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MCA-102 Microprocessor and Assembly Language Programming-T-P: 3-1-0
Prerequisite: Students need to know the basic building blodks digital system

and knowledge of computer organization.

Module-1: (12 Hours)

Microprocessors: 8085 architecture, bus organimategisters, ALU, control section,
pin-diagram, basic fetch and execute cycle of g, timing diagrams, types of
instructions, instruction format, data format, ak$ing modes, instruction set of 8085,
Programming the 8085, Interrupts and ISR

Module-2: (8 Hours)

Memory Interfacing: address space partitioningidatgvices for interfacing, R/W and
ROM models, memory map addresses, memory addnegs od 1K memory chip,
memory address lines, memory word size, memorgiieation, memory structure and
its requirements, basic concepts in memory intérfa@ddress decoding and memory
addresses, interfacing the 8155 memory chip, atesgki partial decoding.

Module-3: (10 Hours)

Data transfer techniques & support chips: Datasfeartechniques, programmed data
transfer, direct memory access data transfer, desscabout 8212, 8255, 8257 and 8259,
analog to digital interfacing, A/D and D/A convedganalog signal conditioning
circuits, data acquisition systems.

Module -4: (10 Hours)

8086 microprocessor & Microcontroller: Featuresd¥anced microprocessors, 8086
microprocessor architecture, register organizatolaressing modes; Microcontrollers

and embedded processors, overview of the 8051 ountooller family.
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MODULE -1

MICROPROCESSOR ARCHITECTURE

The microprocessor is the central processing urgpa of a micro computer.it is the heart of the
computer.

INTEL 8085:

It is an 8 bit Nmos microprocessor.it is an foriy [C(integrated circuit) package fabricated on
a single LSI (Large scale Integration) chip.

It uses a single +5 volt d.c.(Direct Current) sydpk its operation.It clock spee is 3 mhz.It
consists of 3 main sections.

1-Arithmetic Logic Unit(ALU)
2-Timing and control unit
3-Several Registers
Arithmetic Logic Unit:

It performs various arithmetic an logical operasidike aition,substraction,logical an
,Xor,or,not,increment etc.

Timing and control unit:

It generates timing an control signals hich areessary for the execution of the instructions.it
controls the ata flo beteen cpu an peripherals.

Several Registers

Registers:-it is a collection of flip flops usedtwre a binary word.they are used by the
microprocessor for the temporary storage and méatipn of data and instructions.

8085 has the following registers:

1-8 bit accumulator i.e. register A

2-6 8 bits general purpose registers i.e. B,C,D,JE,H
3-one 16 bit regiser i.e.stack pointer

4-16 bit Program counter,Status register, Tempaegjister,Instruction Register.



The regiser A holds the operands during prograncuicen

There are 6 8 bits general purpose registers B}d ) Eare to handle 16 bit data.two 8
registers can be combined.this is calledster pair.valid pair of 8085 are-C,-E,H-L.The H-L
pair is used to as address memory locati-C,D-E are used for access another func
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STACK POINTER:
Stack is a sequence of memory location definecheyptogrammer in LIFO function.That is last

Element to be placed on the stack is first one i®mmoved .The stack pointer contain the address
of the stack cup.

PROGRAM COUNTER:

It is the address of the next instructions to becated.

INSTRUCTION REGISTER:

It holds a copy of the current instruction untilsitdecoded.

STATUS REGISTER:

It contains the status flags of 8085 microprocessor

TEMPORARY REGISTER:

It is used to store intermediate results and ftarmediate calculations.
STATUS FLAGS:

It is a set of 5 flip-flops

i. Carry Flag(Cs)
ii.  Sign Flag(S)
iii.  Zero Flag(2)
iv.  Parity Flag(P)
v. Auxilarity carry flag(Ac)

Carry Flag:
It holds carry out of the resulting from the exéantof an arithmetic operation.

If there is a carry from addition or a borrow fraobstraction or comparision,the carry flag is
said to 1 ortherwise it is O.

Sign Flag:

It is set to 1 if the MSB of the result of an agithetic or logical operation is 1 ortherwise itis 0



Zero Flag:
It is said to 1 if the result of an arithmetic ogical operation is zero.for non zero result,id.is
Parity Flag:

It is set to 1 when the the result of the operationtains even no.of 1&itis set to O if there ar
odd no.of 1.

Auxilary Carry Flag :

It holds carry from bit 3 to A resulting from thgezution of an arithmetic operation.If there is a
carry from bit 3 to 4,the AC flag is set to 1 onthese it is O.

Program Status Word(PSW):

It is a combination of 8-bits where five bits ingdies the 5 status flags & three bits are undefined.
Psw and the accumulator treated as a 16 bit ungtéwk operation.

BUS ORGANISATION:

INTEL 8085 is a 8 bit micro processor.its data Isu8 bit wide .8 bit of data can be transmitted
in parallel form.or to the microprocessor.

Address bar is 16 bit wide as memory addressfalé bit.8 msb is the address are
transmitted by on A8-A15.8 LSB is is the address teansmitted by the data bus ADO-AD7.The
address or data bus transmits data & addressfatatift moments.it can transmits data or address
at a time.
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[SCHEMATIC /PIN BGRAM OF INTEL 8085]
PIN DESCRIPTION OF 8085

Ag-A1s (output)-These are address bus and are used for the mo#tcsigt bits of the memory
address or 8 bits of /0O address.

ADo-AD~ (input/output) -these are time multiplexed address /data busishtitey serve dual
purpose .they are used for the least significastBof the memory address or I/O address during
the first clock cycle of a machine cycle. Againythere used for data during second and third
clock cycles.



ALE (output)-it is an address latch enable signal. It goes lighng first clock cycle of a
machine cycle and enables the lower 8 bits of tltress to be latched either into the memory or
external latch.

IO/M(output)- it is a status signal which distinguishes whetherdddress is for memory or I/O.
when it goes high the address on the address bigs &n I/O device. When it goes low the
address on the address bus is for a memory location

S, S (output)-these are status signal sent by the microprocéssbstinguish the various types
of operation

Status code for Intel 8085

S S
Operations
0 0 HALT
0 1 WRITE
1 @) READ
1 1 FETCH

RD (output)-it is a signal to control READ operation .whemdes low the selected memory or
I/O device is read.

Vﬁ(output)-it is a signal to control WRITE operation .whemgdaes low the data on the data bus
is written into the selected memory or 1/O openatio

READY (input) -it is used by the microprocessor to sense wheth@eripheral is ready to
transfer data or not .a slow peripheral may be eotad to the microprocessor through READY
line. if READY is high the peripheral is ready iifis low the microprocessor waits till it goes
high.

HOLD (input)- it indicates that another device is requestingtiier use of the address and data
bus. Having received a HOLD request the micropmmeselinquishes the use of the buses as
soon as the current machine cycle is completedrriat processing may continue. the processor
regains the bus after the removal of the HOLD digmhen a HOLD is acknowledged .

HLDA (output)- it is a signal for HOLD acknowledgement. It indiesitthat the HOLD request
has been received. after the removal of a HOLDestjtihe HLDA goes low. the CPU takes over
the buses half clock cycle after the HLDA goes low.



INTR (input)- it is an interrupt request signal. Among interrupthas the lowest priority. An
interrupt is used by io devices to transfer datdéomicroprocessor without wasting its time.

INTA (output)- it is an interrupt acknowledgement sent by the agioocessor after INTR is
received.

RST5.5, RST6.5, RST 7.5(inputjhese are interrupts. Signals are the restartrugerthey
causes an internal restart to be automaticallyiedesach of them of a programmable mask.

TRAP-TRAP has the highest priority. It is used in enegy situation. it is an non-mask able
interrupt.

Order of priority-
TRAP ——» RST 75— RST65—+%» RST55 —» INTR

When an interrupt is recognize the next instructgoaxecuted from a fixed location in memory.
A subroutine is executed which is called ISS(intptrservice subroutine).

INTERRUPTS ISS ADDRESS
TRAP 0024

RST 5.5 002C

RST 6.5 0034

RST 7.5 003C

RESET IN (input)-it resets the program counter to zero .it alsotsdséerrupts enable that is an
HLDA flip-flops.

RESETOUT (output)-it indicates that the CPU is being reset.

X1, X2 (input)-these are terminals to be connected to an exterystial oscillator which drives
an internal circuitry of the microprocessor to prod a suitable clock for the operation of
microprocessor.

CLK (output)- it is a clock output for user, which can be used dther digital integrated
circuits.

SID (input)-it is data line for serial input. The data on thi is loaded into the"7bit of the
accumulator when rim (read interrupt mask) instarcts executed.

SOD (output)- it is data line for serial output. Th& Bit of the accumulator is output on sod line
when sim instruction is executed.



Vcc-it is +5 volt dc supply.
VssHt is the ground reference.

INSTRUCTION AND DATA FORMATS

Intel 8085 is an 8-bit microprocessor. It handlelsit8data at a time. One byte consists of 8-
bits.A memory location for Intel 8085 microprocessodesigned to accumulate 8-bit data. If 16-
bit data are to be stored, they are stored in coise memory locations. The address of
memory location is Of 16-bit i.e. 2 bytes.

The various techniques to specify data for irt$ioms are:
(1) 8-bit or 16-bit data may be directly givertire instruction itself.

(2) The address of the memory location, I/O poif© device, where data resides, may
be given in the instruction itself.

(3)In some instructions only one register is sjati The content of the specified register
is one of the operand and other operand is thenadetor.

(4) Some instructions specify two registers. Toetents of the registers are the required
data.

Due to different ways of specifying data for mistion are not of same length.
So there are three types of instructions of Ing&38
(2)Single byte instruction
(2)2-byte instruction
(3)3-byte instruction

Single-Byte instruction.

The content information regarding operands in {heode itself . These are of one byte.
Ex-MOV AB ; Move the content of register @A

78H is opcode for MOV A,B. The binary forrhapcode 78H is 01111000. The first two
bit i.e. 01 for MOV operation; the next 3 bits ild.1 for register A and last 3 bits 000 are for
register B.



Two-Byte instruction.

In case of two byte instruction th& tiyte of the instruction is opcode arltf Byte is either data
or address.

Both bytes are stored in two consecutive memorgtions.
Ex-MVI B,05; Move 05 to register B
06,05; MVI B,05 in the code form

Here in this case thé'byte i.e. 06 is the opcode for MVI B antf 2byte i.e. 05 is the data
which is to be moved to register B.

Three-Byte instruction.

In case of three bytes instruction tHhi/te of instruction is opcode antfand 3 byte of
instruction are either 16-bit data or 16-bit addres

They are stored in three consecutive memory logatio
Ex-LXI H, 2400H ; load H-L pair with 2400H
21,00,24; LXIH, 2400H in code form.

Here ' byte i.e. 21 is the opcode for instruction LXIFhe 2% byte i.e. 00 is 8 LSBs of data
which is loaded in to register L. Th& Byte i.e. 24 is 8 MSBs of data which is loadetbin
register H.

ADDRESSING MODES OF 8085 :

Addressing mode These are various technique to specify data faruogon

a) Direct addressing mode

b) Register addressing mode
c) Register addressing mode
d) Immediate addressing mode
e) Implicit addressing mode.

a) Direct addressing mode:

In this addressing mode the address of the opesagiden in the instruction.
Ex: STA 2000H
IN 02H



b) Register addressing mode:

In this addressing mode the operands are inghergl purpose register.
The opcode specify the address of the registetl@dperation to be
Perform.

Ex: MOV A,B
ADD B
) Register indirect addressing mode

i.  Inthis addressing mode the address of the opesaspkcify by a register
pair.
Ex: LXI H,2000H
MOV A.M

d) Immediate addressing mode

i.  Inthis adressing mode operand is specify withhaitstruction.
i. Ex:MVI A,05H // Move immediate data 05H to Acculator.

e) Implicit addressing mode:

I.  This instruction operates on the content of theiaedator.
II.  They don't required operand address.
.  EX:CMA /IComplement

DATA TRANSFER GROUP

1. MOV rl,r2 (Move data; move the content of one register tulzar)
[r1] €[r2]. State :none. addressing:register addressnaghine cycle:1.

The content of resister r2 is move to register év@a to register 1.For example,the instruction
MOV A,B moves the contents of resister b to registd he instruction MOV B,A moves the
content of register A to register B.The time foe #xecution of this instruction is 4 clock
period.One clock period is called is state.No &gffected.

2. MOV r,M (move the content of memory to register)
[r] €[[H-L]]. State:7.flag:none. Addressing:register irgtt. Machine cycle:2

The content of memory location,whose address idHith pair is moved to register r.



Example

LXI H,2000H load H-L pair by 2000H
MOV B,M Move the contenttbE memory location 2000H to register B.
HLT Halt

In this example the instruction LXI H,2000H load4d. pair with 2000Hwhich is the address of
a memory loation.Then the instruction MOV B,M willove the content of memory location
2000H to register B.

3. MOV M,r. (Move the content of register to to memory)
[[H-L]] <[r]. States:7. Flag:none. Addressing:register ictirMachine cycle:2

The content of register r is moved to the mentocgtion address by H-L pair.For
example,MOV M,C moves the content of register theomemory location whose address is in
H-L pair.

