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UNIT -1
8086ARCHITECTURE

Introduction to processor:

1 A processor is the logic circuitry that responds to and processes thenbasictiors that
drivesa computer.

1 The term processor has generally replaced the term central processin@RIdit The
processor in a personal computer or endieed in small devices is often called a
microprocessor.

1 Theprocessor(CPU, for Central Processing Unitis the computer's brain. It allows the
processing of numeric data, meaning information enterétharyform, and the execution
of instructions stored in memory.

Evolution of Microprocessor:
A microprocessor is used as the CPU in a microcomputer. There are now many differg
microprocessors available.
1 Microprocessor is a prograoontrolleddevice, which fetches the instructions from memory,
decodes and executes the instructions. Most Micro Processor are climgléevices.
1 Microprocessor is a backbone of computer system. which is called CPU
Microprocessor speed depends on the processeegistepends on DATA BUS WIDTH.
1 A common way of categorizing microprocessors is by the no. of bits that their ALU can
Work with at a time
1 The address bus is unidirectional because the address information is always given by the
Micro Processor taddress a memory location of an input / output devices.
1 The data bus is Biirectional because the same bus is used for transfer of data betwe
Micro Processor and memory or input / output devices in both the direction.
1 It has limitations on the size afata. Most Microprocessor does not support floagiaot
operations.
1 Microprocessor contain ROM chip because it contain instructions to execute data.
What is the primary & secondary storage devickf?primary storage device the
9 Storage capacity is lirred. It has a volatile memory. In secondary storage device the storag
capacity is larger. It is a nonvolatile memory.
a) Primary devices are: RAM (Read / Write memory, High Speed, Volatile Memory
/ ROM (Read only memory, Low Speed, Non Voliate Memory)
b) Secomary devices are: Floppy disc / Hard disk
Compiler: Compiler is used to translate the highrel language program into machine code at a
ti me. It doesnot require special i nstruct.i
Execution time is lessompared to Interpreter.
1.4-bit Microprocessor:
1 The firstmicroprocessor(Intel 4004) was invented in 1971. It was-hiécalculation device
with a speed of 108 kHz. Since then, microprocessor power has grown exponentially.
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what exactly are these legtpieces of silicone that run our computéeiSbmmon Operating
Machine Particularly Used For Trade Education And Research ")
1 It has 3200 PMOS transistors.
1 Itis a 4bit device used in calculator.
2.8-Bit microprocessor:
1 In 1972, Intel came out with the @® which is 8bit.
1 In 1974, Intel announced the 8080 followed by 8085 islat $rocessoBecause 8085
processor has 8 bit ALU (Arithmetic Logic Review). Similarly 8086 processor has 16 bi
ALU. This had a larger instruction set then 8080. used NMOSidtarss so it operated
much faster than the 8008.
The 8080 is referred to as a ASecond gene
3. Limitations of 8 Bit microprocessor:
1 Low speed of execution
1 Low memory addressing capability
1 Limited number of general purpossgisters
1 Less power full instruction set
4. Examples for 4/ 8 / 16 / 32 bit Microprocessors:
1 4-Bit processoi 4004/4040
1 8-bit Processor 8085 / Z80 / 6800
1 16-bit Processor 8086 / 68000 / Z8000
1 32-bit Processor 80386 / 80486
5. What are 1st/ 2nd / & / 4th generation processor?
f The processor made of PMOS technology is calfegeheration processor, and it is made up
of 4 bits
1 The processor made of NMOS technology is callf@j@neration processor, and it is made
up of 8 bits
1 The processor made 6BMOS technology is called 3rd generation processor, and it is made
up of 16 bits
1 The processor made of HCMOS technology is callfédeheration processor, and it is made
up of 32 bits HCMOS : High-density A type Complementary Metal Oxide Silicon field
effect transistor)
Block diagram of microprocessor:
Microcomputer Block Diagram
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The Central Processing Unit (CPU):

This device coordinates all operatiooisa micro computer. It fetches programs stored in
ROM s or RAMs and executes the instructions
which is characteristic of each type of CPU, and which is recognized by the CPU.

The Random Access Memory (RAM)Temporary or trail programs are written .

Besides the ROM area, every computer has some memory space for temporary storag
data as well as for programs under development. These memory devices are RAMsiowRad
memory. The contents ofdire not permanent and are altered when power is turned off. So the RAI
memory is considered to be volatile memory.

The Read Only Memory (ROM): Permanent programs are stored.

The permanent memory device/area is called ROM, because whatevie Imeemory
contents of ROMs, they cannot be over written with some other information.

For a blank ROM, the manufacturer supplies the device without any inf. In it, informatio
can be entered electrically into the memory space. This is caltethga ROM or PROM.

Data Lines/Data Bus:

The numbepof data lines, like add. Lines vary with the specific CPU .The set of data line
is database like the address bus unlike add. Bus, the data bus is bidirectional because whilg
informaion on the address Bus always flows out of the CPU; the data can flow both out of the CI
as well as into the CPU.

Control lines/ control Bus:

The no. of control lines also depends on the specific CPU one is using.
Ex: Read; Write lines arexamples of control lines
Clock: The clock is a symmetrical square wave signal that drives the CPU

Instructions: Aninstruction is an elementary operation that the processor can accomplish).

Instructions are stored in the main memory, waiting to be proceysth@ processor. An instruction
has two fields:
1 Operation code which represents the action that the processor must execute;
Operand code which defines the parameters of the action. The operand code depends on the
operation. It can be data or &mory address
Introduction to 8085 Microprocessor:
The Salient Features of 8085 Microprocessor:
1 8085is an8 bit microprocessomanufacturedavith N-MOS technology.
T It has16-bit addressusandhencecanaddresaup to 2'° = 65536bytes (64KB)
memorylocationsthroughAoe-Ass.
1 Thefirst 8 linesof addres®usand8 linesof data busaremultiplexedADo - AD7.
Databusis a group of 8 line®o - D7.
1 It supportsexternalinterruptrequest.808%onsistf 16 bit program countefPC)
andstackpointer (SP).
1 Six 8-bit general purpose register arrangegairs: BC,DE, HL.
1 It requiresa signal +5V powersupplyand canoperateat 3 MHz, 5 MHz and 6
MHz Serialin/Serialout Port.
1 It is enclosedvith 40 pinsDIP (Dual inline package).
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Internal Architecture of 8085:
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Internal Architecture of 8085

Ayg- Ay ADz- AD

8085 Bus Structure: Address Bus:

1 Theaddressusis a group of 16 linegenerally identifiecasAO to A15.
1 Theaddresdusis unidirectional:bits flow in onedirectionfrom the MPU to peripheral
devices.
1 TheMPU usesthe addressusto performthe fir st function: identifying a peripheralor a
memorylocation.
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Data Bus:
1 Thedata buss a group of eighlinesused for data flow.
1 Theselines are bi-directional - dataflow in both directions betweenthe MPU and
memoryandperipheral devices
T The MPU usesthe data bus to perform the second function: transferring binary
information.
1 Theeightdata linesenable thaMPU to manipulate8-bit dataranging from 00 td-F (28 =
256 numbers).
1 Thelargestnumber thatanappeaion thedata lusis 11111111.




Control Bus:
T Thecontrolbuscarriessynchronizatiorsignalsandproviding timingsignals.
T TheMPU generatespecificcontrolsignalsfor everyoperation it performs. Thesgnals
areused tadentify a device typavith which the MPU want to communicate.
Registers of 8085:

1 The8085 havesix generalpurpose registers &iore8-bit data during program execution.
1 Theseregisters ar@entifiedasB, C,D, E, H, andL.

1 They can be combined as register pairsBC, DE, and HL-to perfam some 16-bit

operations.
T T L] T
Accumulator & () [ _,H'F R‘egi?h:r
B (8} C (8)
D [} E [E:3]
H (8] L (8]
Stack Pointer (5P) (16)
Program Counter (PC) (16}
Data Bus Address Bus
16
Lines
Bidirectional Umdirectional

Accumulator (A):
1 Theaccumulators an8-bit register thats part ofthe arithmetic/logicunit (ALU).

1 Thisregister isused tostore8-bit data ando perform arithmeti@ndlogical operations.
1 Theresult of aroperation isstoredin theaccumulator.

1 The ALU includesfive flip-flops that are set or resetaccordingto the result of an
operation.

T Themicroprocessousesheflags for testinghedata conditions.

1 TheyareZero(Z), Carry(CY), Sign(S), Parity(P),andAuxiliary Carry (AC) flags.The
mostcommonlyused flags ar&ign,Zero,andCarry.

Thebit position for theflags inflag register is,

Dy Dig Ds P Dis Dy O, D
5 z AC F oY

1. SignFlag (S):
After executionof anyarithmeticandlogical operation, ifD7 of theresultis 1, thesign flag
is sd. Otherwiseit is reset.
D7 isreserved for indicatinthe sign;theremaining ishe magnitudeof number.
If D7 is 1, thenumber willbe viewedasnegative numbeif D7 is 0, thenumberwill be
viewedaspositive number.




2.Zero Flag (2):

If the resultof arithmeticandlogical operationis zero,thenzeroflag is setotherwiseit is
reset.
3. Auxiliary Carry Flag (AC):

If D3 generatesiny carrywhendoingany arithmeticandlogical operationthis flag is set.
Otherwiselt is reset.
4. Parity Flag (P):

If the resultof arithmeticandlogical operationcontainsevennumberof 1'sthenthis flag
will besetandif it is odd number of 1'g will be reset.

5. Carry Flag (CY):
If anyarithmeticandlogical operationresultany carrythencarryflag is setotherwiseit is
reset.
Arithmetic and Logic Unit (ALU):
1 It is usedto performthe arithmeticoperationdike addition, subtractionmultiplication,
division,incrementanddecrement anbbgical operations likeAND, OR andEX-OR.
1 It receives thelata from accumulat@ndregisters.
T Accordingto theresult itsetor reset thdlags.
Program Counter (PC):
1 This 16-bit registersequencinghe executionof instructions.
1 It isamemorypointer.Memorylocationshavel6-bit addressesandthatis why thisis a
16-bit register
T The function of the programcounteris to point to the memory addressof the next
instructionto be executed.
1 Whenan opcodeis beingfetched,the programcounteris incrementedy oneto pointto
thenext memoryocation.
Stack Pointer (SP):
1 Thestackpointer isalsoa 16bit register used a memorypointer.
T It points toa memorylocationin R/W memorycalledthe stack.
1 The beginningof the stackis definedby loading a 16-bit addressn the stack pointer
(register).
Temporary Register: It is used tdhold thedata during tharithmeticandlogical operations.
Instruction Register: When an instruction is fetchedfrom the memory, it is loadedin the
instructionregister.
Instruction Decoder: It gets the instruction from the instruction register and decodesthe
instruction.lt identifiestheinstructionto be performed.
Serial I/O Control: It has twocontrolsignalshnamedSID andSODfor serialdata transmission.
Timing and Control unit:
1 It hasthreecontrolsignalsALE, RD (Active low) andWR (Active low) andthreestatus
signalslO/M(Active low), SOandS1.

T ALE is usedfor providecontrol signalto synchronizeéhe component®f microprocessor
andtiming for instructionto perform theoperation.




1 RD (Active low) and WR (Active low) are usedto indicate whetherthe operationis
readingthedata from memorgr writing thedata intomemoryrespectively.

T 1O/M(Active low) is usedto indicatewhetherthe operationis belongsto the memoryor
peripherals.

1 If

IO/M(Active
Low)

0 0 0 Halt

S1 52 Data Bus Status({Ouipt)

0 0 1 Mernory WRITE
0 1 0 Iemory READ
1 0 1 [IOWRITE

1 1 0 [OREAD

0 1 1 Opecode fetch

1 1 1 Interrupt ackon wiedge

Interrupt Control Unit:

T It receiveshardwareinterrupt signalsand sendsan acknowledgemenfor receivingthe
interruptsignal.

Pin Diagram and Pin Description Of 8085

8085is a 40 pin ICDIP packageThesignalsfrom thepins carnbe grouped afollows
Power supplyandclock signals

Addressbus

Databus

Controlandstatussignals

Interruptsandexternallyinitiated signals

Seriall/O ports
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Pin configuration

1. Powersupply and clock frequency signals

T Vcc + 5 volt power supply
T Vss Ground

T X1, X2: Crystalor R/C network or LC network connectiongo setthe
frequencyof internalclock generator.

T Thefrequencyis internally dividedby two. Sincethe basicoperatingtiming
frequency is3 MHz, a 6 MHz crystalis connectedxternally.

T CLK (output}Clock Output is used as the systemclock for peripheraland
devicesinterfacedwith the microprocessor.




2. Address Bus:

T A8-Al5 (output; 3state)

It carriesthe most significant 8 bits of the memory addressor the 8 bits of
the 1/0 address;

3. Multiplexed Address / Data Bus:

T
1

T
T

ADO - AD7 (input/output; 3state)

Thesemultiplexedsetof lines usedto carrythe lower order8 bit addressaswell asdata
bus.

During the opcodefetch operation,in the first clock cycle, the lines deliver the lower
order addresA0 - A7.

In thesubsequentD / memory,read Avrite clock cyde thelinesareused aslata bus.

TheCPUmayread omwrite out data througkthesdines.

4. Control and Status signals:

T
T

ALE (output)- Address.atchEnable.

This signalhelpsto capturethe lower orderaddresgresentean the multiplexedaddress

/ data bus
RD (output 3state, activédow) - Read memory or I@evice.

This indicatesthat the selectednemorylocationor I/O deviceis to be readandthatthe
databusis ready for acceptindata from thenemoryor 1/0O device.

WR (output 3state, activdow) - Write memoryor IO device.

This indicatesthat the dataon the databusis to be written into the selectedmemory
locationor I/O device.

IO/M (output)- Selectmemoryor anlO device.

This statussignalindicatesthatthe read/ write operationrelatesto whetherthe memory
or I/O device.
It goes high tandicatean|/O operation.

It goes lowfor memoryoperations.

5. Status Signals:

1

It is used taknow thetypeof currentoperation of thenicroprocessor.
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Lo} S1 52 Data Bus States (Onugpuat)
a a a Halt

a a 1 Iletrworsy WEITE

a 1 a Iilermory BFE AT

1 a 1 IO AW EREITE

1 1 a I0 FE AT

] 1 1 Chacode fietch

1 1 1 Interruapt aclknowledgs

6. Interrupts and externally initiated operations:

1 Theyarethe signalsinitiated by an externaldeviceto requesthe microprocessoto do a
particulartaskor work.
1 Therearefive hardware interruptsalled,

TRAP =
RST 7.5
RST 6.5 — (inpurs)
RET 5.5
INTR
INTA ( active low output)

1 Onreceiptof an interrupt, the microprocessoacknowledgeshe interrupt by the active
low INTA (InterruptAcknowledge)signal.
Reset In (input, active low)
1 Thissignalis used taeset themicroprocessor.
T Theprogram counteinsidethe microprocessois setto zero.
1 Thebusesaretri-stated.
Reset Out (Output)
1 ItindicatesCPUis being reset.
T Usedtoreset althe connectedleviceswvhenthe microprocessois reset
7. Direct Memory Access (DMA):
Tri statedevices:

Output

Enable E

1 3outputstatesarehigh & low statesandadditionallya high impedancstate.




1 WhenenableE is high the gateis enabledandthe outpu Q canbel or O (if Ais0,Qis 1,
otherwise Qs 0). However,whenE is low the gate isdisabled andhe outputQ entersinto a
high impedancstate.

E A Q State

10t gh) n 1 High

1 1 n Low
High

0 1oy n n impedance
High

0 ! 0 impedance

1 Forboth high andow statesthe output Qdrawsa currentrom theinput of the OR gate.

T WhenE is low, Q entersa high impedancestate; high impedancemeansit is electrically
isolatedfrom the OR gate's inputthoughit is physically connectedTherefore,it does not
drawanycurrentfrom theOR gate's input.

T When 2 or more devicesare connectedto a common bus, to preventthe devicesfrom
interferingwith eachother,thetristategatesare usedto disconnecall devicesexceptthe one
thatis communicatingat a given instant.

1 The CPU controls the data transfer operation betweenmemory and I/O device. Direct
Memory Accesoperationis used forlargevolume dataransferbetweenmemoryandan 1/0
device directly.

T The CPU is disabled by tri-stating its buses and the transfer is effected directly by
externalcontrolcircuits.

T HOLD signal is generatedby the DMA controller circuit. On receipt of this signal, the
microprocessoracknowledgeshe requestby sendingout HLDA signal and leavesout the
control of the buses After the HLDA signalthe DMA controller startsthe direct transfer of
data.

READY (input)

T Memoryandl/O deviceswill haveslowerresponse comparéd microprocessors.

1 Before completingthe presentjob sucha slow peripheralmay not be able to handle
furtherdata or controsignalfrom CPU.
1 Theprocessosetsthe READY signalafterconpletingthe present jolio accesshedata.

1 Themicroprocessoentersnto WAIT statewhile theREADY pin isdisabled.




8. Single Bit Serial 1/0 ports:

T SID (input) - Serialinputdata line
T SOD(output) - Serialoutput data line

T Thesesignalsareused forseral communication.
8086 Architecture:

Overview or Features of 8086
1 It is a 16-bit Microprocesso € p ) ALU,tinbemal registersworks with 16bit binary
word.

8086 has a 20 bit addrdssscanaccessip t02°°= 1 MB memorylocations.
8086hasa 16bitdat bus.lt canreador write data toa memory/porteither16bitsor 8 bit
ata time.
It cansupportup to64K 1/O ports.
It provides 14, 16bit registers.
Frequencyangeof 8086 is6-10 MHz
It has multiplexedddressanddata busADO- AD15 andA161 A19.
It requiressinglephase clockvith 33% duty cycldo provide internatiming.
It canprefetchupto 6 instructionbytesfrom memoryandqueueghemin orderto speed
upinstructionexecution.
It requires +5Vpowersupply.
A 40 pin dual ifine package.

1 80% is designed tmperate irtwo modes Minimum modeandMaximummode.

o Theminimum modeis selectedby applyinglogic 1 to the MN / MX# input pin.
Thisis asinglemicroprocessoconfiguration.
o Themaximummodeis selectedby applyinglogic O to the MN / MX# input pin.
Thisis a multimicro processorsonfiguration.

Register Organization of 8086 General
purpose registers

The 8086 microprocessorhas a total of fourteen registersthat are accessibleto the
programmerlt is divided intofour grous. Theyare:

1 Four Generapurpose registers

1 FourIndex/Pointer registers

T Four Segmentegisters

T Two Otherregisters
Generalpurpose registers:

= =

= =2 A A8 -4 =4

= =

General Purposce Registers

Aecomulator AX 5 : Multiply, divide, /0

Base BX Pointer to base addresss [datal
Count CX Count for loops, shifts

Data DX Multiply, divide, 'O

Accumulatorregisterconsistsof two 8-bit registersAL andAH, which canbe combined
togetherand usedas a 16-bit registerAX. AL in this casecontainsthe low order byte of the
word, and AH containsthe high-order byte. Accumulatorcan be usedfor I/O operationsand




stringmanipulation.

Baseregisterconsistsof two 8-bit registersBL and BH, which canbe comhlined together
andused as 16bit register BX.BL in this casecontainsthe low-orderbyte of theword, andBH
containsthe high-order byte. BX registerusually containsa datapointer usedfor based,based
indexedor register indirecaddressing.

Countregister consistef two 8-bit registers CLandCH, which canbe combinedtogether
and usedas a 16-bit registerCX. When combined,CL registercontainsthe low order byteof
the word, and CH contains the high-order byte. Count register can be used in Loop,
shift/rotateinstructionsandasa countein stringmanipulation

Dataregisterconsistsof two 8-bit registersDL and DH, which canbe combinedtogether
andusedasa 16-bit registerDX. Whencombined,DL register containghe low order byte othe
word, and DH containsthe high-order byte. Data registercan be usedas a port numberin 1/0O
operationsin integer32-bit multiply and divide instructionthe DX registercontainshigh-order
word of theinitial or resulting number.

Index or Pointer Registers
Theseregisters camlsobe calledasSpecialPurposeegisters.

Pointer and Index Registers

0
Stack Pointer SP Pointer to top of stack
Base Pointer BP Pointer to base address (stack)
Sowurce Index SI Source siring/index pointer
Destination Index DI Destination string/index pointer
15 0

StackPointer(SP)is a 16-bit register pointingo programstack,i.e. it is usedto hold the
addressf the top of stack.The stackis maintainedasa LIFO with its bottom at the startof the
stacksegment(specifiedby the SS segmentregister).Unlikethe SP register,the BP canbe used
to specifythe offset of other prograreegments.

BasePointer(BP) is a 16-bit registerpointing to datain stacksegmentlt is usuallyused
by subrouting to locatevariables thatvere passedn thestackby a callingprogram. BPRregister
is usually used for based, based indeaecdegister indirecaddressing.

