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1.5 ARCHITECTURE OF 8085 MICROPROCESSOR:
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Accumulator:

It is an 8-bit register used to perform arithmetic, logical, I/O & load/store operations. It is
connected to internal data bus & ALU.

Arithmetic and logic unit:

As the name suggests, it performs arithmetic and logical operations like Addition,
Subtraction, AND, OR, etc. on 8-bit data.



General purpose register:
e There are 6 general purpose registers in 8085 processor, i.e. B, C, D, E, H& L. Each
register can hold 8-bit data.

e These registers can work in pair to hold 16-bit data and their pairing combination is
like B-C, D-E & H-L.
Program counter:

e [tisa 16-bit register used to store the memory address location of the next instruction
to be executed.

e Microprocessor increments the program whenever an instruction is being executed, so
that the program counter points to the memory address of the next instruction that is
going to be executed.

Stack pointer:

It is also a 16-bit register works like stack, which is always incremented /decremented
by 2 during push & pop operations.

Temporary register:

It is an 8-bit register, which holds the temporary data of arithmetic and logical
operations.

Flag register:

It is an 8-bit register having five 1-bit flip-flops, which holds either 0 or 1 depending
upon the result stored in the accumulator.

These are the set of 5 flip-flops:

« Sign (S)

o Zero (Z)

o Auxiliary Carry (AC)
o Parity (P)

» Carry (C)

D7 D6 D5 D4 D3 D2 D1 DO




Instruction register and decoder:
e [tis an 8-bit register.
e When an instruction is fetched from memory then it is stored in the Instruction register.

¢ Instruction decoder decodes the information present in the Instruction register.

Timing and control unit:
It provides timing and control signal to the microprocessor to perform operations.
Following are the timing and control signals, which control external and internal circuits:-

o Control Signals: READY, RD’, WR’, ALE
 Status Signals: S0, S1, 10/M’

o DMA Signals: HOLD, HLDA

o RESET Signals: RESET IN, RESET OUT

Interrupt control:
e Asthe name suggests it controls the interrupts during a process.

e When a microprocessor is executing a main program and whenever an interrupt occurs,
the microprocessor shifts the control from the main program to process the incoming
request.

e After the request is completed, the control goes back to the main program.
e There are 5 interrupt signals in 8085 microprocessor: INTR, RST 7.5, RST 6.5, RST 5.5,
and TRAP.
Serial Input/output control:
It controls the serial data communication by using these two instructions: SID (Serial input
data) and SOD (Serial output data).
Address buffer and address-data buffer:

e The content stored in the stack pointer and program counter is loaded into the address
buffer and address-data buffer to communicate with the CPU.

e The memory and I/0 chips are connected to these buses; the CPU can exchange the
desired data with the memory and I/0 chips.
Address bus and data bus:

Data bus carries the data to be stored. It is bidirectional, whereas address bus carries the
location to where it should be stored and it is unidirectional. It is used to transfer the data
& Address 1/0 devices.



1.6 SIGNAL DESCRIPTION OF 8085:
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Pin Diagram of 8085
The pins of an 8085 microprocessor can be classified into seven groups:-

Address bus:
A15-A8, it carries the most significant 8-bits of memory/I0 address.

Data bus:
AD7-ADO, it carries the least significant 8-bit address and data bus.

Control and status signals:

These signals are used to identify the nature of operation. There are 3 control signal and
3 status signals.

Three control signals are RD’, WR’ & 10/M’.

RD’:

This signal indicates that the selected IO or memory device is to be read and is ready for
accepting data available on the data bus.

WR’:

This signal indicates that the data on the data bus is to be written into a selected memory
or 10 location.



10/M’;

This signal is used to differentiate between [0 and Memory operations, i.e. when it is high
indicates 10 operation and when it is low then it indicates memory operation.

ALE:

It is a positive going pulse generated when a new operation is started by the
microprocessor. When the pulse goes high, it indicates address. When the pulse goes down
it indicates data.

S1 & SO:

These signals are used to identify the type of current operation.

S1 SO Operation

0 0 Halt

0 1 Write

1 0 Read

1 1 Fetch
Power supply:

There are 2 power supply signals Ve & Vss. VCC indicates +5v power supply and VSS
indicates ground signal.

Clock signals:
There are 3 clock signals, i.e. X1, X2, CLK OUT.
X1 X2:

A crystal (RC, LC N/W) is connected at these two pins and is used to set frequency of the
internal clock generator. This frequency is internally divided by 2.

CLK OUT:

This signal is used as the system clock for devices connected with the microprocessor.



Interrupts & externally initiated signals:

e Interrupts are the signals generated by external devices to request the microprocessor to
perform a task.

e There are 5 interrupt signals, i.e. TRAP, RST 7.5, RST 6.5, RST 5.5, and INTR. We will discuss
interrupts in detail in interrupts section.

TRAP:

It is a non-maskable interrupt, having the highest priority among all interrupts. By default,
itis enabled until it gets acknowledged. In case of failure, it executes as ISR and sends the
data to backup memory. This interrupt transfers the control to the location 0024H.

RST7.5:

It is a maskable interrupt, having the second highest priority among all interrupts. When
this interrupt is executed, the processor saves the content of the PC register into the stack
and branches to 003CH address.

RST 6.5:

It is a maskable interrupt, having the third highest priority among all interrupts. When this
interrupt is executed, the processor saves the content of the PC register into the stack and
branches to 0034H address.

RST 5.5:

It is a maskable interrupt. When this interrupt is executed, the processor saves the content
of the PC register into the stack and branches to 002CH address.

INTR:

It is a maskable interrupt, having the lowest priority among all interrupts. It can be
disabled by resetting the microprocessor.

When INTR signal goes high, the following events can occur:

The microprocessor checks the status of INTR signal during the execution of each
instruction.

e When the INTR signal is high, then the microprocessor completes its current instruction
and sends active low interrupt acknowledge signal.

e When instructions are received, then the microprocessor saves the address of the next
instruction on stack and executes the received instruction.

INTA’

It is an interrupt acknowledgment sent by the microprocessor after INTR is received.



RESET IN:

This signal is used to reset the microprocessor by setting the program counter to zero.

RESET OUT:

This signal is used to reset all the connected devices when the microprocessor is reset.

READY:

This signal indicates that the device is ready to send or receive data. If READY is low, then
the CPU has to wait for READY to go high.

HOLD:

This signal indicates that another master is requesting the use of the address and data
buses.

HLDA (HOLD Acknowledge):

It indicates that the CPU has received the HOLD request and it will relinquish the bus in
the next clock cycle. HLDA is set to low after the HOLD signal is removed.

Serial I/0 signals:

There are 2 serial signals, i.e. SID and SOD and these signals are used for serial
communication.

SOD (Serial output data line):
The output SOD is set/reset as specified by the SIM instruction.

SID (Serial input data line):

The data on this line is loaded into accumulator whenever a RIM instructionis executed.

e When the INTR signal is high, then the microprocessor completes its current instruction
and sends active low interrupt acknowledge signal.

e When instructions are received, then the microprocessor saves the address of the next
instruction on stack and executes the received instruction.



1.7 REGISTER ORGANIZATION:

It has six addressable 8-bit registers: A, B, C, D, E, H, L and two 16-bit registers PC and SP.
These registers can be classified as:

Accumlaior A (8) | | Fiag Register
B (8) C (8)
D (8 E (8]
H (8) L (8)
Stack Pointer (SP) (16)
Program Ceunter (PC) (16)
Data Bus Address Bus
:
Lines
Bidirectionsl Unidirecthonal

o General Purpose Registers
o Temporary Registers: Temporary data register, W and Z registers
o Special Purpose Registers: Accumulator, Flag registers, Instruction register

« Sixteen-bit Registers: Program Counter (PC), Stack Pointer (SP)

1. General Purpose Registers:

e Registers B, C, D, E, H, and L are general purpose registers in 8085 Microprocessor. All
these GPRS are 8-bits wide. They are less important than the accumulator.

e They are used to store data temporarily during the execution of the program. For
example, there is no instruction to add the contents of B and E registers.

e At least one of the operands has to be in A. Thus to add Band E registers, and to store
the result in B register, the following have to be done.

> Move to A register the contents of B register.
»Then add A and E registers. The result will be in A.
> Move this result from A register to B register.

e It is possible to use these registers as pairs to store 16-bit information. Only B-C, D-E,
and H-L can form register pairs.

e When they are used as register pairs in an instruction, the left register is understood to
have the MSB byte and the right registers the LSB byte.



3.

For example, in D-E register pair, the content of the D register is treated as the MSB byte,
and the content of E register is treated as the LSB byte.

. Temporary Registers:

Temporary Data Register: -

The ALU has two inputs. One input is supplied by the accumulator and other from the
temporary data register.

The programmer cannot access this temporary data register. However, it is internally

used for execution of most of the arithmetic and logical instructions.

W and Z register:- Wand Z registers are temporary registers. These registers are used
to hold 8-bit data during the execution of some instructions. These registers are not
available for the programmer since 8085Microprocessor Architecture uses them
internally.

Special Purpose Registers:

Accumulator (A):

Register A is an 8-bit register used in 8085 to perform arithmetic, logical, [/0 &
load/store operations.

Register A is quite often called as an Accumulator. An accumulator is a register for
short-term, intermediate storage of arithmetic and logic data in a computer's CPU
(Central Processing Unit).

In an arithmetic operation involving two operands, one operand has to be in this
register. And the result of the arithmetic operation will be stored or accumulated in this
register.

Similarly, in a logical operation involving two operands, one operand has to be in the
accumulator. Also, some other operations, like complementing and decimal
adjustment, can be performed only on the accumulator.

