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Assessment Pattern

CIE 1 Continuous Internal Evaluation (90 Marks)

. fE22YQa Mid Term (45) Assignment (15) |Quiz (15) Attendance &
Category Marks External

(out of 90)

Remember 05 05

Understand 05 05 05

Apply 10 05 15

Analyze 10

Evaluate 10

Create 05 05




Assessment Pattern

SEET Semester End Examination(60 Marks)

. T 22YQa |Final Examination
Category Marks Term (60)

(out of 90)

Remember 15

Understand 10

Apply 10

Analyze 10

Evaluate 10

Create 05




Course Learning

CLQA

CLQ

CLG

CL@&

CLG

Explain the architecture, instruction set, memory and input/output
interfacefor 8086 8088 microprocessor
Relatemicroprocessomworking principle, instruction set executionand
peripheralconnectionfor specificapplications

Programin assemblytanguagefor executingmicroprocessoinstructions
set
Investigatemicroprocessobasedsystemsby designingand conducting

experiments
Design a microprocessoibased system that meets specified

requirements



Course Rationales:

The course familiarizes the architecture of the 8086 processor,assembling
languagegorogrammingandinterfacingwith variousmodules The studentcanalso
understand 8051 Microcontroller concepts, architecture, programming, and
applicationof Microcontrollers Studentableto do any type of VLSI, embedded

systems, industrial and real time applications by knowing the concepts of
MicroprocessoandMicrocontrollers



Course Objectives

O«

To developanin-depthunderstandin@f the operationof microprocessors

O«

To masterassemblyanguaggrogrammingusingconceptdike assembledirectives,
proceduresmacros softwareinterruptsetc

O«

To create an exposureto basic peripherals,its programming and interfacing
techniques

O«

To understandhe conceptof Interruptsandinterfacingdetailsof 8086

O«

To impartthe basicconceptf serialcommunicationn 8086



\Course Contents Summary

Serial
No

Course Contents

Hours

1

Microprocessor Introduction, Microprocessor based Syste
Assembly Language, memory basic, 8085 basic, Block
diagram, registers, Demultiplexing, Flag Registers, Flags

10

8086, Pin diagrams, Block Diagram, Pin Working Principle
addressing modes, instruction sets, basic programs

12

Peripherals:Basic of 8255, 8255 block diagram, Bus, modes
control words, basic programs, 8259 basic, Block diagram
Registers Master slave operation, Control Words, USART
Synchronous , Asynchronous communication, Serial, Paré
Communication

,12




COURSE PLAN MAPPED WITH CLO

Week Content of Course TeachinglLearning Assessment | Corresponding
Strategy Strategy CLOs
1 Introduction to Microprocessors: Bas  Lecture, Visual Quiz, Discussion CLO-1

concepts, microprocessbased system  Demonstration
history, and applications

2 8085 Microprocessor Overview: Bloc Lecture, Interactive Problem Solving, CLO-1
diagram, registers, addressing modes  Discussion Quiz
3 8085 Instruction Set: Data transfer, Lecture, Assembly Problem Solving, CLO-2
arithmetic, logical, and branching = Language Example  Assignment
instructions
4 Demultiplexing and Flag Registers:  Lecture, Circuit Quiz, Problem CLO-1
Understanding the operation of flag =~ Demonstration Solving

registers and demultiplexing of
address/data bus

5 Basic Programs in 8085: Writing and Practical, Hand©n Lab Report, CLO-2
debugging simple programs using tk Lab Assignment
8085instruction set
6 Introduction to 8086: Block diagram, Lecture, Visual Aids, Quiz, Assignment CLO-1

registers, pin diagram, and working  Demonstration
principle



COURSE PLAN MAPPED WITH CLO

Week | Course Content Teaching Assessment Correspond
Strategy Strategy ing CLOs
7 Addressing Modes and Instruction Se Lecture, Quiz, Problem CLG2
of 8086: Direct, indirect, register, and Problem Solving
iImmediate addressing modes Solving
8 8086 Programming: Writing basic Lab Session, Practical Exam, CLG2
programs using assembly language Practical Quiz
Demonstration
9 Introduction to 8255: Block diagram, Lecture, CircuilQuiz, AssignmelCLG3

operation, and modes (input/output, Demonstration
bidirectional, handshake)

10 8255 Control Words and Basic Lecture, Hands<Lab Report, CLG3
Programming: Understanding control On Lab Problem Solving
words and programming 8255 for I/O
operations

11 8259 Interrupt Controller: Basic Lecture, CircuilQuiz, AssignmelCLG3

operation, mastesslave configuration, Simulation
and control words
12 USART: Introduction to synchronous iLecture, Problem SolvingCL&4
asynchronous communication, serial Practical Written Exam
data transmission Examples



COURSE PLAN MAPPED WITH CLC

Week | Course Content Teaching Assessment | Correspon
Strategy Strategy ding CLOs
13 Synchronous and Asynchronous Lecture, Quiz, Problem CLO-4
Communication: Working principles Demonstratio Solving
and applications n
14 Serial and Parallel Communication: Lecture, Assignment, CLO-4
Overview of different communication Circuit Quiz
methods and interfaces Simulation
15 Interfacing Microprocessors: Lab Session, Lab Report, CLO-4
Interfacing 8085/8086 with peripheraPractical Problem
(LED, 7-segment display, switches) Circuit Solving
Design
16 Course Review and Integration: ReviGroup Quiz, Problem CLO-1,
of microprocessor architecture, Problem Solving CLO-2,
programming, and interfacing with  Solving, CLO-3,
peripherals Review CLO-4
17 Viva and Presentation: ComprehensiViva-Voce, Viva, CLO-1,
evaluation through oral exams and Student Presentation CLO-2,
student presentations Presentations CLO-3,

CLO-4



Referencs

- Ramesh S. Goankar, n Mi cr o p r Archieestuseo r
Programmingand Applications with 8085 ,5th Edition,
PrenticeHall

- Bharat Acharya Education - YouTube



https://www.youtube.com/@BharatAcharyaEducation
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BasicConceptf Microprocessors

A Differenceshetween:

I Microcomputen acomputemwith a
microprocessoasits CPU.Includesmemory,l/O

etc.
I Microprocessor siliconchipw
ALU, registercircuits& contro

nich includes
Clrcuits

I Microcontrollert siliconchipw

nich includes

microprocessomemory &1/O in asingle

package.



Whatis a Microprocessor?

A Theword comesrom thecombinatiormicro and
Processor.

I Processomeansadevicethatprocessewhateverin
this contextprocessomeansadevicethatprocesses
numbersspecificallybinarynumbers0 6éasdl 0 s .

A Toprocessneango manipulatelt is ageneratermthat
describesll manipulationAgainin this contentjt meando
performcertainoperation®nthenumberdhatdependnthe
mi cropr designssor 0s



Whataboutmicro?

A Micro is anewaddition.

I Inthelatel 9 6 @rocessorgverebuilt usingdiscrete

elements.

A Thesedevicegperformedherequiredoperationputweretoo
largeandtoo slow.

I Intheearlyl 9 7 theénscrochipwasinventedAll of
thecomponentshatmadeup the processowerenow
placedon asinglepieceof silicon. Thesizebecame
severathousandimessmallerandthespeedecame
severahundredimesfaster.Theid Mi cr oo Pr oc e s

wasborn.



N\

Wasthereeveran mi -n1 0O

processor?

A No.

I It wentdirectly from discreteelementdo a
singlechip.Howevercomparing oday 0 s
microprocessor® theonesbuillt in theearly
1 9 7 Yoafmd anextremancreasen the
amountof integration.

A So,Whatis amicroprocessor?



Definition of the Microprocessor

Themicroprocessors a programmabla@levice
that takes in numbers performs on them
arithmetic or logical operationsaccordingto
the program stored in _memory and then
produce®thernumbersasaresult

18



Definition (Contd.)

I Takesin: Thedatathatthe microprocessor
manipulatesnustcomefrom somewnhere.
Alt comesromwhatiscalledii i npeaiti ces o .

AThesearedevicegshatbring datanto the system
from the outsideworld.

ATheserepresent devicesichas akeyboarda
mouse switchesandthelike.



Definition (Contd.)

I NumbersThemicroprocessanasavery narrowview onlife. It
only understandbinarynumbers.

A binarydigit is calledabit (whichcomedrom pinarydigit).

Themicroprocessatecognizesndprocessea groupof bits
togetherThisgroupof bitsis calledain wo r d 0O .

Thenumberof bitsinaMi ¢ r o p r warkisasneasureH its
Aabilitieso.



Definition (Contd.)