Sourcelndex (Sl) is a 16-bit register.Sl is usedfor indexed,basedindexedand register
indirect addressingaswell asa sourcedataaddressn string manipulationinstructions.Usedin
conjunctionwith the DS register tgooint todata locationn thedatasegment.

Destinationindex (DI) is a 16-bit register.Usedin conjunctionwith the ES registerin
string operationsDI is usedfor indexed,basedindexedandregister indirectaddressingas well
as a destinationdataaddressn string manipulationinstructions.Iln short, Destinationindex and
Sl Sourcelndexregisters ar@sed tchold address

Segment Registers

Most of the registerscontain data/instructionoffsets within 64 KB memory segment.
Thereare four different 64 KB segmentdor instructions,stack,dataand extradata.To specify
wherein 1 MB of processormemory these4 segmentsare located the processorusesfour




segmentegisters.

Segment Registers

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

Code segment (CS) is a 16-bit register containingaddressof 64 KB segment with
processoinstructions.The processomusesCS segmentor all accesseso instructionsreferenced
by instruction pointer (IP) register.CS registercannotbe changeddirectly. The CS registeris
automaticallyupdated during far jumgar callandfar returninstructions.

Stack segment(SS) is a 16-bit register containing addressof 64KB segmentwith
programstack. By defaut, the processorassumeghat all datareferencedby the stack pointer
(SP) and basepointer (BP) registersis locatedin the stacksegmentSS registercan be changed
directly usingPOPinstruction.

Data segmentDS) is a 16-bit register containingddres of 64KB segmentvith program
data.By default, the processorassumeghat all datareferencedoy generalregisters(AX, BX,
CX, DX) andindex register(SlI, DI) is locatedin the datasegmentDS registercan be changed
directlyusingPOPandLDS instructons.

Extra segment(ES) usedto hold the startingaddressof Extra segmentExtra segmenis
providedfor programsthat needto accessa seconddatasegmentSegmentregisterscannotbe
usedin arithmeticoperations.

Other registers of 8086

Other Registers
Flags Flags
Instruction Pointer IP

Instruction Pointer (IP) is a 16-bit register.This is a crucially importantregisterwhich is used
to control which instructionthe CPU executesThe IP, or programcounter,is usedto storethe
memorylocationof the next instructionto be executedThe CPU checksthe programcounterto
ascertainwhich instructionto carry out next. It then updateshe programcounterto point to the
next instruction. Thus the program countemwill always pointto the nextinstruction to be
executed.

Flag Register containsa group of statusbits called flags that indicatethe statusof the CPU or
theresult of arithmetioperations. Theraretwo typesof flags:

1. The status flags which reflect the result of executingan instruction. The programmercannot
set/resetheseflags direcly.
2. The control flags enableor disable certain CPU operations.The programmercan set/reset




thesebits tocontrolthe CPU'soperation.

Nine individual bits of the statusregisterare usedascontrol flags (3 of them)and status
flags (6 of them).Theremaning 7 arenot used.

A flag can only take on the valuesO and 1. We say a flag is setif it hasthe value
1.The statusflags are used torecordspecific characteristicef arithmeticand of logical
instructions.

O-Flag LFle  sn 1he Flags Register
I"-lllua T-TI'lay Z-Flag A-ilng P-Flag C-Flag
A Y &=
DR A AN RY
EAAINAY ARHRAN MR SN R = IS
15 T ]T J T 0
Direction roap ero Parity
Oreerflaw Interrupt Sigm Aunzilhary Cacry

'l_.'m‘l*:r
Control Flags: Therearethreecontrolflags

1. The Direction Flag (D): Affects the direction of moving data blocks by such
instructionsas MOVS, CMPSandSCAS. Theflag valuesare0 = up and1 = down and
canbe set/reseby the STD (setD) andCLD (clearD) instructions.

2. The Interrupt Flag (I): Dictates whether or not system interrupts can occur.
Interruptsare actionsinitiated by hardwareblock suchasinput devices thawill interrupt
the normal executionof programs.The flag valuesare 0 = disableinterruptsor 1 =
enable interrupts and can be manipulatedby the CLI (clear 1) and STI (set I)
instructions.

3. The Trap Flag (T): Determinesnvhetheror not the CPU is haltedafter the execution
of eachinstruction. When this flag is set (i.e. = 1), the programmercan single step
throughhis programto debugany errors. When this flag = 0 this featureis off. This
flag canbe setby the INT 3 instruction.

StatusFlags: Therearesix statusflags

1. The Carry Flag (C): This flag is setwhenthe result of an unsignedarithmetic operationis
too largeto fit in the destinationregister.This happensvhenthereis anendcarryin an addition
operationor therean end borrowsin a subtractionoperation.A valueof 1 = carryand0 = no
carry.

2. The Overflow Flag (O): Thisflag is setwhentheresult of a signed @hmetic operation i2oo
largeto fit in the destinationregister(i.e. when an overflow occurs).Overflow can occurwhen
addingtwo numberswith the samesign (i.e. both positive or both negative).A value of 1 =




overflow and0 = no overflow.

3. The Sign Flag (S): This flag is set when the result of an arithmetic or logic operationis
negative.This flag is a copy of the MSB of the result (i.e. the sign bit). A value of 1 means
negativeandO = positive.

4. The Zero Flag (2): Thisflag is setwhentheresult ofanarithmeticor logic operationis equal
to zero.A value of 1 meantheresult iszeroanda value of 0 meartheresult isnot zero.

5. The Auxiliary Carry Flag (A): Thisflag is setwhenanoperation causescarryfrom bit 3 to
bit 4 (or a borrowfrom hit 4 to bit 3) of anoperand. Avalue of 1 = carrandO = no carry.

6. The Parity Flag (P): This flags reflectsthe numberof 1sin the resultof an operation.If the
numberof 1sis evenits value = 1 andf thenumber of 13s odd thents value = 0.

Architecture of 8086 or Functional Block diagram of 8086
1 8086has twablocks BudnterfaceUnit (BIU) andExecutionUnit (EU).

1 The BIU performsall bus operationssuch as instruction fetching, reading and writing
operandsfor memay and calculating the addreses of the memory operands.The
instructionbytes ardransferredo theinstructionqueue.

1 EU executesnstructionsfrom theinstructionsystembyte queue.

1 Both units operateasynchronouslyo give the 8086 an overlappinginstructionfetch and
executionmechanismwhich is called as Pipelining. This resultsin efficient useof the
systembusandsystemperformance.

1 BIU containsinstruction queueSegmentegisters, Instruction pointedddressadder.
T EU containsControlcircuitry, Instruction decodeALU, PointerandIndexregister,Flag
register.
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Figure: 8086 Architecture
Explanation of Architecture of 8086
Bus Interface Unit:

T It provides a full 16 bit bidirectional data baisd20 bit addresbus.

1 Thebusinterfaceunit isresponsible for @rforming allexternalbusoperations.
1 Specificallyit has thefollowing functions:

T Instructionfetch Instructionqueuing,Operandfetch and storage Addressrelocationand Bus
control.

1 The BIU usesa mechanismknown as an instruction streamqueueto implement pipeline
architecture.

1 This queuepermits prefetchof up to six bytesof instructioncode.When everthe queueof
theBIU is notfull, it has room fomat leasttwo morebytesandat thesametime the EU is not




requesting itto read or write operandsrom memory,the BIU is free to look aheadin the
program by prefetching theextsequentiainstruction.

1 Theseprefetchinginstructionsare held in its FIFO queue.With its 16 bit databus, the BIU
fetches twanstructionbytes inasinglememorycycle.

1 After a byte is loadedat the input end of the queue,it automaticallyshifts up throughthe
FIFO to theemptylocationnearest theutput.

T The EU accesseghe queuefrom the output end. It readsone instruction byte after the
otherfrom theoutput of thequeue. If thequeue isfull and the EU is not requesting acce$s
operand irmemory.

T Theseintervalsof no busactivity, which may occur between busyclesare known as Idle
state.

1 If the BIU is alreadyin the processof fetchingan instructionwhenthe EU requestt to read
or write operandsrom memoryor I/O, the BIU first completeghe instructionfetch buscycle
before initiatingthe operand readwrite cycle.

T The BIU also containsa dedicatedadder which is usedto generatethe 20bit physical
addres that is outputon the addressus. This addresss formed by addingan appended.6
bit segmentaddressinda 16 bit offset address.

1 For example: The physical addressof the next instruction to be fetched is formed by
combiningthe currentcontentsof the code segmentCS registerand the currentcontentsof the
instructionpointer IPregister.

T TheBIU is alsoresponsibldor generatingous control signalssuchasthosefor memoryread
or write andl/O read omwrite.

Execution Unit
T TheExecutionunit isresponsible for decoding arakecutingall instructions.

T The EU extracts instructionsfrom the top of the queuein theBIU, decodesthem,
generateoperandsf necessarypasseshemto the BIU and requestst to performtheread or
write bus cyclesto memory or 1/0O and perform the operationspecified by the instructionon
theoperands.

T During the executionof the instruction, the EU tests the statusand control flags and
updategshembased on theesults of executintheinstruction.

T If the queueis empty, the EU waits for the nextinstructionbyte tobe fetchedand shifted
to top of thequeue.

T When the EU executesa branch or jump instruction, it transferscontrol to a location
correspondingo anothersetof sequentiainstructions.

T Wheneverthis happensthe BIU automaticallyresetsthe queueand then beginsto fetch
instructionsrom thisnew locatiorto refill the queue.




General Bus Operation

T The 8086 hasa combinedaddressand databus commonly referredas a time multiplexed
addressanddata bus.

T The main reason behind multiplexing addressand data over the same pins is the
maximum utilization of processorpins and it facilitates the use of 40 pin standardDIP
package.

T Thebuscanbe demultiplexed using a few latcheesdtransceiverswheneverrequred.
T Basically, all the processorbus cycles consistof at least four clock cycles. Theseare

referredto as T1, T2, T3, and T4. The addresss transmittedby the processorduring T1. It is
present on thbusonly for one cycle.

T The negativeedgeof this ALE pulseis used toseparateéhe addressandthe dataor status
information. In maximummode,the statuslines SO, S1 and S2 are usedto indicate the type of
operation.

T Statusbits S3 to S7 are multiplexed with higher order addresshits and the BHE signal
Addresss valid during T1while statusbits S3to S7arevalid during T2throughT4.

Memory read cycle 4+7]Iemm'_v write cycle )
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RD/INTA | \ /
! —~ ! Ready
READY ! / Ready
— ! A 1
DTR | Wait : Wait
: -/ \
| 1
DE? | ! \ R
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Maximum mode

T Inthemaximummode,the8086 isoperated bywtrappinghe MN/MX pin toground.

1 In this mode,the processoderivesthe statussignalS2,S1, SO. Anotherchip calledbus
controllerderives thecontrolsignalusing thisstatusnformation.

T In the maximum mode, there maybe more than one microprocessor irthe system
configuration.

Minimum mode

T In a minimum mode 8086 system,the microprocessoB086 is operatedin minimum
modeby strappingts MN/MX pin tologic 1.

1 In thismode,all thecontrolsignalsaregiven out by thenicroprocessochip itself.
T Thereis asinglemicroprocessomn the minimummodesystem.
Pin Diagram of 8086 and Pin desgption of 8086

Figure showshePindiagram of 8086. Thdescription follows it.

Pin Diagram of 8086
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1  TheMicroprocessoB086is a 16-bit CPU availablein different clockratesandpackaged
in a 40 pin CERDIPr plastic package.

T The 8086 operatesin single processoror multiprocessor configuration to achieve high
performance.The pins serve a particular function in minimum mode (single processor




mode)andother function ifTmaximum modeonfiguration(multiprocessomode).

1 The8086signalscanbe categorizeth threegroups

The first are the signal having common functions in minimum as well as
maximummode.

Thesecondarethe signalswhich havespecialfunctions for minimurmmode

Thethird arethe signalshavingspecialfunctions for maximunmode.

1 Thefollowingsignaldescriptions areommonfor both modes.

1 AD15-ADO0: Thesearethetime multiplexedmemoryl/O addressanddata lines.

o Addressremainson the lines during T1 state,while the datais availableon the data

bus during T2, T3, Tw and T4. Theselines are active high and float to atristate
during interruptacknowledgeandlocal bushold acknowledgeycles.

T AL19/S6, A18/S5, A17/S4,and A16/S3: Theseare the time multiplexed addressand
statudines.

o

During T1 thesearethe mostsignificantaddressines for memoryoperations.
During I/O operations, thedeesarelow.

During memoryor I/O operations statusinformationis availableon thoselines for
T2,T3, TwandT4.

Thestatusof theinterruptenableflag bit is updated athe beginningof eachclock
cycle.

The S4 and S3 combineindicatewhich segmentegisterss presentlybeingusedfor
memoryaccesseasin below fig

Thesdinesfloat to tri-stateoff duringthelocal bushold acknowledgeThe statusline
S6is alwayslow.

The addresshit is separatedrom the statusbit using latchescontrolled by the
ALE signal.




54 |83 Indication

o|o Alternate Data

o |1 Stack

1|0 Code or None

1|1 Data

oo Whole word

o |1 Upper byte from or to even address
i |0 Lower byte from or to even address

1 BHE/S7: The bus high enables used toindicatethe transferof data over thénigher order
(D15-D8) data busasshownin table.It goes lowfor thedata transfeover D15-D8 andis used
to derive chip selectsof odd addressmemory bank or peripherals.BHE is low during
T1 for read, write and interrupt acknowledgecycles, whenevera byte is to be transferred
on higher byte of databus. The statusinformationis availableduring T2, T3 andT4. The
signal is active low and tristatedduring hold.It is low during T1 for the first pulseof the
interruptacknowledgesycle.

T RD i Read: This signal on low indicatesthe peripheralthat the processoris performing
memoryor I/O readoperation RD is active low and showsthe statefor T2, T3, Tw of any
read cycleThesignalremains tristateduring thehold acknowledge.

1 READY: This is the acknowledgemenfrom the slow device or memory that they have
completedthe datatransfer.The sighal made availableby the devicesis synchronizedoy the
8284Aclock generator tgrovide ready inputo the8086. thesignalis activehigh.

T INTR-Interrupt Request: This is a triggeredinput. This is sampledduring thelast clock
cycles of each instruction to determine the availability of the request.If any interrupt
requestis pending, the processorenters the interrupt acknowledgecycle. This can be
internally maskedby resulting the interrupt enable flag. This signal is active high and
internallysynchronized.

1 TEST: This input is examinedby a 6 WA | insbruction. If the TEST pin goes low,
execution will continue, else the processorremains in an idle state. The input is
synchronizednternallyduring eactclock cycleon leadingedgeof clock.

1 CLK- Clock Input: The clock input providesthe basictiming for processomperationand
buscontrolactivity.| t 06 asymanatricsquarevavewith 33% duty cycle.

Figureshowsthe Pin functions of 8086.




Signal Groups of 8086
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The following pin functions are for the minimum mode operation 886.

T M/IO 7 Memory/lO: This is a statusline logically equivalentto S2 in maximum mode.
When it is low, it indicatesthe CPU is having an I/O operation,and when it is high, it
indicatesthat the CPU is havinga memoryoperation.This line becomesactive high in the
previousT4 and remainsactivetill final T4 of the currentcycle. It is tristatedduring local
busii h catkdowledgéi .

T INTA T Interrupt Acknowledge: This signal is used as a read strobe for interrupt
acknowledgeycles.i.e. whenit goes lav, the processor has acceptixinterrupt.

T ALE 71 Address Latch Enable: This output signal indicatesthe availability of the valid
addresson the address/datdines, and is connectedto latch enableinput of latches.This
signalis activehigh andis neve tristated.

T DT/R 1 Data Transmit/Receive: This outputis usedto decidethe direction of dataflow
through the transceivers(bidirectional buffers). When the processorsendsout data, this
signalis high andwhenthe processor iseceiving data, thisigral is low.

1 DEN T Data Enable: This signalindicatesthe availability of valid dataoverthe address/data
lines. It is usedto enablethe transceivergbidirectionalbuffers)to separateéhe datafrom the
multiplexedaddress/datsignal.lt is activefrom the middle of T2 until themiddle of T4. This
istristatedd ur i n@ c&mmlwdyded g e 6

1 HOLD, HLDA- Acknowledge: When the HOLD line goes high; it indicates to the
processothat anothermasteris requestinghe bus accessThe processorafter receivingthe
HOLD request,ssuesthe hold acknowledgesignalon HLDA pin, in the middle of the next
clock cycleaftercompletingthe currentbuscycle.

T At the sametime, the processorifloats thelocal bus and control lines. When the processor




detectshe HOLD line low, it lowersthe HLDA signal. HOLD is anasynchronousput, and
is should be externally synchronized.If the DMA requestis made while the CPU is
performinga memoryor 1/O cycle,it will release théocal busduring T4provided :

1. Therequest occursroor before TXtateof thecurrentcycle.

2. Thecurrentcycleis not operating over thiewer byte of aword.

3. Thecurrentcycleis not thefirst acknowledgef aninterruptacknowledgesequence.

4. A Lock instructionis not being executed.
The following pin functions are applicable for maximum mode operation of 8086.

1 S2, S1, and SO i Status Lines: These are the statuslines which reflect the type of
operation, being carried out by the processor.These becomeactivity during T4 of the
previouscycleandactiveduring T1andT2 of thecurrentbuscycles.

T LOCK: This output pin indicatesthat other systembus masterwill be preventedfrom
gainingthe systembus, while the LOCK signalis low. The LOCK signalis activatedby the
0 L O Cidiix instructionand remainsactive until the completionof the next instruction.
Whenthe CPU is executinga critical instructionwhich requiresthe systembus, the LOCK
prefix instruction ensuresthat other processorsconnectedin the systemwill not gain the
controlof thebus.

The 8086, while executingthe prefixed instruction, assertsthe bus lock signal output,
which may be connectedo an externalbus controller. By prefetchingthe instruction,thereis a
considerablespeedingup in instruction executionin 8086. This is known as instruction

pipelining.

| S= | 51 | S | Indication
[ ] o o Interrupt Acknowledge
o o 1 Read I/O port
=] a [a] Write L/O port
=} E R 1 Halt
1 o o Code Access
1 o 1 RPead Memory
1 E R o Write Memory
1 E R 1 FPassive

1 At thestartingthe CS: IP is loadedwith therequiredaddresgrom which the executionis
to be started.Initially, the queuewill be empty and the microprocessostartsa fetch
operationto bring one byte (the first byte¥ mstructioncode,if the CS: IPaddresss odd
or two bytes at a timdaf theCS: IPaddresss even.

T Thefirst byteis a completeopcodein caseof someinstruction(one byte opcodeinstruction)




and is a part of opcode,in caseof some instructions(two byte opcodeinstructions)the
remaining part of codke in secondbyte.

The secondbyte is then decodedn continuationwith the first byte to decidethe instruction
length and the numberof subsequenbytesto be treatedas instruction data. The queueis

updatedafter every byte is read from the queue but the fetch cycle is initiated by BIU

only if at least two bytes of the queue are empty and the EU may be concurrently
executinghefetched instructions.

The next byte after the instructionis completedis againthe first opcodebyte of the next
instruction.A similar procedureis repeatedill the completeexecutionof the program.The
fetch operation of the next instruction is overlappedwith the executionof the current
instruction. As in the archited¢ure, there are two separateunits, namely Executionunit and
Businterfaceunit.

While the executionunit is busy in executingan instruction, after it is completelydecoded,
the bus interface unit may be fetching the bytes of the next instruction from mamory,
depending upon thgueuestatus.

|Q51 |QSD | Indication

o o Mo Operation

o 1 First Byte of the opcode from the gqueue
1 o Empty Quene
1 1

Subseguent Byte from the Queue

RQ/GTO, RQ/GT1 1 Request/Grant: Thesepins areusedby the otherlocal busmaster
in maximum mode, to force the processorno releasethe local bus at the end of the
processocurrentbuscycle.

1 Each of the pin is bidirectional with RQ/GTO havinghigher priority than RQ/GT1.
RQ/GT pins haveinternal pull-up resistorsand may be left unconnectedRequest/Grant
sequences asfollows:

1. A pulse of one clock wide from anotherbus masterrequeststhe bus accessto
8086.

2. During T4(current)or T1(next) clock cycle, a pulseone clock wide from 8086 to
the requestingmaster,indicatesthat the 8086 has allowed the local bus to float
and that it will enterthe 6 h oal cdk n o w ktatetignexd cycle. The CPU bus
interfaceunit is likely to be disconnected from thecal busof thesystem.

3. A oneclock wide pulse from anothermasterindicatesto the 8086 that the hold
requestis aboutto end and the 8086 may regain control of the local bus at the
next clock cycle. Thus each mader to masterexchangeof the local bus is a
sequencef 3 pulses.Theremustbe at leastone deadclock cycle after eachbus




exchangeThe requestand grant pulsesare active low. For the busrequestthose
are receivedwhile 8086 is performingmemoryor 1/0O cycle, the grantingof the
busis governed by theules asn caseof HOLD andHLDA in minimummode.