Flag Register:

It is a 3-bit register, in which five of the bits carry significant information in the form of
flags: S (Sign flag), Z (Zero flag), AC (Auxiliary carry flag), P (Parity flag), and CY (carry
flag).

D7 D6 D5 D4 D3 D2 D1 DO
HE R R

Flag Register of 8085



S-Sign flag: - After the execution of arithmetic or logical operations, if bit D7 of the result
is 1, the sign flag is set. In a given byte if D7 is1, the number will be viewed as a negative
number. If D7 is U, the number will be considered as a positive number.

Z-Zero flag:-The zero flag sets if the result of the operation in ALU is zero and flag resets
if the result is non-zero. The zero flags are also set if a certain register content becomes
zero following an increment or decrement operation of that register.

AC-auxiliary Carry flag: - This flag is set if there is an overflow out of bit 3 i.e. carry
from lower nibble to higher nibble (D3 bit to D4 bit). This flag is used for BCD operations
and it is not available for the programmer.

P-Parity flag: - Parity is defined by the number of one’s present in the accumulator.
After arithmetic or logical operation, if the result has an even number of ones, i.e. even
parity, the flag is set. If the parity is odd, the flag is reset.

CY-Carry flag: - This flag is set if there is an overflow out of bit 7. The carry flag also
serves as a borrow flag for subtraction. In both the examples shown below, the carry
flag is set.

Instruction Register:-

In a typical processor operation, the processor first fetches the opcode of instruction
from memory (i.e. it places an address on the address bus and memory responds by
placing the data stored at the specified address on the data bus).

The CPU stores this opcode in a register called the instruction register. This opcode is
further sent to the instruction decoder to select one of the 256 alternatives.

4. Sixteen Bit Registers:

Program counter (PC):-

Program is a sequence of instructions. Microprocessor fetches these instructions from
the memory and executes them.

The program counter is a special purpose register which, at a given time, stores the
address of the next instruction to be fetched.

Program Counter acts as a pointer to the next instruction.

How processor increments program counter depends on the nature of the instruction;
for one-byte instruction it increments program counter by one, for two-byte instruction
it increments program counter by two and for three-byte instruction it increments



program counter by three such that program counter always points to the address of
the next instruction.

Stack Pointer (SP):-

The stack is a reserved area of the memory in the RAM where temporary information
may be stored. A 16-bit stack pointer is used to hold the address of the most recent stack
entry.

1.8 DISTINGUISH BETWEEN GPR AND SPR:

GPR-

[t stands for General purpose registers.

In these registers data can be accessed directly without requiring any intermediate.
Examples of GPR are B, C, D, E, H, and L.

These registers are of 8-bit.

In order to hold 16 bit data, two 8 bit register can be combined or they can work in
pairs such as B-C, D-E and H-L. These pairs are known as register pairs.

The H-L pair works as a memory pointer.

A memory pointer holds the address of a particular memory location.

SPR-

SPR stands for special purpose register.

In special purpose register data cannot accessed directly and requires an intermediate.
Examples of SPR are Accumulator, program counter, stack pointer.

These registers are used only by microprocessor not by users.

1.9 TIMING AND CONTROL UNIT:

We use Timing and controlling unit in 8085 for the generation of timing signals and
the signals to control.

All the operations and functions both interior and exterior of a microprocessor are
controlled by this unit.

X2 and CLK output pins: To do or rather perform the operations of timing in the
microcomputer system, we have a generator called clock generator in the CU of 8085.
Other than the quartz crystal the complete circuit of the oscillator is within the chip.
The two pins namely X1 and X2 are taken out from the chip to give the connection to
the crystal externally.

We connect a capacitor of 20pF between the terminal X2 and ground just to analyze if
the crystal is getting started.

The frequency of the crystal is divided by 2 which divide the counter of the unit of
control by 2.

Internally 8085A works with a frequency of 3 MHz internally with clock frequency.
Hence a crystal of frequency of 6-MHz crystal gets connected between X1 and X2.



e Every operation in the entire 8085 system occurs with the given synchronization
process with the clock. There are Peripheral chips like 8251 USART, which does not
operate until a small clock signal is in need.
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1.10 STACK, STACK POINTER AND STACK TOP:
STACK:
e The stackis a LIFO (last in, first out) data structure implemented in the RAM area and is
used to store addresses and data when the microprocessor branches to a subroutine.
e Then the return address used to get pushed on this stack. Also to swap values of two
registers and register pairs we use the stack as well.

g
:
Last In - First Out
Push Pop
' Data Element Data Element
: Data Element Data Element
; Data Element Data Element
Data Element Data Element
Data Element Data Elemont

Stack Stack



STACK POINTER:
e Itis aspecial purpose 16-bit register that stores the address of the “top of stack”.

e “8085” provides the “stack pointer” which gives the address of the “top of stack”. So,
whenever you want to store an item it stacks, you just store it at the address provided
by the stack pointer.

STACK operation in 8085 microprocessor.

The stack is a reserved area of the memory in RAM where temporary information
may be stored. An 8-bit stack pointer is used to hold the address of the most recent stack
entry. This location which has the most recent entry is called as the top of the stack.

When the information is written on the stack, the operation is called PUSH. When
the information is read from the stack, the operation is called POP. The stack works on
the principle of Last in First Out.

1.11 8085 INTERRUPTS:

e Interrupt is a process where an external device can get the attention of the
microprocessor.

e Aninterruptis considered to be an emergency signal that may be serviced.
e The Microprocessor may respond to it as soon as possible.

e The process starts from the /0 device

e The process is asynchronous

Interrupts can be classified into two types:
Maskable Interrupts (Can be delayed or Rejected)
¢ Non-Maskable Interrupts (Cannot be delayed or Rejected)

Interrupts can also be classified into:
e Vectored (the address of the service routine is hard-wired)

¢ Non-vectored (the address of the service routine needsto be supplied externally
by the device)

What happens when MP is interrupted?

e When the Microprocessor receives an interrupt signal, it suspends the currently
executing program and jumps to an Interrupt Service Routine (ISR) to respond to the
incoming interrupt.

e Each interrupt will most probably have its own ISR.

e Responding to an interrupt may be immediate or delayed depending on whether
the interrupt is maskable or non-maskable and whether interrupts are being
masked or not.



There are two ways of redirecting the execution to the ISR depending on whether
the interrupt is vectored or non-vectored.

Vectored: The address of the subroutine is already known to the Microprocessor.
Non Vectored: The device will have to supply the address of the subroutine to the
Microprocessor.

When a device interrupts, it actually wants the MP to give a service which is
equivalent to asking the MP to call a subroutine. This subroutine is called ISR
(Interrupt Service Routine)

The ‘El’ instruction is a one byte instruction and is used to enable the non-maskable
interrupts.

The ‘DI’ instruction is a one byte instruction and is used to disable the non-
maskable interrupts.

The 8085 has a single Non-Maskable interrupt. The non-maskable interrupt is not
affected by the value of the Interrupt Enable flip flop.

The 8085 has 5 interrupt inputs.

The INTR input is the only non-vectored interrupt. INTR is maskable using the EI/DI
instruction pair.
RST 5.5, RST 6.5, RST 7.5 are allautomatically vectored and are mask able.

TRAP is the only non-maskable interrupt inthe 8085.it is also automatically vectored.

Masking of interrupt SIM, RIM:
When we study interrupts in 8085 microprocessor then we should know Masking of
Interrupts in 8085 microprocessor.

In 8085 microprocessor masking of interrupt can be done for four hardware interrupts
INTR, RST 5.5, RST 6.5, and RST 7.5.

The masking of 8085 interrupts is done at different levels. In bellow figure shows the
organization of hardware interrupts in the 8085 microprocessor.
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e The maskable interrupts are by default masked by the Reset signal. So no interrupt is
recognized by the hardware reset.

e The interrupts can be enabled by the EI instruction.

e The three RST interrupts can be selectively masked by loading the appropriate word in
the accumulator and executing SIM instruction. This is called software masking.

e All maskable interrupts are disabled whenever an interrupt is recognized.

e All maskable interrupts can be disabled by executing the DI instruction.

e If we talk about RST 7.5 interrupt. It alone has a flip-flop to recognize edge transition.
The DI instruction reset interrupt enable flip-flop in the processor and the interrupts
are disabled. To enable interrupts, El instruction has to be executed.

SIM Instruction:

The SIM instruction is used to mask or unmask RST hardware interrupts. When executed,
the SIM instruction reads the content of accumulator and accordingly mask or unmask the
interrupts. The format of control word to be stored in the accumulator before executing
SIM instruction is as shown in Fig.

Bit position DT D6 DS D4 D3 D2 D1 Do
Name SOD SDE X R7.5 MSE M7.5 M6.5 M55
Explanation Serial Serial Not Reset Mask set Setto Setto Setto
data data used RST7.5 enable— 1to 1 to 1to
tobe enable— flip-fiop Settol mask mask  mask
sent set to tomask RST RST RST
1 for interrupts 7.5 6.5 5.5
sending

In addition to masking interrupts, SIM instruction can be used to send serial data on the
SOD line of the processor.

The data to be send is placed in the MSB bit of the accumulator and the serial data output
is enabled by making D6 bit to 1.

RIM Instruction:

RIM instruction is used to read the status of the interrupt mask bits.

When RIM instruction is executed, the accumulator is loaded with the current status of
the interrupt masks and the pending interrupts.

The format and the meaning of the data stored in the accumulator after execution of RIM
instruction is shown in Fig.
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Bit D7 D6 D5 D4 D3 D2 D1 Do

position

Name SID 175 16.5 I5.5 IE M75 M65 M55
Explanation Serial Settol Settol Settol Setto Settol Settol Settol

input if RST ifRST ifRST 1if if RST ifRij ifR?T
data 75is 65is SS5is  interrupts 7.5is  6.5is  5.5is

inthe pending pending pending are masked masked masked
SID enabled
pin

In addition RIM instruction is also used to read the serial data on the SID pin of the
processor.