I Words,Bytes,etc

A TheearliestmicroprocessoftheIntel 8088andMot or ol a 6 s
6800 recognized-bit words

I Theyprocessedhformation8-bitsatatime. T h a wh§ theyare
calledi8-bit p r o ¢ e.dlepcarhandlelargenumbersputin
orderto procesghesenumberstheybroketheminto 8-bit pieces
andprocesse@achgroupof 8-bits separately

A Latermicroprocessorg8086and68000)weredesignedvith
16-bit words
i A groupof 8-bitswerereferredto asaii h avlofr @b y t e 0 .
I Agroupof4bitsiscalledanini bbl eo.
i Also, 32 bitgroupsweregiventhenameil | ownogr d o .

P

A Today,all processormanipulateatleast32 bits atatime and
thereexistsmicroprocessorthatcanproces$4,80,128bits



Definition (Contd.)

| Storedin memory

A First,whatis memory?

i Memoryis thelocationwhereinformationis keptwhile notin
currentuse.

I Memoryis acollectionof storagedevicesUsually,eachstorage
deviceholdsonebit. Also, in mostkindsof memory these
storageadevicesaregroupednto groupsof 8. TheseB storage
locationscanonly beaccessetbgetherSo, onecanonly reador
write in termsof bytesto andform memory.

I Memoryis usuallymeasuredby the numberof bytesit canhold.
It is measuredn Kilos, Megasandlately Gigas.A Kilo in
computedanguagas 210=1024.S0,a KB (KiloByte) is 1024
bytes.Megais 1024Kilos andGigais 1024Mega.



Definition (Contd.)

| Storedin memory

AWhena progranis enterednto acomputerijt is
storedin memory.Thenasthemicroprocessaostarts
to executdheinstructionsjt bringstheinstructions
from memoryoneatatime.

AMemoryis alsousedto holdthedata.

I Themicroprocessareadgqbringsin) thedatafrom
memorywhenit needst andwrites(storestheresults
Into memorywhenit is done.



A Microprocessobasedsystem

Fromtheabovedescriptionwe candrawthe
following blockdiagramto represena
microprocessebasedsystem:

| Output

Input

S
&
<
O
&
S
O

Memory




Organization of a microprocessor
basedsystem

AL e texpandhepictureabit.

/0
ALU | Register Input/ Output

1{}[

Control

Methory

ROM RAM




Microprocessor lI——- Fifth Generation  Pentium
|
|

—— Fourth  Generation
During 1980s
Low power version of HMOS technology

(HCMOS)
Third Generaton —— 32 bit processors
During 1978 Physical memory space 224 bytes = 16 Mb
HMOS technology Y Faster speed, Higher Virtual memory space 240 bytes = 1 Tb
packing density Floating point hardware
16 bit processors Y 40/ 48/ 64 pins Supports increased number of addressing
Easier to program modes
Dynamically relatable programs
Processor has multiply/ divide arithmetic Intel 80386
hardware
More powerful interrupt handling
capabilities

—— Second Generation

During 1973

NMOS technology Y Faster speed, Higher
density, Compatible with TTL

4 | 8/ 16 bit processors Y 40 pins

Ability to address large memory spaces

Flexible 1/0O port addressing

Intel 8086 (16 bit processor)

First Generation

Between 1971 i 1973 and 1/O ports |
PMOS technology, non compatible with TTL Grez?lter number of levels of subroutine
4 bit processors Y 16 pins nesting _
8 and 16 bit processors Y 40 pins Better interrupt handling capabilities
Due to limitations of pins, signals are _ 1
Intel 8085 (8 bit processor) 26

multiplexed




Memory

A Memorystoresnformationsuchasinstructions
anddatain binaryformat(0 andl). It provides
thisinformationto themicroprocessowhenever
It Is needed.

A Usually,thereisamemoryil s 4 ly s tiream 0
microprocessebasedsystem.This sulrsystem
Includes:

I Theregistersnsidethe microprocessor

I ReadOnly Memory(ROM)
A usedto storeinformationthatdoesnotchange.

I RandomAccessMemory(RAM) (alsoknownas
Read/WriteMemory).

A useduo storeinformationsuppliedoy theuser.Suchas
programsanddata.




MemoryMap andAddresses

A Thememorymapis apicturerepresentation
of theaddressangeandshowswherethe
differentmemorychipsarelocatedwithin

Address Range of 4th RAM Chip

0000 EPROM 0000
I Address Range of EPROM Chip

3FFF

4400
RAM 1 I Address Range of 1st RAM Chip

5FFF

RAM 2 6000
Address Range of 2nd RAM Chip

8FFF

9000
RAM 3 Address Range of 3rd RAM Chip

A3FF

RAM 4 A400 j

<«——— Address Range

F7FF

FFFF




MachineLanguage

A Thenumberof bitsthatform thefi w o ofc 0
microprocessaoais fixed for thatparticular
processotr.

I Thesebits definea maximumnumberof combinations.

A Forexamplean8-bit microprocessoctanhaveat most28 = 256
differentcombinations.

A However,in mostmicroprocessorsyotall of these
combinationsareused.

i Certainpatternsarechoserandassigneapecific
meanings.

I Eachof thesepatterndormsaninstructionfor the
microprocessor.

i Thecompletesetof patternsnakesupthe
mi Ccr o pr mackirdanguage.s
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The8085MachineLanguage

A The8085(from Intel) is an 8-bit microprocessor.

I The8085 usestotal of 246 bitpatterndo form its
Instructionset.

I These246patterngepresenobnly 74 instructions.

A Thereasorfor thedifferences thatsome(actuallymost)
instructionshavemultiple differentformats.

I Becausat is very difficult to enterthe bit patterns
correctly,they areusuallyenteredn hexadecimal
Insteadbf binary.

A For example the combination00111100which translatesnto
A1 n c rthemembdrin theregistercalledthea c cumul at or
IS usuallyenterecas3C.



AssemblyLanguage

A Usingthesameexamplefrom before,
I 0011110Qranslateso 3Cin hexadecima{lOPCODE)
I Itsmnemonidas:ii | MR .

i INRstanddorii i n c r reenge irshdAes shortfor
accumulator.

A Anotherexamples: 10000000,
T Whichtranslateso 80in hexadecimal.
T Itsmnemoniasi ADBO .

I N A dapisteB to theaccumulatoandkeeptheresultin the
accumul ator o.



8085MicroprocessoArchitecture

A 8-bit generaburposeaup

A Capableof addressing4 k of memory
A Has40pins

A Requirest5v powersupply

A Canoperatewith 3 MHz clock



Frequency
Generator is
connected to

those pins

i

Pin diagram

e
RESETOUT

SOD

Multiplexed
Address Data

SID
TRAP
RST 7.5
RSTO6.S
RSTS.5
INTR
INTA

AD,,

f
AD,

AD.

AD,

Bus

A 4
LA

AD,
AD,
AD,
AD,

\

4
\\\

w N

L4

10 3SONSA

a0

N N
I W

b
-

BO&S5 Pinowt

Power
w—— | Supply:+5V
HOLD
HLIDDA
CLK (OUT)
RESETIN
READY
S Input/Output/
S.L_ Memory
R\
Wi Read
\
Write
Enable
Address

Bus
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Architectureof Intel 8085Microprocessor

INTR
RAST 66
RST 65
RST 7.6
TRAP

=+
REREREE

Marrupt control

o

"

3 &
f

Saenal 11O control

3 B-bét internal data bus 8

| b - f
Accumulator | |Temp reg| |[Flag flip-ficps| }| | Instruction Breg (8)|Creg (8)] |
(Areg) (8) (8) (S){l|fregister (8) | IDreg (B)|Ereg (8) <4

] 1 Hieo®)|Leg 8] |5
= _,m = ———r— Stack pointer (18) »g
!o&cg; unit Y| | decoder and Program counter  (18) c?
(ALUy (@) |machine cyclel leo ementeridecrementer
‘"Ojfmg address laxch {18)
Timing and control E k¥4
CLK Address Data/addrass
GEN Control Status  DMA Reset | |Pufer (8 buffer . (®)
R ggﬁ@%%é%‘é A=A, AD, ~ AD,
Na —ITWR address bus address/data bus
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A SystemBusi wiresconnectingnemory& 1/0O to
microprocessor

I AddressBus

A Unidirectional
A 1dentifying peripherabr memorylocation

I DataBus ) e >
A Bidirectional ==y,
A Transferringdata

o nall S0
I ControlBus 0, @ ﬁ &ﬂ {2

A Synchronizatiosignals == Contol Bus L>
A Timing signals
A Controlsignal

36



Address Bus

* The address bus consists of 16, 20, 24 or 32 parallel signal lines.

* On these lines the CPU sends out the address of the memory location
that is to be written to or read from. The no of memory location that
the CPU can address is determined by the number of address lines.

* If the CPU has N address lines, then it can directly address 2N
memory locations i.e. CPU with 16 address lines can address 216 or

65536 memory locations.

Data Bus

* The data bus consists of 8, 16 or 32 parallel signal lines.
» The data bus lines are bi-directional.