Minimum Mode 8086 System
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1 In a minimum mode 8086 system,the microprocessorB086 is operatedin minimum
modeby strappingts MN/MX pin tologic 1.

Minimum mode 8086 system

T In this mode,all the control signalsare given outby the microprocessochip itself. There
is asinglemicroprocessomn the minimummodesystem.

T The remaining componentsin the system are latches, transceivers,clock generator,
memoryand I/O devices.Sometype of chip selectionlogic may be requiredfor selecting
memoryor I/O devices, depending upon thaédressnapof thesystem.

T Latchesare generallybuffered output D-type flip-flops like 74LS3730r 8282. They are
usedfor separatingthe valid addressfrom the multiplexed address/dataignalsand are
controlledby theALE signalgenerated by 8086.

1 Transceiversare the bidirectional buffers and some times they are called as data
amplifiers. They are required to separatethe valid data from the time multiplexed
address/datsignals.

1 Theyarecontrolledby twosignalsnamely,DEN andDT/R.

1 The DEN signalindicatesthe direction of data,i.e. from or to the processorThe system
containsmemoryfor themonitorandusersprogramstorage.

T Usually, EPROMis usedfor monitor storage while RAM for usersprogramstorage A
systemmaycontainl/O devices.




Write Cycle Timing Diagram for Minimum Mode

1 Theworking of the minimum modeconfigurationsystemcanbe betterdescribedn terms
of thetiming diagrams rather thagualitatively describinghe operations.

1 The opcode fetch and read cycles are similar. Hence the timing diagram can be
categorizedn two parts,the first is the timing diagramfor readcycle and the secondis
thetiming diagram forwrite cycle.
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ADD/DATA [ As—As | Valid dataDis Dy X

e \ /
" \ /

DTKﬁJ L

Write Cycle Timing Diagram for Minimum Mode

1 Thereadcycle beginsin T1 with the assertionof addresdatch enable(ALE) signaland also
M / 10 signal. During the negativegoing edge of this signal, the valid addressis latched
on thelocal bus.

1 The BHE and AO signals addresslow, high or both bytes. From T1 to T4 , the M/IO
signalindicatesa memoryor I/O operation.

1 At T2, the addresds removed fromthe local bus andis sentto the output. Thebusis then
tristated.Theread (RD)controlsignalis alsoactivatedn T2.

1 Theread(RD) signalcauseghe addresgleviceto enableits databusdrivers. After RD goes
low, thevalid data isavailableon thedata bus.




1 The addressedlevicewill drive the READY line high. When the processoreturnsthe read
signalto high levé, theaddressedevicewill againtristateits busdrivers.

1 A write cycle also beginswith the assertionof ALE and the emissionof the addressThe
M/IO signalis againassertedo indicatea memoryor I/O operation.In T2, after sendingthe
addressn T1, the processosendghedata tobewritten to theaddressetbcation.

1 The data remainson the bus until middle of T4 state. The WR becomesactive at the
beginningof T2 (unlike RDis somewhatlelayed inT2 to provide timefor floating).

1 The BHE and AO signals are usedto selectthe proper byte or bytes of memoryor I/O
wordto be read owrite.

T The M/IO, RD and WR signals indicate the type of data transfer as specified in table
below.

Bus Request and Bus Grant Timings in Minimum Mode System of 8086

S O [

HOLD

HLDA /
Bus Request and
Bus Grant Timings in Minimum Mode System

1 Hold ResponsesequenceThe HOLD pin is checkedat leadingedgeof eachclock pulse.
If it is receivedactiveby the processor before Tdf the previouscycle or during T1state
of the currentcycle, the CPU activatesHLDA in the next clock cycle andfor succeeding
buscycles,thebuswill be given taanotherequesting master.

T The control of the busis not regainedby the processouuntil the requestingmasterdoes
not drop the HOLD pin low. Whenthe requestis droppedby the requestingnaster,the
HLDA isdropped by th@rocessor at thiailing edgeof thenext clock.

Maximum Mode 8086 System
1 Inthemaximummode,the8086 isoperated bgtrappinghe MN/MX pin to ground.

T In this mode,the processoderivesthe statussignal S2, S1, SO. Another chip caled bus
controllerderives thecontrolsignalusing thisstatusnformation.

1 In the maximum mode, there maybe more than one microprocessor irthe system
configuration.

1  Thecomponentsn the systemaresameasin the minimummodesystem.




The basicfunction of the buscontroller chip IC8288is to derive control signalslike RD
and WR (for memoryand I/O devices),DEN, DT/R, ALE etc. using the information by
theprocessor on thgtatudines.

The bus controller chip hasinput lines S2, S1, SO and CLK. Thes inputsto 8288 are
driven by CPU.
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It derivesthe outputsALE, DEN, DT/R, MRDC, MWTC, AMWC, IORC, IOWC and
AIOWC. TheAEN, IOB andCEN pins areespeciallyuseful for multiprocess@ystems.

AEN andIOB aregenerallygrounded CEN pin is usuallytied to +5V. The significanceof
the MCE/PDENoutput depends upon teeatusof thelOB pin.

If IOB is grounded, itactsasmastercascadenableto controlcascadd8259A, elseat actsas
peripheral data enablesed inthe multiple busconfigurations.

INTA pin usedto issuetwo interruptacknowledgegulsesto the interruptcontrolleror to an
interruptingdevice.

IORC, IOWC arel/O read commanéndl/O write commandsignalsrespectively.

Thesesignalsenablean 1O interfaceto read omwrite thedata from or taheaddresgort.




1 The MRDC, MWTC are memory read commandand memory write commandsignals
respectivelyandmaybe used ammemoryread orwrite signals.

1 All thesecommandsignalsinstructsthe memoryto acceptor senddatafrom or to the
bus.

T For both of thesewrite commandsignals, the advancedsignals namely AIOWC and
AMWTC areavailable.

T Here the only difference betweenin timing diagram between minimum mode and
maximum mode is the status signals used and the available control and advanced
commandasignak.

T RO, S1,S2aresetat thebeginning ofbuscycle.8288bus controllerwill outputa pulseas
onthe ALE andapplya requiredsignalto its DT / R pin during T1.

T In T2, 8288 will set DEN=1 thusenablingtransceiversandfor an input it will activate
MRDC or IORC. Thesesignals are activateduntil T4. For an output, the AMWC or
AIOWC is activatedrom T2to T4 andMWTC or IOWC isactivatedirom T3to T4.

1 Thestatusbit SOto S2remains activeintil T3 andbecome passive during BadT4.
1 If reader inputs not activatedefore T3wait statewill be insertedbetween TaAndT4.

Memory Read Timing Diagram in Maximum Mode of 8086
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Memory Read Timing in Maximum Mode




Memory Write Timing in Maximum mode of 8086

-— One bus cycle - s
E T, | T, | T; | T, | T |
Clk
ALE / \
T Active ><: ___Inactive >< Active
ADD/STATUS X XBHE) S, — S, P e
. N Ajs-A .
ADD/DATA ) Ais-Ao Data out Dys — D,
AMWC or ATOWC \ /
MWTC or IOWC \
DT/R hich

N /

Memory Write Timing in Maximum mode.

RQ/GT Timings in Maximum Mode

Clk

RQ/GT I

Another master CPU grant bus Master releases
request bus access

RQ/GT Timings in Maximum Mode

1 The request/grantesponsesequenceontairs a seriesof three pulses.The request/grant
pinsarecheckedat eaclrising pulse of clochknput.

1 When a requestis detectedand if thecondition for HOLD requestis satisfied, the
processoissuesa grant pulseover theRQ/GT pinimmediatelyduring T4 (current)or T1
(next)state.

1 Whentherequesting mastaeceives thipulse, it acceptthe control of the bus,it sendsa
releasepulse tothe processor using RQ/GT pin.




Minimum Mode Interface

1 When the Minimum mode operation is selected,the 8086 provides all control
signalsneededo implementthe memoryand|/O interface.

1  Theminimummodesignalcanbe divided intahefollowing basic groups
1. Address/data bus
2. Status
3. Control
4. Interrupt and
5. DMA.
Eachandeverygroup isexplainedclearly.
Address/Data Bus:

1 Theselines servetwo functions. As an addressbus is 20 bits long and consistsof
signallines AO throughA19. A19 representshe MSB and AO LSB. A 20bit address
givesthe 8086 a 1Mbyte memory addressspace.More over it has an independen
I/O addressspace whichs 64K bytes inlength.

1 The 16 databus lines DO through D15 are actually multiplexed with addresslines
A0 through A15 respectively.By multiplexed we mean that the bus work as an
addressus duringfirst machinecycleandasa data busluring next machineycles.

1 D15is the MSB and DO LSB. When actingas a databus, they carry read/writedata
for memory, input/output data for 1/0O devices, and interrupt type codesfrom an
interruptcontroller.

Status signal:
1 The four most significant addresdines A19 through A16 are also multiplexedbut in

this casewith statussignalsS6throughSs3.

1 Thesestatusbits are outputon the bus at the sametime that dataare transferredover
the otherbuslines.




Block Diagram of the Minimum Mode 8086 MPU
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1 Bit S4 and S3 togetherfrom a 2 bit binary code that identifies which of the 8086
internal segmentegistersis usedto generatehe physicaladdresghat was output on
the addressbus during the current bus cycle. Code S4S3= 00 identifies a register
known as extrasegmentegister ashe sourceof thesegmenaddress.

¢ Statusline S5 reflectsthe statusof anotherinternal characteristicof the 8086. It is
the logic level of theinternalenableflag. Thelast statusbit S6is alwaysat thelogic O
level.

24 |22/ Segment Register

o o Extra
[a] 1 Stack
1| a Code / none

1 1 Data

rMemory segment status codes

Control Signals:

1 The control signals are provided tosupportthe 8086 memory I/O interfaces.They

control functionssuchaswhenthe busis to carry a valid address which direction data
areto be transferredover the bus, whenvalid write dataare on the busandwhento put

readdata onthesystembus.

1 ALE is a pulseto logic 1 that signalsexternalcircuitry when a valid addresswvord is on
the bus. This addressnustbe latchedin externalcircuitry on the 1-to-0 edgeof the pulse
atALE.

T Another control signal that is producedduring the bus cycle is BHE bank high enable.
Logic 0 on this usedas a memoryenablesignal for the most significant byte half of the
databus D8 through D1. Theselines also servea secondfunction, which is as the S7
statudine.

1 Usingthe M/IO andDT/R lines, the 8086 signalswhich type of buscycleis in progress
andin which direction dataare to be transferredover the bus. The logic level of M/IO




tells externalcircuitry whethera memoryor I/O transferis taking place over the bus.
Logic 1 at thisoutpu signalsa memoryoperation andogic O anl/O operation.

1 Thedirectionof datatransferover the busis signaledby the logic level outputat DT/R.
When this line is logic 1 during the datatransferpart of a bus cycle, the busis in the
transmitmode. Therefore dataare eitherwritten into memoryor outputto an I/O device.
On the other hand, logic 0 at DT/R signalsthat the busis in the receive mode. This
correspondso reading data from memouoy inputof data from annput port.

1 ThesignalsreadRD andwrite WR indicatesthat a readbus cycle or a write buscycle is
in progressThe 8086 switchedVR to logic O to signalexternaldevicethat valid write or
outputdata areon thebus.

T On the other hand,RD indicatesthat the 8086 is performinga readof dataof the bus.
During read operations,one other control signal is also supplied. This is DEN (data
enable)andit signalsexternaldeviceswhenthey shouldput data onthe bus. Thereis one
other control signal that is involved with the memory and I/O interface. This is the
READY signal.

1 READY signalis used toinsertwait statesnto the buscycle suchthatit is extendedoy a
numberof clock periods.This signalis provided by an externalclock generatordevice
and can be suppliedby the memoryor 1/0 subsystemto signal the 8086 whenthey are
readyto permit thedata transfeto be completed.

Interrupt signals:

1 The key interrupt interface signals are interrupt request (INTR) and interrupt
acknowledg€INTA).

T INTR is aninput to the 8086 that can be usedby an externaldeviceto signalthat it
needto beserviced.

1 Logic 1 at INTR representsan active interrupt request.When an interrupt request
has beemecognizedoy the 8086, it indicatesthis fact to externalcircuit with pulseto
logic 0 attheINTA output.

1 The TEST input is also relatedto the external interrupt interface. Execution of a
WAIT instructioncauseshe 8086 tocheckthelogic level at theTESTinput.

T If thelogic 1 is found, the MPU suspendoperationand goesinto the idle state.The
8086 no longer executesnstructions;insteadit repeatedlychecksthe logic level of
the TESTinputwaiting for its transitionback tologic O.

1 As TEST switchesto 0, executionresumewith the next instructionin the program.
This feature can be usedto synchronizethe operationof the 8086 to an eventin
externalhardware.

1 Therearetwo moreinputsin the interruptinterface:the nonmaskablenterrupt NMI
andthereset interrupRESET.

T On the 0O-to-1 transition of NMI control is passedto a nonmaskableinterrupt
serviceroutine. The RESET input is usedto provide a hardwareresetfor the 8086.
Switching RESETto logic 0 initializes the internalregisterof the 8086 and initiates a
resetserviceroutine.




DMA Interface signals:

1

1

The direct memory accessDMA interface of the 8086 minimum mode consist of
the HOLD andHLDA signals.

Whenan externaldevicewantsto take control of the systembus, it signals tothe 8086
by switching HOLDto thelogic 1 level. At the completionof thecurrentbuscycle,the
8086 entersthe hold state.In the hold state,signallines ADO throughAD15, A16/S3
through A19/S6,BHE, M/I0, DT/R, RD, WR, DEN and INTR areall in the high Z
state.

The 8086 signalsexternaldevicethatit is in this stateby switchingits HLDA output
to logic 1 level.

Maximum Mode

Interface

T When the 8086 is setfor the maximummode configuration, it providessignalsfor
implementinga multiprocessof coprocessosystemenvironment.

T By multiprocessorenvironmentwe mean that one microprocessorexists in the
systemandthateachprocessor igxecutingts own program.

T Usually in this type of systemenvironment,there are some systemresourcesthat
arecommonto all processorsThey are called as global resources.There are also
otherresourceghat are assgned to specific processorsTheseare known as local or
private resources.

1 Coprocessoralso meansthat there is a secondprocessorin the system.In these
two processors doast accesghe busat the sametime. Onepasseshe control of the
systembusto theother andhenmaysuspendts operation.

T In the maximummode 8086 system, facilities are provided for implementing

allocation of global resources angassing buscontrol to other microprocessoor
COprocessor.

8288 Bus Controlleri Bus Command and @ntrol Signals:

T 8086doesnot directly provide allthe signals thatrerequired tocontrolthe memory,l/O
andinterruptinterfaces.
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Speciallythe WR, M/IO, DT/R, DEN, ALE andINTA, signalsareno longerproducedby
the 8086. Insteadit outputsthreestatussignalsSO0, S1, S2 prior to the initiation of each
buscycle. This 3- bit busstatuscodeidentifieswhich type of buscycleis to follow.

S2S1S0are input to the externalbus controller device, the bus controller generateshe
appropriatelytimed commandandcontrol signals.

The 8288 producesone or two of theseeight commandsignalsfor eachbus cycles.For
instancewhenthe 8086 outputs theodeS2S1S0equals001; it indicatesthatan I/O read
cycleis to be performed.

S22 |51 s0 | Indication 8288 Comimand
IMT A
o o o Interrupt Acknowledge
IORC
o o 1 Read I/0 port
o|1|o write I/0 port TOWC , ATOWC
o111 Halt Mone
1 [n ] [} Instruction Fetch FMRDC
1 n ] 1 Read Mermory MEDC
1 1 o write Memory
MWTC, ANMWC
1 1 1 Passive
Mone

7 Inthecodelll isoutput by theB086, it issignalingthatno busactivity is to takeplace.




1 The control outputs produced by the 8288 are DEN, DT/R and ALE. These 3
signalsprovidethe samefunctions aghosedescribed for theninimumsystemmode.

T This set of bus commandsand control signals is compatible with the Multibus
andindustrystandardor interfacingmicroprocessosystems.

1 Theoutput of 8289 arbusarbitrationsignals:

Bus busy (BUSY), commonbus request(CBRQ), bus priority out (BPRO), bus priority
in (BPRN),busreques{BREQ) andousclock (BCLK).

1 They correspondto the bus exchangesignalsof the Multibus and are usedto lock
other processopff the systembusduring theexecutionof aninstructionby the8086.

T In this way the processorcan be assuredof uninterrupted accessto common
systemresourcesuchasglobal memory.

T Queue Status Signals: Two new signals that are produced by the 8086 in the
maximum mode systemare queuestatusoutputsQS0 and QS1. Togetherthey form
a 2-bit queuestatuscode,QS1QS0.

1 Followingtableshowsthefour different queustatus.

1 Local Bus Control Signal T Request/ Grant Signals: In a maximum mode
configuration,theminimummodeHOLD, HLDA interfaceis alsochanged

Qs1 QSO0 Queue Status
0 (Low) 0 Queue Empty. The queue Haeen reinitiated as a

result of the execution of a transfer instruction.

0 1 First Byte. The byte taken from the queue was th
first byte of the instruction.

1 0 Queue Empty. The queue has been reinitiated ag
result of the execution of a transfer insttion.

1 1 (High) | Subsequent Byte. The byte taken from the queud

was the subsequent byte of the instruction.

1 . Thesetwo are replacedby request/grantines RQ/ GTO and RQ/ GT1,
respectively.Theyprovide a prioritized buaccessnechanisnfor accessig thelocal
bus.

Interrupts

Definition: Themeaningof 6 i n t e is to brgakthe $equencef operation.While the CPU
is executing a program, on 601 nt e loreaksphe @dormal sequenceof execution of
instructions, diverts its executionto some other program called Interrupt Service Routine
(ISR).After executingISR , the control is transferredback again to the main program.
Interruptprocessings analternativeto polling.

Needfor Interrupt : Interruptsare particularlyusefulwheninterfacingl/O devicesthat
provide or require data at relatively lodata transferate.

Typesof Interrupts: Therearetwo typesof Interrupts in8086. They
are:(i)Hardwarelnterruptsand




(iSoftwarelnterrupts

(i) Hardware Interrupts (External Interrupts). The Intel microprocessorssupport
hardwareinterruptsthrough:

1

1

Two pins thatallow interruptrequests, INTR andMI

Onepin thatacknowledgedNTA, theinterruptrequested on

INTR. INTR andNMI

1

1

INTR is a maskable hardware interrupt. The interrupt can be enabled/disaled
usingSTI/CLI instructionsor usingmore complicatedmethodof updatingthe FLAGS
registerwith the help of thePOPFinstruction.

When an interrupt occurs, theprocessorstoresFLAGS register intostack, disables
further interrupts fetchesfrom the bus onebyte representingnterrupttype, andjumps
to interrupt processingroutine addressof which is storedin location 4 * <interrupt
type>. Interruptprocessing routinshouldreturnwith the IRET instruction.

NMI is a nonmaskableinterrupt. Interrupt is processedn the sameway as the
INTR interrupt. Interrupttype of the NMI is 2, i.e. the addresf the NMI processing
routineis storedin location0008h. Thignterrupthas higher priority thathe maskable
interrupt.

T Ex:NMI, INTR.

(i) Software Interrupts (Internal Interrupt@ndinstructions) .Software interruptsainbe

causedoy:

T INT instruction- breakpoint interruptThisis atype 3 interrupt.

T INT <interrupt number> instructionanyone interrupfrom available256 interrupts.

T INTO instructia - interrupton overflow

1 Singlestepinterrupt- generatedf the TF flag is set. This is a type 1 interrupt. When
the CPU processesthis interrupt it clears TF flag before calling the interrupt
processing routine.

T Processorexceptions:Divide Error (Type 0), UnusedOpcode(type 6) andEscape
opcode(type7).

1 Softwareinterruptprocessing ishe sameasfor thehardware interrupts.

1 - EX/INT n (Software Instructions)

1 Controlis provided through:

o IFandTFflag bits

o IRETandIRETD




Performance of Softvare Interrupts

Mainline PUSH Flass - ISR procedure
Program - = N e
CILLEARIF . TF PUSH registers
7 PUSH CS .
7 PUSH IP _

FETCH ISR ADDRESS

POP registers
IRET

POP IP
POP CS
POP FLLAGS

1. It decrementSPby 2 andpushegheflag register on thetack.
2. DisabledNTR by clearingtheF.
3. It resets th@F in theflag Register.
5. It decrementSPby 2 andpushe<CSon thestack.
6. It decrementSPby 2 andpushedP on thestack

6. Fetchthe ISR addresgrom theinterruptvector table.

Interrupt Vector Table

I'ype 4 POINTER 03FFH —
010H ([‘]\-TR}-T()\\-} Type 255 (Available) INT Humben Ph Ys ical Address
Tome 3 . 03FCTI
oocu| Iype3POINIER 1 1) Available INT 00 00000
(BREAK POINT) Interrupis
oosgg|  Type 2 POINTER Type 32 (Available) (224) INT 01 00004
| (NON-MASKABLE) ;
) T | POINTER 080H Type 31 (Reserved) INT 02 00008
) ype NTE
0 SNGLE sTER) 07FH Reserved
- -~ niermrupls
Type 0 POINTER CS base address ! l:rnr' :
000H . - — -
(DIVIDE ERROR) 1P offset Type 5 INT FF D03FC
16 bits 0014H Reserved

Functions associated with INTOO to INT0O4

INT OO (divide error)

T INTOO is invokedby the microprocessowhenevethereis anattemptto divide a
numberby zero.

