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PREFACE

Welcome to the world of microprocessors and microcontrollers! In
today’s technological landscape, these tiny yet powerful devices play a crucial
role in almost every aspect of modern life, from smartphones to industrial
automation systems.

This book aims to provide a comprehensive introduction to
the fundamentals and practical applications of microprocessors and
microcontrollers. Whether you are a student delving into the intricacies of
embedded systems or a professional looking to expand your knowledge base,
this book is designed to be your guide.

Structure of the Book:
Unit 1: Introduction to Microprocessors
Unit 2: 8085 Microprocessor
Unit 3: Code conversion, BCD Arithmetic
Unit 4: Interrupts of 8085
Unit 5: Introduction to Microcontroller

Each chapter is crafted to build upon the knowledge gained from the
previous one, ensuring a gradual and systematic learning experience. Real-
world examples, practical insights, and hands-on exercises are included
throughout to reinforce concepts and facilitate understanding.

@athor



ACKNOWLEDGEMENT

First and foremost, I wish to express my sincere gratitude to Mr.
A.C.Shanmugam, the chairman of A.C.S group of colleges for providing
me an opportunity to prepare and present this book. I also thank
Mr.A.C.S. Arunkumar, managing director of A.C.S group of colleges for
his extreme kindness and support. My sincere thanks to Mr.A.C.Ravi, the
honorable secretary of A.C.S group of institutions of arni for his words of
encouragement.

I cannot express my indebtedness to my beloved Principal
Dr.Haji.S MOHAMED YOUSUFF M.A(His).,M.A(Pol.sci).,M.Phil.,Ph.D
for his valuable ideas and great guidance. I would like to thank my colleagues
for their unsagging support and genuine interest in my progress.

Last but not least, I wish to express a sense of gratitude to my parents for
their love and unending support.

H. PRABU



SYLLABUS
Microprocessor and Microcontroller
Unit - |

Digital Computers - Microcomputer Organization-Computer languages
—Microprocessor Architecture and its operations — Microprocessor initiated
operations and 8085 Bus organization — Internal Data operations and 8085
registers - Peripheral or External initiated operations.

Unit - 1l

8085 Microprocessor — Pinout and Signals — Functional block diagram -
8085 Instruction Set and Classifications.

Unit - Il

BCD to Binary and Binary to BCD conversions - ASCII to BCD
and BCD to ASCII conversions - Binary to ASCII and ASCII to Binary
conversions. BCD Arithmetic - BCD addition and Subtraction -Multibyte
Addition and Subtraction - Multiplication and Division.

Unit - IV

The 8085 Interrupts — RIM AND SIM instructions-8259 Programmable
Interrupt Controller - Direct Memory Access (DMA) and 8257 DMA
controller.

Unit -V
Introduction to Microcontroller - Microcontroller Vs Microprocessor
-8051 Microcontroller architecture - 8051 pin description. Timers and

Counters — Operating Modes - Control Registers. Interrupts — Interrupts in
8051 - Interrupts Control Register — Execution of interrupt.



CONTENTS

UNIT -1 INTRODUCTION TO MICROPROCESSORS

1.1 INtrodUCtiON ..coeiieieiiiiieiceiee et 1.1
1.2 Microcomputer Organization...........c.ecveverueeeerueereerreesueseesuesseenseneens 1.1
1.3 Computer Languages.......c.cccevueeuienieiiiinieiieeneesieesiee e 1.3
1.3.1  Machine language...........ccccvevueeierieeieiieieceeeeeeeee e 1.4

1.3.2  Assembly Language .........cccoeevieriieieniieienieieeeeee e 1.5

1.3.3  High-level l|anguages..........cccceeveenieienirienieescee e 1.7

1.4 Definitions of MiCIOPIOCESSOT .....c.vievievieieriieierieeieseeieeeenieeeeeeens 1.9
1.5 Microprocessor Architecture and its Operations ............coceeceeveneenne. 1.11
1.5.1  Microprocessor — Initiated Operations and 8085 Bus .............
OrganizZation ........cc.eeeeruerieniieienieeie sttt 1.12

1.5.2  Internal Data Operations and the 8085 Registers.............. 1.15

1.5.3  Peripheral or externally initiated operations ..................... 1.17
Questions and Answers 1.19
Review Questions 1.25