* This means that the CPU can read data in from memory or it can send
data out to memory

Control Bus
* The control bus consists of 4 to 10 parallel signal lines.

* The CPU sends out signals on the control bus to enable the output of
addressed memory devices or port devices.

* Typical control bus signals are Memory Read, Memory Write, |/O
Read and I/O Write.



TheALU

A In additionto the arithmetic& logic circuits, the
ALU includesthe accumulatorwhich is part of
everyarithmetic& logic operation

A Also, the ALU includesatemporaryregisterused
for holding datatemporarilyduring the execution
of the operation This temporaryregisteris not
accessibldy theprogrammer



A Registers

I GeneraPurposdreqgisters
AB, C, D, E, H & L (8 bit registers)
A Canbeusedsingly

A Or canbeusedas16 bit registermairs
i BC,DE,HL

AH & L canbeusedasa datapomter(holdsmemory

address)

Accumulator

Flags

I SpecialPurposdregisters

B

C

D

E

A Accumulator(8 bit register)

H

L

Program Counter

T Store8 bit data

Stack Pointer

I Storetheresultof anoperation

I Store8 bit dataduringl/O transferAddress {16‘

Data
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A FlagRegister
I 8bitregistefi showsthestatusof themicroprocessaoefore/aftean

operation
I S(signflag), Z (zeroflag),AC (auxillarycarryflag), P (parityflag) &
CY (carryflag)
D7 D6 D5 D4 D3 D2 D1 DO
S Z AC P CY

A Usedfor indicatingthe sign of the datain the accumulator
A Thesignflag is setif negative(17 negative)
A Thesignflag is resetif positive(0 i positive)



I Issetif resultobtainecafteranoperations 0
I Issetfollowing anincremenior decremenbperatiorof thatregister

10110011
+ 01001101

1 00000000

I Issetif therels acarryor borrowfrom arithmeticoperation

1011 0101 1011 0101
+ 01101100 - 1100 1100

Carry 1 0010 0001 Borrow 1 1110 1001



I Is setif thereis acarryout ofbit 3

I Issetif parityis even
I Is clearedf parityis odd



A TheProgramCounter(PC)

I Thisis aregisterthatis usedto controlthe sequencing
of theexecutiorof instructions.

I Thisregisteralwaysholdstheaddres®f the next
Instruction.

I Sinceit holdsanaddressit mustbe 16 bitswide.



A The Stackpointer

I Thestackpointeris alsoa 16-bit registerthatis
usedto pointinto memory.

I Thememorythisregistemointsto is aspecial
areacalledthestack.

I Thestackis anareaof memoryusedto hold
datathatwill beretreivedsoon.

I Thestackis usuallyaccesseth alLastln First
Out(LIFO) fashion.
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Memory

* Memory consist of RAM and ROM, the purpose of memory is to store
binary codes for the sequences of instructions you want the
computer to carry out.

* The second purpose of the memory is to store the binary-coded data
with which the computer is going to be working.

Input / Output
* The input/output or I/O Section allows the computer to take in data
from the out side world or send data to the outside world.

* Peripherals such as keyboards, video display terminals, printers are
connected to |/O Port.



Memory

Binary

Addresses

0000
0001
0010
0011
0100
0101
0110
0111
1000
1001
1010
1011
1100
1101
1110

1111

Do

- [_)ata -
Lines

D,

REGO
REG1
REG
REG3
REG4
REG5
REG6
REG7
REG8
REG9
REG10
REG11
REG12
REG13
REG14
REG15



(Basic Memory Architecture

Bank layout
FFFFE
FFFFE
<= 8Dbils =
1MB
00002
00001
00000
D7-D0
8088

High bank

FFFFEF|

FFFFFE

Low bank

FFFFFD)

= 8 bits =p

Odd bytes

8 MB

000005

000003

000001

D15-D8

FFFFFC

000004
000002
000000

= 5 bils =

Even bytes

8§ MB

D7-DO

8086 (1MB only)
80286, 803865X
803865L/SLC(32MB)




DemultiplexingAD7-ADO

8085
A15-A8 >

ALE |

ap7-AD0 Y Rt AN
D DO>

I Giventhat ALE operatesasa pulseduring T1, we will
beableto latchtheaddressThenwhenALE goeslow,
the addresss savedand the AD 71 ADO lines canbe
usedfor their purposeasthebi-directionaldatalines




DemultiplexingAD7-ADO

I From the above description,it becomesobvious
thatthe AD7i ADO linesareservingadual purpose
andthattheyneedto be demultiplexedo getall the
iInformation

I Thehighorderbits of theaddressemainonthebus
for threeclock periods However,thelow orderbits
r ainforonlyon lok priodandt y would
belostif theyarenot savedexternally Also, notice
that the low order bits of the addressdisappear
whentheyareneedednost

I To makesurewe havetheentireaddresdor thefull
three clock cycles, we will use an externallatch
to savethevalueof AD7i ADO whenit is carrying
the addresdits. We usethe ALE signalto enable
thislatch




o o I» I

DemultiplexingtheBusAD~7 T ADo

Thehighorderaddresss placedontheaddressbusandholdfor 3 clk
periods,

Thelow orderaddresss lostafterthefirst clk period,thisaddress
needgo beholdhowevemwe needto uselatch

TheaddressAD7 i ADO is connecte@sinputsto thelatch74LS373.

TheALE signalis connectedo theenablg G) pin of thelatchandthe
OCT1 Outputcontroli of thelatchis grounded



Microprocessor

ALE

ADy

ADy

Enable

AD,

AD;

AD,

AD,

TALSITA

AD,

i

AD,
AD,

0¢
I,

High-Order
Address Bus

Lowirder
Address Bus |

Data Bus
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How Doesthe Microprocessor
Work?

U Assumethataprogramanddataarealreadyenteredn the
R/W memory.

U The microprocessofetchesthe first instructionfrom its
memorysheetdecodest, andexecuteshatinstruction.

U The sequencef fetch, decode,andexecutels continued

until themicroprocessocomesacrossaninstructionto ston.
UDuring the entire process,the miCroprocessorusesthe
systembusto fetchthe binary instructionsanddatafrom the
memory

U It usesregistersfrom the register sectionto store data
temporarily,and it performsthe computingfunction in the
ALU section

t Finally, it sendsout the resultin binary, using the same

buslines,to memoryor anoutputdevice




How Doesa MicroprocessoDifferentiateBetweerData
andlnstructionCode?

The microprocessorinterprets the first byte it

fetchesas an opcode.In the example,we tell the
processor that our program begins at location
200(H. The first codeit fetchesis 3EH. When it
decodesthat code, it knows that it is a two-byte
instruction Therefore, it assumedhat the second
code.32H. is a databvte If we foraetto enter32H

andenterthe nextcode,06H, instead the 8085wiill

load 06H in the accumulator,interpret the next
code, 484, as an opcode, and continue the
executionin sequenceAs a consequenceye may
encountentotally unexpectedesult

Mnemonics | Hex Memory

Code Address
MVI A, | 3E | 2000H
32H 32 | 2001H
MV 06 |2002H
B48H | 43 |2003H
ADDB | 80 |2004H
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PROGRAM

Example: Write a program to perform 16 bit addition of
1234H & 4321H. Store answer at H & L registers.

MVI B, 21H
MVI A, 34H
MVI C, 43H
MVI D, 12H
ADDB
MOVL, A
MOVA, C
ADCD
MOVH, A
HLT

B=21H
A=34H
=AM
D=12H
A=34+21H
L=55H
A=43H
A=43+12H
H=55H
STOP.



PROGRAM

Example:Write a program to exchange contents of
memory location DOOOH to DOO1H

LDADOOOH Load Accwith data from D000
MOVB, A

Move the data to B
LDA DOO1H Load Accwith data from D001
STADOOOH Store Acc data at D000
MOVA,B Move B Odaita to A

STADOO1H Store Acc data at D001



PROGRAM

Write a program to reset last 4 bits of the number 32H
Store result at C200H.

MVI A, 32H A=32H

ANI FOH 00110010 AND
1111000

STAC200H C200=30H

RST1 Stop



PROGRAM

Write a program to add 10 data bytes. Data is stored from
locations C200H. Store result at C300H.

