IUNDERSTANDING DELTA SIGMA DATA CONVERTERS

A DIVE INTO THE BRILLIANT WORLD oOF DELTA-SIGMA

CONVERTERS!

PREPARE YOURSELVES, FELLOW EXPLORERS OF KNOWLEDGE AND LOVERS OF THE EXTRAORDINARY! |F
YOU THOUGHT THE WORLD OF ELECTRONICS WAS ALL COLD CIRCUITS AND DRY EQUATIONS, THEN
PREPARE TO HAVE YOUR MIND DELIGHTFULLY EXPANDED BY “UNDERSTANDING DELTA SIGMA DATA

CoNVERTERS”. THIS ISN'T JUST A TECHNICAL MANUAL; IT'S A GATEWAY TO A TRULY IMAGINATIVE

SETTING THAT WILL CAPTIVATE EVEN THE MOST SEASONED BOOKWORM.

FROM THE VERY FIRST PAGE, YOU'RE TRANSPORTED. FORGET DUSTY LECTURE HALLS! IMAGINE A
VIBRANT, INTERCONNECTED ECOSYSTEM WHERE TINY ELECTRICAL SIGNALS, LIKE CURIOUS SPRITES,
DANCE AND TRANSFORM. THE AUTHORS HAVE WOVEN A NARRATIVE SO RICH AND DESCRIPTIVE,
YOU'LL FIND YOURSELF PICTURING THESE DIGITAL CONVERSATIONS AND ANALOG WHISPERS AS IF
THEY WERE CHARACTERS IN A BELOVED TALE. IT’S A TESTAMENT TO THEIR SKILL THAT THEY CAN
MAKE SOMETHING AS INTRICATE AS A DELTA-SIGMA MODULATOR FEEL SO ALIVE AND.. DARE | SAY..

MAGICAL!

WHAT TRULY SETS THIS BOOK APART IS ITS SURPRISING EMOTIONAL DEPTH. YOU MIGHT WONDER
HOW EMOTIONS CAN BE FOUND IN DATA CONVERSION, BUT TRUST ME, THEY'RE THERE! THERE'S A
SENSE OF WONDER IN UNDERSTANDING HOW RAW, NOISY SIGNALS ARE METICULOUSLY SHAPED INTO
PURE, DIGITAL PRECISION. YOU'LL FEEL A THRILL AS COMPLEX CONCEPTS UNFOLD, A QUIET
SATISFACTION AS A CHALLENGING IDEA CLICKS INTO PLACE, AND AN OVERARCHING SENSE OF

ACCOMPLISHMENT AS YOU MASTER THIS POWERFUL TECHNOLOGY. IT’S AN EMOTIONAL JOURNEY OF
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DISCOVERY, AND IT’S INCREDIBLY REWARDING.

AND THE BEST PART? THE UNIVERSAL APPEAL! WHETHER YOU'RE A BRIGHT-EYED STUDENT EMBARKING
ON YOUR ELECTRONICS JOURNEY, A SEASONED ENGINEER LOOKING FOR A FRESH PERSPECTIVE, OR
SIMPLY SOMEONE WITH A CURIOUS MIND WHO LOVES TO LEARN SOMETHING NEW, THIS BOOK IS FOR
YoU. THE LANGUAGE IS CLEAR, THE EXPLANATIONS ARE INSIGHTFUL, AND THE PROGRESSION IS
THOUGHTFULLY DESIGNED TO BUILD YOUR UNDERSTANDING STEP-BY-STEP. |T TRULY FEELS LIKE A

WISE AND ENCOURAGING FRIEND GUIDING YOU THROUGH THIS FASCINATING LANDSCAPE.

HERE’S WHY YOU ABSOLUTELY *MUST® DIVE INTO THIS INCREDIBLE RESOURCE:

IMAGINATIVE SETTING: EXPERIENCE THE WORLD OF ELECTRONICS THROUGH A VIVID AND ENGAGING LENS THAT

SPARKS CURIOSITY AND \WONDER.

EMOTIONAL DeEPTH: DISCOVER THE JOY OF UNDERSTANDING COMPLEX CONCEPTS AND THE SATISFACTION OF

MASTERING A POWERFUL TECHNOLOGY.

UNIVERSAL APPEAL: PERFECT FOR STUDENTS, PROFESSIONALS, AND ANYONE WITH A DESIRE TO LEARN,

REGARDLESS OF THEIR PRIOR EXPERIENCE.

CLARITY AND INSIGHT: NAVIGATE COMPLEX TOPICS WITH EASE THANKS TO CLEAR EXPLANATIONS AND

INSIGHTFUL EXAMPLES.

A REWARDING JOURNEYZ FEEL EMPOWERED AND ENLIGHTENED AS YOU BUILD YOUR KNOWLEDGE OF DELTA-SIGMA

DATA CONVERTERS.

“UNDERSTANDING DELTA SIGMA DATA CONVERTERS” IS MORE THAN JUST A BOOK; IT'S AN
EXPERIENCE. |T’S A TIMELESS CLASSIC THAT DOESNIT JUST EDUCATE, IT INSPIRES. [T’S THE KIND OF
BOOK THAT STAYS WITH YOU, TRANSFORMING THE WAY YOU SEE THE WORLD AROUND YOU, FROM

THE MUSIC YOU LISTEN TO ON YOUR PHONE TO THE SIGNALS THAT POWER OUR MODERN LIVES.

MY HEARTFELT RECOMMENDATION: I[F YOU HAVE EVEN A PASSING INTEREST IN HOW THE DIGITAL AND
ANALOG WORLDS SPEAK TO EACH OTHER, OR IF YOU SIMPLY CRAVE A BOOK THAT MAKES LEARNING
AN ADVENTURE, THEN PICk UP “UNDERSTANDING DELTA SIGMA DATA CONVERTERS”. You woN'T

JUST LEARN ABOUT DATA CONVERTERS, YOU'LL DISCOVER A NEW APPRECIATION FOR THE INGENIOUS
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ENGINEERING THAT UNDERPINS OUR WORLD. THIS BOOK IS A TREASURE, AND ITS LASTING IMPACT ON
COUNTLESS READERS IS A TESTAMENT TO ITS BRILLIANCE. EXPERIENCE THIS MAGICAL JOURNEY FOR

YOURSELF — YOU WON'T REGRET IT!
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CoMMUNICATIONS DELTA-SIGMA DATA CONVERTERS FOR BrOADBAND DiGITAL COMMUNICATIONS
HigH-sPeeD DELTA-SIGMA DATA CONVERTERS FOR NEXT-GENERATION W/IRELESS COMMUNICATION
SicMA-DELTA ConverTERS: PracTICAL DesigN Guipe CMOS SigMA-DeLTA CoNvVERTERS NOVEL
STRUCTURES FOR HIGH-SPEED DELTA-SIGMA DATA CONVERTERS TUNABLE MISMATCH SHAPING FOR
BANDPASS DeELTA-SIGMA DATA CONVERTERS AUTOMATIC GENERATION OF SIGMA-DELTA DIGITAL-TO-
ANALOG DATA CONVERTERS SHANTHI PAVAN STEVEN R. NorsworTHY Gasor C. Temes james C.
CANDY BeHAZAD RAzAVI FRANCO MALOBERT! TERTULIEN NDJOUNTCHE ANGEL RoprEl Guez-VIPl zQuez
RAJESH RAGHAVAN KYEHYUNG LEE FRANCO MALoBERT! CHIA-HUNG CHEN MikAEL GUSTAVSSON

ANAS A. HAMoUI SAKKARAPANI BALAGOPAL JosE M. pDE LA RoOSA Jose M. DE LA ROSA JEONG

Seok CHAE WAQAS AkrAM KEVIN RowLEY

THIS NEW EDITION INTRODUCES OPERATION AND DESIGN TECHNIQUES FOR SIGMA DELTA CONVERTERS IN
PHYSICAL AND CONCEPTUAL TERMS AND INCLUDES CHAPTERS WHICH EXPLORE DEVELOPMENTS IN THE
FIELD OVER THE LAST DECADE INCLUDES INFORMATION ON MASH ARCHITECTURES DIGITAL TO ANALOG
CONVERTER DAC MISMATCH AND MISMATCH SHAPING INVESTIGATES NEW TOPICS INCLUDING
CONTINUOUS TIME AY ANALOG TO DIGITAL CONVERTERS ADCS PRINCIPLES AND DESIGNS CIRCUIT
DESIGN FOR BOTH CONTINUOUS TIME AND DISCRETE TIME AY ADCS DECIMATION AND INTERPOLATION
FILTERS AND INCREMENTAL ADCS PROVIDES EMPHASIS ON PRACTICAL DESIGN ISSUES FOR INDUSTRY