The data on the SID pin is stored in the MSB of the accumulator after the execution of the
RIM instruction.

E.g. write an assembly language program to enables all the interrupts in 8085 after reset.
EI Enable interrupts MVI A, 08H: Unmask the interrupts SIM: Set the mask and unmask
using SIM instruction.
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UNIT-2
Instruction set and assembly language program

Opcodes and operands

e Instruction is divided into two parts: opcodes and operands.

e The opcode is the instruction that is executed by the CPU and the operand is the data or
memory location used to execute that instruction.

e An operand (written using hexadecimal notation) provides the data itself, or the location
where the data to be processed is stored.

e Some instructions do not require an operand and some may require more than one
operand.

Instruction size

e The 8085 instruction set is classified into 3 categories by considering the length of the
instructions.

e Three types of instruction are: 1-byte instruction, 2-byte instruction, and 3-byte
instruction.

1. One-byte instructions -

In 1-byte instruction, the opcode and the operand of an instruction are represented in one
byte.

Example- MOV AB

2. Two-byte instructions -

Two-byte instruction is the type of instruction in which the first 8 bits indicates the opcode
and the next 8 bits indicates the operand.

Example- MVI A,34H

3. Three-byte instructions -

Three-byte instruction is the type of instruction in which the first 8 bits indicates the opcode
and the next two bytes specify the 16-bit address. The low-order address is represented in
second byte and the high-order address is represented in the third byte.

Example- LDA 2000H

Instruction set of 8085 Microprocessor
8085 instruction set is classified in 5 groups-

Data transfer group

Arithmetic group

Logical group

Branch control group

Machine control group

Data transfer group
Data transfer instructions are the instructions which transfers data in the microprocessor. They

are also called copy instructions.

Opcode Operand Explanation Example
MOV R1,R2 Move the data from R2 to R1 MOV AB
MOV RM Move data from memory location to R MOV BM
MVI R,8-bit data Move the immediate 8-bit datato R MVI C,34H




MVI M,8-bit data Move the immediate 8-bit data to memory | MVI M,23H
location
LDA 16-bit address Load the data from 16-bit address to ACC LDA
2000H
STA 16-bit address Store the data of ACC to 16-bit address STA 2500H
LHLD 16-bit address Directly loads at H & L registers LHLD 2050
SHLD 16-bit address directly stores from H & L registers SHLD 2050
LXI rp, 16-bit data loads the specified register pair with data LXI H,
3050
XCHG exchanges H with D, and L with E XCHG
PUSH rp pushes rp to the stack PUSHH
POP rp pops the stack to rp POP H
IN 8-bit port | inputs contents of the specified port to A IN 01
address
ouT 8-bit port | outputs contents of A to the specified port OuUT 02
address
Arithmetic group

Arithmetic Instructions are the instructions which perform basic arithmetic operations such as
addition, subtraction and a few more. In 8085 Microprocessor, the destination operand is
generally the accumulator. In 8085 Microprocessor, the destination operand is generally the

accumulator.

Opcode Operand Explanation Example
ADD R A=A+R ADD B
ADD M A=A+M ADD M
ADI 8-bit data A=A +8-bitdata ADI 50
ADC R A=A+R+prev. carry ADC B
ADC M A=A+ Mc + prev. carry ADCM
ACI 8-bit data A=A + 8-bit data + prev. carry ACI 50
SUB R A=A-R SUB B
SUB M A=A-M SUBM
Sul 8-bit data A=A -8-bitdata SUI 50
SBB R A=A-R-prev.carry SBB B
SBB M A=A-M -prev. carry SBB M
SBI 8-bit data A =A - 8-bit data - prev. carry SBI 50
INR R R=R+1 INRB
INR M M=M+1 INRM
INX r.p. rp.=rp.+1 INXH
DCR R R=R-1 DCR B
DCR M M=M-1 DCR M
DCX I.p. rp.=rp.-1 DCXH
DAD r.p. HL =HL + r.p. DAD H

Logical group

Logical instructions are the instructions which perform basic logical operations such as AND, OR,
etc. In 8085 Microprocessor, the destination operand is always the accumulator. Here logical
operation works on a bitwise level.

Opcode Operand Explanation Example
ANA R A=AANDR ANA B
ANA M A=AANDM ANA M
ANI 8-bit data A = A AND 8-bit data ANI 50




ORA R A=AORR ORAB
ORA M A=AORM ORA M
ORI 8-bit data A = A OR 8-bit data ORI 50
XRA R A=AXORR XRA B
XRA M A=AXORM XRA M
XRI 8-bit data A = A XOR 8-bit data XRI 50
CMA A =1's compliment of A CMA
CMP R Compares R with A and triggers the flag register CMP B
CMP M Compares Mc with A and triggers the flag register CMP M
CPI 8-bit data Compares 8-bit data with A and triggers the flag register | CP1 50
RRC Rotate accumulator right without carry RRC
RLC Rotate accumulator left without carry RLC
RAR Rotate accumulator right with carry RAR
RAL Rotate accumulator left with carry RAR
CMC Compliments the carry flag CMC
STC Sets the carry flag STC

Branch group

Branching instructions refer to the act of switching execution to a different instruction sequence

as aresult of executing a branch instruction.
The three types of branching instructions are:
1. Jump (unconditional and conditional)

2. Call (unconditional and conditional)

3. Return (unconditional and conditional)

1. Jump Instructions - The jump instruction transfers the program sequence to the memory
address given in the operand based on the specified flag. Jump instructions are 2 types:
Unconditional Jump Instructions and Conditional Jump Instructions.

(a) Unconditional Jump Instructions: Transfers the program sequence to the described
memory address.

JMP 16-bit address Jumps to the address

Example- JMP 2050

(b) Conditional Jump Instructions: Transfers the program sequence to the described memory

address only if the condition in satisfied.

Opcode | Operand Explanation Example
JC Address Jumps to the address if carry flag is 1 JC 2050
JNC Address Jumps to the address if carry flagis 0 JNC 2050
JZ Address Jumps to the address if zero flag is 1 JZ 2050
JNZ Address Jumps to the address if zero flag is 0 JNZ 2050
JPE Address Jumps to the address if parity flag is 1 JPE 2050
JPO Address Jumps to the address if parity flag is 0 JPO 2050
M Address Jumps to the address if sign flag is 1 JM 2050
JP Address Jumps to the address if sign flag 0 JP 2050
JC Address Jumps to the address if carry flagis 1 JC 2050
JNC Address Jumps to the address if carry flag is 0 JNC 2050
JZ Address Jumps to the address if zero flag is 1 JZ 2050
JNZ Address Jumps to the address if zero flag is 0 JNZ 2050
JPE Address Jumps to the address if parity flag is 1 JPE 2050
JPO Address Jumps to the address if parity flag is 0 JPO 2050
M Address Jumps to the address if sign flag is 1 JM 2050
JP Address Jumps to the address if sign flag 0 JP 2050




2. Call Instructions - The call instruction transfers the program sequence to the memory address
given in the operand. Before transferring, the address of the next instruction after CALL is pushed
onto the stack. Call instructions are 2 types: Unconditional Call Instructions and Conditional Call
Instructions.

(a) Unconditional Call Instructions: It transfers the program sequence to the memory address
given in the operand.
CALL 16-address

Example- CALL 2050
(b) Conditional Call Instructions: Only if the condition is satisfied, the instructions executes.

Unconditionally calls

Opcode Operand Explanation Example
CC Address Callif carry flagis 1 CC 2050
CNC Address Call if carry flagis 0 CNC 2050
CZ Address Calls if zero flagis 1 CZ 2050
CNZ Address Calls if zero flagis 0 CNZ 2050
CPE Address Calls if parity flagis 1 CPE 2050
CPO Address Calls if parity flag is 0 CP0O 2050
CM Address Calls if sign flag is 1 CM 2050
CP Address Calls if sign flag is 0 CP 2050

3. Return Instructions - The return instruction transfers the program sequence from the
subroutine to the calling program. Return instructions are 2 types: Unconditional Jump
Instructions and Conditional Jump Instructions.

(@) Unconditional Return Instruction: The program sequence is transferred unconditionally
from the subroutine to the calling program.

RET  Return from the subroutine unconditionally

(b) Conditional Return Instruction: The program sequence is transferred unconditionally from
the subroutine to the calling program only is the condition is satisfied.

Opcode | Operand Explanation Example
RC Return from the subroutine if carry flagis 1 | RC
RNC Return from the subroutine if carry flagis 0 | RNC
RZ Return from the subroutine if zero flagis1 | RZ
RNZ Return from the subroutine if zero flagis 0 | RNZ
RPE Return from the subroutine if parity flagis 1 | RPE
RPO Return from the subroutine if parity flagis 0 | RPO
RM Returns from the subroutine if sign flagis 1 | RM
RP Returns from the subroutine if sign flagis 0 | RP
Machine control group
Opcode | Operand Meaning Explanation
NOP No operation No operation is performed, i.e., the instruction is
fetched and decoded.
HLT Halt and enter wait | The CPU finishes executing the current instruction
state and stops further execution. An interrupt or reset
is necessary to exit from the halt state.
DI Disable interrupts The interrupt enable flip-flop is reset and all the
interrupts are disabled except TRAP.
El Enable interrupts The interrupt enable flip-flop is set and all the
interrupts are enabled.




RIM Read interrupt mask | This instruction is used to read the status of
interrupts 7.5, 6.5, 5.5 and read serial data input
bit.