1 ISRisresponsible for displaying thmessagé D i VEir d enithescreen
INT 01
1 For singlesteppingthetrapflag mustbe 1

T After executionof eachinstruction, 808Gutomaticallyjumpsto 00004Hto fetch 4
bytesfor CS: IPof thelSR.

T Thejob of ISRis to dump theregisters on tthescreen




INT 02 (Non maskable Interrupt)

T WheneverNMI pin of the 8086is activatedby a high signal (5v), the CPU Jumps
to physicalmemorylocation00008 tofetch CS:IPof thelSR associateavith NMI.

INT 03 (break point)

T A breakpointis usedto examinethe CPU andmemoryafter the executionof a group
of Instructions.

T It is one byte instruction whereasother instructionsof the form i I NnTn @re 2
byte instructions.

INT 04 (Signednumber overflow)
1 Thereis aninstructionassociatedwith thisINT O (interrupt on overflow).

T If INT O is placedafter a signednumberarithmeticas IMUL or ADD the CPU
will activateINT 04 if OF = 1.

1 In casewhereOF = 0,theINT 0 isnot executedbut isbypassed andctsasa NOP.
Performance ofHardware Interrupts

T NMI : Non maskablenterrupts- TYPE 2 Interrupt

T INTR : Interrupt request Between 20HandFFH

Edge triggered

Input
NMT
. vel triggered
INTR || Input
INTA | . Response to
' INTR input
8086
Interrupt Priority Structure
Interrupt Priority
Divide Error, INT(n),INTO Highest
NMI
INTR
Single Step Lowest




UNIT T 1l
INSTRUCTION SET AND ASSEMBLY LANGUAGE
PROGRAMMING OF 8086

AddressingModesof 8086:

Addressingmode indicatesa way of locating data or operandsDependingup on the
data type usedin the instruction and the memory addressingmodes, any instruction may
belongto one or more addressingnodesor sameinstruction may not belongto any of the
addressingnodes.

The addressingnodedescribeghe typesof operandsandthe way they are accessedor
executingan instruction. According to the flow of instruction execution,the instructions
maybe categorizeds

1. Sequentiatontrolflow instructicnsand
2. Controltransferinstructions.

Sequentialcontrol flow instructionsare the instructionswhich after execution,
transfercontrolto thenextinstructionappearingmmediatelyafterit (in the sequence)n
the program.For examplethe arithmetic, logic, data transfer and processorcontrol
instructions areSequentiatontrolflow instructions.

The control transfer instructionson the other hand transfer control to some
predefinedaddressor the addresssomehowspecified in the instruction, after their
execution. ForexamplelNT, CALL, RET & JUMPIinstructiondall underthis category.

Theaddressingnodesfor Sequentiahnd controflow instructionsareexplainedasfollows.
1. Immediate addressing mode:

In thistypeof addressingmmediatedatais a partof instruction,andappearsin
theform of successivéyteor bytes.

Example: MOV AX, 0005H.

In the aboveexample,0005His theimmediatedata.The immediatedatamay be 8- bit or
16-bitin size.

2. Direct addressingmode:

In the direct addressingmode, a 16-bit memory address(offset) directly
specifiedin theinstructionasa partof it.




Example: MOV AX, [5000H].

. Registeraddressingmode:

In the register addressingmode, the data is stored in a register and it is
referredusing the particularregster. All the registers,exceptIP, may be usedin this
mode.

Example: MOV BX, AX

. Registerindirect addressingmode:

Sometimesthe addresf the memory locationwhich containsdataor operands
is determinedin an indirect way, using the offset regisers. The mode of addressings
knownasregisterindirectmode.

In this addressingnode, the offset addressof datais in either BX or Sl or DI
RegisterThedefaultsegments eitherDS or ES.

Example: MOV AX, [BX].

. Indexed addressingmode:

In this addressingmode, offset of the operandis stored one of the index
registersDS & ES areghedefaultsegmentsor indexregistersSI & DI respectively.

Example: MOV AX, [SI]]

Here,datais availableat anoffsetaddresstoredin Slin DS.

. Registerrelative addressing mode:

In this addressingnode, the datais availableat an effective addresdormed by
addingan 8-bit or 16-bit displacementvith the contentof any one of the register BX,
BP, SI & DI in thedefault(eitherin DS & ES)segment.

Example: MOV AX, 50H[BX]

. Basedindexedaddressing mode:

The effective addressof datais formed in this addressingmode, by adding
contentof a baseregister(anyoneof BX or BP) to the contentof anindex register (any
oneof Sl or DI). ThedefaultsegmentegigermaybeESor DS.




Example: MOV AX, [BX][SI]

8. Relativebasedindexed:

The effective addresss formedby addingan 8 or 16-bit displacementvith the
sum of contentsof any of the baseregisters(BX or BP) and any one of the index
registersin adefaut segment.

Example: MOV AX, 50H[BX] [SI]

For the control transfer instructions, the addressing modes depend upon
whetherthe destinationlocation is within the samesegmentor in a different one. It
also dependsupon the method of passingthe destinatbn addressto the processor.
Basically, there are two addressingmodesfor the control transfer instructions, viz.
intersegmenandintrasegmenaddressingnodes.

If the location to which the control is to be transferredlies in a different
segmentother than the current one, the mode is called intersegmentmode. If the
destinatiodocationliesin thesamesegmentthe modeis calledintrasegmeninode.

Addressing Modedfor control transfer instructions:
1. Intersegment

1 Intersegmendirect

1 Intersegmenindirect
2. Intrasegment

1 Intrasegmendirect

1 Intrasegmenindirect
1. Intersegmentdirect:

In this mode, the addressto which the control is to be transferredis in a
different segment.This addressingmode provides a meansof branchingfrom one
code segmentto another code segment.Here, the CS and IP of the destination
addressrespecifieddirectlyin theinstruction.

Example: IMP 5000H,2000H;

Jumpto effectiveaddress 2000kh segmen5000H.




2.

Intersegmentindirect:

In this mode, the addressto which the control is to be transferredlies in a
different segmentand it is passedto the instruction indirectly, i.e. contentsof a
memory block containingfour bytes,i.e. IP(LSB), IP(MSB), CS(LSB) and CS(MSB)
sequentially.The starting addressof the memory block may be referred usingany of
theaddressingnodesgexceptimmediatemode.

Example: IMP[2000H].

Jumpto anaddressn the othersegmenspecifiedat effectiveaddres2000Hin DS.

3.

Intrasegmentdirect mode:

In this mode, the addressto which the cortrol is to be transferredlies in the
samesegmenin which the control transfersinstructionlies and appeardirectly in the
instruction as an immediate displacementvalue. In this addressing mode, the
displacemenis computed relativéo the contentof theinstruction pointer.

The effectiveaddresso which the controlwill betransferreds givenby the sum
of 8 or 16 bit displacemenand currentcontentof IP. In caseof jump instruction,if the
signeddisplacemen(d) is of 8-bits (i.e. -128<d<+127)jt asshort jump andif it is of 16
bits (i.e.-32768<d<+32767}t is termedaslongjump.

Example: IMPSHORTLABEL.

Intrasegmentindirect mode:

In this mode,the displacemento which the controlis to be transferreds in the
same segmentin which the control transfer instruction lies, but it is passedto the
instructiondirectly. Here, the branchaddresss found as the contentof a registeror a
memorylocation.

Thisaddressingnodemaybeusedin unconditionabranchinstructions.

Example: IMP[BX]; Jumpto effectiveaddresstoredin BX.




INSTRUCTION SET OF 8086

Thelnstructionsetof 8086microprocessoais classified into 7, thegre:

=4 =4 =4 -4_9 -5 -9

Datatransfernnstructions
Arithmetic& logicalinstructions
Programcontroltransferinstructions
MachineControlInstructions

Shift / rotateinstructions
Flagmanipulationinstructions
Stringinstructions

Data Transfer instructions

Data transferinstruction, as the name suggestsis for the transferof data from
memory to internal register,from internal registerto memory, from one registerto
anotherregister, from input port tointernal register,from internal registerto output
portetc

MOV instruction

It is a generalpurposeinstructionto transferbyte or word from registerto
registermemoryto register registerto memoryor with immediateaddressing.

General Form:

MOV destinationsource

Herethe sourceand destinationneedsto be of the samesize,thatis both 8 bit or both 16

bit.

MOV instructiondoesnot affectanyflags.

Example:-
MOV BX, 00F2H ; load the immediate number O0OF2H in BX
register
MOV CL, [2000H] ; Copy the 8 bit content of the memory
location, at a displacementof 2000H from data
segmenbaseto theCL register
MOV [589H], BX ; Copythe 16 bit contentof BX registeron to

thememorylocation,which at a displacemenbf 589H
from the datessegmenbase.

MOV DS, CX ) Move thecontentof CX to DS




2. PUSH instruction

The PUSH instruction decrementsthe stack pointer by two and copies the
word from sourceto the location where stack pointer now points. Here the source
mustof word sizedata.Sourcecanbe a generalpurposeregister,segmentegister or a
memorylocation.

The PUSH instructionfirst pushesthe most significantbyte to sp-1, thenthe least
significantto thesp-2.

Pushinstructiondoesnot affectanyflags.

Memory stack segment

30034 <
CH CL 30033
20130 30 30032 4—
1
CX 20 30031
30030
=P N34
30000
&
=5 3000 =
Example:-
PUSH CX ; DecrementsSP by 2, copy contentof CX to the stack
(figure showsexecutionof thisinstruction)
PUSH DS ; DecremenSPby 2 andcopyDS tostack

3. POP instruction

The POP instruction copies a word from the stack location pointed by the
stack pointer to the destination.The destinationcan be a Generalpurposeregister, a
segmentregister or a memory location. Here after the contentis copied the stack
pointeris automatially incrementedy two.

Theexecutionpatternis similar to thatof thePUSHinstruction.

Example:




POP CX ; Copyaword from thetop ofthe stack to CXandincrementSPby 2.
4. IN & OUT instructions

The IN instructionwill copy datafrom a port to the acaumulator.If 8 bit is readthe
datawill goto AL andif 16 bit thento AX. Similarly OUT instructionis usedto copy
datafrom accumulatoto anoutput port.

Both IN andOUT instructionscanbe doneusingdirectandindirectaddressingnodes.

Example:

IN AL, OF8H ; Copyabyte from theport OF8Hto AL
MOV DX, 30F8H ; Copyportaddressn DX

IN AL, DX ; Move 8 bit datdrom 30F8Hport

IN AX, DX ; Move 16bit datafrom 30F8Hport
OUT 047H,AL ; Copycontentsof AL to 8 bit port 047F
MOV DX, 30F8H ; Copyportaddressn DX

OUT DX, AL ; Move 8 bit datao the30F8Hport
OUT DX, AX ; Move 16bit datato the30F8Hport

5. XCHG instruction

The XCHG instruction exchangescontents of the destination and source.
Here destinationand source can be registe and register or register and memory
location,but XCHG cannotinterchangehe valueof 2 memorylocations.

General Format

XCHG Destination Source

Example:

XCHG BX, CX ; exchange worth CX with thewordin BX
XCHGAL, CL ; exchange byten CL with thebytein AL

XCHG AX, SUM[BX] ; herephysicaladdresswhich is DS+SUM+[BX].

The contentat physical addressand the content
of AX areinterchanged.




Arithmetic and Logic instructions

Thearithmetic andogic logical groupof instructioninclude,

1. ADD instruction

Add instructionis usedto addthe currentcontentsof destinationwith that of
source and store the result in destination. Here we can use register and/or
memorylocations. AF, CF, OF, PF,SF,andZF flags areaffected

General Format:

ADD DestinationSource
Example:

1 ADD AL, OFH ; Add theimmediatecontent,0FH to the contentof AL and
storetheresultin AL

ADD AX, BX; AX <= AX+BX

ADD AX,0100HT IMMEDIATE

ADD AX,BX T REGISTER

ADD AX,[SI] T REGISTERINDIRECT OR INDEXED
ADD AX, [5000H]i DIRECT

ADD [5000H], 0100Hi IMMEDIATE

ADD 0100Hi DESTINATION AX (IMPLICT)

= =4 =4 4 4 A 2

2. ADC: ADD WITH CARRY

This instructionperformsthe sameoperationas ADD instruction,but adds the
carry flag bit (which may be setas a result of the previouscalculatior) to the result.
All the condition code flags are affected by this instruction. The examplesof this
instructionalongwith themodesareasfollows:

Example:

ADC AX,BX i REGISTER

ADC AX,[SI] i REGISTERINDIRECT OR INDEXED
ADC AX, [5000H]i DIRECT

ADC [5000H], 0100H IMMEDIATE

1 ADC 0100Hi IMMEDIATE (AX IMPLICT)

= =4 =4

3. SUBinstruction

SUB instruction is used to subtract the current contents of
destinationwith that of sourceand store the result in destination.Here we can use
registerand/ormemorylocations AF, CF, OF, PF, SF,andZF flags areaffected




General Format:

SUB DestinationSource
Example:
i SUBAL, OFH; subtractthe immediate content, OFH from the

contentof AL andstoretheresultin AL

SUBAX, BX : AX <= AX-BX

SUBAX,0100HT IMMEDIATE (DESTINATION AX)
SUBAX,BX 1T REGISTER

SUBAX,[5000H] 7 DIRECT

SUB[5000H], 0100Hi IMMEDIATE

= =4 4 45 4

4. SBB: SUBTRACT WITH BORROW

The subtract with borrow instruction subtractsthe source operandand the
borrow flag (CF) which may reflect the result of thepreviows calculations,from the
destination operand. Subtractionwith borrow, here means subtractingl from the
subtractiorobtainedoy SUB, if carry (borrow)flag is set.

The result is stored in the destinationoperand. All the flags are affected
(conditioncode) by this instruction. The examplesof this instructionareas follows:

Example:
1 SBBAX,0100HT IMMEDIATE (DESTINATION AX)
1 SBBAX,BX i REGISTER
1 SBBAX,[5000H] i DIRECT
1 SBB[5000H], 0100H IMMEDIATE

5. CMP: COMPARE

The instruction comparesthe sourceoperand,which may be a registeror an
immediate data or a memory location, with a destinationoperandthat may be a
register or a memory location. For comparison,it subtractsthe source operand
from the destinationoperandbut does not store the result anywhere. The flags are
affected dependingupon the result of the subtraction.If both of the operandsare
equal,zeroflag is set.If the sourceoperands greaterthanthe destinatioroperand;arry
flag is setor else,carryflag is reset.The examplesof this instructionare as follows:

Example:

1 CMP BX,0100HT IMMEDIATE
1 CMP AX,0100HT IMMEDIATE




oooCooo CMP [5000H],0100HT DIRECT
1 CMPBX,[SI] T REGISTERINDIRECT OR INDEXED
1 CMPBX, CX1 REGISTER

6. INC & DEC instructions

INC andDEC instructionsareusedto incrementanddecrementhe contentof
the specifieddestinatiorby one.AF, CF, OF, PF,SF,andZF flags areaffected.

Example:
1 INC AL ; AlL<= AL +1
1 INC AX ; AX<=AX +1
1 DEC AL ; AlL<=AL1T 1
1 DEC AX ; AX<=AX 1 1

7. AND instruction

This instruction logically ANDs each bit of the source byte/word with the
correspondindpit in the destinationand storesthe resultin destination.The source can
be an immediatenumber,registeror memorylocation, registercan be a register or
memorylocation.

The CF and OF flags are both made zero, PF, ZF, SF are affected by the
operationandAF is undefined.

Generd Format:

AND DestinationSource

Example:
1 AND BL, AL ; supposeBL=1000 0110 and AL = 1100 1010 then
afterthe operationBL would beBL= 1000 0010.
)i AND CX, AX ; CX<=CXAND AX
~ AND CL, 08 ; CL<=CL AND (00001000)

8. OR instruction

This instruction logically ORs each bit of the source byte/word with the
correspondingit in the destinationand storesthe resultin destination.The sourcecan
be an immediatenumber,registeror memorylocation, registercan be a register or
memorylocation.

The CF and OF flags are both madezero, PF, ZF, SF are affectedby the
operationandAF is undefined.

General Format:

OR DestinationSource




Example:

i ORBL, AL ; supposeBL=1000 0110 and AL = 1100 1010 then
afterthe operationBL would beBL= 1100 1110.

1 OR CX,AX ; CX <=CX AND AX

1 ORCL, 08 ; CL<=CL AND (00001000)

9. NOT instruction
The NOT instruction complements (inverts) the contents of an operand
registeror amemorylocation, bitby bit. Theexamplesare adollows:

Example:

1 NOT AX (BEFOREAX= (1011)= (B) 16 AFTER EXECUTION AX= (0100)=
(4)16).

"~ NOT [5000H]

10. XOR instruction

The XOR operationis againcarriedout in a similar way to the AND and OR
operation.The constraintoon theoperandsarealsosimilar. The XOR operation gives a
high output, when the 2 input bits are dissimilar. Otherwise,the outputis zero.The
examplenstructionsareasfollows:

Example:
i XOR AX,0098H
1 XOR AX,BX
COOOODOXOR AX,[5000H]

Shift / Rotate Instructions

Shift instructionsmove the binary datato the left or right by shifting them
within the registeror memorylocation. They also can perform multiplication of powers of

2" anddivision of powersof 2.

Therearetwo type of shifts logical shifting andarithmeticshifting, lateris used
with signednumbers whildormerwith unsigned.




Target register or memory
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Fig.1 Shift operations

Rotate on the other handrotatesthe informationin a registeror memory
eitherfrom oneendto anotheior throughthe carryflag.

CY Target register or memory

RCL
( Rotate left through carry )

CY

(no::%m) [

cYy

RCR
( Rotate right through carry )

cY

ROR
( Rotate right )

Fig.2 Rotate operations

SHL/SAL instruction

Both the instruction shifts each bit to left, and placesthe MSB in CF and LSB is
made0. The destinationcan be of byte size or of word size, also it can be a registeror a
memorylocation.Numberof shifts isindicatedby the count.

All flagsareaffected.

General Format:

SAL/SHL destinationcount




Example:
MOV BL, B7H ; BL is madeB7H
SALBL, 1 ; shift thecontentof BL registeroneplaceto left.

Beforeexecution,

CcY B7 B6 B5 B4 B3 B2 Bl BO
0 1 0 1 1 0 1 1 1
ooooogog

After the execution,

CY B7 B6 B5 B4 B3 B2 B1 BO1
O 1 1 01 1 1 0O
1. SHRinstruction

This instructionshifts eachbit in the specifieddestinationto the right and O is
storedin the MSB position. The LSB is shiftedinto the carry flag. The destinationcan
be of bytesizeor of word size,alsoit canbe aregisteror amemory location.Numberof
shifts isindicatedby the count.

All flagsareaffected

General Format: SHR
destinationcount

Example:

MOV BL, B7H ; BL is madeB7H

SHRBL, 1 ; shift thecontentof BL registeroneplaceto theright.
Beforeexecution

B7 B6 B5 B4 B3 B2 Bl BO CY

10 1 1 0 1 1 1 O
ODoooooog

After execution

B7 B6 B5 B4 B3 B2 Bl BO CcY

o1 o0 1 1 0 1 1 1
2. ROL instruction

This instruction rotates all the bits in a specified byte or word to the left
some number of bit positions. MSB is placedas a new LSB and a new CF. The
destinationcan be of byte size or of word size, alsoit canbe a registeror a memory
location.Numberof shifts isindicatedby the count.

All flagsareaffected




General Format: ROL
destinationcount

Example:
MOV BL, B7H ; BL is madeB7H
ROLBL, 1 ;  rotateghecontentof BL registeroneplaceto theleft.
Beforeexecution
CY B7 B6 B5 B4 B3 B2 Bl BO
0 1 0 1 1 0 1 1 1
Do0000ooo(BY)
After the execution

CYB7 B6 B5 B4 B3 B2 Bl BO

10 1 1 0 1 1 1 1
3. ROR instruction

This instruction rotatesall the bits in a specified byte or word to the right
some number of bit positions.LSB is placedas a new MSB and a new CF. The
destinationcan be of byte size or of word size, alsoit canbe a registeror a memory
location.Numberof shifts isindicatedby the count.

All flagsareaffected

General Format: ROR
destinationcount
Example:

MOV BL, B7H ; BL is madeB7H

RORBL, 1 ; shift thecontentof BL registeroneplaceto theright.