LXI H,C200H
MVI C, OAH

MVI A,00H
UupP MOVBM

ADDB

INX H
DCRC
JNZUP
STAC300H
RST1



8086Features

A16-bit Arithmetic Logic Unit
A16-bit data bus

A20-bit addressbus- 220=1,048,576= 1 meg
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Common Signals

Pinout

Mama Functlion Typa
AD15-AD0 | AddressiData Bus | B'digctional,
. PFEGS- Address/Status :g,"'sl&";:;

57 Bus High Enable/ Culpuf,
Status 3Slate
MM AR firnirmwmd Maxiomam A Eut
Mode Control P
AD Aead Control g%‘lﬂf:’
TEST Wait On Test Control Input
AEADY Wait State Contral Input
RESET Syatam Rasal Input
Hon-Maskabie
i interrupl Roquast e
INTR intarrupt Aaquast Input
CLK Systam Clock Inpul
veo +5Y Input
GHND Ground

ane [
ava [C]:
aAB13 E 3
aoiz Cla
ABTI E "
apwa [|s
ape C4r
apa [ |n
acy [4»

Minimum Mode Signals (MN/MX = V)

avs [he

Name Functlon Typae
HOLD Hold Reqgueasi Inpul
HLDA Hald Acknowledge Sutpul
Cutpul,
WhR Write Control ASiate
MITO Memaoty/10 Control g"g&‘!';_
= Data Tranamit! Cutput,
DT/R Aacaive IJSlate
Qulput,
DEN Data Enable S Staln
Addraas Latch
ALE Enable Yulput
INTA Intarrupl Acknowlodge Oulpul

Maximum Mode Signals (MN/MX =QGND)

Mama Function Typa
GTI, 0 H“E‘;;’:é;ﬁég::rg‘l‘” Bidirectional
e Al -
S$z-50 Bua Cycle Status E',""_q‘tr;"!'k

051, QS0 TORACLIER e Ko Output

Status

AREL 4N
apas [
apy [Iha
apz [
am [C]s
ano [ 4w
s [ a7

TR [l

cLr e

ano [ f o

8086
CPU

40
A
A
7
18
5

13
22
3t
g

EL]
ar
A
5
4
xa
22

F1]

] ¥ee
] atnis
[ ] aassa
] Arrsga
] Asavss
] avesse
] BHE =y
mp R
] AE

] HoLD
] Hupa
mE
] MBS
:] DT/R
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8086PIns

The 8086 comesin a 40 pin package which meansthat some pins have
more than one use or are multiplexed. The packaging technology of time
limited the number of pin that could be used

In particular, the addresslines 0 - 15 are multiplexed with data lines 0-15,
addresslines 16-19 are multiplexed with statuslines. Thesepins are

ADO - AD15, A16/S3-A19/S6

The 8086 has one other pin that is multiplexed and thisis BHE &./ S
BHE standsfor Bus High Enable This is an active low signal that is
assertedvhenthereis dataon the upperhalf of the databus

The 8086 has two modesof operation that changesthe function of somepins.
The SDK-86 usesthe 8086in the minimum modewith the MN/ M Xio tied to 5

volts. This is a simple single processormode To work i maximum n1odg, the
MN/ M Xia is tied to ground. This is the mode required for aWike
the 8087, -




8086PIns

In the minimum mode the following pins are available.

HOLD When this pinis high, another master is requesting control of the
local bus, e.g., a DMA controller.

HLDA HOLD Acknowledge: the 8086 signals that it is going to float
the local bus.

WR G Write: the processor is performing a write memory or I/O operation.

M/ | O®emory or I/O operation.

DT/ R ®ata Transmit or Receive.

D E NG DataEnable: datais on the multiplexed address/data pins.

ALE Address Latch Enable: the address is on the address/data pins.
This signal is used to capture the address in latches to establish the
address bus.

| NT Adnterrupt acknowledge: acknowledges external interrupt requests.
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8086Architecture

AThe 8086 has two parts, the Bus Interface Unit (BIU) and the
Execution Unit (EU). —

—_——

AThe BIU fetches instructions, reads and writes data, and computes the
20-bit address.

AThe EU decodes and executes the instructions using the 16-bit ALU.

AThe BIU contains the following registers:

IP - Instruction Pointer

CS - Code Segment Register
DS - Data Segment Register

SS - Stack Segment Register
ES - Extra Segment Register

The BIU fetches instructions using the CS and IP, written CS:IP, to_contruct the
20-bit address. Data is fetched using a segment register (usually the D

an effective address (EA) computed by the EU depending on the addressing
mode.




8086Architecture

The EU contains the following 16-bit registers:

AX T Accumulator
BX - Base Register
CX - Count Register
DX - Data Register

SP - Stack Pointer \ defaults to stack segment
BP - Base Pointer /

Sl - Source Index Register

DI - Destination Register

These are referred to as general-purpose registers, although, as seen by
their names, they often have a special-purpose use for some instructions.

The AX, BX, CX, and DX registers can be considers as two 8-bit registers, a
High byte and a Low byte. This allows byte operations and compatibility with
the previous generation of 8-bit processors, the 8080 and 8085. 8085 source
code could be translated in 8086 code and assembled. The 8-bit registers are:

AX --> AH,AL
BX --> BH,BL
CX --> CH,CL
DX --> DH,DL

I-11



Flag Register

ExecutionUnit (EU)

Auxiliary  Carry Flag

a borrow in case of subtraction

This flag is set, when there is a carry
out of low-nibble in case of addition or

Carry Flag

This flag is set, when there is
a carry out of MSB in case of
addition or a borrow in case
of subtraction

Sign Flag
After any operation if the
MSB is 1, then it indicates

that the number is negative.

And this flag isset to 1

Zero Flag
This flag is set, if the result of This
the computation or comparison result
performed by an instruction is will

is even parity flag. When

be set to 1, otherwise 0 for
Zero odd number of 1s

Parity Flag

has even number of 1, it

Jlllﬂﬂ

OmEmOEE

Over flow Flag

is too large to fit.

The overflow flagis set to 1 when the result of a signed operation \’

Trap Flag
If this flag is set, the processor
enters the single step execution
mode Dy generafing  Internal
interrupis  after the execufion of
€ach_instruction

towards the lowest address,

Direction Flag

This is used by string manipulation instructions . If this flag bit
is @0 ,the string is processe eginning _irom the lowest
address to the highest address, i.e., auto incrementing ~mode .

Otherwise—the—string—is processed from the highest address

i.e., auto decrementing mode .

Causes the 8086 to recognize
external mask interrupts; clearing
ey

Interrupt  Flag

disables these Interrupts.
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8086 Microprocessor ArC h I te Ct u re

Address Bus (20- bit)

AH | AL | AX | Address
BH | BL | BX E Generation
CH [CL |CX !
General FDHIIBLY| DX
; i Data Bus
Registers SP i (16 bit)
BP !
DI :
| i P
ALU Data bus (16 bIF) :l—) internal B cocc Bus
. ! Communication Control b—m«—
Temporary, i Sl Logic
Registers [ i
Internal | ! Instruction queue
| 1 Q Bus )
Control | —~—11[2|3(4|5|6
System | | (8bit)
Execution Unit (EU) Bus Interface  Unit (BIU)
EU executes instructions that have BIU fetches instructions, reads data
already been fetched by the BIU. from memory and I/O ports, writes

data to memory and I/ O ports.
BIU and EU functions separately.
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Architecture

8086 Microprocessor

Address Bus (20- bit)

Bus

Interface

Unit (BIV)

/

Dedicated Adder to generate
20 bit address

AH | AL AX i Address
BH | BL | BX i Generation /
CH |CL | CX !
General | DH | DL | DX :
. i Data Bus
Reqgisters 32 E (16 bit)
Si . /
. ! 1P
ALU Data bus (16 bit) - Internal Bus | 8085 Bus
] ! Communication Control |-
Temporary, ! Registers Logic
Registers || :
Internal | ! Instruction queue
H Control [—3BUS [T T3 T4 56|
System | | (8 bit)

Four 16 -bit segment
registers

Code Segment (CS)
Data Segment (DS)
Stack Segment (SS)
Extra Segment (ES)

Execution Unit (EU)

Bus Interface Unit (BIU)




MemoryAddresgCalculation

C Segmentddressesustbestoredin

segmentegisters

C Offsetis derivedfrom the combinationof
pointerregistersthe InstructionPointer

(IP), andimmediatevalues

C Examples

cs [3[4]8|A

P + 4 2 1

Instruction address

DS [(1]2|3|4

DI + olo ]2

Dataaddress (123 |6

Segmentaddress | 0000

+ Offset
Memory address
SS 5101000
SP+ FF E|O
Stackaddress |[2|F F E O




Architecture

8086 Microprocessor

Segment
Registers

P

Internal
Communication
Registers

B 8086 60 s 1-megabyte
memory is divided
into segments of up
to 64 K bytes each .

Bus Interface  Unit (BIU)

Fully overlapped

Partially overlapped
Disjoined
Continues

Physical
Memory
00000H 20000H 40000H 60000H 80000H
The 8086 can  directly B Programs  obtain  access
address four segments to code and data in the
(256 K bytes within the 1 segments by changing
M byte of memory) at a the segment register
particular  time . content to point to the
desired segments
6
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8086 Microprocessm

Architecture

Bus Interface  Unit (BIU)

Code Segment Register

Segment
Registers
]
|
]
]
15 87 0 | 15 0
AX[ AH T AL o IP l
BX | BH | BL !
CX|[CH | CL E
DX [[DH | DL !
15 0
SP v 15 0
BP ! cs
DI | DS
Sl ! sS
[ Fiag Register | |
EU | BIU

16 - bit

CS contains the base or start of the current code segment;
IP contains the distance or offset from this address to the
next instruction byte to be fetched.