4. MVI r,data.(moves immediate data to register)
[r] €data. States:7. Flag:none.adressing:immediateimeackicle :2

The £'byte of the instruction is its opcode.tng Byte of the instruction is the data which is
moved to register r.For example ,the MVI A,05 mo0&do register A.In the code form it is
written as 3E,05.The opcode for MVI A is 3E,05. dpeode for MVI A is 3E and 05 is the data
which is to be moved to register A.

5. MVI M,data (Move immediate data to memory)
[[H-L]] €data . states:10.flags:none addressing:immedigtdfidirect. Machine cycle:3.

The data is moved to the memory location whoseesdds in H-L pair.

Example

LXI H,2400H Load H-L pair with 2400H.

MVI M,08 Move 08 to the memory location 240
HLT Halt.

In the above example the instruction LXI H,2400¢&ds H-L pair with 2400H which is the
address of a memory location.Then the instructidfd M,08 will move 08 to memory location
2400H.In the code form it is written as 36,08.Tipeade for MVI M is 36 and 08 is the data
which is to be moved to the memory location 2400H.



6. LXI rp, 16-bit data (load register pair immediate)
[rp] €data 16 bits, [r§-8 MSBs, [rl]<8LSBs of data
States: 10, Flags: none, Addressing: Immediate hiacCycles: 3

This instruction loads 16 bit immediate data irggister pair rp. This instruction is for register
pair; only high order register is mentioned after instruction. For example; H in the LXI H
stands for H-L pair. Similarly, LXI B is for B-C jpaLXI H, 2500H loads 2500H into H-L pair.
H with 2500H denotes that the data 2500 is in hegiadal. In the code form it is written as
21,00,25. The*ibyte of the instruction 21 is the opcode for LXIFhe second byte 00 is of
8LSBs of the memory address and it is loaded iegister L. The third byte 25 is 8 MSBS of
the data and it is loaded into register H

7. LDA addr (Load accumulator direct)
[A] € [addr] States :13, flags :none,Addressing:DirectMae cycle:4

The content of memory location , whose addrespésified by the™ and & bytes of the
instruction; is loaded into the accumulator.Theringion LDA 2400H will load the content of
the memory location 2400H into the accumulatohdntode form it is written as 3A,00,24.The
15'byte 3A is the opcode of the instruction . TH&I®te 00 is of 8LSBs of the memory
address.The8byte 24 is 8Msbs of the memory address.

8. STA addr (store accumulator direct)
[addr&[A].States:13.Flags:none.Addressing:direct. Macluyee:4.

The content of the accumulator is stored in the orgriocation whose address is specified by
tthe 29 and 3 byteof the instruction.STA 2000H will store thentent of the accumulator in the
memory location 2000H.

9. LHLD addr (load H-L pair direct).
[L] €[addr],[H]<[addr+1].States:16.Flags:none.Addressing:directivfeccycle:5

The content of the memory location ,whose addrespecified by % and ¥ bytes of the
instruction,is loaded into rsister L.The contenth@ next memory location is loaded into resister
H. For example ,LHLD 2500H will load the conteffitioe memory location 2500H into register
L. The content of the memory location 2501H is kihto register H.

10. SHLD addr (store H-L pair direct)

[addr]<[L],[addr+1]<[H].States:16,Flags:none,Addressing:direct.Macliywes:5



The content of the register L is stored in theamary location whose address is specified by the
2" and ¥ bytes of the instruction.The content of registes ldtored in the next memory
location .For example ,SHLD 2500H will stored tloatent of register L in the memory location
2500H.The content of the register H is storechenrhemory location2501H.

11. LDAX rp (LOAD accumulator indirect)
[A] <[[rp]].states:7,Flags:none,Addressing:registerriect, Machine cycle:2

The content of the memory location ,whose addiesgsthe register pair rp,is loaded into the
accumulator.For example ,LDAX B will load the comtef the memaory location,whose address
is in B-C pair,into the accumulator.Th instructisrused only for B-C and D-E register pairs.

12. STAX rp (store accumulator indirect)
[[rp]]l €[A].States:7.Flags:none.Addressing :register irdiMdachine cycles:2.

The content of the accumulator is stored in thenorg location whose address is in the register
pair rp.For example ,STAX D will stored the contehthe accumulator in the memory location
whose address is in D-E pair.This instructionu® tonly for register pair B-C and D-E.

13. XCHG (Exchange the content of the H-L with D-E pair)
[H-L] €[D-E].States:4,Flags:none,Addressing :register,Mexhycle:1.

The content of H-L pair are exchanged with contefts-E pair



ARITHMETIC GROUP

The Instruction of this group performs arithmetpeation such as Addition, Subtraction,
Increment or Decrement of the content of the regist memory.

1. Addr (Add register to accumulator)
[Al < [Al +1]

The content of register r is added to the contétit@accumulator,and the sum is placed in the
accumulator.

2. ADD M( Add memory to accumulator)
[A] « [A] +[H-1]

The content of the memory location addressed bypéitis added to the content to the
accumulator. The sum is placed in the accumulator.

3. ADCr (Add register with carry to accumulator)
[Al — [A]l +[] +[CS]

The content of register r and carry status are dtloiéhe content of the accumulator. The sum is
placed in the accumulator.

4. ADC M (Add memory with carry to accumulator)
[A] < [A] + [H-L] + [CS]

The content of the memory location addressed byp#it.add carry status are added to the
content of the accumulator. The sum is placederattcumulator.

5. ADIldata (Add immediate data to accumulator)
[A] < [A] + data

The immediate data is added to the content todberaulator. The SLbyte of the instruction is
its opcode. The™ byte of the instruction is data and it is addethe content of the
accumulator. The sum is placed in the accumulator.

FOR EXAMPLE:

The instruction ADI 08 will add 08 to the contemitioe accumulator and placed the result in the
accumulator. In code form the instruction is writes C6 08.



accumulator.

BRANCEIONTROL GROUP
The instruction of this group change the normalisege of the program.
There are of two types of branch instruction

« Conditional branch instruction
* Unconditional branch instruction

Conditional branch instruction:-

It transfer the program to the specified level whertain condition is satisfied.

Unconditional branch instruction:-

It transfer the program to the specified level urdibonally.
Example:-JMP addr(label).

*Conditional Jump addr(label):

JZ addr(label):-Jump if the result is zero,Z=1.
JNZ addr(label):-jump if the result is not zero,Z=0
JCaddr(label):-jump if there is a carry,CS=1.

JNC addr(label):-jump if there is no carry,CS=0.
JP addr(label):-jump if the result is plus,S=0.

JM addr(label):-jump if the result is minus,S=1.
JPE addr(label):-jump if even parity,P=1.

JPO addr(label):-jump if odd parity,P=0.

©NOOAWDNR

*CALL addr(label): -

* Used in unconditional branch instruction.

» Used to call a sub-routine,before control its tfan the subroutine .
» The content of program counter is saved in thekstac

» Call is 3-byte instruction.

*Conditional CALL addr(label):

1. CC addr(label):-call subroutine if carry status @S=
2. CNC addr(label):-call subroutine if carry statuss0S



CZ addr(label):-call subroutine if the result ea ;the zero status Z=1.
CNZ addr(label):-call subroutineif the result ig zero;the zero status Z=0.
CP addr(label):-call subroutineif the result isgptbe sign status S=0.

CM addr(label):-call subroutineif the result is méthe sign status S=1.
CPE addr(label):-call subroutine if even parity;feeity status P=1.

CPO addr(label):-call subroutine if odd parity;treity status P=0.

© N O~ W

*RET(Return sub routine):-

* ltis used at the end of a subroutine.

» Before the execution of a subroutine the addresiseohext instruction of
the main program is saved in the stack.

* The content of the stack pointer is incremente@ by indicate the new
stack top.

*Conditional Return:-

RC:-Return from subroutine if carry status CS=1.

RNC:-Return from subroutine if carry status CS=0.

RZ:-Return from subroutine if the result is zere;#ero status Z=1.
RNZ:-Return from subroutineif the result is not#éne zero status Z=0.
RP:-Return from subroutineif the result isplus;$ign statusS=0.
RM:-:-Return from subroutine if the result is mintise sign status S=1.
RPE:-:-Return from subroutine if even parity,theityastatus P=1.
RPO:-_:-Return from subroutine if odd parity,theifyestatus P=0.

©NOOAWDNPR

*RST n (restart) Instruction:-

* ltis a one-word call instruction the content gfragram counter is
saved in the stack,the program jumps to the instnugstarting at
restart location.

* The address of the restart location is 8 times n.

There are 8 RST restart instruction carrying fro8TB-RST7.

* These are software interrupts used by the progrartometerrupt
the microprocessor.
» The restart instruction and location are as foltews

Instruction Opcode Restart Location

RSTO C7 0000



RST1 CF
RST2D7

RST3

RST4

RSTS5

RST6

RST7FF

*PCHL instruction:-

0008
0010
DF 0018
E7 0020
EF 0028
F7 0030
0038

» Jump to address specified by H-Lpair.
* The content of H-Lpairare transferred to the progcaunter.
* The content of register L will be loaded to 8 LSB$C and content of register H will

loaded to 8 MSBs.

EXAMPLES OF ASSEMBLY LANGUAGE PROGRAMS

1. ALP FOR ADDITION OF TWO 8-BIT NUMBERS; SUM 8-BI T

Mnemonics Operand

LXI H, 2501 H
MOV A, M
INX H
ADD M
STA 2503 H
HLT

DATA
2501- 49 H

2502- 56 H

_Comments
Getldress of $tNo. in H-L pair

Sino. in accumulator

Irmment content of H-L pair

Ad@&tino. and 2d no.
Steum in 2503 H.

Ptthe program.



The sum is stored in memory location 2603
RESULT
2503- 9F H.

2._ALP FOR SUBTRACTION OF TWO 8-BIT NUMBERS

Mnemonics Operand Comments
LXI H, 2501 H Get adsseof Btno. in H-L pair.
MOV A, M S$tno. in accumulator.
INX H ContesftH-L pair in 2502 H.
SUB M Stino. — 2dno.
INX H ContenftH-L pair becomes 2503 H.
MOV M, A Store tdts in 2503 H.
HLT Stdpetprogram.
DATA
2501- 49 H
2502- 32 H

The result is stored in memory location 2503 H.
RESULT
2503- 17 H.

3. ALP FOR ADDITION OF TWO 8-BIT NUMBERS; SUM:16-B ITS

Labels Mnemonics Operand Comment
LXI H, 2501 H ddress of $tno. in H-L pair.
MVI C, 00 MSBs of sum in register C. Initial value = 00.
MOV A, M Stno. in accumulator.

INX H Address of 2d no. 2502 in H-L pair.



ADD M Stho. + Md no.

JNC AHEAD larcy? No, go to the label AHEAD.
INR C Yes, increment C.
AHEAD: STA 2503 H LSBf sum in 2503 H.
MOV A,C MSBs of sum in accumulator.
STA 2504 H MSBs of sum in 2504 H.
HLT Stop the program.
DATA
2501- 98 H
2502- 9A H
RESULT

2503- 32 H, LSBs of sum.
2504- 01 H, MSBs of sum.

4. ALP FOR DECIMAL ADDITION OF TWO 8-BIT NUMBERS; SUM:16-BITS

Labels Mnemonics _Operand Comment
LXI H, 2501 H  Addresk1Stno. in H-L pair.
MVI C, 00 MSDs &im in register C. Initial value = 00.
MOV A, M Sino. in accumulator.
INX H Addrest2nd no. 2502 in H-L pair.
ADD M Sino. + Ndno.
DAA Decihajust.
JNC AHEAD Is caryf®, go to the label AHEAD.
INR C Yeimcrement C.

AHEAD: STA 2503 H LSDs of sum2503 H.



MOV
STA
HLT

DATA
2501- 84 D
2502- 75D

RESULT

A C

2504 H

MSDs of sum in accumulator.

MSCfssam in 2504 H.

Stte program.

2503- 59 D, LSDs of the sum.

2504- 01 D, MSDs of the sum.

5. ALP FOR 8-BIT DECIMAL SUBTRACTION

Mnemonics Operand
LXI H, 2502 H
MVI A, 99
SUB M
INR A
DCX H
ADD M
DAA
STA 2503 H
HLT

DATA
2501- 96 H.
2502- 38 H.

Comments

Get addsex A no. in H-L pair.

Place 99accumulator.
9's conmént of 2d no.
10’s cptiment of 1d no.
Get adssef Blno.

AdcBlino. & 10's compliment 2d no.
Decimatljustment.
Storeulesn 2503 H.

Stopethrogram.

The result is stored in memory location 2503 H.



RESULT

2503- 58 H.

6. ALP FOR 8-BIT MULTIPLICATION: PRODUCT 16 BIT

Lable Mnemonics

LHLD
XCHG
LDA

LXI

MVI
LOOP: DAD
RAL
JNC
DAD
AHEAD: DCR
JINZ
SHLD
HLT

DATA

_Operand Comments
2501 H Get multiplicand in H-L pair.
Multiplicand in D-E pair.
2503 H  Multiplier in accumulator.
H, 0000 Initial value of the product =00
In H-L pair.
C, 08 Count = 8 in register C.
H shift partial product left by 1 bit.
Rotate multiplier left 1 bit. Is multiplierstisil?
AHEAD  No, go to AHEAD.
D Product=product + multiplicand.
C Decrement count.
LOOP
2504 H  Store result.

Stop the program.

2501-84 H, LSBs of Multiplicand.

2502-00, MSBs of Multiplicand.