UNIT-2 8085 MICROPROCESSOR

2.1

2.2
23

8085 MICTOPIOCESSOT ...veeneeieneeeiieieeeeesteeeeesteeneeeneeeeeneesseeneesneeneesneas 2.1
2.1.1  Features of 8085 MiCrOPIroCESSOT ......ccuverevrerrerreerreereeeeans 2.1
8085 ATChItECTULE .....veuviiiiiciiricie et 2.2
Pinout and Signals .........cccoeeeiiiiiiiieee e 2.7
231 Address BUS......coocivieineinieincicncceeeeeeee 2.8
2.3.2  Multiplexed Address/Data Bus.......c.cccceeerinininincncnenne. 2.8
2.3.3  Control and Status Signals ........ccccceeverieiinieiineieee 2.8
2.3.4  Peripheral Initiated Signals ...........ccoocvevverievieneerieseeienenn 2.10
2.3.5  Clock Signals.....c.ccceeeriririniniinienienieieieeeeeeseeeee e 2.10

2.3.6  ReSet SigNals ....ccovveiieiiiiiieciecieece e 2.11



2.4
2.5

2.6

2.7

2.8

2.3.7  Interrupt SigNals .......ccccevievierieriieieeeeee e 2.11

2.3.8  Serial I/O Signals .......cocevvirinineneniieicicieineceeseee 2.11
2.3.9  Power Supply and Ground Signals.........ccceccereereriennnen. 2.12
8085 Instruction Set and Classifications.........c.cceeveveevieeveneneennenne. 2.12
Addressing MOdES..........couveieiierieiieieeieie ettt 2.13
2.5.1  Register Addressing.........cccceeverveeieniieiienieieneerieseenee e 2.14
2.52  Direct Addressing........ccceevereeriieieniieienieeseee e 2.14
2.53  Register Indirect Addressing ..........cccceeveevieveneeneneenenne. 2.15
2.5.4  Immediate Addressing..........ocevveeeevreeieneereeeeeieeeesieenens 2.15
2.5.5 Implied Addressing .........ccoceeeerveeveeniierienieieneeee e 2.16
Instruction FOrmat ........c.ccoviiiiininininicecctccceesesceee e 2.16
2.6.1  One byte iNStrUCIONS.....ccuveveriieiieiieieeieeee e 2.17
2.6.2  Two byte INStrUCIONS ...ecueeueiiieiieiieieeieceee e 2.17
2.6.3  Three Byte INStructions ..........ccceeeevieeieeiienieneeie e 2.18
Intel 8085 INSLIUCTIONS ....euveveeeieieieieieeeeeeeeeee e 2.19
2.7.1  Symbols and Abbreviations.........c..cccccveeuereeencereneniencnnens 2.19
2.7.2  Data Transfer InStructions ...........ceceveeveenieneneeneieeeeen 2.20
2.7.3  Arithmetic InStructions.........cccoeeeeveneeiienienencee e 2.24
2.7.4  Logical INStructions...........cceeverveeierreeienrieeeneeieeeesae e 2.30
2.7.5  Branching Type Instructions ...........ccceeeerierienvereseennennnnn 2.36
2.7.6  Stack Type INStructions .........cccceverververeiereeenienencnenennens 2.43
2.7.6  1/O and Machine Control Instructions..........cc.cccccerveruennen. 2.45
Instruction Timing Diagram ..........cccceceevirieniiienenreneneneeeneens 2.47
2.8.1  Opcode Fetch Cycle ....coovvvivieiieiiiieieceeceee e 2.48
2.8.2  Memory Read CycCle.......covvvvivieriieiiiieieeieeeee e 2.50
2.8.3  Memory Write CyCle.......coceviminiinienieiiiiieinincncecncnene 2.51

2.84 T/ORead CyCle....oocoriiiiiiieiiiieieeeeeetee e 2.52



2.8.5  T/O WIIte CYCIE oottt 2.53

Questions and Answers 2.55

Review Questions 2.62

UNIT -3 CODE CONVERSION, BCD ARITHMETIC

3.1 Code CONVEISION ...cuuiiiiiiiiieiesiesiete ettt 3.1
3.1.1  BCD to binary CONVErSion .............eccerreerverreeruesreesuesseervennens 3.2
3.1.2  Binary to BCD CONVErsion ........ccccceeieviereenieneeneeneeeeennens 34
3.1.3  Binary to ASCII CONVETSION ....c.cceeverrierierrieieineeieseeeneenens 3.8
3.1.4  ASCII to Binary COnversion ........c.ceceeeeeeeerererenenennens 3.10
3.1.5 BCD to ASCII CONVErSiON.......ccoeveuerireeieireneneieieniennns 3.11
3.1.6  ASCII to BCD conversion...........coceceveeveneeneeneeneeneenns 3.13
32 BCD AdItion .....cooouivieiiieiiieiiieiieeeeee e 3.13
3.3 BCD Subtraction........cccoceeiiininiiniinienieieieieicieree e 3.16
3.4  Multibyte Addition and Subtraction ............ccceevverveeieniieienieeeeene 3.18
341 AddItION...cceiiiiiciiccc e 3.18
342  SUBLTACHION .o.veviieiiieiicericeetce et 3.20
3.5  Multiplication and DiViSION.........ccceueriirierienieniiiiiicninencsceesenene 3.21
351 Multiplication ........ooveeiiiieiiiiei et 3.21
3.52  DIVISION .oveuiieiiiciirieirictrictececeeeeee et 3.22
Questions and Answers 3.25
Review Questions 3.27