BIU computes the 20 -bit physical address by logically
shifting the contents of CS 4-bits to the left and then
adding the 16 -bit contents of IP.

That is, all instructions of a program are relative to the
contents of the CS register multiplied by 16 and then offset
is added provided by the IP.
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Architecture

8086 Microprocessor Bus Interface  Unit (BIU)

Segment Data Segment Register
Registers

m 16 -bit

® Points to the current data segment; operands for most
instructions are fetched from this segment.

B The 16 -bit contents of the Source Index (Sl) or
Destination Index (DI) or a 16 -bit displacement are used
as offset for computing the 20 -bit physical address.

e

15 87 0

15 0

BIU
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8086 MicroprocessQ

15

Segment
Registers

AX

AH | AL

BX

BH | BL

CX

CH | CL

DX

DH | DL

15

SP

BP

DI

Sl

Flag Register

EU

87 0 !

15

Architecture

L Bus Interface  Unit (BIU)

Stack Segment Register

6-bit

= Pointsto the currentstack.

" The20-bit physicalstackaddresss
caletlatedrom-theStackSegmen{SS)

" andthe StackPointer(SP)for stack
InstructionssuchasPUSHandPOR

0

IP

N basedaddressingnode the 20-bit
physicalstackaddresss calculatedrom the
. Stacksegmen{SS)andtheBasePointer

CS

DS

(BP).

SS

BIU

7



Bus Interface  Unit (BIU)

8086 Microprocessk’ArC h Ite Ct U re

Segment Extra Segment Register
Registers

m 16 -bit

B Points to the extra segment in which data (in excess of
64K pointed to by the DS) is stored.

B String instructions use the ES and DI to determine the 20 -
bit physical address for the destmatom.

15 87 0

BIU



Architecture

8086 M'Cmprocessm Bus Interface  Unit (BIU)
Segment Instruction Pointer
Registers _
" 16-bit

Always pointsto the nextinstructionto be
" executedvithin thecurrentlyexecutingcode

segment.
So, this register containsthe 16-bit offset
e o o addresgointing to the nextinstructioncode
ox [enTer] | within the 64Kb of the codesegmenarea
15 0 Its contentis automaticallyincrementedas
E? == the executionof the next instruction takes
s | e Place
EU § BIU
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Architecture

8086 Microprocessor :
P Bus Interface  Unit (BIU)
i Address Bus (20- bit)
AH [AL | AX | —] ,
B0 | BL | BX | aaadrass\ Instruction  queue
. CH |CL |cXx |
eneral_ DX ! ..
Registers Sp I Data Bus
=5 | (16 bit)
DI i ® A group of First -In -First -
[ st ] E Out (FIFO) in which up to
E 6 bytes of instruction
ALU Data bus (16 bit | : IP code are pre fetched from
- US._( '_) : ! Internal Bus | 8086 Bus the memory ahead of
| i ' Communication Control |——— time
Temporary Registers Logic .

Registers | . . .
- B This is done in order to

o Instruction queue speed up the execution by
MR - control |- %gﬁ;‘ 112]3]4]5]6 - overlapping instruction
R System | | fetch with execution
] ] E i This mechanism is known
Execution Unit (EU) Bus Interface Unit (BIU) as pipelining
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8086 Microprocessor

Architecture

Execution

Unit (EU)

Address Bus (20- bit)

EU decodes and
executes Instructions. AH [ AL | AX | Address
T BH | BL | BX E Generation
: CH [CL |cX ! \
A decoder in the EU General FDAIDL | DX ! ~ Data B
Registers SP | Data Bus
control system s ; (16 bit)
translates  instructions. DI
- Sl |
16 - bit ALU for |
performing arithmetic ALU Data bud (16 bit | : |P
and logic operation \ = | Commernal Bus | 8086 Bus
i ! ommunication Control b—o
Temporary : Registers Logic
Registers [ :
Four general purpose ! nstruct
registers(AX,  BX, CX, DX); Internal | | o o TSTCIONIUELE
- Control | s L12]3]|4|5|6F
_ _ System | | (8 bit)
Pointer registers  (Stack |
Pointer, Base Pointer) ; 5
' Execution Unit (EU) Bus Interface Unit (BIU)
and
_ Some of the 16 bit registers can be
Index  registers  (Source used as two 8 bit registers as
Index, Destination Index)

each of 16 -bits

AX can
BX can
CX can
DX can

be
be
be
be

used
used
used
used

as AH and AL
as BH and BL
as CH and CL 8
as DH and DL
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8086 Microprocessor

15

AX

BX

CX

DX

15

Architecture

Execution Unit (EU)

| EU Accumulator Register (AX)
Registers Consistsof two 8-bit registersAL and AH,
" which canbecombinedogetherandusedas
= a16-bit registerAX.
= AL In this casecontainsthe low order byte
of the word,andAH contains théigh-order
87 0 ! 15 :b_Yfe\
EE EE " The /O Instructionsuse the
PRt AX or AL for Inputting/
0 , outputtingl6 or 8 bit datato or from anl/O
& 5 port.
EU BIL Multiplication andDivision instructions

alsousethe AX or AL.



Architecture

8086 Mlcropfocess‘k Execution Unit (EU)

EU Base Register (BX)
Registers

= Consistsof two 8-bit reqgistersBL and BH,
which canbecombinedogethermandusedas
“a16-bit registeBX.

"BL inthiscasecontainsthetow-orderbyte
= 0f the word, andBH containghe high-order

A>1(5 AHB_;L 1 1|5 P 0| S ]
BX[ BH | BL : . ] .
o IOANIDEN This is the only generalpurposeregister
o . whosecontentsanbeusedfor addressing
e [ oS - the8086memory.
Si i sS

S ?AII memory referenceaitilizing this .
| registercontentfor addressingiseDS asthe

AAfAaTIlFtAcAN IS ANREAANTA~EA -
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Addressing

8086 Microprocessk M O d eS

B Every instruction of a program has to operate on a data.
B The different ways in which a source operand is denoted
In an instruction are known as addressing modes.

1. Register Addressing

Group | : Addressing modes for
2. Immediate  Addressing register and immediate data
3. Direct Addressing
4. Register Indirect Addressing
5. Based Addressing

Group Il : Addressing modes for

6. Indexed Addressing memory data

7. Based Index Addressing

8. String Addressing

9. Direct 1/0 port Addressing

Group Il : Addressing modes for
10. Indirect /O port Addressing /O ports
11. Relative Addressing Group IV : Relative Addressing mode
12. Implied ~ Addressing Group V : Implied Addressing moede
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8086 Microprocessor

1. Register Addressing

2. Immediate  Addressing

3. Direct Addressing

4. Register Indirect Addressing
5. Based Addressing

6. Indexed Addressing

7. Based Index Addressing

8. String Addressing

9. Direct /O port Addressing

10. Indirect 1/O port Addressing

11. Relative Addressing

12. Implied Addressing

Addressing  Modes register

Group | : Addressing modes for
and immediate data

The instruction will  specify the name of the
register which holds the data to be operated by
the instruction

Example:

MOV CL, DH

The content of 8-bit register DH is moved to
another 8-bit register CL

(CL) (DH)

15 87 0 | 15 0

AX[ AH AL b IP |

BX| BH | BL !

CX|[ CH | cL :

DX -

15 0 !
SP 15 0
BP ! CS
DI ; DS
EU | BIU

16



8086 Microprocessor

10.

11.