2503-56 H, Multiplier.

RESULT

2504-58 H, LSBs of product.



2505-2C H, MSBs of product.

7. ALP FOR 8-BIT DIVISION

Lable

LOOP:

AHEAD:

Mnemonics Operands Comments

LHLD 51 H Get dividend in H-L pair.

LDA 2503 H Get divisor from 2503 H.

MOV , B Divisor in register B.

MVI C, 08 Count = 08 in register C.
DAD H Shift dividend and quotient

Left by one bit.
MOV A, Most significant bits of dividend
In accumulator.
SUB B Subtract divisor from
Most significant bits of dividen
JC AHEAD Is most significant part of

Dividend > divisor ? No, Go

AHEAD.
MOV H, A Most significant bits of dividend
In register H.
INR L Yes, add 1 to quotient.
DCR C Decrement count.
JNZ OoOP Is count =0? No,Jump to LOOP.
SHLD (26H Store quotient in 2504 and

Remainder in 2505 H.

HLT Store the program.



DATA

2501-9B H, LSBs of dividend.
2502-48 H, MSBs of dividend.
2503-1A H, divisor.

RESULT

2504-F2, Quotient.

2505-07, Remainder.

8. ALPTO SHIFT AN 8-BIT NUMBER LEFT BY ONE BIT

Example. Shift 65 left by one bit.
The binary representation of 65 is given below:

65=0110 0101

6) (5
Result of shifting
65 left by one bit =1100 1010=CA
€ A

To shift a number left by one bit the number isetitb itself. If 65 is added to 65,the result is
CA as shown below.

65=0110 0101
+65=0110 0101
1100 1010=CA

The number is placed in memory 2501 H.The resuti [se stored in memory 2502 H.

PROGRAM

Memory Addresq Machine Codes| Mnemonics | Operands Comments
2000 3A,01,25 LDA 2501H Geatalin accumulator
2003 87 ADD A Shift itftdoy one bit
2004 32,02,25 STA 2502H Stasult in 2502H
2007 76 HLT Halt




DATA
2501-65 H
Result
2502-CAH

The instruction LDA 2501 H transfers the numbenfrmemory location 2501 H to the
accumulator. ADD A adds the contents of the accatoulo itself. The result is twice the
number and thus the number is shifted left by ahelhis program does not take carry into
account after ADD instruction. If numbers to be dlad are likely to produce carry the program
may be modified to store it.



9. ALP TO SHIFT A 16-BIT NUMBER LEFT BY ONE BIT

Shift 7596 H left by one bit. 7596=0111 0101 1001®@
7 © © (©
Result of shifting left by one bit =1110 1011 0Q®MO=EB2C

(E) B @ (©

The number is placed in the memory locations 25@12502 H.

The result is to be stored in the memory locat@B@33 and 2504 H.

.I

PROGRAM
Memory Addresq Machine Codey Mnemonics | Operands Comments
2000 2A,01,25 LHLD H 2581 Get data in H-L pair
2003 29 DAD H | Shift left by one bit
2004 22,03,25 SHLD 2503 | Store result in 2503 and 2504
2007 76 HLT Stop
Example 1 Example 2
DATA DATA

2501-96 H, LSBs of the number.
2502-75 H, MSBs of the number.
Result Result
2502-2C, LSBs of the result.

2504-EB, MSBs of the result.

2501-BF, E®Bthe number.

2502-00, MSB<hefriumber.

2503-7E, LSBs efitbsult.

2504-01, MSBs @f thsult.

The 16-bit number has been placed in two consezuatiegmory location 2501 and 2502 H. The
instruction LHLD 2501 H transfers the 16-bit numbrem 2501 and 2502 H to H-L pair.DAD

H is an instruction for 16-bit addition. It add®tbontents of H-L pair to itself. Thus, the 16-bit
number is shifted left by one bit. The 16-bit réssilstored in the memory locations 2503 and
2504 H by SHLD instruction. In some cases there hegarry after the execution of instruction
DAD H. In that case carry may be stored in somésteg The program may be modified

accordingly.



If the shifting of an 8-bit number gives a resuttich is more than 8-bits, the
problem can be tackled using the technique ofislgift6-bit number in Example 2.

10. ALP TOMASK OFF LEAST SIGNIFICANT 4BITSOF AN 8-BIT NUMBER

Example.
Number=A6

=1010 0110

A ©
Result=06=0000 0110

A) O

We want to make off the least significant 4 bits of a given number. The LSD of the given
number A6 is 6. It isto be cleared(masked off) i.e. it isto be made equal to zero. The MSD of the
number A6 isA. Inthe binary form it is 1010. It is not to be affected. If this number is added
with 1111 i.e. F, it will not be affected. Similarly, the LSD of the number is 6. In the binary form
it isrepresented by 0110. If it is added with 0000, it becomes 0000 i.e. it is cleared. Thus, if the
number A6 is added with FO, the LSD of the number is masked off.

PROGRAM

Address Machine Codes | Mnemonics Operands Comments

2000 3A,01,25 LDA 2501 H Get data in accumulator

2003 E6,FO ANI FO Mask off the |least significant 4 bits
2005 32,02,25 STA 2502 H Store result in 2502 H

2008 76 HLT Stop

DATA

2501-A6

Result

2502-A0

Theinstruction LDA 2501 H transfers the content of memory location 2501 H i.e. the given
number to the accumulator. ANI FO logically ANDs the content of the accumulator with FO to
clear the least significant 4 bits of the number. STA 2502 H stores the result in memory location
2502 H. HLT stops the program.




11. ALPTO MASK OFF MOST SIGNIFICANT 4BITSOF AN 8-BIT NUMBER

Example.
Number=A6
=1010 0110
(A) (6

Result=06=0000 0110

© (®

To mask off 4 most significant bits of a number, 4 MSBs are added with 0000. The |east
significant bits are not to be affected and therefore, they are added with 1111 i.e. F. Thus, if an 8-
bit number is added with OF, the 4 most significant bits are cleared.

PROGRAM

Address Machine Codes | Mnemonics | Operands Comments

2000 3A,01,25 LDA 2501 H Get data in accumulator

2003 E6,0F ANI OF Mask off the most significant 4 bits
2005 32,02,25 STA 2502 H Store result in 2502 H

2008 76 HLT Stop

DATA

2501-A6

Result

2502-06

Theinstruction LDA 2501 H transfers the contents of memory location 2501 H to the
accumulator. ANI OF logically ANDs the content of the accumulator with OF to clear the most
significant 4 bits of the number. STA 2502 H stores the result in 2502 H. HLT stops the

program.

12. ALP to find larger of two numbers

Examplel Find the larger of 98H and 87H.

The first number 98H is placed in the memory laaa2501H.

The 29 number 87H is placed in the memory location 2502H

The result is stored in the memory location 2503H.




The numbers are represented in the form wadecimal system.The first number is moved
from its memory location to the accumulator.lt @vpared with the ¥ number.The larger of
the two numbers is then placed in the accumulatmmRhe accumulator the larger number is
moved to the desired memory location.

PROGRAM
Memory addr  machine code labels memoniogerands comments
2000 21,01,25 LXI H,2501H Address df'do in HLpair
2003 7E MOV AM *ino in accumulator
2004 23 INX H Address 3f no in HLpair
2005 BE CMP M Compar¥ o with £'no
Is the ¥ no >T
2006 D2,0A,20 JNC AHEAD No,larger numbeins
Accumulator.Goto AHEAD
2009 7E MOV AM Yes get'number in the
accumulator
200A 32,03,25 AHEAD STA  2503H Store larger number i
2503H
200D 76 HLT SIPO
DATA:
2501-98H
2502-87H

Result is 98H and it is stored in memory locati®2H
RESULT:
2503-98H



13. ALP to find the largest number in a data arry

The no in a series are 98,75,99 as therehage thos in the series the count=03. The count is
placed in the memory location 2500H. The nos ameqa in the memory location 2501 to 2503H
. The result is to be stored in the memory locafldBOH.The 1 no of the series is placed in the
accumulator and it is compaied with tH¥ 8o residing in the memory.The larger of two nos is
placed in the accumulator .Again this no whichnighe accumulator is compared with the third
no of the series and the larger no is placed inatteimulator.This process of comparision is
repeated till all the nos of the series are conpared the largest nomis stored in the desired
memory location.

PROGRAM:
Memory addr Machine Code Labels Mnemonics Operands Comments
2000 21,00,25 LXI H,2500H Addefor count
In HL pair
2003 4E MOV C,M Qat in register C
2004 23 INX H Address of 1no
in HLpair
2005 7E MOV AM *1no in accumulator
2006 0D DCR C dpement count
2007 23 LOOP INX H Address aext number
2008 BE CMP M Compamnext number
With pervious maximum.
next no>previous maximum?
2009 D2,0D,20 JNC AHEAD No,larger numbeiris
Accumulator go to the
Lable AHEAD
200C 7E MOV AM Yeget larger in

Accumulator

200D oD AHEAD DCR C Decrementurmb



200E C2,07,20 JNZ LOOP

2011 32,50,24 STA 2450H Storeulesn 2450H
2014 76 HLT Stop
EXAMPLE:

DATA:

2500-03

2501-98

2502-75

2503-99

RESULT:

2450-99

14. ALP to find the smaller of two numbers

Find the smaller of 84H and 99H.

The first no 84H is placed in the memory locati&@OPH.
The 2%no 99H is placed in the memory location 2502H
Store the result in the memory location 2503H.

The nos are represented in hexadecimal no systenfifidt no is moved from its memory
location to the accumulator.It is compared with #f€no.The smaller of the two is then placed
in the accumulator.From the accumulator the smaileris moved to the desired memory
location where it is to be stored.

PROGRAM
Memory addr machine code labels memoniagerands comments
2000 21,01,25 LXI H,2501H Address ofdo in HLpair
2003 7E MOV AM *1no in accumulator
2004 23 INX H Address@f no in HLpair

2005 BE CMP M Compar¥ 8o with £'no



Is the ¥ no >1*
2006 D2,0A,20 JC AHEAD No,larger numbein
Accumulator.Goto AHEAD
2009 7E MOV AM Yes get®humber in the

accumulator

200A 32,03,25 AHEAD STA  2503H Store larger numioer
2503H

200D 76 HLT STOP

Example- 1

DATA: 2501-98H
2502-87H
Result is 87H and it is stored in memory locati®O2H

15. ALP to find the smallest number in a data arrg

The number of a series are 8658 and 75.

As there are three numbers in the series,count=03

The count is placed in the memory location 2500H

The numbers are placed in the memory location 26@503H

The result is to be stored in the memory locatiéb(H

The ' no of the series is placed in the accumulatorigisdcompaired with the™ no residing

in the memory.The Smaller of two nos is placechmaccumulator .Again this no which is in the
accumulator is compared with the third no of theeseand the Smaller no is placed in the
accumulator.This process of comparision is repetliedll the nos of the series are compared
and the Smallest number is stored in the desimmany location.



PROGRAM:

Memory addr Machine Code Labels Mnemonics Operands Comments
2000 21,00,25 LXI H,2500H Addefor count
In HL pair
2003 4E MOV C,M Qat in register C
2004 23 INX H Address of $no
in HLpair
2005 7E MOV AM *1no in accumulator
2006 0D DCR C dpement count
2007 23 LOOP INX H Address aext number
2008 BE CMP M Companext number

With pervious maximum.
next no>previous maximum?
2009 D2,0D,20 JC AHEAD No,larger numberns
Accumulator go to the
Lable AHEAD
200C 7E MOV AM ¥eget larger in

Accumulator

200D 0D AHEAD DCR C Decrement count
200E C2,07,20 JINZ LOOP

2011 32,50,24 STA 2450H  Store resnl2d50H
2014 76 HLT Stop

EXAMPLE:

DATA:

2500-03H



2501-86H
2502-58H
2503-75H
RESULT:

2450-58H

TIMING DIAGRAM FOR 1/0 READ AND MEMORY READ

/O READ:

1. In 1/O read cycle the microprocessor reads Hta dvailable at an input port/input device. The
data is placed In accumulator.

2.An I/O read cycle it is similar to memory reactleyexcept that signal I/O/M(bar) goes high in
case of 1/0O read.

3.lt indicates that the address on the addresgsbasan input device.

4.1t case of 1/0 device or I/O port the addressniy 8 bit long. So the address of I/O device is
duplicated on both address and address data bus.

Ex-IN instruction is an example of /O READ.

5.1t is 2bytes long. So it requires 3 machine cydech as opcode fetch cycle, memory read
cycle to read the input port address, 1/0 readecielread data from input port



SIGNAL T, T, T,

A A, :>< /O Port address
AD.-AD, >< [/O Port addrcss ) --------- DATA | (D,D)
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TIMING DIAGRAM FOR MEMORY READ CYCLE

=

In memory read cycle the microprocessor read théeod of memory locatic
The content is the placed in either accumulatorahgr CPU registe
Ex-MVI A, O5H

In this cycleio/m(bar) goes low indicate that the address isrfemory

S1 and SO are set to be 1 and 0 respectively & operatior

Address lines A8 to A15 carry 8MSBs of memory addref date

Address lines ADO to AD7 carry 8LSBs of memory addrof dat:

During T2 8LSBs of address is latched A-AD7 are made free for data trans
RD(bar) goes low in T2 enable the memory read djoer.