SIM Set interrupt mask This instruction is used to implement the
interrupts 7.5, 6.5, 5.5, and serial data output.

Addressing modes

The term addressing modes refers to the way in which the operand of an instruction is specified.
Types of addressing modes -

In 8085 microprocessor there are 5 types of addressing modes:

Immediate Addressing Mode -

In immediate addressing mode the source operand is always data. If the data is 8-bit, then the
instruction will be of 2 bytes, if the data is of 16-bit then the instruction will be of 3 bytes.
Examples:

MVI B,45 (move the data 45H immediately to register B)

LXI H,3050 (load the H-L pair with the operand 3050H immediately)

JMP address (jump to the operand address immediately)

Register Addressing Mode -

In register addressing mode, the data to be operated is available inside the register(s) and
register(s) is(are) operands. Therefore, the operation is performed within various registers of the
microprocessor.

Examples:

MOV A, B (move the contents of register B to register A)

ADD B (add contents of registers A and B and store the result in register A)

INR A (increment the contents of register A by one)

Direct Addressing Mode -

In direct addressing mode, the data to be operated is available inside a memory location and that
memory location is directly specified as an operand. The operand is directly available in the
instruction itself.

Examples:

LDA 2050 (load the contents of memory location into accumulator A)

LHLD address (load contents of 16-bit memory location into H-L register pair)

IN 35 (read the data from port whose address is 35)

Register Indirect Addressing Mode -

In register indirect addressing mode, the datato be operated is available inside a memory location
and that memory location is indirectly specified by a register pair.

Examples:

MOV A, M (move the contents of the memory location pointed by the H-L pair to the accumulator)
LDAX B (move contents of B-C register to the accumulator)

LHLD 9570 (load immediate the H-L pair with the data of the location 9570)
Implied/Implicit Addressing Mode -

In implied/implicit addressing mode the operand is hidden and the data to be operated is
available in the instruction itself.

Examples:

CMA (finds and stores the 1's complement of the contents of accumulator A in A)

RRC (rotate accumulator A right by one bit)

RLC (rotate accumulator A left by one bit)




UNIT-3
Timing Diagram

Instruction cycle of 8085 Microprocessor

Time required to execute and fetch an entire instruction is called instruction cycle. It consists:
Fetch cycle - The next instruction is fetched by the address stored in program counter (PC) and
then stored in the instruction register.

Decode instruction - Decoder interprets the encoded instruction from instruction register.
Execution cycle - consists memory read (MR), memory write (MW), input output read (IOR) and
input output write (I0W)

The time required by the microprocessor to complete an operation of accessing memory or
input/output devices is called machine cycle. One time period of frequency of microprocessor is
called t-state. A t-state is measured from the falling edge of one clock pulse to the falling edge of
the next clock pulse.

Fetch cycle takes four t-states and execution cycle takes three t-states.

Machine Cycle 1 Machine Cycle 2 >

tl t2 t3 ta t5 t6 t7
/! N ! \ \ /| A\ / / /1
/ Y / Y \ / \ / 4 / \ / \ /

Fetch Cycle = Execution Cycle

Instruction Cycle

Instruction cycle in 8085 microprocessor

Timing diagram
Timing Diagram is a graphical representation. It represents the execution time taken by each
instruction in a graphical format. The execution time is represented in T-states.

Opcode fetch cycle
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e Each instruction of the processor has one byte opcode.

e The opcodes are stored in memory. So, the processor executes the opcode fetch machine
cycle to fetch the opcode from memory.

e Hence, every instruction starts with opcode fetch machine cycle.

e The time taken by the processor to execute the opcode fetch cycle is 4T.

e In this time, the first, 3 T-states are used for fetching the opcode from memory and the
remaining T-states are used for internal operations by the processor.

Memory read cycle
e The memory read machine cycle is executed by the processor to read a data byte from
memory.

e The processor takes 3T states to execute this cycle.
e The instructions which have more than one byte word size will use the machine cycle
after the opcode fetch machine cycle.
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e The memory write machine cycle is executed by the processor to write a data byte in
amemory location.

e The processor takes, 3T states to execute this machine cycle.
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I/0 read cycle
e The /0 Read cycle is executed by the processor to read a data byte from 1/0 port
or from the peripheral, which is [/0, mapped in the system.
e The processor takes 3T states to execute this machine cycle.
e The IN instruction uses this machine cycle during the execution.
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I/0 write cycle
e Thel/0 Read cycle is executed by the processor to write a data byte from system
to I/0 port or peripheral, which is I/0 mapped.
e The processor takes 3T states to execute this machine cycle.
e The OUT instruction uses this machine cycle during the execution.
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Example-1
The instruction MOV B, Cis of 1 byte; therefore, the complete instruction will be stored in a single
memory address.
2000 MOV B,C

Only opcode fetching is required for this instruction and thus we need 4 T states for the timing
diagram. For the opcode fetch the I0/M (low active) =0,S1=1 and S0 =1.
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In Opcode fetch ( t1-t4 T-states ):

1. 00 - lower bit of address where opcode is stored, i.e., 00

2. 20 - higher bit of address where opcode is stored, i.e., 20.

3. ALE - provides signal for multiplexed address and data bus. Only in t1 it used as address bus
to fetch lower bit of address otherwise it will be used as data bus.

4. RD (low active) - signal is 1 in t1 & t4 as no data is read by microprocessor. Signal is 0 in t2 &
t3 because here the data is read by microprocessor.

5. WR (low active) - signal is 1 throughout, no data is written by microprocessor.

6.10/M (low active) - signal is 1 in throughout because the operation is performing on memory.
7.50 and S1 - both are 1 in case of opcode fetching.

Example-2
MVI B, 45
2000: Opcode
2001: 45

e The opcode fetch will be same in all the instructions.

e Only the read instruction of the opcode needs to be added in the successive T states.

e For the opcode fetch the I0/M (low active) = 0, S1 =1 and SO = 1. Also, 4 T states will be
required to fetch the opcode from memory.

e For the opcode read the I0/M (low active) = 0, S1 =1 and SO = 0. Also, only 3 T states will
be required to read data from memory.
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In Opcode fetch (t1-t4 T-states) -

1. 00 - lower bit of address where opcode is stored.

2. 20 - higher bit of address where opcode is stored.

3. ALE - Provides signal for multiplexed address and data bus. Only in t1 it used as address bus
to fetch lower bit of address otherwise it will be used as data bus.

4. RD (low active) - Signal is 1 in t1 & t4, no data is read by microprocessor. Signal is 0 in t2 & t3,
data is read by microprocessor.

5. WR (low active) - Signal is 1 throughout, no data is written by microprocessor.

6.10/M (low active) - Signal is 0 in throughout, operation is performing on memory.

7.50 and S1 - Signal is 1 in t1 to t4 states, as to fetch the opcode from the memory.

In Opcode read ( t5-t7 T-states ) -

1. 01 - lower bit of address where data is stored.

2. 320 - higher bit of address where data is stored.

3. ALE - Provides signal for multiplexed address and data bus. Only in t5 it used as address bus
to fetch lower bit of address otherwise it will be used as data bus.

4. RD (low active) - Signal is 1 in t5 as no data is read by microprocessor. Signal is 0 in t6 & t7 as
data is read by microprocessor.

5. WR (low active) - Signal is 1 throughout, no data is written by microprocessor.

6.10/M (low active) - Signal is 0 in throughout, operation is performing on memory.

7. S0 - Signal is 0 in throughout, operation is performing on memory to read data 45.

8. 51 - Signal is 1 throughout, operation is performing on memory to read data 45.



Example-3
41FF STA 526AH
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e STA means Store Accumulator -The contents of the accumulator is stored in the

specified address (526A).

e The opcode of the STA instruction is said to be 32H. It is fetched from the memory

41FFH

e Then the lower order memory address is read (6A). - Memory Read Machine Cycle
e Read the higher order memory address (52).- Memory Read Machine Cycle
e The combination of both the addresses are considered and the content from

accumulator is written in 526A. - Memory Write Machine Cycle

e Assume the memory address for the instruction and let the content of accumulator is
C7H. So, C7H from accumulator is now stored in 526A.

Example-4
4105 INRM

e Fetching the Opcode 34H from the memory 4105H. (OF cycle)
e Letthe memory address (M) be 4250H. (MR cycle -To read Memory address and data)

Let the content of that memory is 12H.

e Increment the memory content from 12H to 13H. (MW machine cycle)
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Counter and time delay
When the delay subroutine is executed, the microprocessor does not execute other tasks. For the
delay we are using the instruction execution times. executing some instructions in a loop, the

delay is generated. There are some methods of generating delays. These methods are as follows.
e Using NOP instructions

e Using 8-bit register as counter
e Using 16-bit register pair as counter.
Using NOT instructions:

e One of the main usage of NOP instruction is in delay generation.

The NOP instruction is taking four clock pulses to be fetching, decoding and executing.
In the 8085 MPU the internal clock frequency is 3MHz.

So, from that we can easily determine that each clock period is 1/3 of a microsecond.
So, the NOP will be executed in 1/3 * 4 = 1.333ps.
Using 8-bit register as counter:

e Counter is another approach to generate a time delay.

e In this case the program size is smaller.

e So, in this approach we can generate more time delay in less space.

e The following program will demonstrate the time delay using 8-bit counter.

MVI BFFH
LOOP: DCR B

JNZ LOOP

RET

Here the first instruction will be executed once, it will take 7 T-states.
DCR C instruction takes 4 T-states.
This will be executed 255 (FF) times.

The JNZ instruction takes 10 T-states when it jumps (It jumps 254 times), otherwise it
will take 7 T-States.