PROFESSIONALS

THIS COMPREHENSIVE GUIDE OFFERS A DETAILED TREATMENT OF THE ANALYSIS DESIGN SIMULATION
AND TESTING OF THE FULL RANGE OF TODAY S LEADING DELTA SIGMA DATA CONVERTERS WRITTEN
BY PROFESSIONALS EXPERIENCED IN ALL PRACTICAL ASPECTS OF DELTA SIGMA MODULATOR DESIGN
DELTA SIGMA DATA CONVERTERS PROVIDES COMPREHENSIVE COVERAGE OF LOW AND HIGH ORDER
SINGLE BIT BANDPASS CONTINUOUS TIME MULTI STAGE MODULATORS AS WELL AS ADVANCED TOPICS
INCLUDING IDLE CHANNEL TONES STABILITY DECIMATION AND INTERPOLATION FILTER DESIGN AND

SIMULATION
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THIS NOW FAMOUS ANTHOLOGY BRINGS TOGETHER VARIOUS ASPECTS OF OVERSAMPLING METHODS

AND COMPARES AND EVALUATES DESIGN APPROACHES IT DESCRIBES THE THEORETICAL ANALYSIS OF

CONVERTER PERFORMANCES THE ACTUAL DESIGN OF CONVERTERS AND THEIR SIMULATION CIRCUIT

IMPLEMENTATIONS AND APPLICATIONS

THIS BOOK IS THE FIRST GRADUATE LEVEL TEXTBOOK PRESENTING A COMPREHENSIVE TREATMENT OF

DATA CONVERTERS THE ADVANCEMENT OF DIGITAL ELECTRONICS URGED THE AVAILABILITY OF A

STILL MISSING SUPPORT FOR TEACHING AND SELF LEARNING ANALOG DIGITAL INTERFACES AT MANY

LEVELS THE SPECIFICATION THE CONVERSION METHODS AND ARCHITECTURES THE CIRCUIT DESIGN AND

THE TESTING THIS BOOK AFTER THE NECESSARY STUDY OF THE BACKGROUND THEORETICAL ELEMENTS

COVERS ASPECTS AND PROVIDE ELEMENTS FOR A DEEP AND COMPREHENSIVE KNOWLEDGE THE BREATH

AND THE LEVEL OF DETAILS OF TOPICS IS ENHANCED BY INTRODUCTORY MATERIAL IN EACH CHAPTER

AND THE USE OF MANY EXAMPLES MOST OF THEM IN THE FORM OF COMPUTER BEHAVIORAL

SIMULATIONS THE EXAMPLES AND THE END OF CHAPTER PROBLEMS HELP IN UNDERSTANDING AND

FAVOR SELF PRACTICE USING TOOLS THAT ARE EFFECTIVE FOR TRAINING AND FOR DESIGN ACTIVITY

DATA CONVERTERS IS A TEXTBOOK THAT IS ALSO ESSENTIAL FOR ENGINEERING PROFESSIONALS AS IT

WAS WRITTEN FOR RESPONDING TO A SHORTAGE OF ORGANICALLY ORGANIZED MATERIAL ON THE

TOPIC THE BOOK ASSUMES A SOLID BACKGROUND IN ANALOG AND DIGITAL CIRCUITS AS WELL AS A

W ORKING KNOWLEDGE OF SIMULATION TOOLS FOR CIRCUIT AND BEHAVIORAL ANALYSIS A

BACKGROUND ON STATISTICAL ANALYSIS IS ALSO HELPFUL THOUGH NOT STRICTLY NECESSARY

COVERAGE OF ALL THE BASIC ELEMENTS ESSENTIAL FOR A CLEAR UNDERSTANDING OF SAMPLING

QUANTIZATION NOISE IN SAMPLED DATA SYSTEMS AND MATHEMATICAL TOOLS FOR SAMPLED DATA

LINEAR SYSTEMS COMPREHENSIVE DEFINITION OF THE PARAMETERS USED TO SPECIFY DATA

CONVERTERS AND NECESSARY FOR UNDERSTANDING PRODUCT DATA SHEETS COVERAGE OF ALL THE

ARCHITECTURES USED IN NYQUIST RATE DATA CONVERTERS AND DETAILED STUDY OF FEATURES

LIMITS AND DESIGN TECHNIQUES DETAILED STUDY OF OVERSAMPLED AND SIGMA DELTA CONVERTERS

WITH SIMULATION EXAMPLES AND USE OF SPECTRA AND HISTOGRAMS FOR A CLEAR UNDERSTANDING

OF FEATURES AND LIMIT IF THE NOISE SHAPING COVERAGE OF DIGITAL CORRECTION AND CALIBRATION
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TECHNIQUES FOR ENHANCING PERFORMANCES USE OF THEORY AND INTUITIVE VIEWS TO EXPLAIN
CIRCUITS AND SYSTEMS OPERATION AND LIMITS COVERAGE OF TESTING METHODS AND DESCRIPTION
OF THE DATA PROCESSING USED FOR TESTING AND CHARACTERIZATION EXTENSIVE USE OF SIMULINK
AND MATLAB IN EXAMPLES AND PROBLEM SETS TO ASSIST READER COMPREHENSION AND FAVOR

DEEPER STUDY

WITH A FOCUS ON DESIGNING AND VERIFYING CMOS ANALOG INTEGRATED CIRCUITS THE BOOK
REVIEWS DESIGN TECHNIQUES FOR MIXED SIGNAL BUILDING BLOCKS SUCH AS NYQUIST AND
OVERSAMPLING DATA CONVERTERS AND CIRCUITS FOR SIGNAL GENERATION SYNTHESIS AND RECOVERY
THE TEXT DETAILS ALL ASPECTS FROM SPECIFICATIONS TO THE FINAL CIRCUIT OF THE DESIGN OF
DIGITAL TO ANALOG CONVERTERS ANALOG TO DIGITAL CONVERTERS PHASE LOCKED LOOPS DELAY
LOCKED LOOPS HIGH SPEED INPUT OUTPUT LINK TRANSCEIVERS AND CLASS D AMPLIFIERS SPECIAL
EMPHASIS IS PUT ON CALIBRATION METHODS THAT CAN BE USED TO COMPENSATE CIRCUIT ERRORS
DUE TO DEVICE MISMATCHES AND SEMICONDUCTOR PROCESS VARIATIONS GIVES AN OVERVIEW OF
DATA CONVERTERS PHASE AND DELAY LOCKED LOOP ARCHITECTURES HIGHLIGHTING BASIC OPERATION
AND DESIGN TRADE OFFS FOCUS ON CIRCUIT ANALYSIS METHODS USEFUL TO MEET REQUIREMENTS FOR
A HIGH SPEED AND POWER EFFICIENT OPERATION OUTLINES DESIGN CHALLENGES OF ANALOG
INTEGRATED CIRCUITS USING STATE OF THE ART CMOS PROCESSES PRESENTS DESIGN METHODOLOGIES
TO OPTIMIZE CIRCUIT PERFORMANCE ON BOTH TRANSISTOR AND ARCHITECTURAL LEVELS INCLUDES

OPEN ENDED CIRCUIT DESIGN CASE STUDIES

CMOS TELECOM DATA CONVERTERS COMPILES THE LATEST ACHIEVEMENTS REGARDING THE DESIGN OF
HIGH SPEED AND HIGH RESOLUTION DATA CONVERTERS IN DEEP SUBMICRON CMOS TECHNOLOGIES THE
FOUR TYPES OF ANALOG TO DIGITAL CONVERTER ARCHITECTURES COMMONLY FOUND IN THIS ARENA
ARE COVERED NAMELY SIGMA DELTA PIPELINE FOLDING INTERPOLATING AND FLASH FOR ALL THESE
TYPES LATEST ACHIEVEMENTS REGARDING THE SOLUTION OF CRITICAL ARCHITECTURAL AND CIRCUITAL
ISSUES ARE PRESENTED AND ILLUSTRATED THROUGH IC PROTOTYPES WITH MEASURED STATE OF THE
ART PERFORMANCES SOME OF THESE PROTOTYPES ARE CONCEIVED TO BE EMPLOYED AT THE CHIPSET

OF NEWEST GENERATION W!IRELINE MODEMS ADSL AND ADSL OTHERS ARE INTENDED FOR WIRELESS
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TRANSCEIVERS BESIDES ANALOG TO DIGITAL CONVERTERS THE BOOK ALSO COVERS OTHER FUNCTIONS