Now data is placed in data bus during T3 data sriber cpt

Ex-LXI H,2000H

N

©oOoNOO RO
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TIMING DIAGRAM FOR MEMORY WRITE CYCLE

1.In a memory write cycle the CPU sends data fronumedator or any other register

memory.

2. The status signab@nd Sare 1 and O respectively for write operat

3. goes low in Tindicating that the write operation to be perforn

4. During T, the address/data bus is not disable but the dédta $ent out to memory placed

the address/data bus.

5. As soon as

goes high in '3 the write operation is terminated.

Example: - 1. MOV M, A

2. STA 2000H
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Fig. 3.12. Timing Diagram for Memory Write Operati




TIMING DIAGRAM FOR I/O WRITE CYCLE -

SIGNAL
10/M

S"l
ss X
- X
ADg-AD-, N Aty S o Ok Dy
ALE AN
s N here o

Fig. 3.12. Timing Diagram for /O Write Operati

1. In an I/O write cycle the CPU sends data to/@mplort or an 1/0 device from the accumulator.

2. It is similar to a memory write cycle excepttth@/M goes high indicating that the address
sent by CPU is for I/O device or 1/O port.

3. The address of an 1/0O port (8-bit) is duplicadedooth address and address/data bus.

4. The OUT instruction is used for 1/0O write opévat It is a 2 byte instruction and required 3
machine cycle.MCL1 is the opcode fetch cycle.MC2 memory read cycle for reading the 1/0
device address from memory.MC3 is an I/O write eyfok saving accumulator data to the 1/O
device or 1/O port.



INTERRUPTS AND INTERRUPT SERVICE SUBROUTINE (ISS):-
HARDWARE INTERRUPTS AND SOFTWARE INTERRUPTS -

Interrupts caused by I/O devices to transfer data from the microprocessor are called
Hardware Interrupts.

Example- TRAP, RST 7.5, RST 6.5, RST 5.5

When an interrupt is recognized the next instructioexecuted from a fixed location in memory
as given below

INTERRUPTS ISS ADDRESS
TRAP 0024
RST 5.5 002C
RST 6.5 0034
RST 7.5 003C

The normal operation of the microprocessor can lagsmterrupted by abnormal internal
conditions on special instruction. Such interrugts called Software Interrupts.

Example-RST 0 to RST 7 instructions of 8085.

They are used in debugging of a @oyr

INSTRUCTION OPCODE ISS ADDRESS
RSTO C7 0000
RST 1 CF 0008
RST 2 D7 0010
RST 3 DF 0018
RST 4 E7 0020
RST 5 EF 0028
RST 6 F7 0030
RST 7 FF 0038

The internal abnormal or unusual conditions whigdvpnt the normal processing sequence of a
microprocessor are called Exception.

Example-Divide by zero is an exception.



VECTOR INTERRUPTS AND NON VECTOR INTERRUPTS -

For TRAP, RST 7.5, RST 6.5, RST 5.5 interrupts,ghlogram is automatically transferred to
the ISS address without any external hardware & hmerrupts for which hardware
automatically transfers the program to a specifeenary location is known as Vector Interrupt.

When several I/O devices are connected to INT&1uapts line an external hardware is used to
interface 1/0 devices. This circuit generates RSJodes to implement the multiple interrupts
schemes. These are not vector interrupts.

RST 7.5, RST 6.5, RST 5.5-

RST 7.5, RST 6.5, RST 5.5 are maskable interr(jisy are enable by software using
instruction El and SIM. SIM instruction enablesdisable according to the bit of accumulator.

ACCUMULATOR CONTENT BEFORE EXECUTION OF SIM-

7 6 4 3 2 1 0

SOD SOE R7.5 MSE M7.5 M6.5 M5.5

D Sy [

5
X
. lindefined | | Reset Mask Set RST6.5 RST5.5
Serial SOD

RST 7.5 Enable Mask Mask
Output Fnahle Mack

Data

RST 5.5 mask bit=1, it is masked off
RST 6.5 mask bit=0, it is enable
RST 7.5 mask

Mask Set Enable (MSE) should be set to 1 to mékedlio 2 effective.

Q- Write a set of instruction to enable all the inérrupts.
Ans- Label Mnemonics Operands Comments
El Enable interrupts
MVI A, O8H  Get accumulator bit patt¢o enable RST 7.5, 6.5, 5.5

SIM Enable RST 7.5, 6.5, 5.5



Q-Write a set of instruction to enable RST 6.5 andlisable RST7.5, RST 5.5.

Ans- Label Mnemonics Operands  Comments
El Enable interrsipt
MVI A, 1DH Accumulator bit pattern to enable RST 6.5 andkads
Off RST 7.5 and 5.5
SIM Enable RS® énd disable RST 7.5 and 5.5

PENDING INTERRUPTS:

When one interrupt is being served other interrupéy occur resulting in a pending request.
When more than one interrupt occur simultaneoustyinterrupt with higher priority is served
and interrupts with lower priority remain pending.

The 8085 has an instruction RIM using which thegpammer can know the current status of the
pending maskable interrupts.

In case of INTR, the processor needs its statibdrast state of the last machine cycle of the
instruction.

The bit pattern of the accumulator after executbRIM instruction is given by;

Bits 0-2 are for interrupt masks.

Bit 3 enable interrupt flag

Bits 4-6 indicate pending interrupts
Bit 7 is SID if any

7 6 5 4 3 2 1 0
SID 17.5 16.5 15.5 IE M7.5 M6.5 M5.5
3 T I 3 | T I
Serial Pending Interrupts Interrupt Enable Flag Interrupt Mask for
Inout data 1=pending 1=enabled, O=disable RST5.5, 6.5, 7.5
What happens Wrrerrerrmrreorrapemmie g 1=Masked 0=Disable

1. When an interrupt line goes high, the microprocessmpletes its current instruction
and saves program counter on the stack.

2. It also resets Interrupt Enable (IE) flip flop bedaaking up the ISS (Interrupt Service
Subroutine) so that the occurrence of further s by other devices is prevented
during the execution of ISS.



All the interrupts except TRAP are disabled by bisegy the IE flip flop. Before the program
returns back from ISS to the main program, allitherrupts are to be enabled again. This is
done by using instruction El in ISS before using itistruction return (RET).

MODULE — 2

ADDRESSSPACE PARTITIONING

Intel 8085 uses a 16-bit wide address bus or adithgggnemory and 1/0O devices. It can access
2'°=64k bytes of memory and I/O devices. There aresmi®mes for the allocation of address to
memories or I/O devices.

1. Memory mapped I/O scheme
2. 1/0 mapped I/O scheme

1. Memory Mapped I/O Scheme

In this scheme there is only one address spacae8sdpace is defined as set of all possible
addresses that a microprocessor can generate. &liress are assigned to memories and some
address to I/O devices. Suppose memory locatianassigned the address 2000-2500. One
address is assigned to each memory location. Tddgresses cannot be assigned to 1/0 devices.
The addresses assigned to I/O devices are diffex@ntaddress assigned to memory. For
example, 2500, 2501, 2502 etc. may be assigné@tddvices. One address is assigned to each
I/O device.

In this scheme all the data transfer instructibthe microprocessor can be used for both
memory as well as I/0O devices. For example, MO\WAwill be valid for data transfer from the
memory location or I/O device whose address is-in phir. This scheme is suitable for small
system.

2. 1/0 Mapped I/O Scheme

In this scheme the address are assigned to meowaiidns can also be assigned to I/O devices.
To distinguish whether the address on an addressskiar memory location or 1/0O devices. The
Intel 8085 issues IO/M.... signal for this purpose. When the signal is highaddress of an
address bus is for I/O device. When low, the addiefor a memory location. Two extra
instructions IN and OUT are used to address I/Qogevhe IN instruction is used to read data
from an input device. And OUT instruction is usedh output device. This scheme is suitable
for large system.
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Fig. 7.1 Schematic Diagram for Memory and I/O Interfacing.

Memory Interfacing

An address decoding circuit is employed to seleetréquired I/O device or a memory chip.
When IO/M....... is high, decoder is to active andtaguire 10 device is selected. If IO/M.....

is low, the decoderl is activated the required nrgrobip is selected. A few msb of address line
is applied to the decoder to select the memory ahgmn I/O device.
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Fig. 7.2 Interfacing of Memory and I/O Devices.
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MEMORY CLASSIFICATION

The memory is used to store information used byRE. The information may be in the form
of program, that the CPU executes or data on witielCPU operates. Memory can be classified
into two groups.

1- Primary Memory
2- Secondary Memory

Primary memory is constituted by memory blocks itine address space of the processor.
They are implemented by using read only memory(R@/kich are not volatile memories and
read write memories or random access memory(RAMglware volatile memories. ROMs are
used to store the permanent programs and data RAis are used to store intermediate results
and data. Secondary memories such as magnetic feypgsy disk, hard disk etc are used to
store large amounts of data. The CPU cannot dyracttess secondary units.

1-Primary Memory

It is that part of the memory which can be direettgess by the CPU. It can be viewed as a stack
of words, each word be associated with a uniqueesdd These words may be instruction or

data. A CPU having n address line can accésseiory location. The total primary memory

area is partition into two separate sections cahledROM area and the read/write area.



ROM Area

On power on or a reset, the CPU always starts ¢éixgcprogram from a fixed default address
which is usually the first address of the addr@sss. These instructions are usually initialize the
sequences which direct the CPU to initialize ali system in the systems. For example CPU
may initialize the display driver display outputsa particular manner or initialize a key-board to
accept the certain commands. This initializatioquesce which has to perform each time
computer begins to its operation is part of the moorsoftware which is stored in the permanent
or non-volatile memory. The words permanent or wolatile implies that the program is not

lost when the power is switched off and that #vsilable each time the power is switched on. It
is implemented by using a special kind of memotiedaead only memory or ROM. The data

in this selection cannot be written over and cdy tre read. The ROM is used to store
information that should not change. ROMs are ab#glanto 4 types. There are

i Masked ROM
ii. PROM

iii. EPROM

iv. EEPROM
i-Masked ROM

The instructions in such ROMs are permanently llegtdy the manufacturer as for the
specification provided by the system programmercarthot be altered. This ROM contains
call arrays in which 1sand Os ........ are stored leams of a metallization interconnect most
...... at the time of fabrication.

ii-PROM (Programmable Read Only Memory)

The manufacturer provides a memory device whichbeaprogrammed by the user by using
a PROM program. The PROM uses a fusible links ¢hatbe burnt or melted by special
PROM burning circuit. A fused link is correspondszero.

iii-EPROM (Erasable PROM)

It uses most charge storage technology. It isglegrammable by the user. The information
stored in the EPROM can be erased by exposing émeary to ultraviolet light which erase
the data stored the data in total memory area. Tiememory can be reprogrammable by
the user by using EPROM burning circuit.

iv-EEPROM (Electrically Erasable PROM)

This is similar to EPROM except that the erasingedby electrical signal instead of
ultraviolet light and that the data in memory lacatcan be selective erased.



Read/Write Area

It is a special kind of memory area where inforimattan be written into or read from
whenever necessary. The CPU uses this section ngeaa@ scratch pad memory. It is also
called read/write memory or RAM. The CPU can aceegsmemory location by specifying
its address. Unlike ROM the conventional is a \ildahemory i.e. the contents of the RAM
are used when the power is switched off. RAMs aretipes.

i-Static RAM

In the case of static RAM once the data is writtéo a memory location, the data remain
unchanged unless on same memory location is wiitteragain. It uses flip-flops for
storage elements.

ii-Dynamic RAM

In case of dynamic RAM the basic storage elemendsdapacitor. This element contains a
lor a 0 depending on the presence or absence @fechdnlike static RAM, the contents of
the dynamic RAM may change with time due to leakaiggharge. So it is necessary to
periodically refresh the storage element in a dyod&®AM. Here it has external refresh
circuitry. The advantages of dynamic RAM over st&®AM are

... It consumes less power than static RAM.
... It has about 5 times more storage element péranea.
Disadvantages are that

... DRAMS have slower access times and need spemiaitcy to periodically refresh
memory.

i-RAMSs:

RAMs are also implemented using other technololgies-RAM (integrated RAM) which
are dynamic RAM devices in which the memory refreisbuitry is implemented within the
device.

Bubble Memories
It is a type of DRAM. Here the contents are not l@ken the power is switched off.

2-Secondary Memory

The maximum capacity of primary memoni@cation. Each of 2location where n is the
number of CPU address lines. Sometimes it is nacg$s handle more data than allowed by
the primary memory. In such cases secondary memmarsed. The CPU cannot directly



access memory but can access through I/O portsnjgs are magnetic tapes, hard di
and floppy disk.

MEMORY STRUCTURE:

ROM MODEL:

A read only memory (ROM) is an encoder to seleebed in an encoder, only one of the inp
must be made active. But to save lines, the CPéttlyr puts out the addressthe word it wants
to access. So it is necessary to insert a deviteebke the address put out by the CPU anc
ROM inputs which enables a unique input to the RONIs device must be a deco

BO
000

001 =

B2
- ENCODER

010

DECODER
011

B4
BS

100

101

B6
BT

110

11

(Decoded ROM of capacity 8 bytes)
This is an example withn address bus of n=3 bits and a memory of 8 §8°=8 words).