12.

modes for

. Group | : Addressing
Addressmg MOdeS register and immediate data
Register Addressing
_ _ In immediate  addressing mode, an 8-bit or 16 -bit
Immediate  Addressing data is specified as part ofthe instruction
Direct Addressing Example:
Register Indirect Addressin
J ° MOV DL, 08H
Based Addressing _ _ _ _ _ _
The 8-bit data (08 ,) given in the instruction IS
Indexed  Addressing moved to DL
Based Index Addressing (DL) 08 4

String  Addressing

Direct 1/0O port  Addressing
Indirect I/O port Addressing
Relative  Addressing
Implied  Addressing
1587 0 ! 15 o
AX[AH JAL | : [P ]
BX| BH | BL
g§ CH | CL
15 0
SP : 15 0
BP A
EU BIU

MOV AX, OA9FH

The 16 -bit data (OA9F ,) given in the instruction IS

moved to AX register

(AX)  OAOF

17



Addressing

8086 Microprocessor

Modes

Group Il : Addressing

modes

for memory data

1. Register Addressing
2. Immediate Addressing
: : Here the effective address of the memory
3. Direct Addressin ! . . :
2 location at which the data operand Is stored IS
4. Register Indirect Addressing given in the instruction
5. Based Addressing The  effective address is just a 16-bit number
written  directly in the instruction.
6. Indexed Addressing
Example:
7. Based Index Addressing /—\_
MOV  BX, [1354H] Use Bx only
8. String Addressing MOV BL, [0400H]
9. Direct 1/Oport  Addressing The square brackets around the 1354 ,, denotes
10 Indirect 10 ¢ Addressi the contents of the memory location. When
- [hdirec por ressing executed, this instruction will _copy the (contents |of
11. Relative Addressing the memory location into BX register.
12. Implied  Addressing This addressing mode is called direct because the
s 87 0 ! 1 . displacement of the operand from the segment
S " base is specified directly in the instruction.
o [HADE
15 - 0 s .
BP ; Ccs
iD'I B
EU | B

18



Addressing

8086 Microprocessor Group Il : Addressing modes
I\/I Od eS for memory data

1. Register Addressing In  Register indirect addressing, name of the
register which holds the effective address (EA)

2. Immediate = Addressing will be specified in the instruction.

3. Direct Addressing Registers used to hold EA are any of the following
registers:

4. Register Indirect Addressing

BX, BP, DI and SI.
5. Based Addressing

Content of the DS register is used for base

6. Indexed  Addressing address calculation.

7. Based Index Addressing

Example:
: : Note : Register/ memory
8. String Addressing MOV CX, [BX] enclosed in brackets _refer
to content of register/
9. Direct /O port  Addressing memory
Operations:

10. Indirect /O port Addressing

EA = (BX)
11. Relative Addressing BA = (DS) m

_ _ MA = BA + EA Used as offset of the DS
12. Implied Addressing

Qi(sg:ai\l_ 7 | —— (CX) (MA) or,
O [OHIBEN
s (CL)  (MA)
i (CH) (MA +1)
i“.' 5
EU § BIU
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8086 Microprocessor

InstructionSet

8086 supports

1.

2.

3.

6 types of instructions.

Data Transfer Instructions
Arithmetic  Instructions

Logical Instructions

String  Manipulation Instructions
Process Control Instructions

Control Transfer Instructions
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8086 Microprocessor I n Stru Ctl O nS et

1. Data Transfer Instructions

Mnemonics: MOV, XCHG, PUSH, POP, |N, ouT é

MOV reg2/ mem, regl/ mem

MOV reg 2, reg 1 (reg?2) (regl)
MOV mem, reg 1 (mem) (regl)
MOV reg 2, mem (reg?2) (mem)
MOV reg, data (reg) data

MOV mem, data (mem) data

XCHG reg2/ mem, regl

XCHG reg2, regl (reg2) x (regl)
XCHG mem, regl (mem) x (regl)



8086 Microprocessor

IN

IN

IN

IN
IN

IN

A, [DX]

AL, [DX]

AX, [DX]

A, addr8
AL, addr8

AX, addr8

Mnemonics:

InstructionSet

1. Data Transfer

PORT o = (DX)
(AL) (PORT)

PORT o = (DX)
(AX) (PORT)

(AL) (addr8)

(AX) (addr8)

MOV, XCHG, PUSH, POP,

Instructions
IN, OUT é
OUT [DX], A
OUT [DX], AL PORT .4 = (DX)

OUT [DX], AX

OUT addr8, A
OUT addr8, AL

OUT addr8, AX

(PORT) (AL)

PORT 4y = (DX)
(PORT)  (AX)

(addr8) (AL)

(addr8) (AX)



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP e

ADD reg2/ mem, regl/mem

ADD reg 2, reg 1 (reg?2) (regl) + (reg?)
ADD reg 2, mem (reg?2) (reg2) + (mem)
ADD mem, reg 1 (mem) (mem)+(regl)
ADD reg, data (reg) (reg)+ data
ADD mem, data (mem) (mem)+data
ADD A, data

ADD AL, data8 (AL) (AL) + data8

ADD AX, datal6 (AX) (AX) +datal6



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP é

ADC reg2/ mem, regl/mem

ADC reg 2, reg 1 (reg 2) (reg 1) + (reg 2)+CF
ADC reg 2, mem (reg 2) (reg 2) + (mem)+CF
ADC mem, reg 1 (mem) (mem)+(reg 1)+CF
ADC reg, data (reg) (reg)+ data+CF

ADC mem, data (mem) (mem)+data+CF
ADDC A, data

ADD AL, data8 (AL) (AL) + data8+CF

ADD AX, datal6 (AX) (AX) +datal6+CF



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMPe

SUB reg2/ mem, regl/mem

SUB reg 2, reg 1 (reg?2) (regl) - (reg2)
SUB reg 2, mem (reg?2) (reg2) - (mem)
SUB mem, reg 1 (mem) (mem) - (regl)
SUB reg, data (reg) (reg) - data
SUB mem, data (mem) (mem) - data
SUB A, data

SUB AL, data8 (AL) (AL) - data8

SUB AX, datal6 (AX) (AX) - datal6



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP é

SBB reg2/ mem, regl/mem

SBB reg 2, reg 1 (reg2) (regl) - (reg2) - CF

SBB reg 2, mem (reg2) (reg2) - (mem) - CF
SBB mem, reg 1 (mem) (mem) - (regl) i CF
SBB reg, data (reg) (reg) 1 data - CF
SBB mem, data (mem) (mem) - data - CF
SBB A, data

SBB AL, data8 (AL) (AL) - data8 - CF

SBB AX, datal6 (AX) (AX) - datalé - CF



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP e

INC reg/ mem

INC reg8 (reg8) (reg8) + 1
INC regl6 (regl6) (regle) + 1
INC mem (mem) (mem) + 1

DEC reg/ mem
DEC reg8 (reg8) (reg8) -1
DEC regl6 (regl6) (regle) -1

DEC mem (mem) (mem) -1



InstructionSet

2. Arithmetic

8086 Microprocessor

Mnemonics:

Instructions

ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP é

Doesn't change the value of the register. result is not stored anywhere

CMP reg2/mem, regl/ mem
CMP reg2, regl Modify flags (reg2)
MOV AL, 5 If (reg2) > (regl) then
MOV BL, 5 If (reg2) < (regl) then
CMP AL, BL ;AL=5,ZF =1 (so equa”)Qf (reg2) = (regl) then
CMP reg2, mem Modify flags (reg2)

then
then
then

If (reg 2) > (mem)
If (reg 2) < (mem)
If (reg 2) = (mem)
CMP mem, regl Modify flags (mem) i
If (mem)
If (mem)
If (mem) =

> (reg 1) then
< (reg 1) then
(reg 1) then

i (regl)

CF=0, ZF=0, SF=0
CF=1, ZF=0, SF=1
CF=0, ZF=1, SF=0

T (mem)

CF=0, ZF= 0, SF=0
Ck=1, ZF=0, SF=1
CF=0,ZF=1, SF=0

(regl)

CF=0, ZF= 0, SF=0
CF=1, ZF=0, SF=1
CF=0,ZF=1,SF=0



InstructionSet

8086 Microprocessor

2. Arithmetic Instructions

mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP é

CMP reg/mem, data
CMP reg, data Modify flags (reg) 1 (data)

If (reg) > data then CF=0, ZF=0, SF=0
If (reg) < data then CF=1, ZF=0, SF=1
If (req) = data then CF=0, ZF=1, SF=0

CMP mem, data Modify flags (mem) '|'Tn%

If (mem) > data then CF=0, ZF=0, SF=0
If (mem) < data then CF=1, ZF=0, SF=1
If (mem) = data then CF=0, ZF=1, SF=0



8086 Microprocessor I n Stru Ctl O nS et

2. Arithmetic Instructions

Mnemonics: ADD, ADC, SUB, SBB, INC, DEC, MUL, DIV, CMP e

CMP A, data

CMP AL, data8 Modify flags (AL) 1 data 8
If (AL) > data 8 then CF=0, ZF=0, SF=0
If (AL) < data 8 then CF=1, ZF=0, SF=1
If (AL) = data 8 then CF=0, ZF=1, SF=0

CMP AX, datal6 Modify flags (AX) 1 datal6

If (AX) > datal6 then CF=0, ZF=0, SF=0
If (mem) < datalé then CF=1, ZF=0, SF=1
If (mem) = datalé then CF=0, ZF=1, SF=0
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8086 Microprocessor I n Stru Ctl O nS et

3. Logical Instructions

Mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, ROL e

AND A, data
AND AL, data¥ (AL) <~ (AL) & datag
AND AX. datal6 (AX) < (AX) & datal6