Beforeexecution

B7 B6 B5 B4 B3 B2 Bl BO CcY

(BO)OOOOOOOOM

After execution

B7 B6 B5 B4 B3 B2 Bl BO CcY




4. RCR instruction

This instruction rotatesall the bits in a specified byte or word to the right
somenumberof bit positionsalongwith the carryflag. LSB is placedin a new CF and
previouscarryis placedin thenewMSB. The destinatiorcanbe of bytesizeor of word
size,alsoit canbe a registeror a memorylocation. Numberof shifts is indicatedby
thecount.

All flagsareaffected

General Format: RCR
destinatio, count

Example:
MOV BL, B7H ; BL is madeB7H
RCRBL, 1 X shift thecontentof BL registeroneplaceto theright.

Beforeexecution

B7 B6 B5 B4 B3 B2 B1 BO CY

(CY)ooooooooo

After execution

B7 B6 B5 B4 B3 B2 Bl BO CcY

Program control transfer instructions

Thereare?2 typesof suchinstructions.Theyare:

1. Unconditionaltransferinstructionsi CALL, RET,JMP
2. Conditionaltrander instructions J condition

1. CALL instruction

The CALL instruction is used to transfer executionto a subprogramor
procedureTherearetwo typesof CALL instructionsnearandfar.

A near CALL is acall to a procedurewhich is inthe samecodesegmengs the




CALL instruction.8086 when encountereda near call, it decrementghe SP by 2 and
copiesthe offset of the nextinstructionafterthe CALL on the stack.lIt loadsthe IP with
the offsetof theprocedureghen tostartthe executionof the procedure.

A far CALL is the call to a procedureresidingin a different segmentHere
value of CS and offset of the next instruction both are backedup in the stack. And
then branchesto the procedureby changingthe contentof CS with the segmentbase
containingprocedureandIP with theoffsetof thefirst instructionof the procedure.

Example:
Nearcall
CALL PRO ; PRO is thenameof the procedure
CALL CX ; HereCX containsthe offset of thefirst instructionof
the procedure,that is replacesthe contentof IP with the
contentof CX
Farcall
CALL DWORD PTRI[8X] ; New valuesfor CS and IP are fetched from four

memorylocationsin the DS. The newvaluefor CSis fetched
from [8X] and [8X+1], the new IP is fetched from
[8X+2] and[8X+3].

2. RET instruction

RET instructionwill return executionfrom a procedureto the next instructionafter
the CALL instructionin the calling program.If it wasa nearcall, thenlIP is replacedwith
thevalueat thetop of the stack,if it hadbeenafar call, then arotherPOPof the stackis
required.This secondpoppeddatafrom the stackis put in theCS, thugesuminghe
executionof thecallingprogram. RET instructioncanbe followed by a number,to specify
the parameters passed.




RET instructiondoesnot affectanyflags.

General format:

RET
Example:
pl PROC procedure declaration.
MOV
AYXY
RET returnto caller.
pl ENDP
3. JMP instruction

This is also called as unconditionaljump instruction, becausehe processorjumps to
the specfied locationratherthanthe instructionafter the JMP instruction. Jumpscan
be short jumps when the target addressis in the same segmentas the JMP
instructionor far jumps whenit is in adifferentsegment.

General Format:

JMP<targeaddress>
Example:
MOV AL,05H ;
JMPlabell ; jumpoverto label
MOV
AL, OOH ;
labell: MOV
[2000H], AL;
RET ;
4, Conditional Jump (J cond)

Conditionaljumps are alwaysshortjumpsin 8086.Here
jumpis doneonly if the condition specifiedis true/false.If the
condition is not satisfied, then the executionproceedsin the
normalway.

Ex
am

ple:

Therearemanyconditional
jumpinstructiondike JC
Jump orcarry(CF=set)
JNC : Jump on norecarry(CF=reset)




JZ . Jump orezero(ZF=set)
JNO : Jump oroverflow (OF=set)

Etc

5. Iteration control instructions

Theseinstructionsare usedto executea seriesof instructionssomenumber of
times. The number is specified in the CX register, which will be automatically
decrementedin course of iteration. But here the destination addressfor the jump
must bein therangeof -128 to 12ytes.

Example:

Instructionshereare-

LOOP . loop throughthe setof instructions until CX is 0
LOOPE/LOOPZ : herethe set ofnstructionsarerepeatedintil CX=0 or ZF=0
LOOPNE/LOOPNZ: hererepeated untiCX=0or ZF=1

Machine Control Instructions

1. HLT instruction

The HLT instruction will causethe 8086 microprocessorto fetching and
executingnstructions.

The 8086 will enter a halt state. The processorgets out of this Halt signal
uponan interruptsignalin INTR pin/NMI pin oraresetsignal on RESET input.

General form: -

HLT

2. WAIT instruction

When this instructionis executedthe 8086 entersinto an idle state.This idle
stateis continuedtill a high is receivedon the TEST input pin or a valid interrupt
signal is received.Wait affects no flags. It generallyis usedto synchronizehe 8086
with a peripheraldevice(s).

3. ESCinstruction

This instructionis usedo passinstructionto acoprocessolike 8087. There is a
6 bit instructionfor the coprocessoembeddedn the ESC instruction. In most cases
the 8086 treatsESC anda NOP, but in somecasesthe 8086 will accesdata itemsin
memoryfor the coprocessor

4. LOCK instruction

In multiprocessorenvironmers, the different microprocessorsharea system bus, which
is neededto accessexternal devices like disks. LOCK




Instruction is given as prefix in the casewhen a processorneedsexclusive access of the
systembusfor a particularinstruction.It affectsnoflags.

Example:

LOCK XCHG SEMAPHORE AL :The XCHG instruction requires two

busaccesseslhelock prefix preventsanotherprocessoiffrom taking control of thesystem
bus betweenthe 2 accesses

5. NOP instruction

At the endof NOP instruction no operationis doneotherthanthe fetching and
decodingof the instruction.It takes3 clock cycles.NOP is usedto fill in time delays
or to provide spacefor instructionswhile trouble shooting.NOP affectsno flags.

Flag manipulation instructions

1. STC instruction

This instructionsetsthe carryflag. It does noaffectanyotherflag.

2. CLC instruction

This instructionresetshe carryflag to zero.CLC doesnot affectany other flag.
3. CMC instruction

This instructioncomplementshe carryflag. CMC doesnot affectanyother flag.
4. STD instruction

This instructionis usedto setthe directionflag to onesothat Sl and/orDI can
be decrementedautomatically after execution of string instruction. STD does not
affectanyotherflag.

5. CLD instruction

This instructionis usedto resetthe directionflag to zero so that SI and/or DI
can be incrementedautomatically after execution of string instruction. CLD does
not affectanyotherflag.

6. STI instruction
This instructionsetsthe interruptflag to 1. This endlesINTR interruptof the
8086. STldoes noaffectanyotherflag.
7. CLI instruction

This instruction resetsthe interrupt flag to 0. Due to this the 8086 will not
respondo aninterruptsignalon itsINTR input. CLIdoes noaffectanyotherflag.

String Instructions




1. MOVS/MOVSB/MOVSW

Theseinstructionscopy a word or byte from a locationin the datasegmentto
a location in the extra segment.The offset of the sourceis in Sl and that of
destinationis in DI. For multiple word/byte transfersthe countis storedin the CX
register.

Whendirectionflag is 0, Sl andDI areincrementedandwhenit is 1, Sland DI
aredecremented.

MOVS affect no flags. MOVSB is used for byte sized movementswhile
MOVSW is forword sized.

Example:
CLD ; clearthedirectionflag to autoincrementSl andDlI
MOV AX, 0000H;
MOV DS, AX ; initialize datasegmentegisterto 0
MOV ES, AX initialize extrasegmentegisterto 0
MOV SI, 2000H ; Loadthe offsetof thestringlin SI
MOV DI, 2400H ; Loadthe offsetof thestring2in DI
MOV CX, 04H ; loadlengthof thestringin CX
REPMOVSB ; decremenCX andMOVSB until CX will be 0

2. REP/REPE/REP2/REPNE/REPNZ

REPis usedwith stringinstruction;it repeatsan instructionuntil the specified
conditionbecomedalse.

Example:

REP => CX=0
REPE/REPZ
=> CX=00RZF=0

REPNE/REPN. => CX=00RZF=1

3. LODS/LODSB/LODSW

This instructioncopiesa byte from a string location pointedto by SIto AL or
aword from a stringlocationpointedto by Sl to AX.LODS doesnot affectany flags.
LODSB copiesbyteandLODSW copiesword.

Example:
CLD ; cleardirectionflag to autoincrementSI MOV S,
OFFSETS_STRING ; pointSlatstring

LODSS_STRING :

4. STOS/STOSB/STOSW

The STOS instructionis usedto store a byte/word containedin AL/AX to




the offset containedin the DI register. STOS does not affect any flags. After
copying the contentDI is automaticallyincrementedor decrementedbasedon the
valueof directionflag.

Example:
MOV DL, OFFSETD_STRING; assignDI with destinatioraddress.

STOSD_STRING ; assembleruses string name to determine byte or
word, if byte then AL is usedandif of word size, AX is used.

5. CMPS/CMPSB/CMPSW

CMPS is used to compare the strings, byte wise or word wise. The
comparisons affectedby subtractionof contentpointedby DI from that pointed by
Sl. The AF, CF, OF, PF, SF and ZF flags are affected by this
instruction,but neitheoperands affected.

Example:

MOV SI, OFFSETF_STRING ; pointfirst string

MOV DI, OFFSET ; point secondstring

S _STRINGMOV CX, OAH

CLD ; setthe counterasOAH
REPECMPSB ; cleardirectionflag to autoincrement

repeatedlycompardill unequal orcounter=0




ASSEMBLER DIRECTIVES

There are someinstructionsin the assemblylanguageprogramwhich are not a part of
processorinstruction set. These instructions are instructionsto the assemblerJinker and
loader.Thesearereferredto aspseudeoperations or asassembledirectives.The assembler
directivesenableus to control the way in which a programassemblesnd lists. They act
during the assemblyof a programand do not generateany executablemachinecode.

There are many specialized assemblerdirectives. Let us see the commonly used
assembledirectivein 8086 assemblianguage programming.

1. ASSUME:

It is usedto tell the nameof the logical segment theassembleto usefor a
specifiedsegment.

E.g..ASSUME CS:CODEt ellsthattheinstructions fora programarein alogical segment
namedCODE.

2. DB -Define Byte:

The DB directive is usedto reservebyte or bytes of memory locationsin
the available memory. While preparing the EXE file, this directive directs the
assembleito allocatethe specifiednumber of memorybytesto the saiddatatype that
maybeaconstant,variable,string, etc. Anotheroption of this directive alsoinitializes
the reservedmemory byteswith the ASCII codesof the charactersspecifiedas a
string. The following examples show tow the DB directive is used for different
purposes.

1) RANKS DB 01H,02H,03H,04H

This statementdirectsthe assembleto reservefour memorylocationsfor a list named
RANKS and initializethemwith theabovespecifiedfour values.
2) MESSAGEDB A G O QMIDRNING

This makesthe assemblereservethe numberof bytesof memoryequalto the numberof
charactersin the string named MESSAGE and initializes those locations by the
ASCII equivalentof thesecharacters.

3) VALUE DB 50H

This statementdirects the assemble to reserve 50H memory bytes and leave them
uninitializedfor thevariablenamedvALUE.

3. DD -Define Doubleword - usedto declarea doubleword type variableor to reserve
memorylocationsthatcan beaccessedsdoubleword.

E.g. ARRAY _POINTER DD 25629261H declares a
double word namedARRAY_POINTER.

4. DQ -Define Quad word

This directive is usedto direct the assemblerto reserve4 words (8 bytes)
of memoryfor the specifiedvariableandmayinitialize it with the specified values.

E.g. BIG_NUMBER DQ 2432987456292612H




declares a quad word named
BIG_NUMBER.

5. DT -Define TenBytes

The DT directive directs the assemblerto define the specified variable
requiring 10-bytesfor its storageandinitialize the 10-byteswith the specifiedvalues.
The direcive may be usedin caseof variablesfacing heavynumericalcalculations,
generallyprocessedby numericalprocessors.

E.g..PACKED_BCD112233445566778899@kclaresanarraythatis 10 bytesin
length.

6. DW -Define Word:

The DW directivesservesthe samepurposesas the DB directive, but it now
makes the assemblereservethe number ofmemory words (16-bit) insteadof bytes.
Some examplesaregivento explain thidirective.

1) WORDS DW 1234H4567H,78ABH, 045CH

This makesthe assemblereservefour wordsin memory(8 bytes),andinitialize the words
with the specifiedvaluesin the statementsDuring initialization, the lower bytesare
stored at the lower memoryaddressesyhile the upperbytesare storedat the higher
addresses.

2) NUMBER1DW 1245H

This makesthe assemblereserveoneword in memory.

7. END-EnNd of Program:

The END directive marks the end of an assemblylanguageprogram.When
the assembleicomesacrossthis END directive, it ignoresthe sourcelines available
later on. Hence,it should be ensuredthat the END statementshould be the last
statementin the file and should not appearin between.Also, no useful program
statemenshouldlie in thefile, afterthe END statement.

8. ENDP-EndProcedure Usedalongwith the nameof the procedureto indicatetheend of
aprocedure.

E.g..SQUARE_ROOTPROC:startof procedure
SQUARE_ROOTENDP: End ofprocedure

9. ENDS-End of Segment:

This directive marks the end of a logical segment.The logical segmentsare
assignedwith the namesusing the ASSUME directive. The namesappearwith the
ENDS directive as prefixes to mark the end of those particular segments.
Whatever are the contentsof the segmentsthey shouldappeaiin the programbefore
ENDS. Any statementappearingafter ENDS will be neglectedfrom the segment.
The structureshown below explains thdact more clearly.

DATA SEGMENT




DATA

ENDS
ASSUME CS:CODE,DS: DATA CODE
SEGMENT

CODE

ENDS ENDS
10. EQU-Equate- Used togive a nameto somevalue or symbol. Eachtime theassembler
findsthegivenname in thg@rogram,it will replacethe namewith the vale.

E.g..CORRECTION_FACTOREQU 03H
MOV AL, CORRECTION_FACTOR
11. EVEN - Tells the assemblerto increment the location counter to the next even
addressf it is not alreadyat anevenaddress.

Usedbecauséhe processocanreadeven addressathtain oneclock cycle

12. EXTRN - Tells the assembletthat the namesor labels following the directive are in
someotherassemblynodule.

For exampleif a procedurein a programmoduleassembledt a different time from
that which containsthe CALL instruction,this directiveis usedto tell the assembler
thatthe proceduras external

13. GLOBAL - Can be usedin place of a PUBLIC directive or in place of an EXTRN
directive.

It is used to make symboldefinedin onemoduleavailableto other modules.

E.g.: GLOBAL DIVISOR makesthe variableDIVISOR public sothatit canbe accessed
from othermodules.

14. GROUP-Used to tell the assemblerto groy the logical statementsnamed after the
directive into one logical group segment,allowing the contentsof all the segmentsto be
accessefrom the samgroupsegmenbase.

E.g9.: SMALL_SYSTEM GROUPCODE,DATA, STACK_SEG

15. INCLUDE - Usedto tell the assemble to insert a block of source code from the
namedfile into thecurrentsource module.

This will shorten thesourcecode.

16. LABEL - Usedto give anameto thecurrentvaluein thelocationcounter.

This directiveis followed by a term that specifiesthe type you want associatedvith that
name.

E.g: ENTRY_POINTLABEL FAR
NEXT: MOV AL, BL

17. NAME - Usedto give a specific nameto eachassemblymodule when programs
consistingof severamodulesarewritten.




E.g.: NAME PC_BOARD

18. OFFSET- Usedto determinethe offset or displacemenif a nameddataitem or
procedure fronthe startof the segmentvhich contains it.

E.g.: MOV BX, OFFSETPRICES

19. ORG- The location counteris set to 0000 when the assemblerstarts reading a
segmentThe ORG directiveallows settng a desiredvalueat anypoint in theprogram.

E.g.: ORG 2000H
20. PROC- Usedto identifythestartof aprocedure.

E.Q. SMART_DIVIDE PROC FAR identifies the
start of a procedurenamed SMART_DIVIDE andtells theassemblethat the
proceduras far

21. PTR- Usedto assigna specifictypeto avariableor to alabel.

E.g. INC BYTE PTR[BX] tells the assembleithat we want
to incrementthe byte pointedto by BX

22. PUBLIC - Usedto tell the assemblethat a specifiednameor label will be accessed
from othermodues.

E.g.. PUBLIC DIVISOR, DIVIDEND makes the two variables DIVISOR
and DIVIDEND availableto otherassemblynodules.

23. SEGMENT- Usedto indicate thestartof alogical segment.

E.g.. CODE SEGMENT indicatesto the assemblethe startof alogical segment
called CODE

24. SHORT- Usedto tell theassemblethatonly a1 byte displacemenis neededo code a
jumpinstruction.

E.g..JMPSHORTNEARBY_LABEL
25. TYPE - Used tatell theassembleto determinghetype of a specifiedvariable.

E.g.: ADD BX, TYPE WORD_ARRAY is usedwherewe want to incrementBX
to point to thenextwordin anarrayof words.

Macros:

Macro is a group of instruction. The macro assemblergeneratesthe code in the
programeachtime wherethe macrois i ¢ a | Macmbsican be defined by MACROP
and ENDM assemblerdirectives. Creatingmacro is very similar to creatinga new
opcodethat canusedin theprogram,asshownbelow.

Example:

INIT MACRO MOV
AX,@DATA MOV DS
MOV ES, AXENDM
It is importantto notethatmacrosequencesxecutefasterthanprocedurebecausehereis
no CALL andRET instructionsto execute The assembleplacesthe macroinstructions
in the programeachtime when it isinvoked. This procedureis known as Macro




expansion.

WHILE:

In Macro, the WHILE statementis used to repeatmacro sequenceuntil the
expressionspecified with it is true. Like REPEAT, end of loop is specified by
ENDM statement.The WHILE statementallows to use relational operatorsin its
expressions.

Thetable 1 shows theelationaloperatorsisedwith WHILE statements.

OPERATOR | FUNCTION

EQ Equal

NE Not equal

LE Lessthanor equal
LT Lessthan

GE Greaterthanor equal
GT Greaterthan

NOT Logicalinversion
AND Logical AND

OR Logical OR

Table1: Relationaloperatorsisedin WHILE statement.
FOR statement:

A FOR statementin the macro repeatsthe macro sequencedor a list of data. For

example, if we passtwo argumentsto the macro then in the first iteration the

FOR statementgives the macro sequenceusing first argumentand in the second
iteration it givesthe macrosequencaisingsecondargumentLike WHILE statement,
end of FOR is indicated by ENDM statement.The program shows the use of

FOR statementin the macro.