NEEDED FOR COMMUNICATION SYSTEMS SUCH AS DIGITAL TO ANALOG CONVERTERS ANALOG FILTERS

PROGRAMMABLE GAIN AMPLIFIERS DIGITAL FILTERS AND LINE DRIVERS

AUTHOR S ABSTRACT THE POPULARITY NEED OF HIGH RESOLUTION ANALOG TO DIGITAL A D

CONVERTERS HAS INCREASED THE USE OF THE OVER SAMPLING AND SIGMA DELTA DATA CONVERTERS

THE RESOLUTION OF SIGMA DELTA DATA CONVERTERS DEPENDS ON THE OVER SAMPLING RATIO AND

THE NUMBER OF POLES AND ZEROS IN THE NOISE TRANSFER FUNCTION SIGMA DELTA DATA CONVERTER

EMPLOY NOISE SHAPING WHICH MEANS THE QUANTIZATION NOISE IS PUSHED OUTSIDE THE SIGNAL

BAND TO HIGHER FREQUENCIES IN THIS REPORT A DOUBLE SAMPLED FOURTH ORDER BUTTERWORTH

BAND PASS SIGMA DELTA DATA CONVERTER IS PRESENTED THE CIRCUIT OPERATES DURING BOTH

PHASES OF THE MASTER CLOCK FREQUENCY THAT IS THE SAMPLING FREQUENCY IS TWICE THE CLOCK

FREQUENCY THE CASCADE ARCHITECTURE OF A TWO STAGE SECOND ORDER SIGMA DELTA DATA

CONVERTER IS ANALYZED A DESIGN PROCEDURE FOR OBTAINING THE PARAMETERS OF THE SIGMA

DELTA DATA CONVERTER FOR A DESIRED BUTTERWORTH BAND PASS NOISE TRANSFER FUNCTION IS

GIVEN THE PERFORMANCE OF THE DESIGN IS EVALUATED AND COMPARED TO FOURTH ORDER MASH

ARCHITECTURE

ENABLED BY CONTINUED DEVICE SCALING IN CMOS TECHNOLOGY MORE AND MORE FUNCTIONS THAT

WERE PREVIOUSLY REALIZED IN SEPARATE CHIPS ARE GETTING INTEGRATED ON A SINGLE CHIP

NOWADAYS INTEGRATION ON SILICON HAS OPENED THE DOOR TO NEW PORTABLE WIRELESS

APPLICATIONS AND INITIATED A \WIDESPREAD USE OF THESE DEVICES IN OUR COMMON EVERYDAY LIFE

WIDE SIGNAL BANDWIDTH HIGH LINEARITY AND DYNAMIC RANGE AND LOW POWER DISSIPATION ARE

REQUIRED OF EMBEDDED DATA CONVERTERS THAT ARE THE PERFORMANCE LIMITING KEY BUILDING

BLOCKS OF THOSE SYSTEMS THUS POWER EFFICIENT AND HIGHLY LINEAR DATA CONVERSION OVER

\WIDE RANGE OF SIGNAL BANDS IS ESSENTIAL TO GET THE FULL BENEFITS FROM DEVICE SCALING THIS

CONTINUED TREND KEEPS INNOVATION IN THE DESIGN OF DATA CONVERTER CONTINUING TRADITIONALLY

DELTA SIGMA MODULATION DATA CONVERTERS PROVED TO BE VERY EFFECTIVE IN APPLICATIONS

WHERE HIGH RESOLUTION WAS NECESSARY IN A RELATIVELY NARROW SIGNAL BAND THERE HAVE BEEN
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ACTIVE RESEARCH EFFORTS ACROSS ACADEMIA AND INDUSTRY ON THE EXTENSION OF ACHIEVABLE
SIGNAL BANDWIDTH WITHOUT COMPROMISING THE PERFORMANCE OF THESE DATA CONVERTERS IN THIS
DISSERTATION ARCHITECTURAL INNOVATIONS COMBINED WITH EFFECTIVE DESIGN TECHNIQUES FOR
DELTA SIGMA MODULATION DATA CONVERTERS ARE PRESENTED TO OVERCOME THE ASSOCIATED
LIMITATIONS THE EFFECTIVENESS OF THE PROPOSED APPROACHES IS DEMONSTRATED BY TEST RESULTS
FOR THE FOLLOWING STATE OF THE ART PROTOTYPE DESIGNS 1 A O 8 v 2 6 mw 88 DB DUAL
CHANNEL AUDIO DELTA SIGMA MODULATION D A CONVERTER WITH HEADPHONE DRIVER 2 AN 88 DB
RING COUPLED DELTA SIGMA ADC WITH 1 9 ™MHz BANDWIDTH AND 102 4 DB THD 3 A MULTI CELL
NOISE COUPLED DELTA SIGMA ADC WITH 1 9 MHz BANDWIDTH 88 DB DR AND 98 DB THD 4 AN 8
1 Mw 82 DB SELF COUPLED DELTA SIGMA ADC WITH 1 9 MHzZ BANDWIDTH AND @7 DB THD 5 A
NOISE COUPLED TIME INTERLEAVED DELTA SIGMA ADC WITH 4 2 MHZ BANDWIDTH 98 DB THD AND
79 DB SNDR 6 A NOISE COUPLED TIME INTERLEAVED DELTA SIGMA ADC WITH 2 5 MHZ BANDWIDTH
104 pe THD AND 81 DB SNDR AS AN EXTENSION OF THIS RESEARCH TWO NOVEL ARCHITECTURES
FOR EFFICIENT DOUBLE SAMPLING DELTA SIGMA ADCS AND IMPROVED LOW DISTORTION DELTA SIGMA

ADC ARE PROPOSED AND VALIDATED BY EXTENSIVE SIMULATIONS

THIS BOOK IS THE FIRST GRADUATE LEVEL TEXTBOOK PRESENTING A COMPREHENSIVE TREATMENT OF
DATA CONVERTERS IT PROVIDES COMPREHENSIVE DEFINITION OF THE PARAMETERS USED TO SPECIFY
DATA CONVERTERS AND COVERS ALL THE ARCHITECTURES USED IN NYQUIST RATE DATA CONVERTERS
THE BOOK USES SIMULINK AND MATLAB EXTENSIVELY IN EXAMPLES AND PROBLEM SETS THIS IS A
TEXTBOOK THAT IS ALSO ESSENTIAL FOR ENGINEERING PROFESSIONALS AS IT WAS WRITTEN IN
RESPONSE TO A SHORTAGE OF ORGANICALLY ORGANIZED MATERIAL ON THE TOPIC THE BOOK
ASSUMES A SOLID BACKGROUND IN ANALOG AND DIGITAL CIRCUITS AS WELL AS A WORKING

KNOWLEDGE OF SIMULATION TOOLS FOR CIRCUIT AND BEHAVIORAL ANALYSIS

COMPREHENSIVE RESOURCE DISCUSSING OPERATING PRINCIPLES AVAILABLE ARCHITECTURES AND DESIGN
OF MICROPOWER INCREMENTAL ANALOG TO DIGITAL CONVERTERS IADCS INCREMENTAL DATA
CONVERTERS FOR SENSOR INTERFACES DESCRIBES THE MOTIVATION FOR USING INCREMENTAL ANALOG

TO DIGITAL CONVERTERS IADCS INCLUDING THE THEORETICAL FOUNDATIONS OF THEIR OPERATION THE
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TRADE OFFS IN THEIR USE AND THE PRACTICAL ISSUES IN THE CIRCUIT ANALYSIS AND DESIGN OF