¢ And the RET instruction takes 10 T-States.



7 + ((4*255) + (10*254)) + 7 + 10 = 3584.
e So, the time delay will be 3584 * 1/3us = 1194.66us.
e So, when we need some small delay, then we can use this technique with some other
values in the place of FF.
This technique can also be done using some nested loops to get larger delays. The following
code is showing how we can get some delay with one loop into some other loops.

MVI B,FFH

L1: MVI C,FFH
L2:DCRC

JNZ L2

DCRB

JNZ L1

RET
From this block, if we calculate the delay, it will be nearly 305us delay. It extends the time of
delay.

Using 16-bit register-pair as counter:
e [Instead of using 8-bit counter, we can do that kind of task using 16-bit register pair.
e Using this method more time delay can be generated.
e This method can be used to get more than 0.5 seconds delay.

Program Time (T-States)
LXI B,FFFFH 10
LOOP: DCXB 6
MOV A,B 4
ORAC 4
JNZLOOP 10 (For Jump), 7(Skip)
RET 10

From that table, if we calculate the time delay:

10+ (6 +4+4+10)*65535H-3+10=17 + 24 * 65535H = 1572857.
So, the time delay will be 1572857 * 1/3us = 0.52428s. Here we are getting nearly 0.5s
delay.



Assembly language program

Example-1

Write an assembly language program to add two 8-bit numbers 45H and 32H in 8085
Microprocessor and store the resultin 2050H. The starting address of the program is taken
as 2000.

Program address | Mnemonics Operands Comments

2000 MVI A45 Load 1st data 45H in ACC
2002 MVI B,32 Load 2rd data 32H in B
2004 ADD B A+B=A

2005 STA 2050 Store the resultin 2050H
2008 HLT Stop the program

O/P address  Result

2050H 77H

Example-2

Write an ALP to add 2 8-bit numbers stored in memory location 2050H and 2051H. Result
can be 8/16 bit and store itin 2052H and 2053H.

Program address | Label Mnemonics | Operands Comments
2000 MVI C,00 Initialize the carry
2002 LXI H,2050 Get the 1stdata
2005 MOV AM Load 1stdata in ACC
2006 INX H Get 2nd data
2007 ADD M Add both data
2008 JNC LOOP If no carry, jump to LOOP
200B INR C If carry, increment register C
200C LOOP STA 2052 Store the sum in 2052
2010 MOV AC Move carry to ACC
2011 STA 2053 Store carry in 5053
2014 HLT Stop the program
Without carry With carry
I/P address Data I/P address Data
2050 53 2050 D9
2051 27 2051 62
0/P address Result O/P address Result
2052 7A 2053 3B
2053 00 2053 01



UNIT-4
Microprocessor based system development aids

Interface is the path for communication between two components. Interfacing is of two types,
memory interfacing and 1/0 interfacing.
Memory interfacing
e Memory interfacing is used to provide more memory space to accommodate complex
programs for more complicated systems.
e Types of memories which are most commonly used to interface with 8085 are RAM, ROM,
and EEPROM.
e 8085 can access 64kB of external memory.
e [tcan be explained as- total number of address lines in 8085 are 16, therefore it can access
2716 = 65535 locations i.e., 64kB
I/0 interfacing
e There are various communication devices like the keyboard, mouse, printer, etc.
e So,weneed to interface the keyboard and other devices with the microprocessor by using
latches and buffers.
e This type of interfacing is known as [/0 interfacing.
Block diagram of memory and 1/0 interfacing

Address Bus

< D
< Data Bus

< Control Bus >

Microprocessor

Memory 1/O Device

Memory mapped 1/0 and I/0 mapped 1/0

In Memory Mapped Input Output -
e We allocate a memory address to an Input-Output device.
e Any instructions related to memory can be accessed by this Input-Output device.
e The Input-Output device data are also given to the Arithmetic Logical Unit.

Input-Output Mapped Input Output -
e We give an Input-Output address to an Input-Output device
e Only IN and OUT instructions are accessed by such devices.
e The ALU operations are not directly applicable to such Input-Output data.
So as a summary we can mention that -
e [/0 is any general-purpose port used by processor/controller to handle peripherals
connected to it.



e [/0 mapped I/0s have a separate address space from the memory. So, total addressed
capacity is the number of [/0s connected and a memory connected. Separate [/O-related
instructions are used to access [/O0s. A separate signal is used for addressing an [/O device.

e Memory-mapped [/Os share the memory space with external memory. So, total addressed
capacity is memory connected only. This is underutilisation of resources if your processor
supports [/O-mapped 1/0. In this case, instructions used to access I/0s are the same as
that used for memory.

e Let's take an example of the 8085 processor. It has 16 address lines i.e., addressing
capacity of 64 KB memory. It supports I/0-mapped [/0s. It can address up to 256 [/0s.

e I[fweconnectl/OstoitanI/0O-mapped [/0 then, it can address 256 [/0s + 64 KB memory.
And special instructions IN and OUT are used to access the peripherals. Here we fully
utilize the addressing capacity of the processor.

e [f the peripherals are connected in memory mapped fashion, then total devices it can
address is only 64K. This is underutilisation of the resource. And only memory-accessing
instructions like MVI, MOV, LOAD, SAVE are used to access the 1/0 devices.

8255 Programable Peripheral Interface (PPI)
e PPI 8255 is a general purpose programmable 1/0 device designed to interface the CPU
with its outside world such as ADC, DAC, keyboard etc.
e We can program it according to the given condition. It can be used with almost any
microprocessor.
e [t consists of three 8-bit bidirectional I/0 ports (24 1/0 lines) which can be configured as
per the requirement.

Ports of 8255A
8255A has three ports, i.e.,, PORT A, PORT B, and PORT C.

e Port A (PAO-PA7) contains one 8-bit output latch/buffer and one 8-bit input buffer.

e PortB (PB0-PB7) is similar to PORT A.

e Port C can be split into two parts, i.e.,, PORT C lower (PC0-PC3) and PORT C upper (PC7-

PC4) by the control word.

These three ports are further divided into two groups, i.e., Group A includes PORT A and upper
PORT C. Group B includes PORT B and lower PORT C. These two groups can be programmed in
three different modes, i.e., the first mode is named as mode 0, the second mode is named as Mode
1 and the third mode is named as Mode 2.

Features of 8255A

The prominent features of 8255A are as follows -

[t consists of 3 8-bitI/0 ports i.e., PA, PB, and PC.
Address/data bus must be externally demultiplexed.
[tis TTL compatible.

It has improved DC driving capability.
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Control group A

Control group A consist of port A and port C upper.

Control group B

Control group B consists of port C lower and port B.

Data Bus Buffer

e [tis a tri-state 8-bit buffer, which is used to interface the microprocessor to the system

data bus.

e Datais transmitted or received by the buffer as per the instructions by the CPU.
e Control words and status information is also transferred using this bus.

Read/Write Control Logic
e This block is responsible for controlling the

data/control/status word.
e It accepts the input from the CPU address and control buses, and in turn issues
command to both the control groups.
e Depending upon the value if CS’, A1 and A0 we can select different ports in different
modes as input-output function or BSR.
e This is done by writing a suitable word in control register (control word D0-D7).

CS’ Al A0 Selection
0 0 0 PORT A
0 0 1 PORT B

internal/external transfer of
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[t stands for Chip Select. A LOW on this input selects the chip and enables the communication
between the 8255A and the CPU. It is connected to the decoded address, and A0 & Al are
connected to the microprocessor address lines.

WR

[t stands for write. This control signal enables the write operation. When this signal goes low, the
microprocessor writes into a selected 1/0 port or control register.

RESET

This is an active high signal. It clears the control register and sets all ports in the input mode

RD

[t stands for Read. This control signal enables the Read operation. When the signal is low, the
microprocessor reads the data from the selected 1/0 port of the 8255.

A0 and A1

These input signals work with RD, WR, and one of the control signals. Following is the table
showing their various signals with their result.

Aq Ao RD WR CS Result

0 0 0 1 0 Input Operation
PORT A — Data Bus

0 1 0 1 0 PORT B — Data Bus

1 0 0 1 0 PORT C — Data Bus

0 0 1 0 0 Output Operation
Data Bus - PORT A

0 1 1 0 0 Data Bus - PORT A

1 0 1 0 0 Data Bus - PORT B




Operating Modes

1. BSR (bit set-reset) mode-

If MSB of control word (D7) is 0, PPI works in BSR mode. In this mode only port C bits are used
for set or reset.

D, Dg Ds Dy Dg Dy D, Do
R T S g Y TE TN L
T | T I £ | T
I L Port C bit Set/ Reset

BSR mode Don't care Port C bit select 1 = Set
» b b 0 = Reset
o O O Bit O
@ B ¢ P | Bit 1
0 1 0|Bit2
0 1 1|Bit3
1 0 0| Bit4
1 & B | Bit5
1 1 0O Bit 6
i 18 Bit7

BSR control word format

2.1/0 mode-

Mode 0 - In this mode, Port A and B is used as two 8-bit ports and Port C as two 4-bit ports. Each
port can be programmed in either input mode or output mode where outputs are latched and
inputs are not latched. Ports do not have interrupt capability.

Mode 1 - In this mode, Port A and B is used as 8-bit [/O ports. They can be configured as either
input or output ports. Each port uses three lines from port C as handshake signals. Inputs and
outputs are latched.

Mode 2 - In this mode, Port A can be configured as the bidirectional port and Port B either in
Mode 0 or Mode 1. Port A uses five signals from Port C as handshake signals for data transfer. The
remaining three signals from Port C can be used either as simple 1/0 or as handshake for port B.