Examplel:

DISPMACRO CHR MOV AH,
02H FORARG, <CHR>
MOV DL, ARG INT 21H

ENDM ENDM

. MODEL SMALL

. CODE
START:DISPAM A\ A CAR A OENDSTART




CODE FOR 8 BIT ADDER

DATA SEGMENT
Al DB 50H
A2 DB 51H
RES DB?
DATA ENDS
CODESEGMENT
ASSUMECS:CODE,DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV AL,Al1
MOV BL,A2
ADD AL,BL
MOV RES,AL
MOV AX,4CO0H
INT 21H
CODEENDS
END START

CODE FOR 16 BIT ADDER

DATA SEGMENT

Al DW 0036H
A2 DW 0004H
SUMDW ?
DATA ENDS
CODESEGMENT
ASSUME CS:CODE,DS:DATA
START:MOV AX,DATA
MOV DS,AX
MOV AX,Al
MOV BX,A2
DIV BX
MOV SUM,AX
MOV AX,0008H
INT 21H
CODEENDS
END START




ADD33 MATRIX

.MODEL SMALL
DATA
M1 DB 10H,20H,30H,40H,50H,60H,70H,80H,90H
M2 DB 10H,20H,30H,40H,50H,60H,70H,80H,90H
RESULTDW 9 DUP ()
.CODE
START:MOV AX,@DATA
MOV DS,AX
MOV CX,9
MOV DI,OFFSETM1
MOV BX,0FFSETM2
MOV SI,OFFSET
RESULT
BACK: MOV AH,00
MOV AL,[DI]
ADD AL,[BX]
ADC AH,00
MOV [SI],AX
INC DI
INC BX
INC SI
INC SI
LOOPBACK
MOV AH,4CH
INT 21H
END START
END

ARRAY SUM

.MODEL SMALL
DATA
ARRAY DB 12H, 24H, 26H, 63H, 25H, 86H, 2FH, 33H, 10H, 35H
SUMDW 0
.CODE
STARTMOV AX, @DATA
MOV DS, AX
MOV CL, 10
XOR DI, DI
LEA BX, ARRAY
BACK: MOV AL, [BX+DI|

MOV AH, 00H
ADD SUM, AX
INC DI

DECCL




JNZBACK
END START

ASCIITOHEX

DATA SEGMENT
A DB 41H
R DB?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV ALA
SUBAL,30H
CMPAL,39H
JBEL1
SUBAL,7H
L1: MOV R,AL
INT 3H
CODEENDS
END START

AVERAGE

.MODEL SMALL
.STACK 100
.DATA
NO1 DB 63H
NO2 DB 2EH
AVG DB ?
.CODE
START: MOV AX,@DATA
MOV DS,AX
MOV AL,NO1
ADD AL,NO2
ADC AH,00H
SARAX,1
MOV AVG,AL
END START




16 BIT SUB

DATA SEGMENT
Al DW 1001H
A2 DW 1000H
SUBDW ?
DATA ENDS
CODESEGMENT
ASSUMECSCODE,DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV AX,Al
MOV BX,A2
SBBAX,BX
MOV SUB,AX
MOV AX,4C0O0H
INT 21H
CODEENDS
END START

16BIT SUM

DATA SEGMENT

Al DW 1000H
A2 DW 1001H
SUM DW ?
DATA ENDS
CODESEGMENT
ASSUMECS:CODE,DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV AX,Al
MOV BX,A2
ADC AX,BX
MOV SUM,AX
MOV AX,4CO0H
INT 21H
CODEENDS
END START




8BMUL

DATA SEGMENT

Al DB 25H
A2 DB 25H
A3 DB ?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
STARTMOV AX,DATA
MOV DS,AX
MOV AL,Al
MOV BL,A2
MUL BL
MOV AS3,AL
MOV AX,4CO0H
INT 21H
CODEENDS
END START

16BIT MUL

DATA SEGMENT

Al DW 1000H
A2 DW 1000H
A3 DW ?
A4 DW ?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
STARTMOV AX,DATA
MOV DS,AX
MOV AX,Al
MOV BX,A2
MUL BX
MOV A3,DX
MOV A4,AX
MOV AX,4C0O0H
INT 21H
CODEENDS
END START




EVENODD

DATA SEGMENT
ORG 2000H
FIRSTDW 3H
DATA ENDS
CODESEGMENT
ASSUMECS:CODE,DS:DATA
START:MOV AX,DATA
MOV DS,AX
MOV AX,FIRST
SHRAX,1
JCL1
MOV BX,00
INT 3H
L1: MOV BX,01
INT 3H
CODEENDS
END START

FACTORIAL

DATA SEGMENT
ORG 2000H
FIRSTDW 3H
SEC DW1H
DATA ENDS
CODESEGMENT
ASSUMECS:CODE,DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV AX,SEC
MOV CX,FIRST
L1: MUL CX
DEC CX
JCXZL2
JMPL1
L2: INT 3H
CODEENDS
END START




FIBONOCCI

DATA SEGMENT
ORG 2000H
FIRSTDW OH
SEC DWO1H
THIRD DW 50H
RESULTDW ?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV SI,OFFSETRESULT
MOV AX,FIRST
MOV BX,SEC
MOV CX,THIRD
MOV [SI],AX
L1: INC SI
INC S|
MOV [SI],BX
ADD AX,BX
XCHG AX,BX
CMP BX,CX
INT 3H
CODEENDS
END START

FIND NUMBER

.MODEL SMALL

.STACK 100

DATA

ARRAY DB 63H,32H,45H,75H,12H,42H,09H,14H,56H,38H

SER_NODB 09H

SER_POS DR

.CODE

STARTMOV AX,@DATA
MOV DS,AX
MOV ES,AX
MOV CX,000AH
LEA DI,ARRAY
MOV AL,SER_NO




CLD

REPNE SCAS ARRAY

MOV AL,10

SUBAL CL

MOV SER_POS,AL
END START

GREATER

DATA SEGMENT
ORG 2000H
FIRST DW 5H,2H,3H,1H,4H
COUNT EQU (($FIRST)/2}1
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV CX,COUNT
MOV SI,OFFSETFIRST
MOV AX,[SI]
L2: INC S|
INC SI
MOV BX,[SI]
CMP AX,BX
JGEL1
XCHG AX,BX
IJMPL1
L1: DEC CX
JCXZL4
IJMPL2
L4: INT 3H
CODEENDS
END START




HEX TO ASCII

DATA SEGMENT
A DB 08H
CDB?
DATA ENDS
CODESEGMENT
ASSUMECS CODE, DS: DATA
START: MOV AX,DATA
MOV DS,AX
MOV ALA
ADD AL,30H
CMPAL,39H
JBEL1
ADD AL,7H
L1: MOV CAL
INT 3H
CODEENDS
END START

MAX

MODEL SMALL
.STACK 100
DATA
ARRAY DB 63H,32H,45H,75,12H,42H,09H,14H,56H,38H
MAX DB 0
.CODE
STARTMOV AX,@DATA
MOV DS,AX
XOR DI,Dl
MOV CL,10
LEA BX,ARRAY
MOV AL,MAX
BACK: CMP AL,[BX+DI]
IJNCSKIP
MOV DL,[BX+DI]
MOV AL,DL
SKIP: INC DI
DECCL
IJNZBACK
MOV MAX,AL
MOV AX,4CO0H
INT 21H
END START




NO OF 1S

DATA SEGMENT
ORG 2000H
FIRSTDW 7H
DATA ENDS
CODESEGMENT
ASSUMECS CODE, DS: DATA
START: MOV AX,DATA
MOV DS,AX
MOV AX,FIRST
MOV BX,00
MOV CX,16
L2: SHRAX,1
JCL1
L4: DEC CX
JCXZL3
JMP L2
L1: INC BX
JMP L4
L3: INT 3H
CODEENDS
END START

SMALLER

DATA SEGMENT
ORG 2000H
FIRSTDW 5H,2H,3H,1H,4H
COUNTEQU (($FIRST)/2)1
RESULTDW ?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS:DATA
START: MOV AX,DATA
MOV DS,AX
MOV CX,COUNT
MOV SI,OFFSETFIRST
MOV AX,[SI]
L2: INC Sl
INC S
MOV BX,[SI]
CMP AX,BX
B L1
XCHG AX,BX
IJMPL1
L1: DEC CX




JCXZL4
JMP L2
L4: MOV RESULT,AX
CODEENDS
END START

SUM OF CUBES

DATA SEGMENT
ORG 2000H
NUM DB 1H
RES DW?
DATA ENDS
CODESEGMENT
ASSUMECS CODE, DS: DATA
START:MOV DX,DATA
MOV DS,AX
MOV CL,NUM
MOV BX,00
L1: MOV AL,CL
MOV CH,CL MUL AL
MUL CH
ADD BX,AX
DECCL
JNZL1
MOV RES,BX
INT 3H
CODEENDS
END START




SUM OF SQUARES

DATA SEGMENT
NUM DW 5H
RES DW?
DATA ENDS
CODESEGMENT
ASSUME CS: CODE, DS: DATA
START: MOV AX,DATA
MOV DS,AX MOV
CX,NUM MOV BX,00
L1: MOV AX,CX
MUL CX
ADD BX,AX
DEC CX
JNZ L1
MOV RES,BX
INT 3H
CODEENDS
END START




UNIT -l
/O INTERFACE

Introduction:

Any application of a microprocessorbased system requires the transfer of data
betweenexternalcircuitry to the microprocessoandmicroprocessoto the external circuitry.
User can give information to the microprocessobasedsystemusing keyboard and usercan
seethe result or outputinformation from the microprocessobasedsystem with the help of
display device. The transfer of data between keybaard and microprocessor, and
microprocessoiand display device is called input/outputdata transferor I1/0O datatransfer.
This datatransferis donewith thehelpof I/O ports.

Input port:
DO-D7
INFUT PORT L DATAFROMINPUT
(Tri-State Buffer) <— DEVICE (KEEYBOARTD)
DATA BUS
ENABLF
7

FIG.1 INPUT PORT

It is usedto readdatafrom the input devicesuchas keyboard.The simplestform of
input port is a buffer. The input deviceis connectedto the microprocessothrough buffer,
as shownin the fig.1. This buffer is a tri-statebuffer and its outputis available only when
enablesignal is active. When microprocessomvarts to read data from the input device
(keyboard), the control signals from the microprocessoractivatesthe buffer by asserting
enableinput of the buffer. Oncethe buffer is enableddatafrom the input device is available
on thedatabus.Microprocessoreadsthis databy initiating readcommand.

Output port:

Do-D 7 OUTPUT
N DE 11(1? TO OUTPUT DEVICE
| (LATCH) >‘ (DISPLAY)

DATA BUS
CLE
I

FIG.Z2 OUTPUT POERT




It is used to send data to the output device such as display from the
microprocessorThe simplestform of output port is a latch. The outputdeviceis connected
to the microprocessothrough latch, as shownin the fig.2. When microprocessomwants to
senddatato the output deviceis putsthe dataon the databus andactivateghe clock signal
of thelatch,latching the datérom the data bus at the outpat latch. It is thenavailableat the
output oflatchfor the outputevice.

Serial and Parallel Transmission:

In telecommunicationsserial transmissionis the seqential transmissionof signal
elementsof a group representing a characteror other entity of data Digital serial
transmissionsare bits sent over a single wire, frequency or optical path sequentially.
Because it requires less signal processingand less chance for error than parallel
transmission,the transfer rate of each individual path may be faster. This can be used
overlonger distancessa checkdigit or parity bit canbe sentalongit easily.

In telecommunicationgparallel transmissions the simultaneoustransmissionof the
signal elementsof a characteror other entity of data. In digital communications parallel
transmissionis the simultaneoudransmissionof related signal elementsover two or more
separate paths. Multiple electrical wires are used which can transmit multiple bits
simultaneously,which allows for higher data transfer rates than can be achieved with
serial transmission.This method is used internally within the computer,for examplethe
internalbusesandsometimesexternallyfor suchthingsasprinters, The majorissuewith this
is "skewing" becausethe wires in parallel data transmission have slightly different
properties(not intentionally) so somebits may arrive before others,which may corruptthe
message.A parity bit can help to reduce this. However, electrical wire parallel data
transmissions thereforelessreliablefor long distancesecauseorrupttransmissionsre far
more likely.

Interrupt driven 1/O:

In this technique,a CPU automatically executesone of a collection of special
routineswhenevercertaincondition existswithin a programor a processosystem. Example
CPU gives responsdo devicessuch as keyboard,sensorand other componentswhen they
requestfor service.When the CPU is askedto communicatewith devices,it servicesthe
devices.Exampleeachtime you type a characteron a keyboard,a keyboard serviceroutine
is called. It transfersthe characteryou typed from the keyboardl/O port into theprocessor
andthen to adatabufferin memory.

The interrupt driven 1/O techniqueallows the CPU to executeits main program and
only stopto servicel/O devicewhenit is told to do so by the I/O systemas shownin fig.3.
This methodprovidesan externalasynchronouput that would inform the processorthat it
should complete whatever instruction that is currently being executed and fetch a new
routine that will service the requestingdevice. Once this servicing is completed,the
processowould resumeexactlywhereit left off.

INTERRUFT REQUEST

CPUI 'O SYSTEM

INTERRUPT ACENOWLEDGMENT ﬁ

FIG3 INTERRUPT DEIVEN I'O
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An analogyto the interruptconceptis in the classroomwherethe professorservesas
CPU andthe studentsas I/O ports. The classroomscenariofor this interruptanalogywill be
suchthat the professoris busyin writing on the blackboardand delivering his lecture.

The studentraises his finger when he wants to ask a question (student requesing for
service).The professorthen completeshis sentenceand acknowledges t u d eequiest by
sayingfi Y E $oeofessoracknowledgeghe interrupt request).After acknowledgementrom
the professor, student asks the question and professor gives answer to the question
(professorservicesthe interrupt). After that professorcontiruesits remaininglecture form
whereit wasleft.

PIO 8255:

The parallel input-output port chip 8255 is also called as programmablperipheral
input-output port. The In t e 8255sare designedfor use with Intel s8-bit, 16-bit and
higher capability microprocessors.t has 24 input/output lineswhich may be individually
programmedn two groupsof twelve lines each,orthree groupsof eightlines.

The two groupsof I/O pins are namedas Group A and Group B. Eachof thesetwo
groupscontainsa subgroupof eight 1/0O lines calledas8-bit port andanothersubgroupf four
lines or a4-bit port. ThusGroupA containsan 8-bit port Aalongwith a 4-bit port C upper.
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L Camvia A
CONTROL 8
GROUP
A
/O
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AD ————=d]
READ/
WR———q wrmite | | ghowe — GROUP
CONTROL =] <:— o
Al —— “Uoaic CONTROL Ct:> »%m 4 > p87-PBO
AD 1
RESET ——— L J
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FIGURE Internal block diagram of 8255A programmable parallel port
device. (Intel Corporation)

The port A lines are identified by symbols PAO-PA7 while the port C lines are
identifiedasPC4PC7similarly. GroupB containsan 8-bit port B, containinglines PBO- PB7
anda 4-bit port C with lower bits PCOPC3.The port C upperand port C lower can be used
in combinationas an 8-bit port C. Both the port Cs is assignedhe sameaddress.Thus one
may haveeither three8-bit 1/0O portsor two 8-bit andtwo 4-bit I/O portsfrom 8255.All of




these portganfunctionindependentlitherasinput or asoutputports.This canbe achieved
by programmingthe bits of an internal register of 8255 called as contol word register
(CWR). Theinternal block diagramandthe pin configurationof 8255 are shown infigs.

The 8-bit databus buffer is controlled by the read/writecontrol logic. The read/write
controllogic managesll of the internalandexternaltransfe of both dataand control words.
RD, WR, Al, A0 and RESET are the inputs, provided by the microprocessorto
READ/WRITE control logic of 8255. The 8-bit, 3-state bidirectional buffer is used to
interfacethe 8255 internal data bus with the externalsystemdatabus. This buffer receives
or transmitsdata upon the executionof input or outputinstructions by the microprocessor.
The controlwordsor statusnformationis alsotransferredhrough thebuffer.

Pin Diagram of 8255A
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8255A Pin Configuration

Thepin configurationof 8255 isshown infig.

1 Theport Alinesareidentifiedby symbolsPAO-PA7 while theport C linesare

1 Identified as PC4PC7. Similarly, Group B contains an ®it port B, containing
lines PBO-PB7 anda 4-bit port C with lower bits PCG PC3.The port C upper and
port C lower canbeusedin combination as an-Bit port C.

1 Both the port C is assignhedhe sameaddressThus one may have either three
8-bit I/O portsor two 8-bit andtwo 4-bit portsfrom 8255. All of theseports can
function independentlyeither as input or as output ports. This can beachieved
by programmingthe bits of an internal registerof 8255 called as controlword




register(CWR).

1 The 8-bit databusbuffer is controlledby the read/writecontrol logic. The read/write
control logic managesall of the internal and externaltransfersof both dataand
controlwords.

1 RD,WR, Al, A0 and RESET are the inputs provided by the microprocessoto the
READ/ WRITE control logic of 8255. The 8-bit, 3-state bidirectional buffer is
usedto interfacethe 8255nternaldatabus with theexternalsystemdata bus.

1 This buffer receives or transmits data upon the execution of input or output
instructionsby the microprocessorThe controlwordsor statusinformationis also
transferredhroughthe buffer.

The signal description of 8255 isbriefly presentedasfollows:

1 PA7-PAO: Theseareeight port A lines that actsas eitherlatchedoutput or buffered
input lines dependingupon the control word loaded into the control word
register.

1 PC7-PC4: Upper nibble of port C lines. They may act as either output latchesor
input bufferslines.

1 This portalsocanbeused forgeneratiorof handshakénesin modelor mode2.

1 PC3-PCO: Theseare the lower port C lines; other details are the sameas PC7
PC4lines.

1 PBO-PB7: Thesearethe eight port B lines which are usedas latchedoutputlines or
bufferedinputlinesin thesameway asport A.

1 RD: This is the input line driven by the microprocessorand should be low to
indicatereadoperationto 8255.

1 WR: This is an input line driven by the microprocessor.A low on this line
indicateswrite operation.

1 CS: Thisis a chip selectline. If this line goeslow, it enableghe 8255to respondto
RD andWR signals,otherwiseRD andWR signalareneglected.

1 DO-D7: Theseare the data bus lines those carry data or control word to/from the
MiCroprocessor.

1 RESET: Logic high on this line clearsthe controlword registerof 8255.All ports are
setasinput portsby defaultafterreset.

1 A1-AO0: Thesearetheaddressnput linesandaredrivenby the microprocessor.

1 Theselines A1-A0 with RD, WR and CS from the following operationsfor 8255.
Theseaddresslines are used for addressingany one of the four registers,i.e.
threeportsanda controlword registerasgivenin tablebelow.

In caseof 8086systans, if the 8255is to beinterfacedwith lower orderdatabus,the AO
andAl pins of 8255areconnectedvith A1 and A2respectively.




Ep W c& A A Duput (Read)cyde
0 1 0 0 0 Port A to Data bus
0 1 0 0 1 Port B to Data bus
0 1 0 1 0 Port C to Data bus
0 1 0 1 1 CWR to Data bus

RD  WR cs A Ag  Output (Write) cycle
1 0 0 0 0 Databusto Port A
1 0 0 0 1 Databusto Port B
1 0 0 1 0 Databusto Port C
1 0 0 1 1 Databusto CWR

RD WR cs Al Ag Function
X X 1 X X Data bus tristated
1 1 0 X X Data bus tristated

Control Word Register

Modesof Operation of 8255

1 These are two basic modes of operation of 8255. I/O mode and Bit SetReset
mode(BSR).

1 In I/O mode,the 8255portswork asprogrammablé/O ports,while in BSR modeonly
port C (PCOPC7)can beusedto set oresetits individualport bits.

1 Under the /O mode of operation, further there are three modes of operation of
8255, saasto supportdifferenttypesof applicationsmode0, mode Jandmode 2.

1 BSR Mode: In this modeany of the 8-bits of port C canbe setor resetdependingon
DO of the controlword. The bit to be setor resetis selectedy bit selectflags D3, D2
andD1 ofthe CWR asgivenin table.

/O Modes:

a) Mode 0 (Basic I/O mode): This modeis also called as basic input/output Mode. This
mode providessimple input and output capabilitiesusing eachof the threeportsData can be
simply read from and written to the input and outpu portsrespectivelyafter appropriate
initialization.

D; D, D, Selected bits of port C
0 0 0 Dy
0 0 1 D,
0 1 0 D,
0 1 1 D;
1 0 0 D,
1 0 1 Ds
| 1 0 Dy
1 1 1 D,

BSR Mode : CWR Format
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Thesalientfeaturesof this modeareaslisted below:

1. Two 8-bit ports(port A andport B) andtwo 4-bit ports(port C upperandlower) are
available. Thetwo 4-bit portscanbe combined usedsa third8-bit port.

2. Any portcanbeusedasaninput oroutputport.

3. Output portsarelatched.lnput portsarenot latched.

4. A maximum of four ports are available so that overall 16 /O configurationsare
possible.

1 All these modesanbe selectedy programmingaregisterinternalto 8255known as
CWR.

1 The controlword register hastwo formats.The first formatis valid for I/O modes
of operation,i.e. modes0O, mode 1 and mode 2 while the secondformat is valid for
bit set/rese{BSR) modeof operation.

These formatareshownin following fig.
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b) Mode 1: (Strobed input/output mode) in this mode the handshakingcontrol the
input and output action of the specified port. Port C lines PCOPC2, provide strobe or
handshakdines for port B. This group which includesport B and PCOPC2 is called as
group B for Strobeddatainput/output.Port C lines PC3PC5 providesstrobelines for port
A. This group including port A and PC3PC5 from group A. Thus port C is utilized for
generatindhandsakesignals.

Thesalientfeaturesof model arelisted asfollows:

1. Two groupsi groupA andgroupB areavailablefor strobeddatatransfer.

Eachgroupcontainsone8-bit datal/O portand onel-bit control/datgport.

3. The 8-bit dataport canbe eitherusedasinput andoutputport. Theinputs andoutputs
botharelatched.

4. Out of 8-bit port C, PCOPC2 are used to generatecontrol signals for port B
andPC3PC5 are usedto generatecontrol signals for port A. the lines PC6, PC7
maybeusedasindependent dalines.

N




The control signalsfor both the groups in input and output modesare explained as
follows:

Input control signal definitions (mode 1):

w STB (Strobeinput) T If this lines falls to logic low level, the dataavailableat 8-
bit input port isloadedinto inputlatches.

w IBF (Input buffer full) 7 If this signalrisesto logic 1, it indicatesthat data has
beenloaded into latches, i.e. works asan acknowledgementBF is setby alow
on STBandis resetby the risingedgeof RD input.

w INTR (Interrupt request)i This active high output signal can be used to
interruptthe CPUwheneveraninput devicerequestghe service.INTR is set by a
high STB pin and a high at IBF pin. INTE is an internal flag that can be
controlled by the bit set/resetmode of either PC4 (INTEA) or PC2 (INTEB) as
shown infig.

w INTR is resetby afalling edgeof RD input. Thusan externalinput devicecan be
request the service of the processorby putting the data on the bus and
sendinghe strobesignal.