IADCS THE TEXT COVERS CORE FOUNDATIONAL KNOWLEDGE SUCH AS THE KEY ALGORITHMS USED

CIRCUITS FOR SINGLE STAGE AND MULTI STAGE IADCS THE DESIGN OF THE DIGITAL POST FILTERS

FOR SINGLE AND MULTI STAGE IADCS |ADC APPLICATIONS IN MEASUREMENT AND INSTRUMENTATION

MEDICINE IMAGERS AND |OT AND COMPARISON OF DELTA SIGMA D S AND INCREMENTAL ADCS I|ADCS IN

TERMS OF ACCURACY LATENCY AND MULTIPLEXED OPERATION TO AID IN READER COMPREHENSION AND

SERVE AS AN EXCELLENT CLASSROOM LEARNING RESOURCE INCREMENTAL DATA CONVERTERS FOR

SENSOR INTERFACES INCLUDES IN TEXT PROBLEMS AND HOMEWORK FOR GRADUATE STUDIES ALONG

WITH HELPFUL COMPUTER CODES IN MATLAB AND SIMULINK ADDITIONAL TOPICS COVERED IN

INCREMENTAL DATA CONVERTERS FOR SENSOR INTERFACES INCLUDE SENSORS AND SENSOR INTERFACES

MIXED MODE ANALOG DIGITAL COMMUNICATION AND CONSUMER SIGNAL CHAINS AND ADC ALGORITHMS

QUANTIZATION ERRORS VS QUANTIZATION NOISE AND PERFORMANCE PARAMETERS AND FIGURES OF

MERIT INCLUDING RESOLUTION LINEARITY ACCURACY BANDWIDTH LATENCY AND POWER DISSIPATION

NYQUIST RATE AND OVERSAMPLING DATA CONVERTERS NOISE SHAPING ADCS AND BASIC

ARCHITECTURES FOR IADCS INCLUDING SINGLE AND MULTI STAGE DESIGNS AND DISCRETE VS

CONTINUOUS TIME OPERATION LOOP FILTER DESIGN D A CONVERTER DESIGN DYNAMIC ELEMENT

MATCHING AND DIGITAL CALIBRATION AND QUANTIZER DESIGN WITH COMPREHENSIVE COVERAGE OF

FOUNDATIONAL KNOWLEDGE SURROUNDING THE SUBJECT VARIOUS REAL WORLD EXAMPLES AND

HELPFUL LEARNING AIDS INCREMENTAL DATA CONVERTERS FOR SENSOR INTERFACES IS AN ESSENTIAL

RESOURCE FOR GRADUATE STUDENTS IN ELECTRONICS PROGRAMS ALONG WITH INDUSTRIAL CIRCUIT

DESIGN PROFESSIONALS

CMOS DATA CONVERTERS FOR COMMUNICATIONS DISTINGUISHES ITSELF FROM OTHER DATA CONVERTER

BOOKS BY EMPHASIZING SYSTEM RELATED ASPECTS OF THE DESIGN AND FREQUENCY DOMAIN MEASURES

IT EXPLAINS IN DETAIL HOW TO DERIVE DATA CONVERTER REQUIREMENTS FOR A GIVEN

COMMUNICATION SYSTEM BASEBAND PASSBAND AND MULTI CARRIER SYSTEMS THE AUTHORS ALSO

REVIEW CMOS DATA CONVERTER ARCHITECTURES AND DISCUSS THEIR SUITABILITY FOR

COMMUNICATIONS THE REST OF THE BOOK IS DEDICATED TO HIGH PERFORMANCE CMOS DATA
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CONVERTER ARCHITECTURE AND CIRCUIT DESIGN PIPELINED ADCS PARALLEL ADCS WITH AN IMPROVED
PASSIVE SAMPLING TECHNIQUE AND OVERSAMPLING ADCS ARE THE FOCUS FOR ADC ARCHITECTURES
WHILE CURRENT STEERING DAC MODELING AND IMPLEMENTATION ARE THE FOCUS FOR DAC
ARCHITECTURES THE PRINCIPLES OF THE SWITCHED CURRENT AND THE SWITCHED CAPACITOR
TECHNIQUES ARE REVIEWED AND THEIR APPLICATIONS TO CRUCIAL FUNCTIONAL BLOCKS SUCH AS
MULTIPLYING DACS AND INTEGRATORS ARE DETAILED THE BOOK OUTLINES THE DESIGN OF THE BASIC
BUILDING BLOCKS SUCH AS OPERATIONAL AMPLIFIERS COMPARATORS AND REFERENCE GENERATORS
WITH EMPHASIS ON THE PRACTICAL ASPECTS TO OPERATE ANALOG CIRCUITS AT A REDUCED SUPPLY
VOLTAGE SPECIAL CIRCUIT TECHNIQUES ARE NEEDED LOW VOLTAGE TECHNIQUES ARE ALSO DISCUSSED
IN THIS BOOK CMOS DATA CONVERTERS FOR COMMUNICATIONS CAN BE USED AS A REFERENCE BOOK
BY ANALOG CIRCUIT DESIGNERS TO UNDERSTAND THE DATA CONVERTER REQUIREMENTS FOR
COMMUNICATION APPLICATIONS IT CAN ALSO BE USED BY TELECOMMUNICATION SYSTEM DESIGNERS TO
UNDERSTAND THE DIFFICULTIES OF CERTAIN PERFORMANCE REQUIREMENTS ON DATA CONVERTERS IT IS

ALSO AN EXCELLENT RESOURCE TO PREPARE ANALOG STUDENTS FOR THE NEW CHALLENGES AHEAD

ACCORDINGLY TO MEET THE STRINGENT ADC SPECIFICATIONS IMPOSED BY EMERGING BROADBAND
COMMUNICATION APPLICATIONS THIS THESIS EXPLORES THE FOLLOWING 1 HIGH SPEED HIGH
RESOLUTION DELTA SIGMA DELTASIGMA ADCS OVERSAMPLING DELTASIGMA ADCS CAN ACHIEVE A HIGH
RESOLUTION DATA CONVERSION IN LOW SPEED APPLICATIONS USING LOW ACCURACY ANALOG
COMPONENTS HOWEVER EXTENDING THESE ADCS TO HIGH SPEED APPLICATIONS REQUIRES LOWERING
THE OVERSAMPLING RATIO OSR DUE TO BOTH POWER AND CMOS TECHNOLOGY LIMITATIONS
UNFORTUNATELY THIS SIGNIFICANTLY LIMITS THE EFFICIENCY OF A DELTASIGMA ADC IN ACHIEVING A
HIGH RESOLUTION ANALOG DIGITAL A D CONVERSION THEREFORE THIS THESIS PRESENTS SEVERAL
TECHNIQUES TO ENABLE THE OSR LOWERING IN HIGH SPEED DELTASIGMA ADCS WITHOUT
COMPROMISING THE RESOLUTION SPECIFICALLY A LOW DISTORTION SINGLE STAGE ARCHITECTURE IS
PROPOSED FOR HIGH ORDER MULTIBIT DELTASIGMA MODULATORS FURTHERMORE A DYNAMIC ELEMENT
MATCHING DEM TECHNIQUE CALLED PSEUDO DATA WEIGHTED AVERAGING PSEUDO DWA WITH REDUCED

TONE BEHAVIOR AT A LOW OSR IS PROPOSED FOR THE LINEARIZATION OF THE DIGITAL TO ANALOG
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CONVERTER DAC IN A MULTIBIT DELTASIGMA MODULATOR 2 LOW VOLTAGE SWITCHED CAPACITOR
SC CIRCUIT IMPLEMENTATION TO DEMONSTRATE THE PRACTICALITY OF THE PROPOSED MODULATOR
ARCHITECTURE AND DAC LINEARIZATION TECHNIQUE WHEN THE OSR AND THE SUPPLY VOLTAGE ARE
LIMITED BY THE TECHNOLOGY A DELTASIGMA MODULATOR PROTOTYPE IS DESIGNED USING SC CIRCUIT
TECHNIQUES AND FABRICATED IN A O 18 MUM STANDARD DIGITAL CMOS PROCESS WHEN OPERATED
FROM A 1 8 V SUPPLY IT ACHIEVES A 13 BIT SPURIOUS FREE DYNAMIC RANGE SFDR AND A 12
BIT SIGNAL TO NOISE RATIO SNR OVER A 3 MS S CONVERSION BANDWIDTH WITH A 1 85 v pp
INPUT SIGNAL RANGE THE ANALOG AND DIGITAL POWER CONSUMPTIONS ARE RESPECTIVELY 32 4 Mw
AND 12 6 MW THE ON CHIP REFERENCES DISSIPATE 14 4 MW ACCORDINGLY THIS DELTASIGMA
MODULATOR WAS ONE OF THE FEW EARLY REPORTED CMOS DELTASIGMA MODULATORS TARGETING
HIGH SPEED GE 2 MS S HIGH RESOLUTION GE 12 BITS APPLICATIONS AND OPERATING FROM A LOW
SUPPLY VOLTAGE LE 1 8 V FURTHERMORE ITS MEASURED PERFORMANCE COMPARED FAVOURABLY TO
THE PREVIOUSLY REPORTED STATE OF THE ART DELTASIGMA MODULATORS IRONICALLY THE
SIGNIFICANCE OF ANALOG INTEGRATED CIRCUIT DESIGN IS GROWING MORE PROMINENT IN TODAY S
DIGITAL COMMUNICATION AGE DUE IN PART TO DATA CONVERTERS SPECIFICALLY THE PROLIFERATION
OF BROADBAND DIGITAL COMMUNICATION APPLICATIONS IS STIMULATING THE EVOLVING RESEARCH
TOWARDS THE DEVELOPMENT OF ANALOG TO DIGITAL CONVERTERS ADCS WITH HIGHER SPEEDS AND
HIGHER RESOLUTIONS THESE ADCS MUST BE IMPLEMENTED IN STANDARD DIGITAL CMOS PROCESSES FOR
HIGHER SYSTEM INTEGRATION AND LOWER FABRICATION COSTS HOWEVER IN NANO SCALE CMOS
TECHNOLOGIES THE DECREASING SUPPLY VOLTAGES AND THE SHRINKING DEVICES WITH POOR ANALOG
PROCESSING CAPABILITIES COMPLICATE THE LOW POWER DESIGN OF HIGH RESOLUTION ANALOG

CIRCUITS

IN RECENT YEARS CONTINUOUS TIME DELTA SIGMA CT DELTA SIGMA ANALOG TO DIGITAL
CONVERTERS ADCS HAVE BEEN EXTENSIVELY INVESTIGATED FOR THEIR USE IN WIRELESS RECEIVERS TO
ACHIEVE CONVERSION BANDWIDTHS GREATER THAN 15 MHZ AND HIGHER RESOLUTION of 10 TO 14
BITS THIS DISSERTATION INVESTIGATES THE CURRENT STATE OF THE ART HIGH SPEED SINGLE BIT AND