The CPU puts out the address 111 on the address A,A1Aqto access the™ word B;. By is
made active by the decoder and the word W (7), (7) Wi (7) Wo (7) is put on the data bl

RAM or READ/WRITE MODEL:

The internal organization of a random access mer(@AM) is similar to that of ROM. Bu
RAM has input which is made active when data is to be amiinto RAM

The figure shows a 3 bit = 8 words RA



One of the outputs of thdecoder is made active depending on the addreshwinput to it
This active output is fed to the encoder to gerettag¢ output W, which is directly connectec
the common data bus of the syst

- " Y Y Y =/ = = —|
N |
= |
! B0 |
A0 000 - W(0) |
| o001 Wi(1) ‘
! 010 - wi2) |
Al ==t pecoper o3
| o wie |
1 100 B4
w(a)
A2 = - |
| o w(s) ':[> RAM
| 110 B6 .
| = ws) |
111 W |
|
| |
| Wil =wop)  wi) w2 |
|
- S |

(RAM or R/W MODEL)



MEMORY INTERFACING & A DDRESSING DECODING:

This is done by using 74LS138 which is-8 line decoder.

1 15

Arg et A YoP—— EPROM 1
i i
2 14
AL 8 YIO—— EPROM 2
1
a3 —c Y2 f 2 RAM 1
1
Y3 - RAM 2
7LLS138
10/ﬁ—5-q G28 Ys ;}L—— RAM 4 |
L
_[—__q G2A Yo 2 RAM 3
v, -2 RAM 6
1
Vee &
_L—a—-( GND

Fig. 7.3 Interfacing of Memory Chips using 74L.S138.

(Memory interfacing using 74LS138)

The address of the memory location is sent out Hey rhicroprocessor. The correspond
memory chip is selected by a decoding cir

G1, QA, G2B are enable signals of the decoder. To enahlLS138 decoder, G1 should
high and G2A, G2B should be low. A, B, C are thieadines of the decoder.;-Y; are the 8
output lines.

By applying proper logic to select lines, any origh® outputscan be selected. The selec
output line goes low while other output lines remiaiigh

The entire memory address = 64 KB for 8085 has loidaded into 8 zones. The address i
A13A14A15have been applied to A, B, C select lines. Theclagiplied t these select lines A, |
C selects a particular memory device i.e. an EPRO®RAM. The address linesy to Ajodecide
the address of the memory location within a seteotemory chiy

IO/ is connected to G2B, G1 is connected to +5voltugply and G2Ais groundec

Addresses of 8 zones:




Decoder output Memory device Zones of the address space@demory location address
Yo EPROM1 ZONE 0 0000 to 1FFF
Y, EPROM2 ZONE 1 2000 to 3FFF
Y, RAM1 ZONE 2 4000 to 5FFF
Y3 RAM?2 ZONE 3 6000 to 7FFF
\# RAM3 ZONE 4 8000 to 9FFF
Ys RAM4 ZONE 5 A000 to BFFF
\ RAM5 ZONE 6 C000 to DFFF
\& RAM6 ZONE 7 E000 to FFFF

Total memory = 0000 to FFFF = 64 KB
Memory of each zone = 64/8 KB = 8KB

8085A Minimum System Microcomputer

An 8085 a based minimum system microcomputeds the following components

« CPU
« MEMORY
« |O PORTS

*The CPU co-ordinates the activities job all thenpmnents on a microcomputer.

* On a reseting or after a power on the CPU exeacthe programs stored in the permanent
memory starting from the first address in the aslslspace.

* The data for program execution can come from ntgmo from 10 ports.

* A scratchpad memory in the RAM area is essertbastore intermediate data and also to
function as a stack.

*The 10 ports are essential for the CPU to colldata from an environment and sends out
appropriate signals to control a processing.

*In order to avoid extra circuit tree and keep thanber of components to be minimum intel
corporation introduced two special chips.

» 8155/8156 chip
» 8355/8755 chip

Both of these are on chip address de-multiplegirguits.
155

*The 8155 is a 40 pin chip having 8 bit 256 wordNR memory



*Two programmable 8 bit 10 ports i.e. port A ,pBr
*one programmable 6 bit 10 port i.e. port C
*one programmable 14 bit binary timer/counter

*An internal address latch

(o]

15

»

8156 is functionally compatible with 8155exceptttliauses an active high chip enable signals
while 8155 uses the active low chip enable.

00

35

ol

The 8355 has a 2 KB ROM memory and 8 bit paralbetgi.e. port A and port B.

(o]

75

(31

The 8755 has 2 KB of EPROM memory instead of ROMmawy and consist of two 8 bit
parallel ports i.e. port A and port B.

* 8155/8156 is used as RAM memory.
* 8355/8755 is used as ROM memory.

*8085A is used as CPU.



SCHEMATIC DIAGRAM OF 8085A MINIMUM SYSTEM MICROCOMP UTER

*RST5.5, RST 6.5 and RST 7.5 are maskable intérrup
* They are enable by software using instructiorabd SIM.
* SIM instruction enable or disable interrupts aciting to the bit pattern of the accumulator.

ABSOLUTE VS PARTIAL DECODING

Absolute Decoding Partial Decoding
*When the output port is selected *When the output port is selected
by the decoding all of the 8 address by decoding some of the address

lines it is called absolute decoding.lines it ilezhpartial decoding.
*It is good design practice but it is *It is less costly.

costly.



*The output device selected as a *The output device selected as
unique address.multiple addresses.
*It is used in large systems. *It is used in small systems.

DATA TRANSFER GROUP

Instructions which are used to transfer data from k@gister to another register, from memory to
register or from register to memory they come urtdisrgroup.

For e.g- MOV rl, r2 — move the content of the cegister to another. The content of register r2
is moved to register rl. For example , the instomcMOV A,B moves the content of register B
to register A. The instruction MOV B,A moves thentent of register A to register B . The time
for the execution of this instruction is 4 clockipd. One clock period is called state. No flag is
affected.

1. MOV r,M (Move the content of the memory to register).

The content of the memory location ,whose addiegssHL pair, is moved to register r.
e.g- LXI H,2000H load HL pair by 2000H

MOV B,M Move the content of theemory location 2000H to register B.
HLT Halt.

2. MOV M,r (Move the content of register to memory).

The content of register r is moved to the memocation addressed by HL pair.

3. MVI r,data (move immediate data to register .)

The ' byte of the instruction is its opcode. Th& Byte of the instruction is the data which is
moved to register r. For example , the instruchbrl A,05 Moves 05 to register A. In the code
form it is written as 3E,05. The opcode for MVI &3E and 05 is the data which is to be moved
to register A.

4. MVI M,data (move immediate data to memory.)

The data is moved to memory location whose addsdssHL pair. for example
LXI H,2400H load HL pair with 2400H

MVI M,08 Move 08 to the memory location(BH

HLT Halt



5. LXI rp,data 16- This instruction loads 16 bit data immediateadato register pair rp. This
instruction is for register pair only high ordegrster pair is mentioned after the instructioor. f
example H in the instruction LXI H ,2500H into Hblair. H with 2500H denotes that the data
2500H denotes that the data 2500 is in hexadeclm#ie code form it is written as 21,00,25.
The ' byte of the instruction 21 is the opcode for LXIFhe 29 byte 00 is 8 LSBs of the data
and it is loaded into the register L. TH Byte 25 is 8 MSBs of the data and it is loaded int
register H.

6. LDA addr (load accumulator direct).-The content of the mgnhacation, whose address is
specified by the ™ and 3 bytes of the instruction is loaded into the acclatou. The
instruction LDA 2400H will load the content of theemory location 2400H into the
accumulator . The" byte 00 is of 8 LSBs of the memory address . Theyge 24 is 8 MSBs
of the memory address .

7. STA addr (store accumulator direct).-The content of theuandator is stored in the memory
location whose address is specified by tfeadd & byte of the instruction. STA 2000H will
store the content of the accumulator in the mertargtion 2000H.

8. LHLD addr (Load HL Pair direct)- The content of the memlmgation , whose address is
specified by the and 3 bytes of the instruction ,is loaded into the regi. The content of
the next memory location is loaded into the registe

9. SHLD addr (store HLpair direct) —The content of the regidtés stored in the memory
location whose address is specified by tHfead 3 bytes of the instruction. The content of the
register H is stored in the next memory locatioO@®3 . The content of register H is stored in
the memory location 2501H.

10. LDAX rp (LOAD accumulator direct) —The content of the meyrlocation ,whose address
is in the register pair rp is loaded into the acolator.

11. STAX rp (store the accumulator direct)- The content ofrttemory location is stored in the
memory location whose address is in the registerpa

12. XCHG (Exchange the contents of HL with DE pair )-Tloatents of HL pair are exchanged
with contents of DE pair.



MODULE — 3

I/O PORTS — 8212 :-

+ An input device is connected to the micro procefismugh an input port.
+ An input device is a place for unloading data. Aput device unloads data into the
port, & the micro processor reads data from thetiport.

+ Similarly, an output device is connected to thermigrocessor through an output
port.

Addrdrss

DEVICE

MICRO Data bus /o
PROCESSOR PORTS

Control bus ::> OUTPUT
DEVICE

[ INTERFACINGF I/ODEVICE THROUGH 1I/O0 POR'IJ

+ An I/O port may be programmable or non-programmable
+ A non-programmable I/O port behaves as an input fgor has been designed and
connected in output mode. A port connected in dutpade acts as an output port.

+ But a programmable 1/O port can be programmed teidteer as an input port or an 1/0
port.

The Intel 8212 is an 8-bit non-programmal®port. It can be connected to the
micro processor either as an input port or as apubyort. If we required one input port

& one output port, two units of 8212 will be recgdr.one of them will be connected in
input mode & the other in output mode.



INPUT MODE

Input strobe

PPI-Programmable Peripheral Interface:

Data Input —Y Dﬁt“
I/0 I/
Outy
PORT
8212
CLR O O INT
éLlD
8255A (PPI)

OUTPUT MODE

Output flag

Data input
1

IN@

Data bus

1/0
PORT

8212

Data
oUJ:put

O CLR

Data bus

N

A PPl is a multiport de®i The port may be programmed in a verity of was/s
required by the programmer. The device is veryuldef interfacing peripheral devices.

It has three, 8-bit port.



+ Port A
+ Port B
+ Port C

Port C is further subdivided into two, 4-bit ports.

+ Port C upper
+ Port C lower

Each port can be programmed either as an inpuigp@s an output port,by setting proper bits in
the control word.

This control word is written into a control wordyister (CWR).

CONTROL GROUPS OF 8255:

The 24 lines of I/O port is divided into 2 graup

+ Group A
+ Group B

Each group contains one 8-bit port & a 4-bit port

Group A Group B
Port A Port B
Port C upper Port C lower

The control word initialises the ports.

ARCHITECTURE OF INTEL 8255A:

+ Itis a 40 pin IC package.
+ It operates on a single +5V dc supply.



SCHEMATIC DIAGRAM OF INTEL 8255A:

w—o > (e e
cs >
= > e
A g INTEL 8255
A : (T Dra—ra
RD >
W (> re—re
B Vce
< GND
PC4-PC7 - Port C upper

PCO-PC3(—) PortC lower
The pins for various ports are:-

+ PA;— PA, —»8 pins of Port A
+ PBy— PB — 8 pins of Port B
+ PCO- PG — 4 pins of Port C lower
+ PC,— PG — 4 pins of Port C upper

The important control signals are:

DO -D7 ————  These are 8-hitifgictional data lines.

CS (Chip Select—, It is a chip selegnsi. The low status of this signal
enable conmication between CPU & 8255.

RD (Read) — It allows th®Q to read data from the input port of
8255.



WR (Writt)——» when WR goes lowe t8PU writes data or control
word into 8255.

The CPU writes data into the output port 268 & the control word into the control word

(CWR).

It is used to
chip.

Conjunction
WR. A&
normally

to the LSBs
bus. They are
addressing

any one of
i.e.31/0
CWR.

register
RESEFRE” |{WR |CS |A1 | A2 | Function
reset the 8255
A, Ay %> | XThe sélectioXXof |I/OXornt &a@W/BuRs iddristatsdgA ; in
1 1 0 X —X——Pata bus is tristated
with RD &
Ay are RD |WR |CS | A1 |AO | Output (write) cycle
connected
1 0 0 0 0 Data bus to port A
of the address
used for 1 0 0 0 1 Data bus to port B
1 0 0 1 0 Data bus to port C
the 4 register,
RD R |CS | A1 | A0 | Input(read) cycle
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




Mode of operation of 8255:

X=dbeare, as CSis 1

As RWR=1 so even if CS =0, ,AA=X

There are 2 basic modes of operation of 8255.

BSR Mode

+ BSR Mode ( Bit Set Reset mode )
4+ /O Mode ( Input/ Output mode )

In this mode, any of the 8-bits of Port C carsbeor reset depending on bit BO of the control
word. The bit to set or reset is selected by beécdlag B3, B2, B1 of the CWR.

BSR mode control word register format:

1 0 1 1

0 for BSR mode

1 for I/O mode

v

Don’t care bits

A

1 0= RESET

Bit select flags 1=SET

Selected bits for port C

BO




0 0 1 Bl
0 1 0 B2
0 1 1 B3
1 0 0 B4
1 0 1 BS
1 1 0 B6
1 1 1 B7

1/0 Mode:

In this mode,the 8255 works as programmable |/@spor
There are three modes of operation of 8255 un@emidde.
i.e. Mode 0

Mode 1

Mode 2
Mode 0 — Simple input / output
Mode 1 — Strobed input / output
Mode 2 — Bidirectional input / output

All these modes can be selected by programmingiateg internal to 8255 known as control
word register (CWR), which has two formats — omreB8R mode and another for I/O mode.

