AUDIOBOOKS:
AUDIO RECORDINGS OF BOOKS,
PERFECT FOR LISTENING WHILE
COMMUTING OR MOLTITASKING.
PLATFORMS: LIBRIVOX OFFER
A WIDE SELECTION OF

AUDIOBOOKS.

. How Do | SUPPORT AUTHORS

OR THE BOOK INDUSTRY? Buy
Books: PURCHASE BOOKS
FROM AUTHORS OR
INDEPENDENT BOOKSTORES.
ReVIEwS: LEAVE REVIEWS ON
PLATFORMS LIKE AMAZON.
PROMOTION: SHARE YOUR
FAVORITE BOOKS ON SOCIAL
MEDIA OR RECOMMEND THEM TO

FRIENDS.

. ARE THERE BOOK CLUBS OR

READING COMMUNITIES | CAN
Join? LocaL Cruss: CHeck
FOR LOCAL BOOK CLUBS IN
LIBRARIES OR COMMUNITY
CENTERS. ONLINE COMMUNITIES:
PLATFORMS LIKE GOODREADS
HAVE VIRTUAL BOOK CLUBS

AND DISCUSSION GROUPS.

CAN | ReaD PrincipLes OF

ELECTRONIC MATERIALS AND

Devices 3rp EDITION BOOKS
FOR FREE? PuBLIC DOMAIN
Books: MANY CLASSIC BOOKS
ARE AVAILABLE FOR FREE AS

THEYRE IN THE PUBLIC DOMAIN.

Free E-Books: Some
WEBSITES OFFER FREE E-BOOKS
LEGALLY, LIKE PROJECT
GUTENBERG OR OPEN LIBRARY.
Fino PriNCIPLES OF
ELECTRONIC MATERIALS AND

Devices 3rD EbITION

GREETINGS TO
DEVSASICARE.TECHNINE.IO,
YOUR STOP FOR A EXTENSIVE
RANGE OF PrincipLEs OF
ELECTRONIC MATERIALS AND
Devices 3rp EpiTion PDF
EBooks. WE ARE
ENTHUSIASTIC ABOUT MAKING
THE WORLD OF LITERATURE
REACHABLE TO ALL, AND OUR
PLATFORM IS DESIGNED TO
PROVIDE YOU WITH A
SMOOTH AND PLEASANT FOR

TITLE EBoOK GETTING

EXPERIENCE.
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AT DEVSASICARE.TECHNINE.IO,
OUR OBJECTIVE IS SIMPLE: TO
DEMOCRATIZE KNOWLEDGE AND
PROMOTE A LOVE FOR
LITERATURE PrINCIPLES OF
ELECTRONIC MATERIALS AND
Devices 3rb EpiTION. WE
ARE CONVINCED THAT
EVERYONE SHOULD HAVE
ACCESS TO SYSTEMS STUDY
AND STRUCTURE ELIAS M
AwWAD EBOOKS, INCLUDING
VARIOUS GENRES, TOPICS, AND
INTERESTS. BY SUPPLYING
PrinciPLES OF ELECTRONIC
MATERIALS AND DEevICES 3RrD
EDITION AND A DIVERSE
COLLECTION OF PDF EBooks,
WE AIM TO ENABLE READERS
TO INVESTIGATE, DISCOVER,
AND IMMERSE THEMSELVES IN

THE WORLD OF BOOKS.

IN THE WIDE REALM OF
DIGITAL LITERATURE,
UNCOVERING SYSTEMS
ANALYSIS AND DESIGN ELIAS
M AWAD HAVEN THAT

DELIVERS ON BOTH CONTENT
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AND USER EXPERIENCE IS
SIMILAR TO STUMBLING UPON
A HIDDEN TREASURE. STEP
INTO DEVSASICARE.TECHNINE.IO,
PrinciPLEs OF ELECTRONIC
MATERIALS AND DEVICES 3RD
EbiTion PDF eBook
ACQUISITION HAVEN THAT
INVITES READERS INTO A
REALM OF LITERARY MARVELS.
IN THIS PrINCIPLES OF
ELECTRONIC MATERIALS AND
Devices 3rp EDITION
ASSESSMENT, WE WILL
EXPLORE THE INTRICACIES OF
THE PLATFORM, EXAMINING ITS
FEATURES, CONTENT VARIETY,
USER INTERFACE, AND THE
OVERALL READING EXPERIENCE

IT PLEDGES.

AT THE CORE OF
DEVSASICARE.TECHNINE.IO LIES
A DIVERSE COLLECTION THAT
SPANS GENRES, SERVING THE
VORACIOUS APPETITE OF
EVERY READER. FROM CLASSIC
NOVELS THAT HAVE ENDURED

THE TEST OF TIME TO

CONTEMPORARY PAGE-TURNERS,
THE LIBRARY THROBS WITH
VITALITY. THE SYSTEMS
ANALYSIS AND DESIGN ELIAS
M AWAD OF CONTENT IS
APPARENT, PRESENTING A
DYNAMIC ARRAY OF PDF
EBOOKS THAT OSCILLATE
BETWEEN PROFOUND
NARRATIVES AND QUICK

LITERARY GETAWAYS.