D7=1| D6 D5 D3 D2 D1 DO
T T
PA mode selection |/O function of PB 1/O function of PCL
00 : mO |/o func of PCU 0:1/0 0:0/P
01:m1 /0 function of PA O‘O/P 1:0/P 1:1/P
1X: m2 0:0/p 1350
1:1/P
PB mode selection
0:m0
1:ml

Seven segment LED display

A seven-segment LED is a kind of LED (Light Emitting Diode) consisting of 7 small LEDs it usually
comes with the microprocessor’s as we commonly need to interface them with microprocessors
like 8085.

Structure of Seven Segments LED:
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e Itcan be used to represent numbers from 0 to 8 with a decimal point.
e We have eight segments in a Seven Segment LED display consisting of 7 segments which
include *.".
e The seven segments are denoted as “a, b, ¢, d, e, f, g, h” respectively, and " is represented
by “h”.
Interfacing Seven Segment Display with 8085:
We will see a program to Interfacing Seven Segment Display with 8085 using 8255.
Note logic needed for activation -
Common Anode - 0 will make an LED glow.
Common Cathode - 1 will make an LED glow.
Common Anode Method:
Here we are using a common anode display therefore 0 logic is needed to activate the
segment. Suppose to display number 9 at the seven-segment display, therefore the
segments F, G, B, A, C, and D have to be activated.
The instructions to execute it is given as,
MVI A,99
ouT 00
o First, we are storing the 99H in the accumulator i.e., 10010000 by using MVI
instruction.
e By OUT instruction we are sending the data stored in the accumulator to the port
00H.
Common Cathode Method:
Here we are using common cathode 1 logic is needed to activate the signal. Suppose to
display number 9 at the seven-segment display, therefore the segments F, G, B, A, C, and
D have to be activated.
The instructions to execute it is given as,
MVI A,6F
OUT 00
e First, we are storing the 6FH in the accumulator i.e.,, 01101111 by using MVI
instruction.
e By OUT instruction we are sending the data stored in the accumulator to the port
00H.

Traffic light controller

The traffic lights are interfaced to Microprocessor system through buffer and ports of
programmable peripheral Interface 8255. So the traffic lights can be automatically
switched ON/OFF in desired sequence. The Interface board has been designed to work
with parallel port of Microprocessor system.

Working Program

Design of a microprocessor system to control traffic lights. The traffic should be
controlled in the following manner.

1) Allow traffic from W to E and E to W transition for 20 seconds.

2) Give transition period of 5 seconds (Yellow bulbs ON)

3) Allow traffic from N to 5 and 5 to N for 20 seconds

4) Give transition period of 5 seconds (Yellow bulbs ON) 5) Repeat the process.
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Source Program:

MVI A, 80H:

OUT 83H (CR):

START: MVI A, 09H

OUT 80H (PA):
MVI A, 24H
OUT 81H (PB):
MVI C, 28H:
CALL DELAY
MVI A, 12H

OUT (81H) PA:
OUT (81H) PB:

MVI C, OAH:
CALL: DELAY:
MVI A, 24H

OUT (80H) PA:

MVI A, 09H

OUT (81H) PB:

MVI C, 28H:
CALL DELAY:
MVI A, 12H
OUT PA:

OUT PB:

MVI C, 0AH:
CALL DELAY:
JMP START

Delay Subroutine:
DELAY: LXI D, Count:
BACK: DCXD:

MOV A,D
ORAE:
JNZ BACK:
DCR C:

JNZ DELAY
RET:

Initialize 8255, port A and port B
in output mode

Send data on PA to glow R1 and R2

Send data on PB to glow G3 and G4
Load multiplier count (4010) for delay
Call delay subroutine

Send data on Port A to glow Y1 and Y2

Send data on port B to glow Y3 and Y4

Load multiplier count (1010) for delay
Call delay subroutine

Send data on port A to glow G1 and G2

Send data on port B to glow R3 and R4
Load multiplier count (4010) for delay
Call delay subroutine

Send data on port A to glow Y1 and Y2
Send data on port B to glow Y3 and Y4
Load multiplier count (1010) for delay
Call delay subroutine

Load count to give 0.5 sec delay
Decrement counter
Check whether countis 0

If not zero, repeat

Check if multiplier zero, otherwise repeat

Return to main program

Square wave generator

With 00H as i/p to DAC, analog o/p is -5V, and with FFH asi/p, analog o/p is +5V.

[/P 00H and FFH atregular intervals generate square wave.
The frequency can be varied by varying the time delay.

Algorithm
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Initialize the control word of 8255 to operate in I/0 mode for port A and B & C to operate
in o/p mode.

Program

MVI A,80
OUT CWR initialize the control word

LOOP: MVI A,00

OUT PA
CALL DELAY
MVI A,FF
OUT PA
CALL DELAY
JMP LOOP

DELAY: MVI C,85
BACK: DCRC

JNZ BACK
RET

Basic concept of 8257 DMA Controller:

DMA stands for Direct Memory Access. It is designed by Intel to transfer data at the fastest
rate. It allows the device to transfer the data directly to/from memory without any
interference of the CPU.

Using a DMA controller, the device requests the CPU to hold its data, address and control
bus, so the device is free to transfer data directly to/from the memory. The DMA data
transfer is initiated only after receiving HLDA signal from the CPU.

How DMA Operations are Performed?

Initially, when any device has to send data between the device and the memory,
the device has to send DMA request (DRQ) to DMA controller.

The DMA controller sends Hold request (HRQ) to the CPU and waits for the CPU to
assert the HLDA.

Then the microprocessor tri-states all the data bus, address bus, and control bus.
The CPU leaves the control over bus and acknowledges the HOLD request through
HLDA signal.

Now the CPU is in HOLD state and the DMA controller has to manage the
operations over buses between the CPU, memory, and I/0 devices.

Features of 8257:

It has four channels which can be used over four 1/0 devices.

Each channel has 16-bit address and 14-bit counter.

Each channel can transfer data up to 64kb.

Each channel can be programmed independently.

Each channel can perform read transfer, write transfer and verify transfer
operations.

23



It generates MARK signal to the peripheral device that 128 bytes have been
transferred.

It requires a single-phase clock.

Its frequency ranges from 250Hz to 3MHz.

It operates in 2 modes, i.e., Master mode and Slave mode.

8251 USART:

The 8251 chip is Universal Synchronous Asynchronous Receiver Transmitter
(USART). It acts as a mediator between the microprocessor and peripheral
devices. It converts serial data to parallel form and vice versa.

USART provides the computer with the interface necessary for communication
with modems and other serial devices.

USART offers the option of synchronous mode. In program-to-program
communication, the synchronous mode requires that each end of an exchange
respond in turn without initiating a new communication.

Asynchronous operation means that a process operates independently of other
processes.

Difference between synchronous mode and asynchronous mode:

Synchronous mode requires both data and a clock. Asynchronous mode requires
only data.

In synchronous mode, the data is transmitted at a fixed rate. In asynchronous
mode, the data does not have to be transmitted at a fixed rate.

Synchronous data is normally transmitted in the form of blocks, while
asynchronous data is normally transmitted one byte at a time.

Synchronous mode allows for a higher DTR (data transfer rate) than
asynchronous mode does, if all other factors are held constant.

UNIT-5

8086 Microprocessor
8086 Microprocessor is an enhanced version of 8085 Microprocessor that was
designed by Intel in 1976.
It is a 16-bit Microprocessor having 20 address lines and16 data lines that
provides up to 1MB storage.
It consists of powerful instruction set, which provides operations like
multiplication and division easily.
It supports two modes of operation, i.e., Maximum mode and Minimum mode.
Maximum mode is suitable for system having multiple processors and Minimum
mode is suitable for system having a single processor.

Features of 8086
The most prominent features of a 8086 microprocessor are as follows -

It has an instruction queue, which is capable of storing six instruction bytes from
the memory resulting in faster processing.
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e [t was the first 16-bit processor having 16-bit ALU, 16-bit registers, internal data
bus, and 16-bit external data bus resulting in faster processing.
e [tisavailable in 3 versions based on the frequency of operation -
8086 — 5MHz
8086-2 —» 8MHz
8086-1 —» 10 MHz
o [tusestwo stages of pipelining, i.e.,, Fetch Stage and Execute Stage, which improves
performance.
e Fetch stage can prefetch up to 6 bytes of instructions and stores them in the queue.
e Execute stage executes these instructions.
e [thas 256 vectored interrupts.
e [t consists of 29,000 transistors.

Comparison between 8085 & 8086 Microprocessor

e Size - 8085 is 8-bit microprocessor, whereas 8086 is 16-bit microprocessor.

o Address Bus — 8085 has 16-bit address bus while 8086 has 20-bit address bus.

e Memory - 8085 can access up to 64Kb, whereas 8086 can access up to 1 Mb of
memory.

e Instruction - 8085 doesn’t have an instruction queue, whereas 8086 has an
instruction queue.

¢ Pipelining — 8085 doesn’t support a pipelined architecture while 8086 supports a
pipelined architecture.

e [/0-8085 can address 278 = 256 1/0's, whereas 8086 can access 2716 = 65,536
[/0's.

e (Cost - The cost of 8085 is low whereas that of 8086 is high.

Register organization of 8086 Microprocessor:

5P
ax | aH | AL | Co Bp |

Bx | BH |_EL _55 .FULGE’F“E'-"FI 5l

X | CH I:l I}S_ il

oX | D# JE &3 J ©
Eere-':llﬁ-';'!:.lm_gi;ﬂrl E-;-;rnen‘. nishngs Ponters ar.-:hndn:. FEGIEeTE

1. General 16-bit registers
The registers AX, BX, CX, and DX are the general 16-bit registers.

AX Register: Accumulator register consists of two 8-bit registers AL and AH, which can be
combined together and used asa 16- bitregister AX. AL in this case contains the low order
byte of the word, and AH contains the high-order byte. Accumulator can be used for 1/0
operations, rotate and string manipulation.
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BX Register: This register is mainly used as a base register. It holds the starting base
location of amemory region within a data segment. Itis used as offset storage for forming
physical address in case of certain addressing mode.