MULTI BIT CONTINUOUS TIME DELTA SIGMA MODULATOR CT DELTA SIGMA M DESIGNS AND THEIR
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LIMITATIONS DUE TO CIRCUIT NON IDEALITIES IN ACHIEVING THE PERFORMANCE REQUIRED FOR NEXT
GENERATION WIRELESS STANDARDS ALSO WE PRESENTED COMPLETE ARCHITECTURAL AND CIRCUIT
DETAILS OF A HIGH SPEED SINGLE BIT AND MULTI BIT CT DELTA SIGMA M OPERATING AT A
SAMPLING RATE OF 1 25 Gsps AND 640 MSPS RESPECTIVELY THE HIGHEST REPORTED SAMPLING
RATE IN A O 13 MU M CMOS TECHNOLOGY NODE WITH MEASUREMENT RESULTS FURTHER WE
PROPOSE NOVEL HYBRID DELTA SIGMA ARCHITECTURE WITH TWO STEP QUANTIZER TO ALLEVIATE THE
BANDWIDTH AND RESOLUTION BOTTLENECKS ASSOCIATED WITH THE CONTEMPORARY CT DELTA SIGMA
M TOPOLOGIES TO FACILITATE THE DESIGN WITH THE PROPOSED ARCHITECTURE A ROBUST
SYSTEMATIC DESIGN METHOD IS INTRODUCED TO DETERMINE THE LOOP FILTER COEFFICIENTS BY TAKING
INTO ACCOUNT THE NON IDEAL INTEGRATOR RESPONSE SUCH AS THE FINITE OPAMP GAIN AND THE
PRESENCE OF MULTIPLE PARASITIC POLES AND ZEROS FURTHER COMPREHENSIVE SYSTEM LEVEL
SIMULATION IS PRESENTED TO ANALYZE THE EFFECT OF TWO STEP QUANTIZER NON IDEALITIES SUCH
AS THE OFFSET AND GAIN ERROR IN THE SUB ADCS AND THE CURRENT MISMATCH BETWEEN THE MSB
AND LSB ELEMENTS IN THE FEEDBACK DAC THE PROPOSED NOVEL ARCHITECTURE IS DEMONSTRATED BY
DESIGNING A HIGH SPEED WIDEBAND 4TH ORDER CT DELTA SIGMA MODULATOR PROTOTYPE EMPLOYING
A TWO STEP QUANTIZER WITH 5 BITS RESOLUTION THE PROPOSED MODULATOR TAKES ADVANTAGE
OF THE COMBINATION OF A HIGH RESOLUTION TWO STEP QUANTIZATION TECHNIQUE AND AN EXCESS
LOOP DELAY ELD COMPENSATION OF MORE THAN ONE CLOCK CYCLE TO ACHIEVE LOWER POWER
CONSUMPTION 28 MW HIGHER DYNAMIC RANGE 69 DB WITH A WIDE CONVERSION BANDWIDTH 20
MHZ EVEN AT A LOWER SAMPLING RATE OF 400 MHZ THE PROPOSED MODULATOR ACHIEVES A

FIGURE OF MERIT FoM ofF 340 FJ LEVEL BOISE STATE UNIVERSITY SCHOLARWORKS

THOROUGHLY REVISED AND EXPANDED TO HELP READERS SYSTEMATICALLY INCREASE THEIR KNOWLEDGE
AND INSIGHT ABOUT SIGMA DELTA MODULATORS SIGMA DELTA MODULATORS SDMS HAVE BECOME
ONE OF THE BEST CHOICES FOR THE IMPLEMENTATION OF ANALOG DIGITAL INTERFACES OF ELECTRONIC
SYSTEMS INTEGRATED IN CMOS TECHNOLOGIES COMPARED TO OTHER KINDS OF ANALOG TO DIGITAL
CONVERTERS ADCS X MS COVER ONE OF THE WIDEST CONVERSION REGIONS OF THE RESOLUTION

VERSUS BANDWIDTH PLANE BEING THE MOST EFFICIENT SOLUTION TO DIGITIZE SIGNALS IN AN
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INCREASINGLY NUMBER OF APPLICATIONS WHICH SPAN FROM HIGH RESOLUTION LOW BANDWIDTH
DIGITAL AUDIO SENSOR INTERFACES AND INSTRUMENTATION TO ULTRA LOW POWER BIOMEDICAL
SYSTEMS AND MEDIUM RESOLUTION BROADBAND W!IRELESS COMMUNICATIONS FOLLOWING THE SPIRIT OF
ITS FIRST EDITION SIGMA DELTA CONVERTERS PRACTICAL DESIGN GUIDE 2ND EDITION TAKES A
COMPREHENSIVE LOOK AT SDMS THEIR DIVERSE TYPES OF ARCHITECTURES CIRCUIT TECHNIQUES
ANALYSIS SYNTHESIS METHODS AND CAD TOOLS AS WELL AS THEIR PRACTICAL DESIGN
CONSIDERATIONS IT COMPILES AND UPDATES THE CURRENT RESEARCH REPORTED ON THE TOPIC AND
EXPLAINS THE MULTIPLE TRADE OFFS INVOLVED IN THE WHOLE DESIGN FLOW OF SIGMA DELTA
MODULATORS FROM SPECIFICATIONS TO CHIP IMPLEMENTATION AND CHARACTERIZATION THE BOOK
FOLLOWS A TOP DOWN APPROACH IN ORDER TO PROVIDE READERS WITH THE NECESSARY
UNDERSTANDING ABOUT RECENT ADVANCES TRENDS AND CHALLENGES IN STATE OF THE ART 2 MS IT
MAKES MORE EMPHASIS ON TWO KEY POINTS WHICH WERE NOT TREATED SO DEEPLY IN THE FIRST
EDITION IT INCLUDES A MORE DETAILED EXPLANATION OF Y MS IMPLEMENTED USING CONTINUOUS TIME
CT CIRCUITS GOING FROM SYSTEM LEVEL SYNTHESIS TO PRACTICAL CIRCUIT LIMITATIONS IT
PROVIDES MORE PRACTICAL CASE STUDIES AND APPLICATIONS AS WELL AS A DEEPER DESCRIPTION
OF THE SYNTHESIS METHODOLOGIES AND CAD TOOLS EMPLOYED IN THE DESIGN OF Y CONVERTERS
SIGMA DELTA CONVERTERS PRACTICAL DESIGN GUIDE 2ND EDITION SERVES AS AN EXCELLENT
TEXTBOOK FOR UNDERGRADUATE AND GRADUATE STUDENTS IN ELECTRICAL ENGINEERING AS WELL AS
DESIGN ENGINEERS WORKING ON SD DATA CONVERTERS WHO ARE LOOKING FOR A UNIFORM AND SELF
CONTAINED REFERENCE IN THIS HOT TOPIC WITH THIS GOAL IN MIND AND BASED ON THE FEEDBACK
RECEIVED FROM READERS THE CONTENTS HAVE BEEN REVISED AND STRUCTURED TO MAKE THIS NEW

EDITION A UNIQUE MONOGRAPH WRITTEN IN A DIDACTICAL PEDAGOGICAL AND INTUITIVE STYLE

A COMPREHENSIVE OVERVIEW OF SIGMA DELTA ANALOG TO DIGITAL CONVERTERS ADCS AND A
PRACTICAL GUIDE TO THEIR DESIGN IN NANO SCALE CMOS FOR OPTIMAL PERFORMANCE THIS BOOK
PRESENTS A SYSTEMATIC AND COMPREHENSIVE COMPILATION OF SIGMA DELTA CONVERTER OPERATING
PRINCIPLES THE NEW ADVANCES IN ARCHITECTURES AND CIRCUITS DESIGN METHODOLOGIES AND