ONE OF THE DEFINING
FEATURES OF SYSTEMS
ANALYSIS AND DESIGN ELIAS
M AWAD IS THE
ARRANGEMENT OF GENRES,
PRODUCING A SYMPHONY OF
READING CHOICES. AS You
TRAVEL THROUGH THE
SYSTEMS ANALYSIS AND
DesiGN ELIAS M AwAD, You
WILL ENCOUNTER THE
COMPLEXITY OF OPTIONS —
FROM THE ORGANIZED
COMPLEXITY OF SCIENCE
FICTION TO THE RHYTHMIC
SIMPLICITY OF ROMANCE. THIS

DIVERSITY ENSURES THAT
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EVERY READER, IRRESPECTIVE
OF THEIR LITERARY TASTE,
FINDS PrincIPLES OF
ELECTRONIC MATERIALS AND
Devices 3rD EDITION WITHIN

THE DIGITAL SHELVES.

IN THE WORLD OF DIGITAL
LITERATURE, BURSTINESS IS
NOT JUST ABOUT
ASSORTMENT BUT ALSO THE
JOY OF DISCOVERY. PRINCIPLES
OF ELECTRONIC MATERIALS
AND Devices 3rp EbITION
EXCELS IN THIS DANCE OF
DISCOVERIES. REGULAR
UPDATES ENSURE THAT THE
CONTENT LANDSCAPE IS EVER-
CHANGING, INTRODUCING
READERS TO NEW AUTHORS,
GENRES, AND PERSPECTIVES.
THE UNPREDICTABLE FLOW OF
LITERARY TREASURES MIRRORS
THE BURSTINESS THAT DEFINES

HUMAN EXPRESSION.

AN AESTHETICALLY
ATTRACTIVE AND USER-

FRIENDLY INTERFACE SERVES
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AS THE CANVAS UPON WHICH
PrinciPLES OF ELECTRONIC
MATERIALS AND DEVICES 3RD
EDITION DEPICTS ITS LITERARY
MASTERPIECE. THE WEBSITE'S
DESIGN IS A SHOWCASE OF
THE THOUGHTFUL CURATION
OF CONTENT, OFFERING AN
EXPERIENCE THAT IS BOTH
VISUALLY APPEALING AND
FUNCTIONALLY INTUITIVE. THE
BURSTS OF COLOR AND
IMAGES COALESCE WITH THE
INTRICACY OF LITERARY
CHOICES, CREATING A
SEAMLESS JOURNEY FOR EVERY

VISITOR.

THE DOWNLOAD PROCESS ON
PrinCIPLES OF ELECTRONIC
MATERIALS AND DEeVICES 3RD
EDITION IS A CONCERT OF
EFFICIENCY. THE USER IS
GREETED WITH A
STRAIGHTFORWARD PATHWAY
TO THEIR CHOSEN EBoOK. THE
BURSTINESS IN THE DOWNLOAD
SPEED GUARANTEES THAT THE

LITERARY DELIGHT IS ALMOST

INSTANTANEOUS. THIS
EFFORTLESS PROCESS
CORRESPONDS WITH THE
HUMAN DESIRE FOR QUICK AND
UNCOMPLICATED ACCESS TO
THE TREASURES HELD WITHIN

THE DIGITAL LIBRARY.

A CRUCIAL ASPECT THAT
DISTINGUISHES

DEVSASICARE. TECHNINE.IO IS
ITS DEDICATION TO
RESPONSIBLE EBOOK
DISTRIBUTION. THE PLATFORM
RIGOROUSLY ADHERES TO
COPYRIGHT LAWS, ASSURING
THAT EVERY DOWNLOAD
SYSTEMS ANALYSIS AND
DesiGN ELIAS M AwAD Is A
LEGAL AND ETHICAL
UNDERTAKING. THIS
COMMITMENT ADDS A LAYER
OF ETHICAL INTRICACY,
RESONATING WITH THE
CONSCIENTIOUS READER WHO
VALUES THE INTEGRITY OF

LITERARY CREATION.

DEVSASICARE.TECHNINE.IO
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DOESN'T JUST OFFER SYSTEMS
ANALYSIS AND DEsIGN ELIAS
M AWAD; IT FOSTERS A
COMMUNITY OF READERS. THE
PLATFORM SUPPLIES SPACE
FOR USERS TO CONNECT,
SHARE THEIR LITERARY
JOURNEYS, AND RECOMMEND
HIDDEN GEMS. THIS
INTERACTIVITY ADDS A BURST
OF SOCIAL CONNECTION TO
THE READING EXPERIENCE,
RAISING IT BEYOND A

SOLITARY PURSUIT.