UNIT-4 INTERRUPTS OF 8085

4.1 Interrupts in 8085....c.eoiieieieieeeee e e 4.1
4.2 Types Of INTEITUPL...cc.eeiieiieiieieeiee et 4.2
4.2.1  Software and Hardware Interrupt...........cccoeevevvenvenreeeennne. 4.2
4.2.2  Vector and Non-Vector interrupt .........ccccceeceevererenerennennes 43

4.2.3  Maskable and Non-Maskable interrupt .........c.ccceeveeveennenne 4.3



4.3 Interrupt structure of 8085 .......ocvveiiiieieiieeceeeee e 4.4
4.4 Interrupt INStrUCTIONS ....ooiereieieieieie ettt 4.6
4.4.1 DI (Disable INterrupt)........ccceveeriereecrenrieieereereeeere e 4.6
4.4.2  EI (Enable INterrupt) ......cccooevieeenieieeiieieeeeeeeeee e 4.6
4.43  SIM INStIUCHION ..ovveniiiiieiieieiceie e e 4.7
444  RIM INSrUCHON c..eviiiiiieiesieeeeeee e 4.8
4.5 8259 Programmable Interrupt Controller ..........ccoevvvvevinencncnnenne. 4.10
4.5.1  FRAUIES ..eeueiiiieiieiierieeesieeee et 4.10
4.52  Pin DIa@rams .......cccoovvevierieiieeieiieieieeiente e ee e 4.10
4.53  Interrupt Sequence with an 8085 system.............cccceeeenee. 4.14
4.5.4  Priority Modes and Other Features ............cccoevevivvvenennen. 4.15
4.5.5  Programming the 8259A ....c..ccoviiiniiiiiiiiincce 4.17
4.6  Direct Memory Access (DMA) and 8257 DMA ......cccooiiiiininiienne
CONTIOLIET ..t 4.22
4.6.1  Pin DIagram.......ccccovievieiieiiniieiieieieeeesre et eee e 4.24
4.6.2  Architecture of 8257 ...cccieiiiieiieeeee e 4.26
4.6.3  DMA OPETations ....ccveeeereeriieniieerienireeieenaeenieenseesseesseesnns 4.28
4.6.4  Interfacing of 8527 ..c.eooviiieiieieieeeeee e 431
Questions and Answers 4.34
Review Questions 4.38

UNIT-5 INTRODUCTION TO MICROCONTROLLER

5.1
52

53
54
55
5.6

Introduction to Microcontroller ...........cceevueieeienieiiiieeeee e 5.1
Microcontroller Vs MiCIOPIOCESSOT ......cevvevveeeverreerieeriereereenreeeeeaeenes 5.2
5.2.1  Applications of microcontroller ..........c.cccevevvererincncnene. 53
8051 Microcontroller Architecture ...........cceveeviirieninieneieseeeee 53
Features of 8051 ..c.ooiiiiiiieiie e 5.9
8051 Pin Diagram........cccoeoeevuieieeiiee et 5.10

TIMETS/COUNTETS ...ttt e e e e e eaeeeenes 5.13



5.7 Operating MOAE .....ceveruieierieieeieeie ettt s e sse e 5.15
5.7.1  Timer mode 0 ....oooooiiieiiiieiieiee et 5.15
572 Timer Mode ©......cocoviiiiiiiieeieeeeeeeeece e 5.16
5.7.3 Timer Mode 2......cccooviviiiiniiiiiiiiiciceeeceese e 5.17
574  Timer Mode 3....occoiiiiiiiiiiee e 5.18
5.7.5  COUNLET ..ottt 5.18
5.8  Control REZISIETS ...cc.eeuevuiruiriiriiniieieienietcieeeeeeet e 5.19
5.8.1  TCON @ISO .ttt 5.19
5.82  TMOD REGISter.....ccuieuiiiieiieiieii e 5.21
5.9 INEEITUPLS . ..eeeiiieiie ettt 5.21
5.10  Interrupt Control REISter........ccovevviiieiiiieiicieieceeeeeere e 5.23
5.10.1 Interrupt Enable (IE) RegiSter.......ccccecvvevverinenenincncnnns 5.23
5.10.2  Interrupt Priority(IP) Register .........ccooeniieneniiniiies 5.25
S5.11  Execution Of interrupt ....c.eeveeveeieiieieiieieeieie et 5.26
Questions and Answers 5.28

Review Questions 5.33