Output control signal definitions (mode 1):

w OBF (Output buffer full) i This statussignal, wheneverfalls to low, indicates
that CPU has written datato the specifiedoutput port. The OBF flip- flop will
besetby a rising edgeof WR signal and resetby a low going edgeat the ACK
input.

w ACK (Acknowledgenput)i ACK signalactsasanacknowledgemertb begiven
by an output device. ACK signal, wheneverlow, informs the CPU that the data
transferredby the CPU to the output device throughthe port is receivedby the
outputdevice

w INTR (Interruptrequest)i Thus an output signal that can be usedto interrupt
the CPU when an output device acknowledgesthe data received from the
CPU.INTR is set when ACK, OBF and INTE are 1. It is resetby a

Falling edgeon WR input. The INTEA and INTEB flags are controlledby the bit set
resetmodeofPC6andPC2respectively.

Input conmol szl defimitsons in NMode
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c) Mode 2 (Strobed bidirectional 1/0): This modeof operationof 8255is alsocalled as
strobedbidirectional I/O. This modeof operationprovides8255 with additioral features for
communicatingwith a peripheral device on an 8-bit data bus. Handshakingsignals are
provided to maintain proper data flow and synchronizationbetweenthe data transmitter
andreceiver.Theinterruptgeneratiorandotherfunctionsaresimilarto model.




In this mode, 8255 is a bidirectional 8-bit port with handshakesignals. The Rd and WR
signalsdecidewhetherthe 8255 isgoingto operateasan input port ooutput port.

The Salientfeaturesof Mode?2 of 8255 ardisted as follows:

Thesingle 8-bit port in group Ais available.

The8-bit port isbidirectionaland additionallya 5-bit control port isavailable.
Threel/O linesareavailableat port C.(PC2i PCO)

Inputsandoutputs ardoothlatched.

g MwDdE

The 5-bit control port C (PC3PC7) is used for generating / accepting
handshaksignalsfor the 8bit datatransferon port A.

Control signal definitions in mode 2:

1 INTR 7T (Interruptrequest)As in mode 1, this control signal is active high and
is usedto interrupt the microprocessoto ask for transferof the next data byte
to/fromit. This signalis usedfor input (read)aswell asoutput(write) operations.

1 Control Signalsfor Output operations

1 OBF (Output buffer full) i This signal, when falls to low level, indicatesthat
the CPUhaswrittendatato port A.

1 ACK (Acknowledge) This control input, when falls to logic low level,
Acknowledgesthat thepreviousdata byte is received by the destination and
nextbyte may be sentby the processor.This signal enablesthe internal tristate
buffersto sendthe next datebyte on port A.

1 INTE1 ( A flag associatedvith OBF ) This canbe controlledby bit set/resetmode
with PC6.

Control signals forinput operations:

1 STB (Strobeinput)alow on this line is usedto strobein the datainto the input
Latches of 8255.

1 IBF (Input buffer full) whenthe datais loadedinto input buffer, this signalrisesto
logic A 1 This canbe usedas an acknowledgethat the datahasbeenreceivedby
thereceiver.

1 The waveformsin fig show the operationin Mode 2 for output as well as input
port.

1 Note:WR mustoccur beforeACK andSTB must beactivatedbeforeRD.
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Mode 2 BExwrectional Data Transfer

1 The following fig showsa schematicdiagram containingan 8-bit bidirectional




port, 5-bit control port andthe relation of INTR with the control pins.PortB can
eitherbesetto Mode0 or 1 with port A( GroupA ) is in Mode 2.

1 Mode 2 is notavailablefor port B. Thefollowing fig shows thecontrolword.
TheINTR goeshighonlyif IBF, INTE2, STBand RDgo high or OBF,
1 INTE1, ACK andWR go high. The port C canbe read to know the statusof the

peripheral device, in terms of the control signals, using the normal 1/O
instructions.
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Interfacing Analog to Digital Data Converters:

1 In most of the cases,the PIO 8255 is used for interfacing the analogto digital
converterswith microprocessor.

1 We have already studied 8255 interfacing with 8086 as an I/O port, in previous
section.This sectionwe will only emphasizehe interfacingtechniquesof analog to
digital converterswith 8255.

1 The analogto digital converterss treatedas an input deviceby the microprocessor
that sendsan initializing signal to the ADC to start the analogyto digital data
conversationprocess. The start of conversationsignal is a pulse of a specific
duration.

1 Theprocesof analogto digital conversion is alow

1 Processandthe microprocessohaveto wait for the digital datatill the conversionis
over. After the conversionis over, the ADC sendsend of conversionEOC signal to
inform the microprocessothat the conversionis over andthe resultis readyat the
output buffer of the ADC. Thesetasks of issuingan SOC pulseto ADC, reading
EOC signalfrom the ADC and readingthe digital output of the ADC are carriedout
by the CPU using32551/O ports.

1 Thetime takenby the ADC from the active edgeof SOCpulsetill the active edge of
EOCsignalis calledasthe conversiordelayof the ADC.

1 It may rangeanywherefrom afew microsecondsn caseoffast ADC to even afew
hundredmillisecondsin caseof slowADCs.

1 The available ADC in the market use different conversion techniquesfor

conversion of analog signal to digitals. Successivapproximationtechniquesand

dual slope integrationtechniquesare the most popular techniques usedn the
integratedADC chip.

Generahblgorithmfor ADC interfacirg containsthe followingsteps:

Ensurethe stabilityof analoginput, appliedto theADC.

Issue starof conversiorpulse toADC

Readendof conversiorsignalto markthe endof conversiorprocesses.
Readdigital dataoutput of theADC asequivalentdigital output

Analog input voltagemustbe constantat the input of the ADC right from the start of
conversiontill the end of the conversionto get correct results. This may be
ensuredby asample and hold circuit which samplesthe analogsignal andholds it
constantfor specifictime duration.The microprocessanayissuea hold signalto the
sampleand holdcircuit.

1 If the applied input changesbefore the complete conversiomprocessis over, the
digital equivalenif theanaloginput calculatedoy the ADC may not becorrect.

= =4 4 4 - -

ADC 0808/0809:

1 The analogto digital converter chips 0808 and 0809 are 8-bit CMOS,
successiveapproximation converters. This techniqueis one of the fast
techniquedor analogto digital conversion.The conversiordelayis 100usat
a clock frequencyof 640 KHz, which is quite low as comparedto other
converters.These convertersdo not need any external zero or full scale
adjustmentss theyarealreadytakencareof by internalcircuits.

1 Theseconverterdanternally havea 3:8 analogmultiplexer so that at a time
eightdifferentanalogconversionby usingaddresdines - ADD A, ADD B,
ADD C, as shown. Using theseaddress inputs, multichannel data




acquisition systemcan be designedusing a single ADC. The CPU may
drive these lines using oudput port lines in case of multichannel
applicationsln caseof single input applicationsthesemaybe hardwiredto
selectthe properinput.

1 Thereare unipolar analogto digital convertersj.e. they are able to convert
only positive analoginput voltageto their digital equivalent.Thesechipsdo
not containanyinternalsampleandhold circuit.

1 If one needsa sampleand hold circuit for the conversionof fast signal
into equivalentdigital quantities,it hasto be externally connectedat each
of the andog inputs.

Fig (1) andFig (2) showtheblock diagramsand pindiagramsor ADC 0808/0809.

Table.1
Analog I/P Addresslines
selected C B A
I/P O 0 0 0
/P 1 0 0 1
/P2 0 1 0
1P 3 0 1 1
I/IP 4 1 0 0
I/P5 1 0 1
I/P 6 1 1 0
P 7 1 1 1
SOC CLOCK
1 | — — o
Fg~ | Control and [ s
IFg — o ] Timing unit and '
f > ! ! SAR. | 3 Yy
[/} o | /,--/-/ N |r~ j,_
_. i — =
Py — 8 Channel ‘
P‘ - An:!?):e 1 T__f> r»f .
P: N Multiplexer ‘ - \Z_ ‘ s IA__ | g
' latch [— [ OP
|/Pg > -
’ ’ 256 R . '
1Py = Register t |
= ———  ladderand ; h
Switch tree | |
ST, Ponba' o
| T —r_ Q/P
C B A / Enable
Address Lines Vref* Vre‘ -

Fig.1 Block Diagram of ADC 0808/0809




1Py — 4 28 +<— P2
IIPs —~ 2 27 < lIP1
IPs — 3 2% :~— IPo
IPg — 4 25 <~ ADDA
IIP; 1 5 24 < ADDB
SOC—> 6 23« ADDC
EOC—{ 7 ADC 0803 22 t< ALE
03 =18 ADCOS09 21« O/MSB
OFE > 9 20 (< Og
CLK— 10 19 f« Os
Vee =111 18 < O4
Vier*—>1 12 17 (< 0o LSB
GND—> 13 16 [ Vrer-
O =114 15« 0,

/P - 1/P,
ADDA,B,C
0;-0y

SOC

EOC

OE

CLK

Ve, GND
Visand V

Fig.2 Pin Diagram of ADC 0808/0809

Analog inputs

Address lines for selecting analog inputs
Digital 8-bit output with O, MSB and O, LSB
Start of conversion signal pin

End of conversion signal pin

Output latch enable pin, if Eigh enable output
Clock input for ADC

Supply pins +5V and GND

Reference voltage positive (+5 Volts maximum)
and Reference voltage negative (OV minimum)

SomekElectricalSpecifications OThe ADC 0808/0809Are Givenin Table.2.

Table.2

Minimum SOC pulse width 100 ns
Minimum ALE pulse width 100 ns
Clock frequency 10 to 1280 kHz
Conversion time 100 ms at 640 kHz
Resolution 8-bit
Error +/-1 LSB
Vies+ Not more than +5V
L T Not less than GND
+ V.. suoply +3 VDC
Logical 1 i/p voltage minimum V_.-1.5V
Logical 0 i/p voltage maximum 1.5 V
Logical 1 o/p voltage minimum V_04 V
Logical 0 o/p voltage maximum 0.45 V

The Timing DiagramOf Different SignalsOf Adc0808Is Shownin Fig.3
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Fig.3 Timing Diagram Of ADC 0808.
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Interfacing ADC0808with 8086

Interfacing Digital To Analog Converters:

The digital to analog convertersconvert binary numbersinto their analog
equivalentvoltages.The DAC find applicationsin areaslike digitally controlled gains,

motorspeedcontrols,programmablgainamplifiers, etc.

DAC08008-hit Digital to Analog Converter

1 TheDAC 0800is amonolithic8-bit DAC manufacturedby NationalSemiconductor.
1 It hassettlingtime around 100mandcanoperateon arangeof powersupplyvoltages

i.e.from4.5Vto+18V.




1 Usuallythe supplyw+ is 5V or+12V.
1 TheV-pin can bekeptata minimum of-12V.
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Interfacing DAC0800with 8086 Ad
75238-Bit Multiplying DAC:

)l

Inter s i AD 7523 is a 16 pin DIP, multiplying digital to analogconverter,

containingR-2R | a d d e r ( Ror dighak t¥ inalogconversionalong with
single pole doublethroughNMOS switchesto connectthe digital inputsto the

ladder.

Pin Diagram of AD7523

ADTS23
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T
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1 The supply rangeextendsfrom +5V to +15V , while Vref may be anywhere




between-10V to +10V. The maximum analogoutput voltage will be +10V,
whenall the digital inputs are at logic high state.Usually a Zeneris connected
betweerOUT1andOUT2 tosawe the DAC from negative transients.

1 An operationalamplifier is usedas a currentto voltage converterat the output
of AD 7523to convertthe currentoutput of AD7523 to a proportionaloutput
voltage.

1 It alsooffers additionaldrive capabilityto the DAC output. An external feedback
resistor acts to control the gain. One may not connectany external feedback
resistor, if nagaincontrolis required.

+5V 410V
I’ i I
15 14
Res =
PAy MSB | 4
| ouT |~ >
8255 | > AD7523 7&’\/2 L
| out2}-2 + Vou
PAy Ls8 | 11
&s GND
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Interfacing AD7523with 8086 Stepper

Motor Interfacing:
1 A steppermotor is a device usedto obtain an accurate position control of rotating

shafts. It employs rotation of its shaft in terms of steps, rather than continuous
rotation asin caseof AC or DC motors. To rotate the shaft of the steppermotor, a
sequencef pulsesis neededo be appliedto the windings of the steppemotor, in a
propersequence.

The numberof pulsesrequiredfor one completerotation of theshaft of the stepper
motor is equalto its numberof internal teeth on its rotor. The statorteeth and the
rotor teethlock with eachotherto fix aposition ofthe shatft.

With apulseappliedto thewinding input, the rotorotatesby oneteethposition oran
anglex. Theanglex maybecalculatedas:

X=36/no. of rotorteeth

After the rotation of the shaft through angel x, the rotor locks itself with the next
tooth in thesequencen theinternalsurfaceof stator.

The internal schematicof a typical steppermotor with four windings is shown in
fig.1.

The steppermotors have been designedto work with digital circuits. Binary
level pulsesof 0-5V are required at its winding inputs to obtain the rotation of
shafts. The sequenceof the pulsescan be decided, dependingupon the required
motion of theshatft.




1 Fig.2shows aypical winding arrangemenof the steppemotor.

1 Fig.3 showsconceptualpostioning of the rotor teethon the surfaceof rotor, for a
six teethrotor.

Fig.2 Winding arrangement of a steppermotor.
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Fig.3 Steppermotor rotor

1 Thecircuit for interfacinga winding Wn with anl/O port isgivenin fig.4. Eachof the
windings of a steppermotor needsthis circuit for its interfacing with the output
port. A typical steppermotor may have parameterdike torque 3 Kg-cm, operating

voltage 12V, currentrating 0.2 A and a step angle 1.8’ i.e. 200 steps/revolution
(number ofrotor teeth).




1 A simple schematicfor rotating the shaft of a steppermotor is called a wave
scheme.In this scheme,the windings Wa, Wb, Wc and Wd are applied with the
requiredvoltagespulses,in a cyclic fashion.By reversingthe sequencef excitation,
thedirectionof rotationof thesteppemotorshaftmaybereversed.

1 Table.1 shows the excitation sequencedor clockwise and anticlockwise rotations.
Another popular scheméor rotation of a steppe motor shaft appliespulsesto two
successivavindingsat a time but theseare shiftedonly by onepositionat a time. This

schemdor rotationof steppemotor shaft is shown itable2.
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port

Fig.4 interfacing steppermotor winding.

Table.1Excitation segquenceof a steppermotor usingwaveswitching scheme.

Motion step A B C D
1 1 0 0 0
2 0 1 0 0
Clock 3 0 0 1 0
Wise Direction 4 0 0 0 1
5 1 0 0 0
1 1 0 0 0
2 0 0 0 1

Anti clock
wise 3 0 0 ! 0
Direction 4 0 1 0 0
5 1 0 0 0




Table.2 An alternative schemefor rotating steppermotor shaft

Motion step A B C D

1 0 0 1 1
2 0 1 1 0
Clockwise 3 1 1 0 0
Direction 4 1 0 0 1
5 0 0 1 1
1 0 0 1 1
2 1 0 0 1

Anti clock
wise 3 1 1 0 0
Direction 4 0 1 1 0
5 0 0 0 0

Keyboard Interfacing

1 In most keyboards,the key switchesare connectedin a matrix of Rows and
Columns.

1 Gettingmeaningfuldatafrom akeyboardrequiresthreemajortasks:
1. etect a keypress
2. Debounce the keypress.
3. Encock the keypress(produce a standardcode for the pressed

key).
f Logic A 0Ois readby the microprocessowhenthekeyis pressed.

Key Debounce:

Whenever a mechanical pushbottom is pressed or released once,the mechanical
componentof the key do not changethe positionsmoothly;ratherit generatesa transient
responseThesemaybeinterpretedasthe multiplepressuresndrespondedccordingly.
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Key released Key pressed Key released

Fig. 5.23 A Mechanical Key and Its Response
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Fig. 5.24 Hardware Debouncing Circuit
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1 The rows of the matrix are connectedo four output Port lines, &columns are
connectedo four inputPortlines.

1 Whenno keysarepressedthe columnlines areheld high by the pull-up resistors
connectedo +5v.

1 Pressingakeyconnects aow & acolumn.

1 Todetectif anykeyis presseds to outputO0 tsall rows& thencheckcolumnsto
seeit apressedkeyhasconnectedlow (zero)to acolumn.

1 Oncethecolumnsare foundo beall high, the programentersanotherdoop, which
waitsuntil a lowappear®n oneof thecolumnsi.e indicatingakey pres.

1 A simple 20/10 nsecdelayis executedo debounceask.

1 After the debouncdime, anothercheckis madeto seeif the key s still pressedIf
the columnsare now all high, thenno key is pressed the initial detectionwas
causedy anoise pulse.

1 Toavoid this problem, twaschemesiresuggested:

1. Useof Bistablemultivibratoratthe output of thekeyto debouncd.

2. The microprocessorhas to wait for the transientperiod (at least
for 10 ms), so that the transientresponsesettlesdown and reachesa steady
State.

1 If anyof thecolumnsarelow now, thenthe assumptions made thait wasavalid
keypress.

1 Thefinal taskis to determinetherow & columnof the pressedkey &convertthis
informationto Hex-codefor the pressedkey.

The 4-bit code from I/P port & the 4-bit code from O/P port (row &column) are

convertedo Hexcode.
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Interfacing with Advanced devices

4.1 MEMORY AND I/O | NTERFACING
(Ref: Intefacing through Microprocessors by K. Subba Raetadh publishers, P. 16B56)

4.1.1 1/0O Interface
Any application of a microprocessor system requires the transfer of data betwes
microprocessor and external environment and &igliin the microprocessoThis is known asnput/output
There are three different ways that the data transfer can take place. They are
(1) Program controlled 1/0
(2) Interrupt Program Controlled I/O
(3) Hardware controlled I/O

In program controlled I/O data transfatheme the transfer of data is completely under the control
of the microprocessor program. In this case an I/O operation takes place only when an 1/O transfer instrug
is executed.

In an interrupt program controlled I/O an external device indicatestlgit® the microprocessor its
readiness to transfer data by a signal at an interrupt input of the microprocessor. When microproce
receives this signal the control is transferred to (B&rrupt service subroutine) which performs the data
transfer.

Hardware controlled I/O is also known as direct memory access DMA. In this case the data trang
takes place directly between an /O device and memory but not through microprocessors. Microproces
only initializes the process of data transfer by indligathe starting address and the number of words to be
transferred.

The instruction .set of any microprocessor contains instructions that transfer information to an |
device and to read information from an I/O device. In 8086 we have IN, OUT instaiftiothis purpose.
OUT instruction transfers information to an I/O devigkereasIN instruction is used to read information
from an I/O device. Both the instructions perform the data transfer using accumulator AL or AX. The I/
address is stored in retgs DX.

The port number is specified along with IN or OUT instruction. The external I/O interface decodes
find the address of the I/O devicehe 8 bit fixed port number appears on address RQusAAwith Ag - Ajs
all zeros. The address connections\eh A5 are undefined for an I/O instruction. The 16 bit variable port
number appears on address connectidps A;s. The above notation indicates that first 256 1/O port
addresses 00 to FF are accessed by both the fixed and variable 1/0 instructidf@.abiEesses from 0000
to FFFF are accessed by the variable 1/0 address.

I/O devices can be interfaced to the microprocessors using two methods. They are I/O mapped

and memory mapped I/O. The 1/O mapped I/O is also known as isolated I/O or
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directl/O. In I/O mapped I/O the IN and OUT instructions transfer data between the accumulator or memc

and 1/O device. In memory mapped I/O the instruction that refers memory can perform the data transfer.

Memory Memory +1/0
FFFFF FFFFF
IMx8 FFFF o /0
64K x 8
00000 0000 L 00000
(a} Isoloated /O map {b) Memory map IfO

Fig. 3.12 Memory and i/O map of B0B6

I/0 mapped I/O is the most commonly used I/ngfar technique. In this method I/O locations are
placed separately from memory. The addresses for isolated I/O devices are separate from memory. Using

method user can use the entire memory. This method allows data transfer only by using instikycfioiis

The pins MIO and WIR are used to indicate /O read or an I/O write operations. The signals on these lin
indicate that the address on the address bus is for I/O devices.

Memory mapped I/O does not use the IN, OUT instracitiaises only the instruction that transfers
data between microprocessor and memory. A memory mapped I/O device is treated as memory location.
disadvantage in this system is the overall memory is reduced. The advantage of this system is that
memoy transfer instruction can be used for data transfer and control signals like 1/O read and /O write

not necessary which simplify the hardware.