Mode O:

+ Itis also known as basic Input / Output mode.
+ This mode provide simple Input / Output capabiliging each of the three ports.

Features of Mode 0-

+ Two, 8-bit ports i.e. port A and port B & two,4-lpiorts i.e. port C upper and port C
lower are avaliable. The two 4-bit ports of port&h be combinedly used as'a&®
bit port.

+ Any port can be used as an input or output port.

+ Output ports are latched. But, input ports arelached.

+ A maximum of 4 ports are avaliable. So that 16d@figurations are possible.




Mode 1 :

This mode is also called strobed 1/0O mode. Inthigle port C is used for generating hand
shake. Signals to control the input or output actbport A or port B.

Features of Mode 1:

+ Two groups i.e. group A and group B are avaliabtestrobe data transfer. Each groups
contains one 8-bit data I/O port, one 4-bit conprait.

+ The 8-bit data port can be either used as inpotitput port.

+ Both the inputs and outputs are latched. Out ot @dit C i.e. PCO to PC2 are used to
generate control signals for port B and PC3 to B@5used to generate control signals
for port A. The line PC6 and PC7 may be used asgaddent data lines.

Mode 2:
It is known as strobe bidirectional I/O mode.

Here only port A is available. In this mode 825%sas a bidirectional 8-bit port with
handshakes signal.

Features of mode 2

Here only port A is available.

The 8-bit port A is bidirectional and additiona#lys-bit control port C is available.
Input and outputs are both latched.

Three I/O lines are available at port C i.e. PCB@2.

The 5-bit control port C i.e. PC3 to PC7 is usadglenerating handshake signals for
8-bit data transfer on port A.

- #FFF

Control Word format in I/0O mode :

For programming the ports of 8255 a control wortbrsned. The CPU outputs the control
word to 8255 which is written into the control waebister in 8255.No read operation of
control word register is allowed.

7 6 5 4 3 2 1 0
1=1/0 mode .
0=BSR Mode Mode selection for Port A Port C lower
Mode 0=00
Input=0 Input=1

Output=1 Output=0




Port C upper

Port B

Inbut=1. Outpbut=0 Input=1, Output=0

Mode selection for Port B

Mode 0=0, Mode 1=1




DMA CONTROLLER (Intel 8257/ 8237):

* Intel 8257 is a four channel DMA controller useddcilitted the direct memory access
or DMA mode of data transfer.

* In this mode the devices transfers data directlyrttom memory with any interference
on the CPU.

» For facilitating DMA data transfer between sevelalices a DMA controller is used.

INTERNAL ARCHITEHCHTURE OF 8257:

* The chip supports four DMA channel i.e four pegml devices can independently
request for DMA data transfer through these chiaine time.

» The DMA controller has 8-bit internal data buffaread/write a control unit ,a priority
reserving unit along with a set of register.

REGISTER ORGANISATION OF 8257:

» Each of the four channels of 8257 has a pair of16+bit registers.
i.e DMA register and terminal count register.

* There are two common register for all the channel.
(a) Mode set register
(b) Status register

DMA address register:

» Each DMA channel has DMA address register . Itgtion is to store the address of the
starting memoy location which will be access byDiMA channel.

Terminal count reqister:

» This 16-bit register is used to make sure thatitita transfer through a DMA channel
stops after the required number of DMA cycles.

* The load of 14-bit terminal count register areiaize with the binary equivalent of the
number of DMA cycle minus one.

» After each DMA cycle the terminal count registent@ned will be decremented by 1
and finally it becomes 0 after the required numifeDMA cycle.

» The bits 14 and 15 of this register indicate thpetgf the DMA operations

» There are three type of DMA cycle.
(a) Read DMA cycle
(b) Write DMA cycle
(c) Verify DMA cycle



Bits 15 Bits 14 Types of DMoperation

0 0 Verify DMA cycle
0 1 Write DMA(cle

1 0 Read DMycle

1 1 (lllegal)

MODE SET REGISTER:

The function of this register is to enable the Digi#fannel indivisually and also to set the various
modes of operation

* The bits @—Ds; enable one of the four DMA channel of 8257.
For example : If Ris 1,channel0 is enable.
If Ris set rotating priority is enable
otherwise fixed prigris enable.
» If Bit Dg (TC) is set the selected channel is disable &fteninal count register is
least and it prevents any further DMA cycle onc¢hannel.
» The auto laod bit that is/if set enable channel for the repeat block chaining
operations.
» After the first block is transfer using DMA the cireel 2 register are reloaded with
corresponding channel 3 register for the next ktaansfer if the update flag is set.
» Extended write bit Dis set to 1extends the duration of memory wiMEKIW) and

I/O write signalsIOW.

STATUS REGISTER:

» Bits Dy-D3contain the terminal count status for the fourwslial channels.
» If any of these is set it indicates that the specifiannel is reached the terminal count
register.

» Bit D4repreasents the update flag if it is set the castérchannel 3 registerare reloaded
with corresponding channel 2 registers without smiyware intervention.
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(Pin diagram of 8257)




SIGNAL DESCRIPTION OF 8257

DRQo-DRQ3 .

* These are the 4 individual channels DMA requestiisipsed by the peripheral devices
for requesting DMA services.

* The DRQhas the highest priority ,while DR@as the lowest,if fixed priority mode is
selected.

DACKo- DACK3:

* These are the active low DMA acknowledgement ouipas which inform the
requesting peripheral that the DMA request has beaoured.

Do-D7:

* These are bidirectional data lines used to interfae system bus with the internal
data bus of 8257.

o
=

In Master mode ,this signal is used to read data & peripheral during a memory write
cycle.
* In slave mode, this input signal is used by the @®t¢ad internal registers of 8257.

* In Master mode , it is a control output that isdisewrite data to a peripheral
during DMA memory read cycle
* Inslave mode ,it is used to load the contentdi@fdata bus to the 8 bit mode register.

CLK :

» This is a clock frequency input required to geteesystem timing for internal operations
of 8257.

RESET :

» This input disables all the DMA channels by clegrihe mode registers & translate all
the control lines.

Ag-A7:

* These are address lines.



CS:

* Itis an active low chip select line that enablég/Rperations from or to 8257 in slave
mode.
* In master mode it is disabled.

READY:

* This input is used to stretch memory read & weiteles of 8257 by inserting wait states.
HRQ :

* Hold Request output requests access of systerofl@385 CPU.
HLDA :

» This input if high indicates to the DMA controlldrat the system bus has been generated
to the requested peripheral to the CPU.

MEMR:

» This active low memory read output is usecetidrdata from the addressed memory
location during DMA read cycle.

MEMW :

* This active low memory write output is used to widlata to the addressed memory
location during DMA write operation.

ADSTB (Adress strobe) :

» This output from 8257 strobe the higher byte ofrtieamory address generated by the
DMA controller into the latches.

AEN (Adress Enble) :

* This output is used to disable the system ad&eksta to stop the non DMA devices
from responding during DMA operations.

TC (Terminal Count) :

* This output indicates to the currently selectedpberal that the present DMA cycle is
the last for the previously programmed data bus.



MARK :

* The modulo 128 mark output indicates the seleptrgbheral that the current DMA
cycle is the 128 cycle since the previous marked output.

PRIORITY OF DMA REQUESTS :

The priority resolver resolves the priority of théMA channels.
There are 2 schemes :-

1. Fixed priority scheme
2. Rotating priority scheme

1.Fixed Priority Scheme :

In Fixed priority scheme ,each device cone@td a channel is assigned a fixed
priority.

DRQ has the highest priorty

DRQ

DRQ,
DRQs; has the lowest priority.

2 .Rotating Priority Scheme:

In Rotating Priority scheme ,the priority assignedhe channels are not fixed.

A channel that gets service becomes the lowestifgrichannel . This avoids the
dominance of any one channel. For example, aftenrodl O is served, it becomes the
lowest priority channel.



INTERFACING A DMA CONTROLLER WITH A SYSTEM :

The DMA controller interfacing circuit implementsaitching arrangement for the
address,data & control buses of the memory & perglrsub-system from or to the CPU
To or from the DMA controller.

. The peripheral device that wants to do a DMA dedadfer sends a request to DMA
controller on DRQ line.

. The DMA controller then sends a HOLD request to GIAHRQ line to get control of
system bus.

. The CPU completes the current machine cycle,ibese the system bus to the DMA
controller and sends a high HLDA signal.

. The controller then sends a DMA acknowledgenieXdK to the requesting
peripheral.Now it is ready for DMA data transfer.

. During DMA data transfer CPU remains in HOLD state.



PROGRAMABLE INTERRUPT CONTROLLER (PIC) 8259A

A PIC takes care of a number of simultaneously appg interrupt requests along with their
types and priorities in a multiple interrupt system

ARCHITECTURE OF 8259A

>

INTERRUPT REQUEST REGISTER (IRR):
IRR stores all the interrupt request in it in ortesolve them one by one on priority
basis.

IN — SERVICE REGISTER (ISR):
It stores all the interrupt request that are bsenyed.

PRIORITY RESOLVER:
This unit determines the priorities of the intetregguest appearing simultaneously.
(In fixed priority mode IR0 has the highest prignthile IR7 has the lowest)

INTERRUPT MASK REGISTER (IMR):
The register stores the bits required to maskrttegrupt inputs.

INTERRUPT CONTROL LOGIC:
This block manages the interrupt and interrupt askedge signal to be send to the CPU
for serving one of the 8 interrupt request.

DATA BUS BUFFER:
This bidirectional buffer interface internal 8258As to the microprocessor system data
bus

R/W CONTROL LOGIC:
This circuit accepts and decodes command from #id.C

CASCADE BUFFER /COMPARATION:
This blocks stores and compare to IDs of all th8%82use in the system.



8259A PIN DIAGRAM

cs [ Ve
WR [ 1 Ag
RD [ [ INTA
D7 [ BALY
De [] 7] IR
Ds [] 1 IRs
0 INTEL8259A  [IM®
Ds [ 1 1R,
D, [ [11R,
D; [ 1 IRy
Do ] 1R,
CAS, [] C]INT
CAS; ] 1 SP/EN
GND [] [1CAS,

PIN- DESCRIPTION :

It is a 28 pin IC package.

» CS:- Itis an active low chip selected signal foabling read and write operation of
8259A.

» WR :- This pin is an active low write enable inpuB@59A.

> RD :- Itis an active low read enable input to 8259A.



Do-D7 :-They form a bidirectional data bus that carryi8data and interrupt vector
information.

CASy-CAS, (CASCADE LINE) :- A single 8259A provides &atored interrupts. If
more interrupt are required , the 8259A is usetthéncascade mode in which a master
8259A along with 8 slave 8259A can provide up tosrédtored interrupt lines. These
cascade lines attached select line for addreskeglave 8259A.

SP/EN_:- (SLAVE PROGRAM / ENABLE LIGIC)

This pin is dual purpose pin. When the chip is usdaliffered mode, it can be used as a
buffer enable to control buffer trans-receiver.

In buffer mode EN =0

If not in buffer mode then the pin is used as inpuesignate whether the chip is used as
a master. (_SP =1)ora slave_( EN =0)

INT :- This pin goes high whenever a valid interrupt resfjieasserted. It is used to
interrupt the CPU.

IRo—IR; (INTERRUPT REQUEST)

This pin act as a inputs to accept interrupt regicethe CPU.

INTA :- (INTERRUPT ACKNOWLEDGE)
The pin is an input used to strobe in 8259A intetrrectored data on to the data bus.

The device 8259A can be interfaced with any CPUdaisither device polling or
interrupt schemes.

DEVICE POLLING

- Here the CPU keeps on checking each peripheratel@visequence to make sure
if it requires any service from the CPU.

- If any such service request is noticed, the CPMesethe request and then goes
on to next device in sequence.

- After all the peripheral devices are scanned, tRe) @gain starts from thé'1l
device.

- This results in reduction of processing speed bexawst of the CPU time is
consumed in polling the peripheral devices.



COMMAND WORDS OF 8259A

There are two types of command words i.e

Initialization Command Words (ICWSs)
il. Operation Command Words (OCWSs)

Initialization Command Words (ICWSs)

- Before it starts functioning, 8259A must be iniald by writing 2-4 command word
in to the respective command word register. Thesealled as ICWSs.

> IfAg=0&Dys=1

The control word is recognized as IGW

—> It contains the control bits for edge or level geged mode, single or cascade mode,
call address interval and whether 1GW needed or not.
> IfAp=1
The control word is recognized as IGW
- The ICW; stores details regarding interrupt vector address.

ICW 4

O | Ay | As | As 1 LTIM ADI SNGL IC4

1=ICW,
needed
A7 - A5
of 0=no ICW,
interrupt [ needed
vector
address 1-Single
> 0.
Cascade
1- Level
triggered Call Address
0 —Edge ) 1 =interval
triggered of 4 bytes
0 =interval
of 8 bytes




Ao:O& Ds=1, |CVV1

1 A15 A14 Al3 A12 All AlO A9 A8

» ICW; & ICW,are compulsory command word in initialization setpesof 8259A while

ICW;3& ICW 4 are optional.
» The ICW; is read only when there are more than one 8253Adrsystem i.e cascading is

used.
» The ICW; loads an 8-bit slave register.