AND reg/mem, data
AND reg, data (reg) « (reg) & data

AND mem, data (mem) < (mem) & data |




8086 Microprocessor I n Stru Ctl O nS et

3. Logical Instructions

Mnemonics:  AND, OR, XOR, TEST, SHR, SHL, RCR, ROL é

OR reg2/mem, regl/mem

OR reg2, regl (ree2) « (reg2) | (regl)

OR reg2, mem (reg2) « (reg2) | (mem)
OR 1ﬁcm. regl (mem) <~ (mem) | (regl)

OR reg/mem, data

OR reg, data (reg) « (reg) | data
x

OR mem, data (mem) « (mem) | data

OR A, data ,

O@ data8 (AL) « (AL) | datag

OR AX, datal6 (AX) « (AX) ]| datal6




8086 Microprocessor I nStru Ctl O nS et

3. Logical Instructions

Mnemonics: AND, OR, XOR, TEST, SHR, SHL, RCR, ROL e

XOR reg2/mem, regl/mem

XOR reg2, regl (reg2) < (reg2) " (regtl)
XOR reg2, mem (reg?) < (reg2) ™ (mem)
_—'_\

Wn, regl (mem) < (mem) " (regl)
XOR reg/mem data

XOR reg, data (reg) « (reg) " data
XOR mem, data (mem) < (mem) "~ data
XOR A, data |

XOR@, data8 (AL) « (AL) ~ data8
——_\ S

XOR AX, datal6 (AX) « (AX) " datalb




BasiclnterfacingConcept

A Anyapplicationof MicroprocessoiBasedsystem
Requireghe transfer of data betweenexternal
circuitry to the Microprocessorand Microprocessorto
the Externalcircuitry. Usercangiveinformation (i.e.
iInput) to the Microprocessorusingkeyboardand user
canseethe result or output information from the
Microprocessomwith the help of display.

A Henceinterfacingis usedto exchanganformation
betweentwo different applications/devices.



Memory Mappedl/O

A Deviceaddresss of 16 Bit. meansAo to As linesare
usedto generatedeviceaddress.

A MEMRand MEMW control signalsare usedto control
readandwrite 1/O operations.

A Datatransferis between Anyregisterand|/O device.
A Maximumnumberof I/O devicesare 65536.

A Decodingl6 bit addressmayrequiresmore hardware.
A Fore.g.MOVRM, ADDM,CMPM etc.




A7
A6
A5
A4
A3

RESEDUT—

RESET
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8255PPI

A ThelNTEL8255is a 40 pin IChavingtotal 241/0
nins. consistingof 3 numbersof 8 ¢bit parallel1/O
ports (l.e. PORTA, POR'B,PORT).Theports can

e programmedto function either asa input port or
asaoutput port in different operatingmodes.lt
requires4 internal addressesandhasonelogicLOW
chip selectpin. Its mainfunctionsareto interface
peripheraldevicesto the microprocessorBasically

usedfor parallel datatransfer. operatesin mainly
two modes.

A (1) Bit SetResetMode (BSRViode).
A (2)1/0 Mode.




Week - 11



Block Diagramof 8255PPI

POWER | —> +5V
SUPPLIHS— Ground GROURA

GROURA
CONTRO PORTA(8)

PA

PAZPAC
Bidirectional

DataBus
D7- DO

DATABUS PCU

BUFFER

- 8 Bit PC#PC4
Internal
DataBus

GROUMB PCL

PORT
LOWER?) S pcapc

READ/

WRITE
CONTROL GROUB PB

LOGIC

PB#PBC
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Functionof Blocks

BLOCK FUNCTIORFBLOCK

It Isusedto interfacethe internal databusof 8255to the
DataBusBuffer systemdatabusby readingandwriting operations.

It accepts the input from the address bus and issues
Read/write commands to the individual group blocks also issues
Controllogic appropriate enabling signals to access the required
data/control words/status words.

It canbe programmedin three modesModeO, Model and
PortA Mode2.

It canbe programmedin three modesModeO and Model.
PortB

It canbe programmedfor Bit Set/resetoperation.
PortC



8255PIn
Diagram

P 1
a2 2
Pal 3
P A
I=T=} E
r==3 G
G MDD 7
Al g
A0 <
PC7F 10
PCE 11
PCS 12
PC4 |13
PCco |1
PC1 |15
P2 165
PCo 17
PEO 18
FPE1 |19
PEZ |2

P24
PAaS
P A
PAaT
WWR
FRESET
oo
(e
o2
0=
(e
OS
(e =
(=
Wi
FE~T
FPES
PES
FE4
FE=
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Functionof Pins

FUNCTIORFPIN

Theseare bidirectional, tri-state data buslinesare connectedto the
systemdatabus. Theyare usedto transfer data and control word

DO-D7(DataBus) from microprocesso(8085)to 82550r receivedata or statusword
from 8255to the 8085.

Theseare 8 Bit bidirectional l/O pinsusedto senddatato output
deviceandto receivedatafrom input device.It functionsasan 8 Bit

PAGPA7(PortA) dataoutput latch/buffer when usedin output modeand as an8 Bit
data input latch/buffer when usedin input mode.

Theseare 8 Bit bidirectional l/O pinsusedto senddatato output
deviceandto receivedatafrom input device.lt functionsasan 8 Bit

PBOPB7(PortB) dataoutput latch/buffer whenusedin output modeand as an8 Bit
data input latch/buffer when usedin input mode.



PCOPC7
(PortC)

RESET

Functionof PIns

Theseare 8 bit bidirectional l/O pinsdividedinto two groupsPCL
(PC3PCland PCUPC7#PC4).thesgroupscanindividually transfer
datain or out when programmedfor simplel/O, andusedas
handshakesignalswhen programmedfor handshakeor
bidirectionalmodes.

Whenthis pinislow, the CPUcanreaddatain the ports or the
statusword through the data busbuffer.

Whenthis pinislow, the CPUcanwrite dataon the portsor in the
control registerthrough the databusbuffer.

Thispin canbe enabledfor datatransfer operation betweenthe CPU
and 8255.

Thispin isusedto reset8255.i.econtrol registergetsclearedand
all the ports are setto the input mode.



OperatingModesOf 8255

A Thereare two main operationalmodesof 8255:
(1) Input/output mode,

(2) Bit set/reset mode (BSRMode).

/O mode againclassifiedinto three types
A (1)Mode 0,
A (2)Mode 1,
A (3)Mode 2.




MODE O

A Inthis mode, the ports canbe usedfor simpleinput/output
operationswithout handshaking.

A 1If both port Aand Bareinitialized in mode 0, the two halves
of port Ccanbe either usedtogether asan additional 8-bit
port, or they canbe usedasindividual 4-bit ports.

A Sincethe two halvesof port Careindependent,they may be
usedsuchthat one-half isinitialized asan input port while the
other half isinitialized asan output port.

Themode 0 hasfollowing features:

A Olp arelatched.
A 1/p are buffered not latched.
A Portdo not havehandshakeor interrupt capability.



MODE 1

A Whenwe wish to useport Aor port Bfor handshake
(strobed)input or output operation, we initialize that port in
mode 1.

A Forport Bin this mode (irrespectiveof whether Isactingas
aninput port or output port), PCOPCland PC2pinsfunction
ashandshakdines.

Themode 1 hasfollowing features:
A Twoportsi.e. port AandBcanbe useas8-bit i/o port.

A Eachport usesthree linesof port c ashandshakesignaland
remainingtwo signalscanbe function asi/o port.

A Interrupt logicis supported.
A Input and Output data are latched.




MODE 2

A OnlygroupA canbeinitialized in this mode.

A Port A canbe usedfor bidirectionalhandshakedata
transfer. Thismeansthat data canbe input or output on
the sameeightlines(PAO- PA7).

A PinsPC3- PC7are usedashandshakdinesfor port A.

A Theremainingpinsof port C(PC0O- PC2xanbe usedas
iInput/output linesif groupBisinitialized in modeO.

A Inthis mode, the 8255maybe usedto extendthe
systembusto a slavemicroprocessor



http://en.wikipedia.org/wiki/Microprocessor
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005 D5 | D4 03102 D1 |00

GROUMB

PORTC(LOWER)

> 1=I/P, 0=0/P
POR'B

> 1=I/P, 0=0/P

MODESELECTION
> 0=MODB

1=MODE

GROURA

PORTC(UPPER)

> 1=I/P, 0=0/P

PORTA

> 1=I/P,0=0/P
MODESELECTION

A4

MODESETFLAG
1=ACTIVE

> 00=MODEO
01=MODE1

1X= MODE
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0_1D6 D5 D4 D3 D2 D1]D0.

|
|

5 h b OARE

\ 4

BITSET/RESELAG

0 =ACTIVE

BITSELECT

BITSET/RESET

2=RESET
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Write a programto initialize 8255in the configuration
below.(assumeaddressof the CWregisteras83H).
(1) PortA:simpleinput  (2) Port B:simpleoutput

(3) PortCL:output (4)PortCU:input

A Solution
N G O O S - 0+

Program

MVIA,98H ; LOADCONTROWORD

OUT83H ; SENOCONTROWORD
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Write a programto initialize 8255in the configuration
below.(assumeaddressof the CWregisteras23H).
(1) Port A: output with handshake
(2) Port B: input with handshake
(3) Port CL:output  (4)PortCU:input

A Solutiort
1 1 1 1 1
A S R S S S ] - =+
Program
MVI A AEH: LOADCONTROWORD

OUT23H ; SENOCONTROWORD
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Findthe control word for the registerarrangement
of the ports of intel 8255for mode 0 operation.