CX Register: It is used as default counter or count register in case of string and loop
instructions.

DX Register: Data register can be used as a port number in I/0 operations and implicit
operand or destination in case of few instructions. In integer 32-bit multiply and divide
instruction the DX register contains high-order word of the initial or resulting number.

2. Segment registers:
To complete 1Mbyte memory is divided into 16 logical segments. Each segment contains
64Kbyte of memory. There are four segment registers.

Code segment (CS) is a 16-bit register containing address of 64 KB segment with
processor instructions. The processor uses CS segment for all accesses to instructions
referenced by instruction pointer (IP) register. CS register cannot be changed directly.
The CS register is automatically updated during far jump, far call and far return
instructions. It is used for addressing a memory location in the code segment of the
memory, where the executable program is stored.

Stack segment (SS) is a 16-bit register containing address of 64KB segment with program
stack. By default, the processor assumes that all data referenced by the stack pointer (SP)
and base pointer (BP) registersis located in the stack segment. SS register can be changed
directly using POP instruction. It is used for addressing stack segment of memory. The
stack segment is that segment of memory, which is used to store stack data.

Data segment (DS) is a 16-bit register containing address of 64KB segment with program
data. By default, the processor assumes that all data referenced by general registers (AX,
BX, CX, DX) and index register (SI, DI) is located in the data segment. DS register can be
changed directly using POP and LDS instructions. It points to the data segment memory
where the data is resided.

Extra segment (ES) is a 16-bit register containing address of 64KB segment, usually with
program data. By default, the processor assumes that the DI register references the ES
segment in string manipulation instructions. ES register can be changed directly using
POP and LES instructions. It also refers to segment which essentially is another data
segment of the memory. It also contains data.

3. Pointers and index registers.
The pointers contain within the particular segments. The pointers IP, BP, SP usually

contain offsets within the code, data and stack segments respectively

Stack Pointer (SP) is a 16-bit register pointing to program stack in stack segment.
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Base Pointer (BP) is a 16-bit register pointing to data in stack segment. BP register is
usually used for based, based indexed or register indirect addressing.

Source Index (SI) is a 16-bit register. SI is used for indexed, based indexed and register
indirect addressing, as well as a source data addresses in string manipulation
instructions.

Destination Index (DI) is a 16-bit register. DI is used for indexed, based indexed and
register indirect addressing, as well as a destination data address in string manipulation
instructions.

4. Flags: 8086 Microprocessor has 16-bit flag resister which is divided into two
parts: Conditional flag (status flag) and Control flag.

K ESES I A EA 2 LA AR EA A ES 2

I T T i t
Overflow flag Carry flag
Dhwection flag Parwty flag
Interrupe coabile flag | | Auxilzsary carry fag
Trap flag Zero fMag
6 are status flag Sagn Mag

3 are control flag
Bats marked X are undefinod

Conditional Flags:
Carry Flag (CY): This flag indicates an overflow condition for unsigned integer arithmetic.
[tis also used in multiple-precision arithmetic.

Auxiliary Flag (AC): If an operation performed in ALU generates a carry/barrow from
lower nibble (i.e., DO - D3) to upper nibble (i.e,, D4 - D7), the AC flag is set i.e., carry given
by D3 bit to D4 is AC flag. This is not a general-purpose flag; it is used internally by the
Processor to perform Binary to BCD conversion.

Parity Flag (PF): This flag is used to indicate the parity of result. If lower order 8-bits of
the result contains even number of 1’s, the Parity Flag is set and for odd number of 1’s,
the Parity flag is reset.

Zero Flag (ZF): It is set; if the result of arithmetic or logical operation is zero else it is
reset.

Sign Flag (SF): In sign magnitude format the sign of number is indicated by MSB bit. If
the result of operation is negative, sign flag is set.

Control Flags:
Control flags are set or reset deliberately to control the operations of the execution unit.
Control flags are as follows:

Trap Flag (TF): It is used for single step control. It allows user to execute one instruction

of a program at a time for debugging. When trap flag is set, program can be run in single
step mode.
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Interrupt Flag (IF): Itis an interrupt enable/disable flag. If it is set, the maskable interrupt
of 8086 is enabled and if it is reset, the interrupt is disabled. It can be set by executing
instruction sit and can be cleared by executing CLI instruction.

Direction Flag (DF): Itis used in string operation. If it is set, string bytes are accessed from
higher memory address to lower memory address. When it is reset, the string bytes are
accessed from lower memory address to higher memory address.

Internal architecture of 8086 Microprocessor:
The internal architecture of Intel 8086 is divided into 2 units: The Bus Interface Unit
(BIU), and The Execution Unit (EU).

1. The Bus Interface Unit (BIU):
[t provides the interface of 8086 to external memory and I/0 devices via the System Bus.
[t performs various machine cycles such as memory read, I/0 read etc. to transfer data
between memory and I/0 devices.
BIU performs the following functions-
e [t generates the 20-bit physical address for memory access.
e [tfetchesinstructions from the memory.
o [t transfers data to and from the memory and [/O.
e Maintains the 6-byte prefetch instruction queue (supports pipelining).
¢ BIU mainly contains the 4 Segment registers, the Instruction Pointer, a prefetch
queue and an Address Generation Circuit.
Address of the next instruction is calculated as CS x 10H + IP.
Example:
CS=4321HIP =1000H
then CSx 10H = 43210H + offset = 44210H
This is the address of the instruction.

Address Generation Circuit:

The BIU has a Physical Address Generation Circuit.

[t generates the 20-bit physical address using Segment and Offset addresses using the
formula:

Physical Address = Segment Address x 10H + Offset Address

6-Byte Pre-fetch Queue:
Itis a 6-byte queue (FIFO). Fetching the next instruction (by BIU from CS) while executing
the current instruction is called pipelining.

2. The Execution Unit (EU):

The main components of the EU are General purpose registers, the ALU, Special purpose
registers, Instruction Register and Instruction Decoder and the Flag/Status Register.
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¢ Fetchesinstructions from the Queue in BIU, decodes and executes arithmetic and
logic operations using the ALU.

o Sends control signals for internal data transfer operations within the
microprocessor.

e Sendsrequest signals to the BIU to access the external module.

e [t operates with respect to T-states (clock cycles) and not machine cycles.

Arithmetic Logic Unit (16 bit):
Performs 8 and 16 bit arithmetic and logic operations.

Instruction Register and Instruction Decoder:
The EU fetches an opcode from the queue into the instruction register. The instruction
decoder decodes it and sends the information to the control circuit for execution.

Execution of whole 8086 Architecture:

o Allinstructions are stored in memory hence to fetch any instruction first task is to
obtain the Physical address of the instruction is to be fetched. Hence this task is
done by Bus Interface Unit (BIU) and by Segment Registers. Suppose the Code
segment has a Segment address and the Instruction pointer has some offset
address then the physical address calculator circuit calculates the physical
address in which our instruction is to be fetched.

e After address calculation instruction is fetched from memory and it passes
through C-Bus (Data bus) as shown in the figure, and according to the size of the
instruction, the instruction pre-fetch queue fills up. For example MOV AX, BX is 1
Byte instruction so it will take only the 1st block of the queue, and MOV BX,4050H
is 3 Byte instruction so it will take 3 blocks of the pre-fetch queue.

e When our instruction is ready for execution, according to the FIFO property of the
queue instruction comes into the control system or control circuit which resides
in the Execution unit. Here instruction decoding takes place. The decoding control
system generates an opcode that tells the microprocessor unit which operation is
to be performed. So the control system sends signals all over the microprocessor
about what to perform and what to extract from General and special Purpose
Registers.

e Hence After decoding microprocessor fetches data from GPR and according to
instructions like ADD, SUB, MUL, and DIV data residing in GPRs are fetched and
put as ALU’s input. and after that addition, multiplication, division, or subtraction
whichever calculation is to be carried out.

e According to arithmetic, flag register values change dynamically.

¢ While Instruction was decoding and executing from step-3 of our algorithm, the
Bus interface Unit doesn’t remain idle. it continuously fetches an instruction from
memory and put it in a pre-fetch queue and gets ready for execution in a FIFO
manner whenever the time arrives.

e So, in this way, unlike the 8085 microprocessor, here the Fetch, Decode, and
Execution process happens parallelly not sequentially. This is called pipelining,
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and because of the instruction prefetch queue, all fetching, decoding, and
execution process happen side-by-side. Hence there is partitioning in 8086
architecture like Bus Interface Unit and Execution Unit to support Pipelining
phenomena.

8086 Pin Configuration:

8086 was the first 16-bit microprocessor available in 40-pin DIP (Dual Inline
Package) chip.

|

GNO [ 40 [ vee

Ao,.jz % ) ADy

P 3 [ AgS,

ADyy [ 4 87 [ A,

wut__:s % AwSe

ADy, [ 6 3 7] AwSy

AD, (17 34 ] BHES,

AD, [l 33 ] MNAX

AD, (9 2 ] Rd

AD, [ 10 8068 3 ] RQGT, (MOLD)
AD, 11t 20 | ROWGT, (MLDA)
A, 12 29 ] LOCK (WR)
ADy [ 13 2§ M0)
AD, 114 2 (] s, (OTH)
AD, 18 27§ (OEN)
AD, (116 25 [ os, (ALE)
a7 24 7] os, (INTA)
WTR 18 23 [ ) Test

o 119 22 || READY

ano (] 20 21 [ RESET

.