MASTER MODE ICW 3

Ao B Dy B Dy B D D Do
1 S; Se Ss Sy S3 S; S; SO

Sn =1 -IRn (Input as a slave)
= 0 — IRn (Input doesn’'t have a slave)

SLAVE MODEEW 3
A D D D D B D D D
0 0 0 0 0 ID, | ID; | IDg

D, D1 Dp - 000 to 111 for IRto IR; or slave O to slave 7.
ICW 4
The use of this Command Word depends on théif ICW;

If IC4 =1, ICW,is used otherwise it is neglected.



A0 D7 D6 D5 D4 D3 D2 D1 DO
1 0 0 0 SFNM | BUF | M/S | AEOI | MPM

SENM :-

If SFNM = 1, the special fully nested mode is stddc
BUE:-

If BUF = 1, the buffer mode is selected.

M/S:-

The bit decided the master and the slave mode58/82
If M/ S = 1, 8259A is a master.

If M/ S =0, 8259A is a slave.

If BUF = 0, M/ S is to be neglected.

AEOI :-

If AEOI = 1, the automatic end of interrupt modesésected.
MPM:-

If MPM bit is O, the 8085 system operation is stddc

If MPM = 1, 8086/88 operation is selected.

Operation Command Words (OCWs):-

» The modes of operation of 8259A can be selectedriiing three internal register called
as operation command words register.

» The data written into them is called as operatiommands word.

» There are three OCWs i.e.
i. OGW
i OGW
i OGW

o OCW, is used to mask the unwanted interrupt requests.

o OCW, controls the end of interrupt, the rotate modetéed combinations.
o OCW; handles the special mask mode.



Operating Modes Of 8259A:-

1.

Fully nested mode:-

- This is the default mode of operation of 8259A.

- IR has the highest priority and1Ras the lowest.

- When interrupt request are noticed, the highestipyirequest among them is
determined and the vectored is placed on the deta b

End of Interrupt (EOI) Mode:-
The ISR bit can be set by EOl command issued be&ening from the interrupt
service in this mode.

Automatic Rotation:-
This is used in application where all the intermigtdevices are of equal priority.

Automatic EOI Mode:-
In this mode 8259A performs an non specific EOlrapen.

Specific Rotation:-

In this mode a bottom priority level can be selddtefix other priorities.

If IRS is selected as a bottom priority then IR% Wwave least priority and IR4 will have a
next priority and IR6 will have the highest prigrit

Special Mask Mode:-
In this mode when a mask bit is set, it inhibitgbst further interrupt at that label &
enables interrupt from other label which are nosked.

Edge and Level Triggered Mode:-
This mode decides whether the interrupts shouledge triggered or label triggered.

Reading 8259 Status.
The status of internal register of 8259A can b resing this mode.

Poll Command:-
In this mode the INT output of 8259A is neglected.

10. Special Fully Nested Mode:- (SFNM)

This mode is used in more complicated system wt&seade is used.
In this mode, the master interrupt the CPU only nvtie interrupting device has a higher
or the same priority than the one currently beiolged.



11.Buffered Mode:-
When the 8259A is used in systems where bus drivirifgrs are used, it is usedin
buffered mode.

12.Cascade Mode:-

In this mode, 8259SA is connected in system coimgione master and maximum 8
slave to handle up to 64 priority label.

DATA ACQUISITION SYSTEM

The peripheral devices are connected to the PIGmuem 8 I/O devices can be connected to
8259 in single mode through IR0-IR7 lines. The RIGction is overall manager in an interrupts
driven system. If more than one I/O devices themseterrupt request at the same time the PIC
determines the priority.

It first entered into the 1/0O devices the highdopty it sends an interrupt request to the
microprocessor through INT line. The microprocessards a acknowledgement through INTA
line. On the receive top INTA signal all the intgst of low priority are inhibited.

If more than 8 I/O devices to transfer data usirigrrupt to 8259 ICs can be connected in series
such a connection is known as cascading up to®4ddtices connected employing to 8259 ICs.

More than one 8259 are employed in the system2B8 &hich is connected to the processor is
called master then 8259 which is connected to theten 8259 is called slave. For the
measurement and control of physical quantity speed, displacement etc transducers are used
which give electrical voltage proportional to ploaiquantity.

This electrical voltage obtain as an output ofrandducer is an analog quantity it must be
converted into digital quantity by the A/D converbefore it is applied to a microprocessor. To
handle multiple signals an analog multiplexer iscus

Working Principle of Successive Approximation typeA/D Converter:-

An A/D converter analog multiplexer is used towent analog signals to digital quantity. This
digital o/p is fed to the microprocessor for preseg.

> The most popular method of analog to digital coawmer is successive approximation
method.
> Here an unknown voltage Vin is compared with atfoexcof the reference voltage Vref.



> In the first step the unknown voltage Vin is congzhwith %2Vr. If Vin>=1/2 Vr, the

MSB of the digital output is set to 1.If Vin<1/2W/|SB is set to 0.

> In the next step Vin is compared with (1/2b1+1/4)Where b1l is the MSB value already
determine. If Vin>=1/2(b1+1/4)Vr the'%bit is set to 1.If Vin<1/2(b1+1/4)Vr the'® bit is set to
0.

> To obtain the % bit of the digital output Vin is compared with 2b/+1/4b2+1/8)Vr.

Clock for A/D converter:-

. The clock frequency required for A/D converter lieshe range of 50 KHz to 800 KHz.
. The clock frequency available & microprocessofféituser is about 3SMHz.

The higher frequency of the microprocessor of th@oprocessor can be reduced by using 4
master slave flip-flops which reduced the frequemgyl/10".

Fig: -

o/P

QD

QA QB QC

Sample & hold circuit:-

This circuit samples the instantaneous vafube AC signal and maintains it at a
constant level .It make this constant voltage awdd to A/D converter during the conversion
period.

LF398:-

LF398, LF298, LF198 are monolithic samgtel hold circuit of national semiconductor.
An external capacitor known as hold capacitor edusith LF398 to hold the voltage request
upon it.

Droop rate:-

It is the rate at which the o/p of sample & haiduits decreases. To make the o/p
partially constant this rate should be very smat.V




Analog Multiplexer:-

When a number of inputs are to be processed bgaimputer an analog multiplexer is
used. The multiplexer has logic to switch ON aipatar desired channel.

* The computer sends appropriate logic to the metltigydt to switch ON the desired
channel.

e A multiplexer may be of 8 or 16 channel input npléxer.
Example:- AM3705 is an 8 channel analog multipledfenational semiconductor.

Schematic diagram of AM3705:-
Vss,+5v———p — %;I\
VsS,+5v——» — S2
Vdd, 12v——» «—— S3
OE I — S4 > Data
Output ——»> AM3705 ——— S5 I/p
50 - —s6— D
-, ) _/
LOGIC FOR AM3705:-
LOGIC INPUT OUTPUT ENABLE CHANNEL
2? 2! 2°
L L L H Sq
L L H H S,
L H L H S,
L H H H Sa
H L L H Ss
H L H H Se
H H L H S,
H H H H Se




ADC 0800 :-

» The ADCO0800 is an 8 bit monolithic A/D converterr@ftional semiconductor .It
contains a 256 series register which is called 2&éfork.

* Analog switches selection & control logic a higlpun impedance comparator and 8 bit
latch have been incorporated.

* It uses accessive approximation technique for gn@laligital conversion the reference
voltage is applied to 256R network.

* The unknown analog input voltage is compared wittaetion of reference voltage with
help of analog switches and R network.

The reference voltage applied approx the 256R nétdetermines the analog input range in
case of Vr=100volts the top of R network is conaddb +5volt supply at the bottom to -5volt.

Block diagram of ADC0800: Vss Vgg Clk o/p
+Vref top of 256R network start of sic v ISR
_> |
\ Conversion s/C > 8 bit :
256R network .
selection latch |—
comp
& > arator & —
Analog switches |7 Control
«— Vi T
[ conversion logic VDD —_MgB

_Vref bottom of 256R network ——

Zero & Full scale Adjustment:-

The ADCO0800 gives complementary digital outfiite digital o/p corresponding to 5v input is
10000000. If the o/p is not zero when the inputd¥ adjustment of Vref . This adjustment is
called full scale adjustment.



When the input voltage is zero the actual outp80isiecimal. If the digital output corresponding
to zero volts the output is not 80 hexadecimal thenadjusted by using 1 kilo ohm variable
register. The relationship between input voltage i85

Vin=Vref(1/2b7+1/4b6+1/8b5+1/16b4+1/32b3+1/64b228BH1+1/256b0)_5V.

DIGITAL TO ANALOG CONVERT(D/A CONVERTER)-

Digital to analog converters are used to conveitaliquantity to analog quantity.
They produce an output current or voltage propodido digital quantity apply to its input.
They are used for the control of relay, small mpastuator etc.

In communication system digital transmission igdaand convenient but the digital signal have
to be converted back to analog signal at the reggierminal.

D/A converter are also used as a part of circag of several A/D converter.

OPERATING PRINCIPLE OF A DAC-

DAC contain a ladder network. The network has inputts for binary bits of the digital word.
When MSB of the digital word is 1 it produces anpati current Iref/2.
The bit next to MSB produces Iref/4 and so on.
The output current is given by

lout=Iref(1/2 hy+1/4 bo+1/8 s . . . 1/200)
for an n-bit digital input.
For an 8-bit DAC

lout = Iref (1/2 b+1/4 y+1/8 h+1/16 h+1/32 b+1/64 b+1/128 h+1/256 k)

where b0, bl, ... b7 are the binary bits of digitord apply to DAC.

V=IR=> I=V/IR

Iref=Vref/R

where R is resistance in series with Vref.



Example-
Vref=5V, R=2.5 R
Iref= 5/2.5x10=50/25x10° =2MA
Using an external opamp a voltage output propoatitmlout is produced.
DAC 0800
It is a simple monolithic 8-bit DA converter.

PIN DIAGRAM OF DAC 0800

[
Vic | 1 16 —— Compensation
I
lout—1 2 15 [— Vref (-)
lou—1 4 13 — V+
B,—| 5 0800 12 (— BgLSB
Bg——: 6 11 — B,
By—1 7 10 [~ Bg
|
Bs,—1 8 9 — Bs



S5V(REF)

Y AV L PN

lout

QUT ANALOG
DIGITAL INPUT é VOLTAGE

Veo+bV
—

ANALOG SIGNAL CONDITIONING

The signal conditioning means manipulating an apaignal in such a way that it means
the requirement of the next stage for further pssing.

Most common use is in A/D converter.

They are commonly used in control engineering @pfibn. Operational amplifier are
use to carry out the amplification of the signasignal conditioning stage.

INPUTS TO SIGNAL CONDITIONING

Signal inputs accepted by signal conditioner arevbltage and current , AC voltage and
current, frequency and electric charge.

Sensor inputs can be accelerometer, thermocoungemntistor, registance thermometer
etc.

Outputs for signal conditioning equipment can bikage ,current , frequency timer or
counter ,registance etc.

SIGNAL CONDITIONING PROCESSES

It includes amplification , filtering, convertingange matching ,isolation of analog
signal. And any other processes required to maksos@utput suitable for processing after
conditioning.



1. FILTERING

It is the most common signal conditioning functemnot all the signal frequency
spectrum contain valid data.

60 Hz AC power lines present is most environmetitproduce noise if amplified.
2. AMPLIFING

Signal amplification performs 2 important functions

a. Increases the resolution of the input signal.

b. Increases its signal to noise ratio .

The output of an electronic temperature sensorhwisiin the range of mili volt is too
low for an A/D convertor to process directly. Sasihecessary to use an amplifier to bring the
voltage level to that required by the ADC.

SENSOR .| AMPLIFIER ,| AID ,| MICRO PROCESSOR /
e CONVERTER
(OPAMP) MICRO
CONTROLLER

Commonly used amplifier on signal conditioning &fel amplifier , peak detectors,
log amplifier ,antilog amplifier etc.

3. ISOLATION

Signal isolation must be used in order to pasattaog signal from the source to the source to
the measurement device without a physical connectio

It is important to isolate the expensive equipmesdd for signal processing after conditioning
from the sensor.

There are 2 types of isolation
A. Magnetic

B. Optic

A. Magnetic

Magnetic isolation transforms the signals from &g# to a magnetic field allowing the signal to
be transmitted without a physical connection.



B. Optic

Optic isolation takes an electronic signal and naigds its to a signal coded by light
transmission (optical encoding) .Which is theredufee the next stage of processing.

Types of devices that used signal conditioningsokation amplifier ,multiplexer , A/D
convertor , D/A convertor , inverter etc.

It is mostly used for data acquisition in which sansignal must be normalised and filter to level
suitable for analog frequency to voltage converoltage to frequency convertor ,current to
voltage convertor etc.

4. COMPARATOR

Sometimes there is no need to send the entire @ngdtage from a sensor to the analog to
digital convertor.

A circuit called comparator is used which takesaalog sensor voltage and compares it to a
threshold voltage, Vth.

If the sensor voltage is greater than the threstia@ output of the circuit is maximum.
vso Svih —»Mmaximum
vso <vth > minimum

If the sensor voltage is less than the threshadtltput of the circuit is minimum.