IN THE GRAND TAPESTRY OF
DIGITAL LITERATURE,
DEVSASICARE.TECHNINE.IO
STANDS AS A VIBRANT
THREAD THAT INCORPORATES
COMPLEXITY AND BURSTINESS
INTO THE READING JOURNEY.
FROM THE SUBTLE DANCE OF
GENRES TO THE RAPID
STROKES OF THE DOWNLOAD
PROCESS, EVERY ASPECT
RESONATES WITH THE
DYNAMIC NATURE OF HUMAN

EXPRESSION. IT'S NOT JUST A
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SYSTEMS ANALYSIS AND
DesiGN ELIAS M AwAD
EBOOK DOWNLOAD WEBSITE;
IT'S A DIGITAL OASIS WHERE
LITERATURE THRIVES, AND
READERS START ON A
JOURNEY FILLED WITH

DELIGHTFUL SURPRISES.

W/E TAKE PRIDE IN CHOOSING
AN EXTENSIVE LIBRARY OF
SYSTEMS ANALYSIS AND
DesiGN ELiaAs M Awapb PDF
EBOOKS, CAREFULLY CHOSEN
TO CATER TO A BROAD
AUDIENCE. WHETHER YOU'RE A
ENTHUSIAST OF CLASSIC
LITERATURE, CONTEMPORARY
FICTION, OR SPECIALIZED NON-
FICTION, YOU'LL UNCOVER
SOMETHING THAT FASCINATES

YOUR IMAGINATION.

NAVIGATING OUR WEBSITE IS
A BREEZE. WE'VE DESIGNED
THE USER INTERFACE WITH
YOU IN MIND, ENSURING THAT
YOU CAN SMOOTHLY

DISCOVER SYSTEMS ANALYSIS

AND DesiGN ELiAs M AwAD
AND DOWNLOAD SYSTEMS
ANALYSIS AND DEesIGN ELIAS
M AwaDp EBooks. Our
EXPLORATION AND
CATEGORIZATION FEATURES
ARE EASY TO USE, MAKING IT
SIMPLE FOR YOU TO LOCATE
SYSTEMS ANALYSIS AND

DesiGN ELIAS M AwAD.

DEVSASICARE.TECHNINE.IO IS
DEDICATED TO UPHOLDING
LEGAL AND ETHICAL
STANDARDS IN THE WORLD OF
DIGITAL LITERATURE. WE
EMPHASIZE THE DISTRIBUTION
oF PrINCIPLES OF ELECTRONIC
MATERIALS AND DEeVICES 3RrD
EDITION THAT ARE EITHER IN
THE PUBLIC DOMAIN, LICENSED
FOR FREE DISTRIBUTION, OR
PROVIDED BY AUTHORS AND
PUBLISHERS WITH THE RIGHT
TO SHARE THEIR WORK. WE
ACTIVELY DISCOURAGE THE
DISTRIBUTION OF COPYRIGHTED
MATERIAL WITHOUT PROPER

AUTHORIZATION.
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QUALITY: EACH EBook IN
OUR INVENTORY IS CAREFULLY
VETTED TO ENSURE A HIGH
STANDARD OF QUALITY. WE
INTEND FOR YOUR READING
EXPERIENCE TO BE ENJOYABLE
AND FREE OF FORMATTING

ISSUES.

VARIETY: WE CONTINUOUSLY
UPDATE OUR LIBRARY TO
BRING YOU THE NEWEST
RELEASES, TIMELESS CLASSICS,
AND HIDDEN GEMS ACROSS
CATEGORIES. THERE'S ALWAYS
A LITTLE SOMETHING NEW TO

DISCOVER.

CoMMUNITY ENGAGEMENT: WE
VALUE OUR COMMUNITY OF
READERS. CONNECT WITH US
ON SOCIAL MEDIA, SHARE

YOUR FAVORITE READS, AND
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JOIN IN A GROWING
COMMUNITY PASSIONATE

ABOUT LITERATURE.

\WHETHER OR NOT YOU'RE A
DEDICATED READER, A LEARNER
SEEKING STUDY MATERIALS, OR
AN INDIVIDUAL VENTURING
INTO THE WORLD OF EBOOKS
FOR THE FIRST TIME,
DEVSASICARE.TECHNINE.IO IS
HERE TO PROVIDE TO
SYSTEMS ANALYSIS AND
DesiGN ELIAS M AwAD.
FoLLow US ON THIS
LITERARY ADVENTURE, AND
LET THE PAGES OF OUR
EBooks To TAKE You TO
NEW REALMS, CONCEPTS, AND

ENCOUNTERS.

W/E COMPREHEND THE

EXCITEMENT OF FINDING

SOMETHING NOVEL. THAT'S
WHY WE REGULARLY REFRESH
OUR LIBRARY, MAKING SURE
YOU HAVE ACCESS TO
SYSTEMS ANALYSIS AND
DesiGN ELIAS M AwAD,
CELEBRATED AUTHORS, AND
HIDDEN LITERARY TREASURES.
ON EACH VISIT, LOOK
FORWARD TO DIFFERENT
OPPORTUNITIES FOR YOUR
PERUSING PRINCIPLES OF
ELECTRONIC MATERIALS AND

Devices 3rD EDITION.

APPRECIATION FOR SELECTING
DEVSASICARE.TECHNINE.IO AS
YOUR RELIABLE SOURCE FOR
PDF eEBook DOWNLOADS.
JOYFUL PERUSAL OF SYSTEMS
ANALYSIS AND DESIGN ELIAS

M AWAD
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