A Port A: Output, Port B: Output,
A Port CU:Output, Port CL:Output

Solution

1 G G N G - 60+

Thecontrol word registerfor the aboveports of intel
8255is 80H.
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Findthe control word for the registerarrangement
of the ports of intel 8255for mode 0 operation.

A PortA: Input, Port B: Input,
A Port CU:Input, Port CL:Input

Solution
R G G O S A - ©=H

Thecontrol word registerfor the aboveports of intel
8255is 9BH.
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This ICis designedto simplify the implementation of the interrupt interface in the 8088

and 8086 basedmicrocomputer systems.

. Thisdeviceisknown asa®0 OT C OAlhtéridpA # RT O Odr PIC.A O 6

. It is manufactured using the NMOXechnologyand It is availablein 28-pin DIP.

. Theoperation of the PICis programmable under software control (Programmable)and it
canbe configured for awide variety of applications.

. 8259A s treated asperipheral in amicrocomputer system.

. 8259A PICaddseight vectored priority encodedinterrupts to the microprocessor.
. This controller can be expanded without additional hardware to accept up to 64

interrupt request inputs. This expansion required a master 8259A and eight 8259A

slaves

. Someof its programmable featuresare:
- The ability to acceptlevel-triggered or edgetriggered inputs.
- The ability to be easily cascadedo expandfrom 8 to 64 interrupt -inputs.

- Its ability to be configured to implement awide variety of priority schemes.,,



TOIVIEN T &

' v. D7- DO is connectedto microprocessordatabus D7-D0 (AD7-ADO).
2. IR7-1IRO, Interrupt Request inputs areusedto requestaninterrupt and to connect toaslave

In asystemwith multiple 8259As.

3. WR-the write input connectsto write strobe signal of microprocessor.
4. RD-the readinput connectsto the IORCsignal.
5. INT - the interrupt output connectsto the INTR pin on the microprocessorfrom the master,

andis connectedto a master IR pin on aslave.
6. INTA -the interrupt acknowledge is an input thatconnects tothe INTA signal on the system.

In asystemwith amasterand slaves,only the masterINTA signalis connected.

7. A0 - this addressinput selectsdifferent commandwords within the 8259A.
8. CS chip selectenablesthe 8259A for programming and control.
9. SP/EN- SlaveProgram/Enable Buffer is adual-function pin.

x Whenthe 8259A is in buffered mode,this pin is anoutput that controls the data bus
transceiversin alarge microprocessor-basedsystem.

x Whenthe 8259A is not in buffered mode, this pin programs the device as a master
(1) or aslave(0).

x CAS2CASOthe cascaddines are used as outputs from the master to the slavesfor
cascadingmultiple 8259Asin asystem. 13@



82C59A (PDIP, CERDIP, SOIC)
TOP VIEW

D516

. -
Read Input
E— T

SF/EN Slave Program Input Enable
-
INTA Interrupt Acknowledge Input




8259 PIC

—— o ————
CS [ 1 28 [ ] Vce
WR [ 2 27 [ ] Ac
RD [ s 26 ] INTA
Dr | 4 25 ] IRy
Ds | 5 24 IR
Ds L] o 8250 2 =
Ds [ 7 Programmable ** | ‘Upto eight Hardware Interrupting
Ds [_] 8  Interrupt 21 | ‘devices are supported.
D: [ | 9 Controller 5, F
D1 [ 10 19 |
Do [ | M 18 [ ] IRo
CASo [ 12 17 INT
CAS: [ 13 16 [ ] SP/EN
GND [_| 14 15 [ ] CAS:

The processor is interrupted whenever the
Interrupting device delivers a signal to the 8259.
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The Internals of 8259

Data
008 Bus )
Buffer
_ =1
RD——»y g
—— Read/\Write o
el : Logic O
Ap— » E—
o
% -
tan o a Lo
CS |
CAS 4 >
: Cascade
CAS1¢— | Bufferr #—
CAS, Comparator
SP/EN ?
—» Voo

Power Supply

—* GND

INLA INT
Control Logic
F .
+— IR,
Ir1_ Priority Interrupt ¢ IR,
Service Request ¢ R
Reqist Resolver Raqist 3
egister (PR) egister |4 |R,
(ISR) (IRR) ¢ IRs
+— |Rs
F F — IR?

I

Interrupt Mask Register (IMR)

These signals are used to interface

to the 8086 Microprocessor.



The Internals of 8259

Data
Dr-DeS— B f Bus >
Buffer
_ =1
RD—— %
= Read/\Write oo
WR——» Logic ‘“——9 5
An—  » %
o
# -
fr— Ln
CcS
CAS 4 .
0 Cascade
CAS1¢— Buffer W#—
CAS., Comparator
SP/EN ?
— Voo

Power Supply

— GND

lNlTﬁ‘ INT
Control Logic
F F
|

= - +«—— |Rp
+— R,
. In_ Priority :;Iterrupi «— IR;
Rer*:n::e © Resolver <: HEqPTE — IR;
egister (PR) egister ¢ R,
(ISR) (IRR)  |¢— IRs
+— |Rg
_all r .'_ IR?

I

Interrupt Mask Register (IMR)

These signals are used to interface

to the 8086 Microprocessaor.



The Internals of 8259

INTA

Data
D08 Bus
Buffer
RD——0
e Read/\Write
WR Logic
Ag—p
CS %
CAS) ¢ »

. Cascade
CAS1¢—» Buffer/
CAS, Comparator

SP/EN %

Power Supply

— Voo
—* GND

sng ele( |eulaju|

;) INT
Control Logic
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«— R
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Repflfe @ Resolver <: REQFTE — IR
egister (PR) egister ¢ |R,
(ISR) (IRR) e IR,
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4+— |R;

I I

I

Interrupt Mask Register (IMR)




The Internals of 8259

_ IrlTA INT
Data
D-,-—D.;. Bus < > Control Logic
Buffer - -
T |
- [
_ = ek
RD—— % — IR;
B Read/\Write o In o Interrupt ¢ IR
WR———O . +——@ - : Priorit 2
Logic E Sen_nce @ Resnlv:;r < Reqf_lest «— IR
Ar—» = RE:QSI:(EF (PR) R?gﬁer «— IR,
= (ISR) (IRR) ¢ R,
o — # i 44— |Rs
CcS & y = Y — IRT
CASo ¢ N s
‘ Cascade
CAS1¢— | Buffer/ [—— <:: Interrupt Mask Register (IMR)
Comparator
CASig_ g F
SP/EN ?

gy This sub-system handles all the
Fower Supply { b GND external Interrupt requests.



The Internals of 8259

_ HlTA INT
Data
D?—D.;. Bus < > Control Logic
Buffer . -
‘[ |
RD——O % «— IR,
S Read/\Write o In SR Interrupt | IR
—p . —. = . Priorit <
WR Logic E SEF‘:FIEE <Il:> Resnlv};r <:: Req!.lest — IR
Ag—  » = Register (PR) Register [¢ IR,
o (ISR) (IRR} ¢ IR:
_ % 5 44— |Rs
€S r F s +— IRT
CASo 4 > T
. Cascade
CAS1¢— | Buffery [—— <:> Interrupt Mask Register (IMR)
CAS. Comparator
REIEN This block identifies all the current Interrupts

—> Vec that are serviced by the processor.

Power Supply {
—F* GND
The ISR acts as a buffer between the Interrupt

Request Register and the 8086.



The Internals of 8259
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o F r +— IRT

Interrupt Mask Register (IMR)

This block accepts and stores the
actual Interrupt requests from external
Interrupting devices.




The Internals of 8259
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=

Interrupt Mask Register (IMR)

This logic block determines the priorities of
the bits set in the IRR. The highest priority is

selected and strobed into the corresponding
bit of the ISR during INTA Pulse.



The Internals of 8259

_ II‘IA INT
Data
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0 Cascade
CAS1e— 3 Buffer/ [—— <:> Interrupt Mask Register (IMR)
CAS, Comparator
SP/EN % This logic block masks Interrupt lines based on

P B —» Vee programming by the processor. It prevents masked
oWersupby s —y GND Interrupt lines from interrupting the processor.



The Internals of 8259
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