PRACTICAL CONSIDERATIONS GOING FROM SYSTEM LEVEL SPECIFICATIONS TO SILICON INTEGRATION
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PACKAGING AND MEASUREMENTS WITH EMPHASIS ON NANOMETER CMOS |IMPLEMENTATION THE BOOK
EMPHASIZES PRACTICAL DESIGN ISSUES FROM HIGH LEVEL BEHAVIOURAL MODELLING IN MATLAB
SIMULINK TO CIRCUIT LEVEL IMPLEMENTATION IN CADENCE DESIGN FRAMEWORK Il AS WELL AS BEING A
COMPREHENSIVE REFERENCE TO THE THEORY THE BOOK IS ALSO UNIQUE IN THAT IT GIVES SPECIAL
IMPORTANCE ON PRACTICAL ISSUES GIVING A DETAILED DESCRIPTION OF THE DIFFERENT STEPS THAT
CONSTITUTE THE WHOLE DESIGN FLOW OF SIGMA DELTA ADCS THE BOOK BEGINS WITH AN
INTRODUCTORY SURVEY OF SIGMA DELTA MODULATORS THEIR FUNDAMENTALS ARCHITECTURES AND
SYNTHESIS METHODS COVERED IN CHAPTER 1 IN CHAPTER 2 THE EFFECT OF MAIN CIRCUIT ERROR
MECHANISMS IS ANALYSED PROVIDING THE NECESSARY UNDERSTANDING OF THE MAIN PRACTICAL ISSUES
AFFECTING THE PERFORMANCE OF SIGMA DELTA MODULATORS THE KNOWLEDGE DERIVED FROM THE
FIRST TWO CHAPTERS IS PRESENTED IN THE BOOK AS AN ESSENTIAL PART OF THE SYSTEMATIC TOP
DOWN BOTTOM UP SYNTHESIS METHODOLOGY OF SIGMA DELTA MODULATORS DESCRIBED IN CHAPTER
3 WHERE A TIME DOMAIN BEHAVIOURAL SIMULATOR NAMED SIMSIDES IS DESCRIBED AND APPLIED TO
THE HIGH LEVEL DESIGN AND VERIFICATION OF SIGMA DELTA ADCS CHAPTER 4 MOVES FARTHER DOWN
FROM SYSTEM LEVEL TO THE CIRCUIT AND PHYSICAL LEVEL PROVIDING A NUMBER OF DESIGN
RECOMMENDATIONS AND PRACTICAL RECIPES TO COMPLETE THE DESIGN FLOW OF SIGMA DELTA
MODULATORS TO CONCLUDE THE BOOK CHAPTER O GIVES AN OVERVIEW OF THE STATE OF THE
ART SIGMA DELTA ADCS WHICH ARE EXHAUSTIVELY ANALYSED IN ORDER TO EXTRACT PRACTICAL
DESIGN GUIDELINES AND TO IDENTIFY THE INCOMING TRENDS DESIGN CHALLENGES AS WELL AS
PRACTICAL SOLUTIONS PROPOSED BY CUTTING EDGE DESIGNS OFFERS A COMPLETE SURVEY OF SIGMA
DELTA MODULATOR ARCHITECTURES FROM FUNDAMENTALS TO STATE OF THE ART TOPOLOGIES
CONSIDERING BOTH SWITCHED CAPACITOR AND CONTINUOUS TIME CIRCUIT IMPLEMENTATIONS GIVES A
SYSTEMATIC ANALYSIS AND PRACTICAL DESIGN GUIDE OF SIGMA DELTA MODULATORS FROM A TOP
DOWN BOTTOM UP PERSPECTIVE INCLUDING MATHEMATICAL MODELS AND ANALYTICAL PROCEDURES
BEHAVIOURAL MODELING IN MATLAB SIMULINK MACROMODELING AND CIRCUIT LEVEL IMPLEMENTATION IN
CADENCE DESIGN FRAMEWORK |l CHIP PROTOTYPING AND EXPERIMENTAL CHARACTERIZATION SYSTEMATIC
COMPILATION OF CUTTING EDGE SIGMA DELTA MODULATORS COMPLETE DESCRIPTION OF SIMSIDES A

TIME DOMAIN BEHAVIOURAL SIMULATOR IMPLEMENTED IN MATLAB SIMULINK PLENTY OF EXAMPLES CASE
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STUDIES AND SIMULATION TEST BENCHES COVERING THE DIFFERENT STAGES OF THE DESIGN FLOW OF
SIGMA DELTA MODULATORS A NUMBER OF ELECTRONIC RESOURCES INCLUDING SIMSIDES THE
STATISTICAL DATA USED IN THE STATE OF THE ART SURVEY AS WELL AS MANY DESIGN EXAMPLES
AND TEST BENCHES ARE HOSTED ON A COMPANION WEBSITE ESSENTIAL READING FOR RESEARCHERS
AND ELECTRONICS ENGINEERING PRACTITIONERS INTERESTED IN THE DESIGN OF HIGH PERFORMANCE DATA

CONVERTERS INTEGRATED IN NANOMETER CMOS TECHNOLOGIES MIXED SIGNAL DESIGNERS

AS CMOS PROCESSES KEEP SCALING DOWN DEVICES THE MAXIMUM OPERATING FREQUENCIES OF CMOS
DEVICES INCREASE AND HENCE CIRCUITS CAN PROCESS VERY WIDE BAND SIGNALS MOREOVER THE
SMALL PHYSICAL DIMENSIONS OF TRANSISTORS ALLOW THE PLACING OF MANY MORE BLOCKS INTO A
SINGLE CHIP INCLUDING HIGHLY ACCURATE ANALOG BLOCKS AND COMPLICATED DIGITAL BLOCKS WHICH
CAN PROCESS AUDIO TO COMMUNICATION DATA NOWADAYS WIDEBAND AND LOW POWER DATA
CONVERTER IS MANDATORY FOR MOBILE APPLICATIONS WHICH NEED A BRIDGE BETWEEN ANALOG AND
DIGITAL BLOCKS IN THIS DISSERTATION LOW POWER AND WIDEBAND TECHNIQUES ARE PROPOSED AN
EMBEDDED ADDER QUANTIZER WITH DYNAMIC PREAMPLIFIER IS PROPOSED TO ACHIEVE POWER EFFICIENT
OPERATION VARIOUS DOUBLE SAMPLING SCHEMES ARE STUDIED AND NOVEL SCHEMES ARE PRESENTED
TO ACHIEVE WIDEBAND OPERATION WITHOUT NOISE FOLDING EFFECT TO REDUCE TIMING DELAY AND
IDLE TONES A HIGH SPEED DEM WHICH ALTERNATES TWO SETS OF COMPARATOR REFERENCES IS
PROPOSED MULTI CELL ARCHITECTURE IS STUDIED TO INSURE HIGHER PERFORMANCE WHEN THE NUMBER
OF MODULATORS INCREASES O 18 UM DOUBLE PoOLY 4 METAL CMOS PROCESS WAS USED TO
IMPLEMENT A PROTOTYPE IC 20 MHZ SIGNAL BANDWIDTH WAS ACHIEVED WITH A 320 MHz
SAMPLING CLOCK THE PEAK SNDR WAS 63 DB THE FIGURE OF MERIT FOM P 2 BW 2 SUPERSCRIPT
ENOB WAS O 35 PJ CONVERSION WITH A 16 MW POWER CONSUMPTION MEASUREMENT RESULTS
SHOW THAT THE PROPOSED DESIGN IDEAS ARE USEFUL FOR LOW POWER AND WIDEBAND DELTA
SIGMA MODULATORS WHICH HAVE LOW OSR A SECOND ORDER NOISE COUPLED MODULATOR WITH AN
EMBEDDED ZERO OPTIMIZATION WAS PROPOSED TO REDUCE POWER CONSUMPTION BY ELIMINATING
SOME OF THE INTEGRATORS THIS ARCHITECTURE MAKES EASIER THE IMPLEMENTATION OF THE SMALL

FEEDBACK CAPACITORS FOR HIGH OSR MODULATORS
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OVERSAMPLED DIGITAL TO ANALOG CONVERTERS TYPICALLY EMPLOY AN ARRAY OF UNIT ELEMENTS

TO DRIVE OUT THE ANALOG SIGNAL MANUFACTURING DEFECTS CAN CREATE ERRORS DUE TO

MISMATCH BETWEEN THE UNIT ELEMENTS LEADING TO A SHARP REDUCTION IN THE EFFECTIVE DYNAMIC

RANGE THROUGH THE CONVERTER MISMATCH NOISE SHAPING IS AN ESTABLISHED TECHNIQUE FOR

ALLEVIATING THESE EFFECTS BUT USUALLY ANCHORS THE SIGNAL BAND TO A FIXED FREQUENCY

LOCATION IN ORDER TO EXTEND THESE ADVANTAGES TO TUNABLE APPLICATIONS THIS WORK

EXPLORES A SERIES OF TECHNIQUES THAT ALLOW THE SUPPRESSION BAND OF THE MISMATCH NOISE

SHAPING FUNCTION TO HAVE AN ADJUSTABLE CENTER FREQUENCY THE PROPOSED TECHNIQUES ARE

IMPLEMENTED IN HARDWARE AND EVALUATED ACCORDING TO MISMATCH SHAPING PERFORMANCE

LATENCY AND HARDWARE COMPLEXITY

IN THIS THESIS A NOVEL AUTOMATIC GENERATOR FOR SIGMA DELTA DIGITAL TO ANALOG

CONVERTERS DACS IS PRESENTED THE LARGE ARRAY OF PUBLISHED DAC ARCHITECTURES HAVE BEEN

ANALYZED AND CONCLUSIONS ARE DRAWN AS TO THE BEST CANDIDATES FOR AUTOMATIC

GENERATION IN TERMS OF STABILITY ANALOG COMPLEXITY RESOLUTION AND COST A DESIGN

STRATEGY FOR STABLE HIGH ORDER DAC DESIGNS IS PRESENTED AND COMMON PITFALLS ENCOUNTERED

WITH DAC DESIGN ARE DISCUSSED BUILDING ON THIS KNOWLEDGE A SOFTWARE TOOL DEDICATED TO

AUTOMATICALLY GENERATING DACS HAS BEEN WRITTEN A LIBRARY OF GENERIC VHDL MODELS OF THE

DIGITAL COMPONENTS OF SW DACS HAS BEEN DEVELOPED AND DESIGN EQUATIONS GOVERNING THE

ANALOG CIRCUITRY HAVE BEEN ENCODED THE TOOL TAKES A HIGH LEVEL SPECIFICATION OF THE DAC

AND DOES A SEARCH OF A LIBRARY OF ARCHITECTURES UNTIL A SUITABLE DESIGN IS FOUND THE

SEARCHING MECHANISM EMPLOYS A SPECIAL OPTIMIZATION ALGORITHM TO SELECT THE BEST DESIGN

THIS CHOSEN DESIGN CAN BE VALIDATED QUICKLY USING THE TOOL S DEDICATED BEHAVIOURAL

SIMULATOR AUTOGENERATION FACILITIES OF THE TOOL PRODUCE A VHDL DESCRIPTION OF THE DAC

FROM THE GENERIC LIBRARY AND A STANDARD ANALOG DAC CELL COMPLETES THE ANALOG CIRCUITRY

BY GENERATION OF APPROPRIATE SCRIPT FILES THE TOOL CAN ENABLE SYNTHESIS AND LAYOUT OF

THE DIGITAL CIRCUITRY BY COMMERCIALLY AVAILABLE SOFTWARE LAYOUT OF THE ANALOG PARTS

IS MANUAL BUT THESE ARE PLACED AND ROUTED INTO THE COMPLETE DAC IC BY EXISTING
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COMMERCIAL CAD TOOLS THE TOOL HAS BEEN USED TO GENERATE A FIFTH ORDER SW DAC WHICH
HAS BEEN FABRICATED IT S MEASURED RESULTS CORRESPOND CLOSELY WITH THOSE PREDICTED BY