MODULE — 4

Registers of Intel 8086
The Intel 8086 contains the following register.

0] General purpose Registers
(i) Pointer and Index Registers
(i)  Segment Registers
(iv)  Instruction Pointer

(v) Status Flags
General purpose Registers

There are four 16-bit general purpose register: BX, CX and DX. Each of these 16-bit

registers are further subdivided in to two 8-bgister as shown below.

16-bit reqgister 8-bit high order reqister 8-bit low order register
AX AH AL

BX BH BL
CX CH CL
DX DH DL

Register AX serves as an accumulator. Register BXa@d DX are used as general purpose
register in addition to serving as general purpesgster they also serve as special purpose
register . as a special purpose register BX seages base register for computation of memory
address .in 8086 memory addresses are to be daldulsing the contents of the segment
register and effective memory address . Theseheilexplained later on . Register CX is also
used as a counter in case of multi-iteration irtston. When the content of CX becomes zero
such instruction terminate the execution. DX regiss also used for memory addressing when

data are transferred between 1/O port and memangwertain I/O instruction.



\
ACCUIMUIIATOR  AX | AH AL
BH BL GENERAL PURPOSE
RASF RX | > REGISTER
CH CL
COlINTER Cx |
DH DL )
NATA nX |
SP A
STACK POINTER |
BP
BASE POINTER > POINTER AND INDEX
Sl REGISTERS
SOLIRCFE INDEX | 5
DESTINATION INDEX )
cs :
CODF SEFGMFENT |
DS
SEGMENT REGISTERS
NATA SEGMENT | SS \
STACK SEGMFNT | ES
y,
FXTRA SFGMFNT | P
INSTRIICTION POINTFR | FLAGS

STATIIS RFGISTFR

REGISTER ORGANIZATION OFINTEL 8086

Pointer and Index Register.The following four figures are in the group of ptar and index
register.

1. Stack Pointer, SP

2. Base pointer , BP

3. Source index ,SlI

4. Destination Index, DI
The function of SP is same as the function of stamkter in Intel 8085. BP,SI and DI are used

in memory address computation.



Segment RegisterThere four segment registers in 8086.

1.Code Segment Register , CS

2. Data Segment Register , DS

3. Stack Segment Register, SS

4. Extra Segment Register, ES

In an 8086 microprocessor-based system memoryidedi in to the following four segments:

1 .Code Segment

2. Data Segment

3. Stack Segment

4. Extra Segment

The code segment of the memory holds instructiafecaf a program. The data variables and
constant given in the program are held in the datanent of the memory. Stack segment holds
address and data of subroutines. It also holdsdah&ents of register and memory location given
in PUSH instructions. Before attending an interrth microprocessor saves the contents of
program counter on the stack. Also when CALL insfian is executed , before the execution of
the subroutine the address of the next instruaifcthe program is saved on the stack. The extra
segment holds the destination address of somedflatatain string instruction, and so on.

A segment register point to the starting address wiemory segment currently being used. For
example the code segment registers points to #énengt address of the data segment, and so on.
T he maximum capacity of a segment may be up td@ék The starting address of a segment
is divisible by 16 . The segment shown in the fegis currently used segment. There more
number of such segment to make the total memorgaigpl Mbyte.

The 8086 instruction specify 16-bit memory addré@sse actual addresses are of 20 bits. They
are calculated using the contents of the segmenstee and effective memory address. The
effective memory address is computed in a varidtyways. It depends on the such as
PUSH,POP,CALL or RET , The content of the stacknpiSP) and the content of the stack
segment register(SS) are used to complete the sfattie location to be accessed. The index
register SI and DI together with segment regist& &nhd ES are used to perform string
operations. The source addresses for string oparatie computed using the content of SI and



DS . The destination addresses for string operstéza computed using the contents of DI and
ES.

Memory segments

Base registers

Starting address

of segments

2000 s
Code segment
o
20000
Data degment 4000
400000 stack segment < "
6000
80000
#
DUUUU 8000 es
Extra segment

[ Memory segments |

Instruction pointer (IP) .:

The instruction pointer in the 8086 microprocesaor as a program counter. It point to the
address of the next instruction to be executedctdtgent is automatically incremented when the
execution of a program proceeds further. The cantérthe instruction pointer (IP) and the
content of the code segment register (CS) are tsetbmpute the memory address of the
instruction code to be fetched. This is done dunirsgruction fetch operation.

Status Register :



The 8086 contains a 16-bit status register. It awited flag register or program status word
(PSW) . There are 9 status flags that are: over flag, Direction flags, Input enable flag, Trap
flag, Carry flag, parity flag, Auxiliary carry flagzero flag, sign flag. Out of nine flag 6 are
condition flag and three are control flags. Thesecendition flag are carry, auxiliary carry,
zero, sign and parity and overflow flag. The flag set/reset by the processor after the execution
of an arithmetic and logic operation. The threetnflag are trap (or trace) interrupt and
directional flag. These flags are set/reset byptiogrammer as the required by certain instruction
in the program. The overflow, trap, interrupt anicectional flags are new. Other flags are same
as those available in Intel 8085. The overflow fiaget to 1 if the result of a signed operation
become out of range other it is reset it is made 0.

<—— BIT NO.
15 14 13 12 11 10 98 7 6 5 4 32 1 0

X | X | X |X |OF |DF |IF |TF| SF| ZF| X | AF| X | PF| X | CH

OF-OVER FLOW FLAG STATUS FLAGS——
DF-DIRECTION FLAG

IF-INTERRUPT ENABLE FLAG

TF-TRAP FLAG

SF-SIGN FLAG

ZF-ZERO FLAG

AF-AUXILIARY CARRY FLAG

PF-PARITY FLAG

CF-CARRY FLAG

[Status flags of Intel 8086]

When the trap flag (TF) is set to 1 a program camum in single-step mode. The interrupt flag
(IF) is set to 1 to enable INTR of 8086. If it iSINTR is disabled. It is set by STI instructiordan

declared by CLI instruction, IF is automaticallyeated when an interrupt is recognised. It
disabled ITNTR. IRET used at the end of interrigrvice sub routine (ISS) restore IF flag in the

state in the it was before interrupt occurred.



The directional flag DF is used in string operatiti can be set by STD instruction and
cleared by CLD instruction. If it is set to 1, sfyi bytes are accessed from higher memory
address to lower memory address. When it is sétttee string bytes are accessed from lower
memory address to higher memory address. For MOWiS8uction, if DF is set to 1, the
content of index register Sl and DI are automaijocdécremented by the processor to access the
string from the highest memory address down tddivest memory address. If DF is made zero,

Sl and DI are automatically incremented to acdesstring starting with the lowest address.

Addressing Modes of Intel 8086

The way by which an operand is specifyifigtruction is called addressing mode. Intel
8086 has 8 addressing mode.

Register Addressing

Immediate Addressing

Direct Addressing

Register Indirect Addressing

Based Addressing

Indexed Addressing

Based Indexed Addressing

Based Indexed with Displacement Addressing

©NOORAWDNRE

1.REGISTER ADDRESSING

» Here the operand is placed in one of the 16-b#-bit general purpose registers.
» Example- MOV AX,CX (move 16-bit data in base régido accumulator)

2.IMMEDIATE ADDRESSING

» Here the operand is specified in the instructiealit
* Example-MOV AL, 35H (move immediate data 35H tbiBregister A)

MOV BX,0305H (move 16-bit data0305 to regidiase.

The remaining 6 addressing mode specify the locaifan operand which is placed in memory.
When an operand is stored in memory location, reviife operand’s memory location is within
a memory segment from the starting address ofd@gment, is called offset or effective address
(EA).



An offset is determined by adding any combinatibthcee address elements: displacement,
base and index.

Displacement:- It is an 8-bit or 16-bit immediate value givertle instruction.

Base:- It is the content of the base register, BX or BP

Index:-It is the content of the index register, Sl or DI.

The Combination of these three address elemengssgivmemory addressing modes as
described below.

3. DIRECTADDRESSING

In this mode the operand’s offset is giverhia instruction as an 8-bit or 16-bit displacement
element.

Example:- 1.ADD AL,[0301]

The contents of memory 0301 is added to the cowmtfeAt ,and the result is placed in
AL .

2. ADD [0301],AX

This instruction adds the content of AX to the emttof memory location 0301 and
0302.

4. REGISTER INDIRECT ADDRESSING

The operand’s offset is placed in any onthefregisters BX,BP,SI or DI as specified
in the instruction.

Example:- MOV AX,[BX]

This instruction moves the content of memory lamatddressed by the register BX to
the register AX.

For examples, BX contains 0301,and the conten861.0s 53H and the content of next
memory location is 95H.The 9553 will move to AX.

5.BASED ADDRESSING

The operand’s offset is the sum of ant&b16-bit displacement and the content
of the base register BX or BP. BX is used as a begister for data segment, and BP is
used as a base register for stack segment.

Offset=[BX +8-bit or 16-bit displacement]
» Examples are:-



MOV AL, [BX+05]; an example of an 8-bit dispment.
Suppose ,the register BX contain 0301.The offsiktre 0301+05=0306.The content of
the memory location 0306 will move to AL.
* MOV AL, [BX+1346H]; an example of 16-bit displacent.
If [BX] =0301.The offset =0301+1346=1647H
The content of 1647H will move to AL.

6 INDEXED ADDRESSING

The operand’s offset is the sum ofdbetent of an index register Sl or DI and an 8-bit
or 16 bit displacement.

Offset= [SI or DI+8-bit or 16-bit displacement]

» Examples are:
MOV AX, [SI+05] ; an example of 8-bit displacement.
MOV AX, [SI+1528H] ; an example of 16-bit dispkment.

7. BASED INDEXED ADDRESSING

The operand’s offset is the sum of the contentlodise register BX or BP and an index register
Sl or DI.BX is used as a base register for dataneed, and BP is used as a base register for
stack segment.

Offset= [BX or BP] + [SI or DlI]

» Examples are:
ADD AX, [BX+SI]
MOV CX, [BX+SlI]

8. BASED INDEXED WITH DISPLACEMENT

In this mode of addressingdperand’s offset given by
Offset= [BX or BP] + [SI or DH 8-bit or 16-bit displacement

» Examples are:
MOV AX, [BX+SI+05]; an example of 8-bit displacemt
MOV AX,[BX+SI+1235H]; an example of 16-bit disglament.



Difference between MICROPROCESSOR and MICROCONTROLLER

* Microprocessor contains no RAM,ROM and no 1/Otpon the chip itself.it is only a
CPU.

» They are commonly refered to as general purposepmnacessor.

» The system designer using a general purpose maeegsor such as a Pentium must add
RAM,ROM,I/O ports and timer externally to makerthé&ictional.

MICROCONTROLLER

» Microcontroller has a cpu(microprocessor) in aaditio a fixed amount of
RAM,ROM,I/O port and timer are all on a single chip

» So the designer can’'t add any external memonryafb or timer to it.

* The fixed amount of on chip RAM,ROM and the no/ofports in microcontrollers
make them ideal for any applications in which @sd space are critical.
Ex-TV remote control

» These application open required some i/o operatioaad signal and turn on/off
certain bits so these processors are called IBPKlty Processor)

* In 8051 it allows to set or reset indivisual pirisifm ports and status registers .it also
provides bytes addressing so it is called as litkete processor.

General Purpose Microprocessor System
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=y N N
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timer
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l comuni port
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CPU Ram Rom

ETC

Serialcommunication
i/o port Timer port

Disadvantages of the microcontroller is that if siystem designer requires more memory
or more no. of i/o ports cant add them externally.

Microprocessors and Microcontrollers are widelyduiseembedded system product .
An embedded product uses a microprocessor or nuotamler to do one task and one
task only.

Ex- a printer is an embedded system in which tleegssor inside it performs only one
task i.e breaking the data and print it.

In an embedded system there is only one applicatftware that is typically burned into
run.

Ex-A pc is connected to various embedded prodsoth as
keyboard,printer,modem,disk controller,sound catdver etc.

Each of the peripheral has the microcontrollerdast that performs only one task.
Ex-Inside every mouse there is a microcontrollat frerforms the task of finding the
mouse position and sending it to the pc.

Some embedded products used in homes i.e TV, teleglhremote controller,camera etc.

Overview of 8051 family

In 1981 Intel corporation introduced an8-bit miavatroller called 8051.

This microcontroller has 120 bytes of RAM 4-kilobgtof microchip ROM,two timers
,one serial port and four i/o ports are 8-bit wadleon a single chip.

It is an 8- bit processor meaning that the CPUveark pon on only 8 bit of data at a
time.

Intel refers to 8051 MCS-51

Other members of 8051 family they are 8052 and 8053

Data larger than the 8-bit has to be brakem8 bit process to be processed by the CPU.
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+ 8052 microcontroller

It has all the standard features of 8051 along wxtra 120 bytes of RAM and an extra timer or
8052 has 8 kilobytes of onchip program ROM ,25@&byif RAM,4 i/o ports and 6 timers.

* 8031 microcontroller

This chip refered to as a ROM less 8051.Sincestthkilobytes of onchip ROM.to use this chip
the designer must add an external rom chip.

Comparison of 8051 family members

Feature 8051 8052 8031
ROM(onchip program space in 4k 8k Ok
bytes)

RAM(bytes) 128 256 128
Timers 2 3 2

i/o pins 32 32 32
Serial ports 1 1 1
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