4.1.2 Memory interfacing
Memory is an integral part of a microcomputer system. There are two main typemofy.

(1) Read only memory (ROM): As the name indicates this memory is available only for reading
purpose. The various types available under this category are PROM, EPROM, EEPROM whi
contain system software and permanent system data.

(ii) Random Accessmemory (RAM): This is also known as Read Write Memory. It is a volatile
memory. RAM contains temporary data and software programs generally for differen

applications.

While executing particular task it is necessary to access memory tosgreiction codes and

data stored in memory. Microprocessor initiates the necessary signals when read or write operation is t
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performed. Memory device also requires some signals to perform read and write operations using various

registers. To do thebave job it is necessary to have a device and a circuit, which performs this task is known

as interfacing device and as this is involved with memais/khown as memory interfacing device.

The basic concepts of memory interfacing involve three diffeeessks. The microprocessor should be able

to read from or write into the specified register. To do this it must be able to select the required chip, identi

the required register and it must enable the appropriate buffers.

~ 1?0 ” Iol ~
Address : : Input/Qutput
lines 3 | . lines
i I
| |
N AN [/Orl -
L _ WPp——Write
00000 ‘%S {F
Chip  Read
select

Fig. 3.13 Simple memory device
Any memory device mustontain address lines and Input, output lines, selection input,

control input to perform read or write operation. All memory devices have address inputs that select mem
location within the memory device. These lines are labeledhas..... Ay. The numbe of address lines

indicates the total memory capacity of tmemory device. ALK memory requires 10 address linegAy.

Similarly a 1MB requires 20 linesy® 1 (in the case of 8086). The memory devices may have separate I/Q

lines or a common set of bidictional I/O lines. Using these lines data can be transferred in either direction.

fy
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Whenever output buffer is activated the operation is read whenever input buffers are activated the operation is

write. These lines arlabelledas 10 ...1/0, or Do ............ D. The size of a memory location is dependent
upon the number of datits. If thenumbers of data lines aeight 03 - D; then 8 bits or 1 byte of data can be
stored in each location. Similarly if numbers of data bits are 36 [Ily) then the maory size is 2 bytes. For

example 2K x 8 indicates there are 2048 memory locations and each memory location can store 8 bits of ¢

Memory devices may contain one or more inputs which are used to select the memory device or

enable the memory devicEhis pin is denoted bﬁ:_S (Chip select) oICE (Chip enable). When this pin is at
l ogic 'O then only the memory device perfor ms

memory chip is disabledf. there are more than or@S input then all these pins must be activated to perform
read or write operation.

All memory devices will have one or more control inputs. When ROM is used WdTE\d)utput
enable pinwhich allows data to flow out of the output data pins. To perform this task®8thnd OE must

ata.
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be active. A RAM contains one or two control inputs. Theyﬁr/ew or RD andWR . If there is only one
input R/W then it performs read operation whenVRR/pin is at logic 1. If it is at logic O it performs write
operation. Note that this is posilonly whenCS is also active.

4.4 Memory Interface using RAMS, EPROMS and EEPROMS

(Ref: Advanced Microprocessors and Peripherals by A.K. Ray & K.M. Bhurchandi, MeBitav2"* Edition.P.158
164)

Semiconductor Memory Interfacing:
Semiconductor memories are of two types, viz. RAM (Random Access Memory) and ROM (Read Or
Memory).

Static RAM Interfacing:

The semiconductor RAMs are of broadly two tysestic RAM and dynamic RAM. The
semiconductor memories aveganizedas two dinensional arrays of memory locations. For example, 4K x 8
or 4K byte memory contains 4096 locations, where each location conthinda®8a and only one of the 4096
locations can be selected at a time. Obviously, for addressing 4K bytes of memory, tldebss dines are
required. In general, to address a memory location out of N memory locations , we will requirerabitsast
of address, i.en address lines whem = Log, N. Thus if the microprocessor hasaddress lines, then it is
able to address d@he mostN locations of memory, wherg" = N. However, if out ofN locations onlyP
memory locations are to be interfaced, then the least significaadress lines out of the availalléines can
be directly connected from the microprocessor to the engrohip while the remainingn-p) higher order

address lines may be used for address decoding (as inputs to the chip selection logic). The memory ad
depends upon the hardware circuit used for decoding theselsipt C_S). The otput of the decoding circuit

is connected with th€S pin of the memory chip. The general procedure of static memory interfacing with
8086 is briefly described as follows:

1. Arrange the available memory chips so as to obtaibitldata bus width. The upperl@t bank is
call ed 6odd addr ess nbeintorbya noka niksb caanldl etdh e € voewe ra

2. Connect available memory address lines of memory chips with those of the microprocessor &

also connect the memmﬁ) and WR inputs to the corresponding processor control signals. Connect the

16-bit data bus of the memory bank with that of the microprocessor 8086.
3. The remaining address lines of the microprocesBétE and A, are used for decoding the

required chip select signals for the odd and even memory b&&kaf memory is derived from the O/P of

the decoding circuit.
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As a good and efficient interfacing practice, the address mépeafystem should be continuous as
far as possible, i.e. there should be no windows in the map. A memory location should have a single add
corresponding to it, i.e. absolute decoding should be preferred, and minimum hardware should be usec
decodimg. In a number of cases, linear decoding may be usethnimisethe requirechardware. Letis now

consider a few example problems on memory interfacing with 8086.

Problem 5.1
Interface two 4K x 8 EPROMS and two 4K x 8 RAM chips with 8086. Select suitable maps.

Solution We know that, after reset, the IP and CS are initialised to form address FFFFOH. Hence,
this address must lie in the EPROM. The address of RAM may be selected any where in the 1MB
address space of 8086, but we will select the RAM address such that the address map of the system
is continuous, as shown in Table 5.1.

Table 5.1 Memory Map for Problem 5.1

A A Ay Ay Ars Ay AlAp A A Ag Ags Agy Ags Aos. Aw Aoz Ar Aol Aw
111 o1 o1 b 11
E ~ EproM| 8Kx8 G
111 1 1 1lo o 0o 0o o o0 o0
2 L e R R R N s
R | _ RAM|  BKx8 . .

0
1

Total 8K bytes of EPROM need 13 address lines A,— A, (since 213 = 8K). Address lines A3~ Ajq
are used for decoding to generate the chip select. The BHE signal goes low when a transfer is at odd

address or higher byte of data is to be accessed. Let us assume that the latched address, BHE and
demultiplexed data lines are readily available for interfacing. Figure 5.1 shows the interfacing diagram
for the memory system.

The memory system in this example contains in total four 4K x 8 memory chips. .
The two 4K x 8 chips of RAM and ROM are arranged in parallel to obtain 16-bit data bus width. If
A, is 0, i.e. the address is even and is in RAM, then the lower RAM chip is selected indicating 8-bit

transfer at an even address. If A, is 1, i.e. the address is odd and is in RAM, the BHE goes low, the
upper RAM chip is selected, further indicating that the 8-bit transfer is at an odd address. If the selected

addresses are in ROM, the respective ROM chips are selected. If at a time Ay and BHE both are 0, both
the RAM or ROM chips are selected, i.e. the data transfer is of 16 bits. The selection of chips here takes
place as shown in Table 5.2.
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Table 5.2 Memory Chip Selection for Problem 5.1

Word tra

AR

e

ytetransferonDg—D;s; O 1 0 Onlyodd address in RAM

o

oDD EVEN
cs, CS,
ROM Ao Ar—Ax Ao ROM
Oy p—>0 4K x8 Ay Ay 4Kx8
0y p—>1 MRD—>q OE MRD —>q OE
_ 0, p—2
BHE —={ A, 3-8
Ao —»| , DECODER O3 P 3
74138 04 D— 4 Ds - 015 D7 - Du
A13 — =
_é A1-Aq2 ,_%
CS3 CS,
RAM Ao Ao RAM
4K x 8 Au A11 4K x 8
MRD —>dRD MRD —>d RD
MWR —>q WR MWR—>d WR
oDD EVEN
Ase Ds-Dig D7 -Dg

Fig. 5.1 Interfacing Problem 5.1




Problem 5.2

Design an interface between 8086 CPU and two chips of 16K x 8 EPROM and two chips of 32K x 8
RAM. Select the starting address of EPROM suitably. The RAM address must start at 00000H.

Solution: The last address in the map of 8086 is FFFFFH. After resetting, the processor starts
from FFFFOH. Hence this address must lie in the address range of EPROM. Figure 5.2 shows the
interfacing diagram, and Table 5.3 shows complete map of the system.

Table 5.3 Address Map for Problem 5.2

It is better not to use a decoder to implement the above map because it is not continuous, i.e. there is
iome unused address space between the last RAM address (OFFFFH) and the first EPROM address
F8000H). Hence the logic is implemented using logic gates, as shown in Fig. 5.2.

T e e |

Aj—Aqy

MEMRD—>o OE CSy OE C§
" 16K x 8 Ag 16K x 8
©— ROM Ag—Aq3 ROM
&s, (odd) A N— (even)
BHE —

©—

©— L J
CS
Ao —o} -2 14 Dg—Dys Dp—Dss Do - Dy

! Cs,  Dg—Dss Do - Dy
Po r Y
A1—Aq2
_: Cs;
BHE— 32K x 8 32K % 8
RAM Ao Ao~ “RAM
Ag —d L (odd) A4 Y A411- (even)
A DD—@ MEMWR —»q WR MEMWR —>d WR
19 ——Q - . . e . .
MEMRD —>d RD S, MEMRD —d RD 4

1 _

Fig. 5.2 Interfacing Problem 5.2
Problem 5.3

It is required to interface two chips of 32K x 8 ROM and four chips of 32K x 8 RAM with 8086,
according to the following map.

ROM 1 and 2 FOOOOH - FFFFFH, RAM 1 and 2 DOOOOH - DFFFFH
RAM 3 and 4 EOOOOH - EFFFFH

Show the implementation of this memory system.

Solution Let us write the memory map of the system as shown in Table 5.6.




The implementation of the above map is shown in Fig. 5.3 using the same technique as in Problem
5.1 and Problem 5.2. All the address, data and control signals are assumed to be readily available.

E{} - ! |

Aq1—Aqs

CS4 CS2
Aqg .
Ag
Aq7 32K x 8 Ag Ao— 32K x 8

Asg
} s {odd) Ada
Ag— 2 _ - _

MRD —>d OE MRD —>d OE
Dys—Dsg D7 —Dg
BHE i i
) CSs Ar—Ags p—
A1g CS3 CSy
:15
Are 32Kx8 A 32K x 8
_ RAM1 RAM2
Ay CS, (odd) A | ~x— (even)
MRD —>d RD MRD —>9q RD
MWR —d WR MWR —9 WR
D45—Dg D7 - Do
BHE

T s § !
-a R —

Ao CSs CSs

Asg -

A 32Kx8 AL A, 32Kx8

_ RAM3 A" RAM4
CSs {odd) Au|x— 4 (even)
Ao G MRD —qd RD MRD —q RD
MWR —d WR MWR—q WR
Dis—Dg D7 - Do

Fig. 5.3 Interfacing Problem 5.3

UNIT-IV

SERIAL COMMUNICATION STANDARDS
(Ref: Interfacing through Microprocessors by K. Subba Radgéh publishers, P. 25260)

Most of devices are parallel in nature. These devices transfer data simultaneously on data lines.
parallel data transfer process is very complicated expensive. Hence in some situations the serial I/O mode
is used where one bit is transferred over a single line at a time. In this type of transmission parallel wor

converted into a stream of serial bits which is known as parallel to serial donvéiise rate of transmission
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in serial mode is BAUD, i.e., bits per second. The serial data transmission involves starting, end

transmission, error verification bits along with the data. Any serial I/0 involves the following concepts.

(a) Interfacingrequirements (b) Alphanumeric codés) Transmission format (d) Error checks in data

communicatior(e) Data communication over lines (f) Standards in serial I/O

The microprocessor has to identify the port address to perform read or write operatiof/Cbasas
only one data line, chip select, read, write control signals.

Tx
8086 Ry Serial
microprocessor 1o
W interface
R

Fig. 5.1 Block diagram of serial I/O interfacing

Data transfer takes place using ASCII code (American standard code for Information Interchang
which is 7 bit code with 128 combinations. The data can be transmitted by takings parameters into
consideration such as synchronizatiosymchronizationdirection of data flow speed, errors, medium of data
transmission etc. In synchronous transmission both transmitter and receiver operate, in synchronous to
other.

Syndronization used for high speed operations. In asynchronous data transmission data is transm
between Start and Stop bits with logic 1 as mark logic 0 as space. In asynchronous we get around 11 bit
data transmission one start, 8 bits of datapf bits. A synchronous data transmission is used for less than 2(
Kbits /second transmission.

Clock
]
[ i
L K"‘ Stop(2 bits)
T. _/f' Sync. pulse R, Ta [ Start ] Ry
71" ] Data Data ClK
Start Time —= Time —=
{a) Synchronous data transmission (b) Asynchronous data transmission

Fig. 5.2 Data communication
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DIFFERENCE BETWEEN SYNCHRONOUS AND ASYNCHRONOUS TRANSMISSION:

S.No. Synchronous

Asynchronous

simultaneously

transmitted at a time.

4. Synchronous pulses are required

5. Uses for high speed Tx.

1. Same clock pulse is applied to both Tx & Rx

2. Only hardware is required to implement
this.
3 Group or a set of characters can be

Different clock pulses are applied to Tx & Rx sepeartely

Both hardware and software are requied for this.

Only one character is transmitted at a time.

Synchronous pulses are not required but uses start
and stop bits.

Used for low speed Tx.

5.2 UNIVERSAL SYNCHRONOUS/ASYNCHRONOUS RECEIVER/TRANSMITTER

(USART)
D, []1 N 281D,
D, ]2 271Dy
RxD []3 26 ] Vee
GND [ 4 25 1 RxC
D, 15 24 ] DTR
Ds[]6 231 RTS
D, []7 8351 A 22 (1 DSR
D, ()8 211 RESET
TxC []9 20 JCLK
WR []10 19 TxD
CsS 11 18 1 TXEMPTY
c/D 12 173 CTS
RD (13 16 1 SYNDET/BD
RxRDY (] 14 15 TXRDY

Pin diagram of 8521

The 825A is Universal Synchronous/Asynchronous Receiver/Transmitter (USART) designed for th
data communication with Intel's family of microprocessor such as 8085, 8086 and 8088. Like other |

devices in a microcomputer system, its functional configurationdgrammed by the system's software for

[¢)

fO

maximum flexibility. The USART accepts data characters from the CPU in the parallel format and converts

them into continuous serial data stream for transmission. Simultaneously, it can receive serial data streams

arid convert them into parallel data characters for the CPU. The CPU can read the complete status of USART

at any time, these includes data transmission errors, control signals etc.
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Fig. 5.7 Block diagram of 8251

Fig. 5.7 shows the block diagram of 82B1 The block diagram shows all the elements of a
programmable chip; it includes the interfacing signals, the control register and the status register.
functions of various blocks are described below:

(A) Data bus buffer: This 3state, bidirectional differ is used to interface the 8251A to the system data bus.
Data is transmitted or received by the buffer upon execution of input and output instruction of the CH
Command words and status information are also transferred through the data bus bufi@mmbad, status
and data in and data out are separdié Begisters to provide double buffering.

The functional block accepts inputs form the control bus and generates control signals for over
device operation. It contains the control word registed eommand word register that store the various

control formats for the device functional definition.
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(B) Read/Write logic and Registers:

This section includes R/W control logic, six input signals, control logic, and three buffer
registers; data register,control register and status register. The input signals to control
logic are as follows:

RESET: A high on this input forces the 8251A into an idle mode. The device will remain
at idle until a new set of control words is written into the 8251A to program its functional
definition. '

A command reset operation also puts the device into the idle state.

CLK (Clock): The CLK input is used to generate internal device timing and is normally
connected to the phase 2 (TTL) output of the Clock Generator. No external inputs or
outputs are referenced to CLK but the frequency of CLK must be greater than 30 times
the Receiver or Transmitter data bit rates.

WR (Write): A "low" on this input informs the 8251A that the CPU is writing data or
control words to the 8251A.

RD (Read): A "low" on this input informs the 8251A that the CPU is reading data or
status information from the 8251A.,

C/D | RD | WR | CS
0 1 0 8251 data-data bus
0 1 0 0 Data bus-8251A data
1 0 1 0 Status-data bus
1 1 0 0 Data bus-control
X 1 1 0 Data bus-3 state
X X X 1 Data bus Istate




C/E(Control/ Data): This input, in conjuction with the WR and RD inputs informs the
8251A that the word on the Data bus is either a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA

cs (Chip Select) : A "low" on this input selects the 8251A. No reading or writing will
occur unless the device is selected. When CS is high, the Data Bus is in the float state and
RD and WR have no effect on the chip.

(C) Modem Control:

The 8251A has a set of control inputs and outputs that can be used to simplify the interface
to almost any modem. The modem control signals are general purpose in nature and can
be used for functions other than modem control, if necessary.

DSR (Data Set Ready) : The DSR input signal is a general-purpose, 1-bitinverting input
port. Its condition can be tested by the CPU using a Status Read operation. The DSR
input is normally used to test modem condition such as Data Set Ready.

DTR (Data Terminal Ready): The DTR output signal is a general-purpose, 1-bit
inverting output port. It can be set "low" by programming the appropriate bit in the
Command instruction word. The DTR output signal is normally used for modem control
such as Data Terminal Ready.

RTS (Request to Send): The RTS output signal is a general-purpose, 1-bit inverting
output port. It can be set "low" by programming the appropriate bit in the Command
instruction word. The RTS output signal is normally used for modem control such as
Rec :est to send.

CTS (Clear to Send): A "low" on this input enables the 8251A to transmit serial data if

the Tx Enable bit in the Command byte is¥t to a "one", if either a Tx Enable off or CTS

off condition occurs while the Tx is in operation, the Tx will transmit all the data in the
USART, written prior to Tx Disable command before shutting down.

(D) Transmitter Buffer:

The transmitter Buffer accepts parallel data from the Data Bus Buffer, converts it to a
serial bit stream, inserts the appropriate characters or bits (based on the communication
technique) and outputs a composite serial stream of data on the TxD output pin on the
falling edge of T x C. The transmitter will begin transniission upon being enabled, if CTS =
0. The T x C line will be held in the marking state immediately upon a master Reset or
when Tx Enable or CTS is off or the transmitter is empty.

(E) Transmitter Control:

The Transmitter Control manages all activities associated with the transmission of serial
data. It accepts and issues signals both externally and internally to accomplish this
function.




T x RDY (Transmitter Ready): This output signals the CPU that the transmitter is ready
to accept a data character. The T x RDY output pin can be used as an interrupt to the
system, since it is masked by T x Enable; or, for Polled operation, the CPU can check T
x RDY using a Status Read operation. T x RDY is automatically reset by the leading edge
of WR when a data character is loaded from the CPU.

T x E (Transmitter Empty): When the 8251A has no character to send, the T x empty
will go high. It resets upon receiving a character from CPU if the transmitter is enable
Tx empty remains high when the transmitter is disabled. T x Empty can be used to indicate
the end of transmission node, so that the CPU knows when to turn around in the
half-duplex operation mode.

In the synchronous mode, a high on this output indicates that a character has not been
loaded and the SYNC character or characters are about to be are being transmitted as
filters. T x Empty does not go low when the Sync characters are being shifted out.

T x C (Transmitter Clock): The Transmitter Clock control the rate at which the character
is to be transmitted. In the Synchronous transmission mode, the Baud Rate (1x) is equal
to the T x C frequency. In Asynchronous transmission mode, the baud rate is a fraction
of the actual T x C frequency. A portion of the mode instruction selects this factor it can
be 1,1/16 or 1/64 the T x C.




For example
If Baud rate equals 220 Baud

TXC equals 220 Hz in the 1x mode.
TXC equals 3.52 KHz ithe 16x mode.
TXC equals 14.08 KHz in the 64x mode.

The falling edge ofl XC shifts the serial data out of the 8251A.
(F) Receiver Buffer:

The Receiver accepts serial data, converts this serial input to parallel format checks for
bits or characters that are unique to the communication technique and sends an
"assembled" character to the CPU. Serial data is input to R x D pin, and is clocked in on
this rising edge of Rx C.

(G) Receiver Control:

This functional block shown in Fig. manages all receiver - related activities which consists
of the following features.

The R x D initialization circuits prevents the 8251A from mistaking and unused input line
for an active low data line in the break condition. Before starting to receive serial characters
on the R x D line, a valid ‘1’ must first be detected after a chip master reset. Once this
has been determined, a search for a valid low bit (start bit) is enabled. This feature is only
active in the asynchronous mode, and is only done once for each master reset.

The false start bit detection circuit prevents false starts due to a transient noise
spike by first detecting the falling edge and then strobing the nominal center of the
start (R x D = low).

Parity error detection sets the corresponding status bit.

The framing error status bit is set if the stop bit is absent at the end of the data byte
(asynchronous mode).