THE TOOL

\WHEN SOMEBODY SHOULD GO TO THE BOOK STORES, SEARCH COMMENCEMENT BY SHOP, SHELF BY
SHELF, IT IS ESSENTIALLY PROBLEMATIC. THIS IS WHY WE GIVE THE BOOKS COMPILATIONS IN THIS
WEBSITE. |T WILL AGREED EASE YOU TO LOOK GUIDE UNDERSTANDING DELTA SIGMA DATA
CONVERTERS AS YOU SUCH AS. BY SEARCHING THE TITLE, PUBLISHER, OR AUTHORS OF GUIDE YOU
TRULY WANT, YOU CAN DISCOVER THEM RAPIDLY. IN THE HOUSE, WORKPLACE, OR PERHAPS IN YOUR
METHOD CAN BE EVERY BEST PLACE WITHIN NET CONNECTIONS. IF YOU MEAN TO DOWNLOAD AND
INSTALL THE UNDERSTANDING DELTA SIGMA DATA CONVERTERS, IT IS CATEGORICALLY SIMPLE THEN,
IN THE PAST CURRENTLY WE EXTEND THE BELONG TO TO BUY AND CREATE BARGAINS TO

DOWNLOAD AND INSTALL UNDERSTANDING DELTA SIGMA DATA CONVERTERS APPROPRIATELY SIMPLE!

1. WHAT 1S A UNDERSTANDING DELTA SigMa DATA ConverTERs PDF? A PDF (PorTABLE DOCUMENT FORMAT)
IS A FILE FORMAT DEVELOPED BY ADOBE THAT PRESERVES THE LAYOUT AND FORMATTING OF A DOCUMENT,

REGARDLESS OF THE SOFTWARE, HARDWARE, OR OPERATING SYSTEM USED TO VIEW OR PRINT IT.

2. How po | crReATE A UNDERSTANDING DELTA SIGMA DATA ConNVERTERS PDFP? THERE ARE SEVERAL WAYS TO

CREATE A PDF:

3. Use SOFTWARE LIKE ADOBE ACROBAT, MICROSOFT WoRD, oR GOOGLE DocCs, WHICH OFTEN HAVE BUILT-IN
PDF CREATION TooLS. PRINT To PDF: MANY APPLICATIONS AND OPERATING SYSTEMS HAVE A “PRINT TO
PDF” OPTION THAT ALLOWS YOU TO SAVE A DOCUMENT AS A PDF FILE INSTEAD OF PRINTING IT ON PAPER.

ONLINE CONVERTERS: THERE ARE VARIOUS ONLINE TOOLS THAT CAN CONVERT DIFFERENT FILE TYPES To PDF.

4. How po | ebiT A UNDERSTANDING DELTA SiGMA DATA ConverTERS PDF? EbiTING A PDF CAN BE DONE
WITH SOFTWARE LIKE ADOBE ACROBAT, WHICH ALLOWS DIRECT EDITING OF TEXT, IMAGES, AND OTHER
ELEMENTS WITHIN THE PDF. SoMe FRee TooLs, LIKE PDFESCAPE OR SMALLPDF, ALSO OFFER BASIC EDITING

CAPABILITIES.

5. How Do | cCoONVERT A UNDERSTANDING DELTA SigMA DATA CONVERTERS PDF TO ANOTHER FILE FORMAT?

THERE ARE MULTIPLE WAYS TO CONVERT A PDF TO ANOTHER FORMAT:

6. USE ONLINE CONVERTERS LIKE SMALLPDF, ZAMZAR, OR ADOBE ACROBATS EXPORT FEATURE TO CONVERT PDFs
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10.

11.

12.

TO FORMATS LIKE WoRD, EXxceL, JPEG, ETC. SOFTWARE LIKE ADOBE ACROBAT, MICROSOFT WORD, OR

OTHER PDF EDITORS MAY HAVE OPTIONS TO EXPORT OR SAVE PDFS IN DIFFERENT FORMATS.

. How po | PASSWORD-PROTECT A UNDERSTANDING DELTA SigMA DATA CoNVERTERS PDF? MosT PDF EDITING

SOFTWARE ALLOWS YOU TO ADD PASSWORD PROTECTION. IN ADOBE ACROBAT, FOR INSTANCE, YOU CAN GO
" " " " " "
TO “FILE” -> "PROPERTIES” -> "SECURITY” TO SET A PASSWORD TO RESTRICT ACCESS OR EDITING

CAPABILITIES.

. ARE THERE ANY FREE ALTERNATIVES TO ADOBE ACROBAT FOR WORKING WITH PDFs? YES, THERE ARE MANY

FREE ALTERNATIVES FOR WORKING WITH PDFs, sucH As:

LiBrReOFFICE: OFFers PDF EDITING FEATURES. PDFSAM: ALLOWS SPLITTING, MERGING, AND EDITING PDFs. FoxiT

ReADER: ProvIDES BASIC PDF VIEWING AND EDITING CAPABILITIES.

How po | coMpress A PDF FILE? You CAN USE ONLINE TOOLS LIKE SMALLPDF, ILovePDF, or peskToP
SOFTWARE LIKE ADOBE ACROBAT TO COMPRESS PDF FILES WITHOUT SIGNIFICANT QUALITY LOSS.

COMPRESSION REDUCES THE FILE SIZE, MAKING IT EASIER TO SHARE AND DOWNLOAD.

CAN | FILL oUT FORMS IN A PDF FILE? YES, MOST PDF VIEWERS/EDITORS LIKE ADOBE ACROBAT, PREVIEW
(oN MAC), OR VARIOUS ONLINE TOOLS ALLOW YOU TO FILL OUT FORMS IN PDF FILES BY SELECTING TEXT

FIELDS AND ENTERING INFORMATION.

ARE THERE ANY RESTRICTIONS WHEN WORKING WITH PDFs? SoMe PDFs MIGHT HAVE RESTRICTIONS SET BY
THEIR CREATOR, SUCH AS PASSWORD PROTECTION, EDITING RESTRICTIONS, OR PRINT RESTRICTIONS. BREAKING
THESE RESTRICTIONS MIGHT REQUIRE SPECIFIC SOFTWARE OR TOOLS, WHICH MAY OR MAY NOT BE LEGAL

DEPENDING ON THE CIRCUMSTANCES AND LOCAL LAWS.

HeLLo To EZ.ALLPLAYNEWS.COM, YOUR HUB FOR A VAST ASSORTMENT OF (UNDERSTANDING DELTA

SigMA DATA ConNvVvERTERS PDF EBooks. WE ARE PASSIONATE ABOUT MAKING THE WORLD OF

LITERATURE REACHABLE TO ALL, AND OUR PLATFORM IS DESIGNED TO PROVIDE YOU WITH A

SEAMLESS AND PLEASANT FOR TITLE EBOOK GETTING EXPERIENCE.

AT EZ.ALLPLAYNEWS.COM, OUR GOAL IS SIMPLE: TO DEMOCRATIZE INFORMATION AND CULTIVATE A

ENTHUSIASM FOR LITERATURE UNDERSTANDING DELTA SIGMA DATA CONVERTERS. WE ARE OF THE

OPINION THAT EACH INDIVIDUAL SHOULD HAVE ENTRY TO SYSTEMS EXAMINATION AND DESIGN ELIAS

M AwAD EBOOKS, INCLUDING DIVERSE GENRES, TOPICS, AND INTERESTS. BY SUPPLYING
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UNDERSTANDING DELTA SigMA DATA CONVERTERS AND A WIDE-RANGING COLLECTION oF PDF
EBooks, WE AIM TO EMPOWER READERS TO INVESTIGATE, LEARN, AND PLUNGE THEMSELVES IN THE

WORLD OF BOOKS.

IN THE VAST REALM OF DIGITAL LITERATURE, UNCOVERING SYSTEMS ANALYSIS AND DesiGN ELiAs M
AWAD SANCTUARY THAT DELIVERS ON BOTH CONTENT AND USER EXPERIENCE IS SIMILAR TO
STUMBLING UPON A HIDDEN TREASURE. STEP INTO EZ.ALLPLAYNEWS.COM, UNDERSTANDING DELTA
SicMA DATA CoNVERTERS PDF EBOOK ACQUISITION HAVEN THAT INVITES READERS INTO A REALM
OF LITERARY MARVELS. IN THIS UNDERSTANDING DELTA SIGMA DATA CONVERTERS 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 CENTER OF EZ.ALLPLAYNEWS.COM LIES A VARIED COLLECTION THAT SPANS GENRES, MEETING
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 DEeSIGN 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 DISTINCTIVE FEATURES OF SYSTEMS ANALYSIS AND DESIGN ELIAS M AWAD IS THE
COORDINATION OF GENRES, PRODUCING A SYMPHONY OF READING CHOICES. AS YOU EXPLORE
THROUGH THE SYSTEMS ANALYSIS AND DeSIGN ELIAS M AWAD, YOU WILL ENCOUNTER THE
COMPLICATION OF OPTIONS — FROM THE ORGANIZED COMPLEXITY OF SCIENCE FICTION TO THE
RHYTHMIC SIMPLICITY OF ROMANCE. THIS ASSORTMENT ENSURES THAT EVERY READER, IRRESPECTIVE
OF THEIR LITERARY TASTE, FINDS UNDERSTANDING DELTA SIGMA DATA CONVERTERS WITHIN THE

DIGITAL SHELVES.

IN THE REALM OF DIGITAL LITERATURE, BURSTINESS IS NOT JUST ABOUT DIVERSITY BUT ALSO THE
JOY OF DISCOVERY. UNDERSTANDING DELTA SIGMA DATA CONVERTERS EXCELS IN THIS DANCE OF

DISCOVERIES. REGULAR UPDATES ENSURE THAT THE CONTENT LANDSCAPE IS EVER-CHANGING,
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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 AS THE CANVAS UPON
WHICH UNDERSTANDING DELTA SIGMA DATA CONVERTERS PORTRAYS ITS LITERARY MASTERPIECE. THE
WEBSITE'S DESIGN IS A DEMONSTRATION OF THE THOUGHTFUL CURATION OF CONTENT, OFFERING AN
EXPERIENCE THAT IS BOTH VISUALLY ATTRACTIVE AND FUNCTIONALLY INTUITIVE. THE BURSTS OF
COLOR AND IMAGES HARMONIZE WITH THE INTRICACY OF LITERARY CHOICES, FORMING A SEAMLESS

JOURNEY FOR EVERY VISITOR.

THE DOWNLOAD PROCESS ON UNDERSTANDING DELTA SiGMA DATA CONVERTERS IS A HARMONY OF
EFFICIENCY. THE USER IS WELCOMED WITH A DIRECT PATHWAY TO THEIR CHOSEN EBoOOK. THE
BURSTINESS IN THE DOWNLOAD SPEED GUARANTEES THAT THE LITERARY DELIGHT IS ALMOST
INSTANTANEOUS. THIS SMOOTH PROCESS CORRESPONDS WITH THE HUMAN DESIRE FOR FAST AND

UNCOMPLICATED ACCESS TO THE TREASURES HELD WITHIN THE DIGITAL LIBRARY.

A CRUCIAL ASPECT THAT DISTINGUISHES EZ.ALLPLAYNEWS.COM 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

ENDEAVOR. THIS COMMITMENT CONTRIBUTES A LAYER OF ETHICAL COMPLEXITY, RESONATING WITH

THE CONSCIENTIOUS READER WHO VALUES THE INTEGRITY OF LITERARY CREATION.

EZ.ALLPLAYNEWS.COM DOESN'T JUST OFFER SYSTEMS ANALYSIS AND DesiGN ELIAS M AwaAD; IT
CULTIVATES A COMMUNITY OF READERS. THE PLATFORM SUPPLIES SPACE FOR USERS TO CONNECT,
SHARE THEIR LITERARY VENTURES, AND RECOMMEND HIDDEN GEMS. THIS INTERACTIVITY INFUSES A
BURST OF SOCIAL CONNECTION TO THE READING EXPERIENCE, LIFTING IT BEYOND A SOLITARY

PURSUIT.

IN THE GRAND TAPESTRY OF DIGITAL LITERATURE, EZ.ALLPLAYNEWS.COM STANDS AS A VIBRANT

THREAD THAT INTEGRATES COMPLEXITY AND BURSTINESS INTO THE READING JOURNEY. FROM THE
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SUBTLE DANCE OF GENRES TO THE QUICK STROKES OF THE DOWNLOAD PROCESS, EVERY ASPECT
RESONATES WITH THE CHANGING NATURE OF HUMAN EXPRESSION. IT'S NOT JUST A SYSTEMS
ANALYSIS AND DEesSIGN ELIAS M AwAD EBOOK DOWNLOAD WEBSITE; IT'S A DIGITAL OASIS WHERE

LITERATURE THRIVES, AND READERS START ON A JOURNEY FILLED WITH DELIGHTFUL SURPRISES.

WE TAKE SATISFACTION IN CURATING AN EXTENSIVE LIBRARY OF SYSTEMS ANALYSIS AND DESIGN
ELias M Awap PDF EBooks, METICULOUSLY CHOSEN TO SATISFY TO A BROAD AUDIENCE.
\WHETHER YOU'RE A SUPPORTER OF CLASSIC LITERATURE, CONTEMPORARY FICTION, OR SPECIALIZED

NON-FICTION, YOU'LL FIND SOMETHING THAT ENGAGES YOUR IMAGINATION.

NAVIGATING OUR WEBSITE IS A CINCH. WE'VE CRAFTED THE USER INTERFACE WITH YOU IN MIND,
MAKING SURE THAT YOU CAN EFFORTLESSLY DISCOVER SYSTEMS ANALYSIS AND DesIGN ELias M
AWAD AND DOWNLOAD SYSTEMS ANALYSIS AND DesIGN ELias M Awab eBooks. OUR LOOKUP
AND CATEGORIZATION FEATURES ARE USER-FRIENDLY, MAKING IT SIMPLE FOR YOU TO FIND SYSTEMS

ANALYSIS AND DesiGN ELiAsS M AwAD.

EZ.ALLPLAYNEWS.COM IS DEVOTED TO UPHOLDING LEGAL AND ETHICAL STANDARDS IN THE WORLD OF
DIGITAL LITERATURE. WE EMPHASIZE THE DISTRIBUTION OF UNDERSTANDING DELTA SiGMA DATA
CONVERTERS THAT ARE EITHER IN THE PUBLIC DOMAIN, LICENSED FOR FREE DISTRIBUTION, OR
PROVIDED BY AUTHORS AND PUBLISHERS WITH THE RIGHT TO SHARE THEIR WORK. W/E ACTIVELY

OPPOSE THE DISTRIBUTION OF COPYRIGHTED MATERIAL WITHOUT PROPER AUTHORIZATION.

QUALITYZ EACH EBOOK IN OUR ASSORTMENT IS THOROUGHLY VETTED TO ENSURE A HIGH STANDARD
OF QUALITY. WE STRIVE FOR YOUR READING EXPERIENCE TO BE SATISFYING AND FREE OF

FORMATTING ISSUES.

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

DISCOVER.

COMMUNITY ENGAGEMENT: WE APPRECIATE OUR COMMUNITY OF READERS. ENGAGE WITH US ON
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SOCIAL MEDIA, DISCUSS YOUR FAVORITE READS, AND BECOME IN A GROWING COMMUNITY DEDICATED

ABOUT LITERATURE.

WHETHER YOU'RE A ENTHUSIASTIC READER, A STUDENT SEEKING STUDY MATERIALS, OR AN
INDIVIDUAL VENTURING INTO THE REALM OF EBOOKS FOR THE FIRST TIME, EZ.ALLPLAYNEWS.COM IS
HERE TO PROVIDE TO SYSTEMS ANALYSIS AND DESIGN ELIAS M AWAD. JOIN US ON THIS LITERARY
JOURNEY, AND LET THE PAGES OF OUR EBOOKS TO TAKE YOU TO FRESH REALMS, CONCEPTS, AND

EXPERIENCES.

\WE GRASP THE THRILL OF UNCOVERING SOMETHING NOVEL. THAT'S WHY WE CONSISTENTLY REFRESH
OUR LIBRARY, ENSURING YOU HAVE ACCESS TO SYSTEMS ANALYSIS AND DEesiGN ELiaAs M AwAD,
RENOWNED AUTHORS, AND HIDDEN LITERARY TREASURES. ON EACH VISIT, ANTICIPATE NEW

POSSIBILITIES FOR YOUR READING UNDERSTANDING DELTA SIGMA DATA CONVERTERS.

THANKS FOR SELECTING EZ.ALLPLAYNEWS.COM AS YOUR DEPENDABLE DESTINATION FOR PDF EBook

DOWNLOADS. DELIGHTED READING OF SYSTEMS ANALYSIS AND DesiGN ELiaAs M AwAD
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