The 8086 uses 20-line address bus.

It has a 16-line data bus.

The 20 lines of the address bus operate in multiplexed mode.

The 16-low order address bus lines have been multiplexed with data and 4 high-order
address bus lines have been multiplexed with status signals.

ADO0-AD15: Address/Data bus. These are low order address bus. They are multiplexed
with data. When AD lines are used to transmit memory address the symbol A is used
instead of AD, for example A0-A15. When data are transmitted over AD lines the
symbol D is used in place of AD, for example D0-D7, D8-D15 or D0O-D15.
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A16-A19: High order address bus. These are multiplexed with status signals.

S2, S1, SO: Status pins. These pins are active during T4, T1 and T2 states and is
returned to passive state (1,1,1 during T3 or Tw (when ready is inactive). These are
used by the 8288 bus controller for generating all the memory and [/0 operation)
access control signals. Any change in S2, S1, SO during T4 indicates the beginning of a
bus cycle.

Characteristics
Interrupt acknowledge
Read 1/O port

Write /O port

Halt

Code access

Read memory

Write memory
Passive

N
—
o

afa|ala|olo|ololpn
=2 lojo|=|=|ololn
= (O|=|O|=|O=(O|n

A16/S3, A17/54, A18/S5, A19/S6: The specified address lines are multiplexed with
corresponding status signals.

A17/S4 | A16/S3 | Function

0 0 Extra segment access
0 1 Stack segment access
1 0 Code segment access
1 1 Data segment access

BHE’/S7: Bus High Enable/Status. During T1 it is low. It is used to enable data onto
the most significant half of data bus, D8-D15. 8-bit device connected to upper half of
the data bus use BHE (Active Low) signal. It is multiplexed with status signal S7. S7
signal is available during T2, T3 and T4.

RD’: This is used for read operation. It is an output signal. [t is active when low.

READY: This is the acknowledgement from the memory or slow device that they have
completed the data transfer. The signal made available by the devices is synchronized
by the 8284 A clock generator to provide ready input to the microprocessor. The signal
is active high(1).

INTR: Interrupt Request. This is triggered input. This is sampled during the last clock
cycles of each instruction for determining the availability of the request. If any
interrupt request is found pending, the processor enters the interrupt acknowledge
cycle. This can be internally masked after resulting the interrupt enable flag. This
signal is active high(1) and has been synchronized internally.
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NMI: Non maskable interrupt. This is an edge triggered input which results in a type
II interrupt. A subroutine is then vectored through an interrupt vector lookup table
which is located in the system memory. NMI is non-maskable internally by software.
A transition made from low(0) to high(1) initiates the interrupt at the end of the
current instruction. This input has been synchronized internally.

INTA: Interrupt acknowledge. It is active low(0) during T2, T3 and Tw of each
interrupt acknowledge cycle.

MN/MX': Minimum/Maximum. This pin signal indicates what mode the processor will
operate in.

RQ’/GT1',RQ’/GT0": Request/Grant. These pins are used by local bus masters used to
force the microprocessor to release the local bus at the end of the microprocessor’s
current bus cycle. Each of the pin is bi-directional. RQ’/GT0’ have higher priority than
RQ’/GT1".

LOCK’: Its an active low pin. It indicates that other system bus masters have not been
allowed to gain control of the system bus while LOCK’ is active low(0). The LOCK
signal will be active until the completion of the next instruction.

TEST’: This examined by a ‘WAIT’ instruction. If the TEST pin goes low(0), execution
will continue, else the processor remains in an idle state. The input is internally

synchronized during each of the clock cycle on leading edge of the clock.

CLK: Clock Input. The clock input provides the basic timing for processing operation
and bus control activity. [ts an asymmetric square wave with a 33% duty cycle.

RESET: This pin requires the microprocessor to terminate its present activity
immediately. The signal must be active high (1) for at least four clock cycles.

Vcc: Power Supply (+5V D.C.)
GND: Ground

QS1, QS0: Queue Status. These signals indicate the status of the internal 8086
instruction queue according to the table shown below

QS1 | QS0 | Status

0 0 No operation

First byte of op code from
0 1 queue
1 0 Empty the queue

Subsequent  byte  from
1 1 queue
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DT/R: Data Transmit/Receive. This pin is required in minimum systems, that want to use
an 8286 or 8287 data bus transceiver. The direction of data flow is controlled through
the transceiver.

DEN: Data enable. This pin is provided as an output enable for the 8286/8287 in a
minimum system which uses transceiver. DEN is active low(0) during each memory and
input-output access and for INTA cycles.

HOLD/HLDA: HOLD indicates that another master has been requesting a local bus. This
is an active high (1). The microprocessor receiving the HOLD request will issue HLDA
(high) as an acknowledgement in the middle of a T4 or T1 clock cycle.

ALE: Address Latch Enable. ALE is provided by the microprocessor to latch the address
into the 8282 or 8283 address latch. It is an active high (1) pulse during T1 of any bus
cycle. ALE signal is never floated, is always integer.

Memory Segmentation:

Segmentation is the process in which the main memory of the computer is logically
divided into different segments and each segment has its own base address. It is basically
used to enhance the speed of execution of the computer system, so that the processor is
able to fetch and execute the data from the memory easily and fast.

Rules of Segmentation:
Segmentation process follows some rules as follows:
e The starting address of a segment should be such that it can be evenly divided by
16.
e Minimum size of a segment can be 16 bytes and the maximum can be 64 kB.

CS P Address of the next instruction
0s BX, DI, Sl Address of data

SS SP, BP Address in the stack

ES BX, DI, Sl Address of destinabion data

(for string operations)
Maximum mode configuration of 8086:

e In this we can connect more processors to 8086 (8087/8089).

e 8086 max mode is basically for implementation of allocation of global
resources and passing bus control to other coprocessor (i.e., second processor
in the system), because two processors cannot access system bus at same
instant.

e All processors execute their own program.
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The resources which are common to all processors are known as global
resources.

The resources which are allocated to a particular processor are known as local
or private resources.

When MN/ MX’ =0, 8086 works in max mode.

Clock is provided by 8284 clock generator.

8288 bus controller- Address form the address bus is latched into 8282 8-bit
latch. Three such latches are required because address bus is 20 bit. The ALE
(Address latch enable) is connected to STB(Strobe) of the latch. The ALE for
latch is given by 8288 bus controller.

The data bus is operated through 8286 8-bit transceiver. Two such
transceivers are required, because data bus is 16-bit. The transceivers are
enabled the DEN signal, while the direction of data is controlled by the DT/R
signal. DEN is connected to OE’ and DT/ R’ is connected to T. Both DEN and
DT/ R’ are given by 8288 bus controller.

Bus request is done using RQ’ / GT’ lines interfaced with 8086. RQ0/GTO0 has
more priority than RQ1/GT1.

INTA’ is given by 8288, in response to an interrupt on INTR line of 8086.

In max mode, the advanced write signals get enabled one T-state in advance as
compared to normal write signals. This gives slower devices more time to get
ready to accept the data, therefore it reduces the number of cycles.

Advantages of max mode of 8086:

[t helps to interface more devices like 8087.This interface is also called a
closely coupled co-Processor configuration. In this 8086 is called as the host
and 8087 as Co-processor.

It supports multiprocessing; Therefore, it helps to increase the efficiency.

The 8087 was the first floating-point coprocessor for the 8086 series of
microprocessors. The purpose of the 8087 was to increase calculations for
floating point operations, such as add, sub, multiply, divide, and square root.

Disadvantages of max mode over min mode:

It has more complex circuit than min mode.
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General Bus Operation Cycle in Maximum Mode

Minimum mode configuration of 8086:

The 8086 microprocessor operates in minimum mode when MN/MX’ = 1.

In minimum mode,8086 is the only processor in the system which provides all
the control signals which are needed for memory operations and I/0
interfacing.

Here the circuit is simple but it does not support multiprocessing.

The other components which are transceivers, latches, 8284 clock generator,
74138 decoder, memory and i/o devices are also present in the system.

8282 is 8-bit latch used to separate the valid address from the multiplexed
Address/data bus by using the control signal ALE, which is connected to strobe
(STB) of 8282.

8286 is 8-bit transceivers. They are bidirectional buffers and also known as
data amplifiers. They are used to separate the valid data from multiplexed
add/data bus.

8284 clock generator is used to provide the clock.

M/10’= 1, then 1/0 transfer is performed over the bus. and when M/IO’ = 0,
then [/0 operation is performed.

The signals RD’ and write WR’ are used to identify whether aread bus cycle or
a write bus cycle is performing. When WR’ = 0, then it indicates that valid
output data on the data bus.

RD’ indicates that the 8086 is performing a read data or instruction fetch
process is occurring. During read operations, one other control signal is also
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used, which is DEN ( data enable) and it indicates the external devices when
they should put data on the bus.

They are decoded by 74138 3:8 decoder.

Control signals for all operations are generated by decoding M/10’, RD’, WR'.

Minimum Mode Write Cycle
{M/IG = 1 then Memory Write; M/1O = 0 then I/O Write}
Ta T2 Ts Ta
oEE. T
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Interrupts in 8086:

While the CPU is executing a program, an interrupt breaks the normal execution of
instructions, diverts its execution to some other program called Interrupt Service Routine (ISR)
Whenever an interrupt occurs the processor completes the execution of the current
instruction and starts the execution of an Interrupt Service Routine (ISR) or Interrupt Handler.
ISR is a program that tells the processor what to do when the interrupt occurs. At the end of
the ISR the last instruction should be IRET.

After the execution of ISR, control returns back to the main routine where it was interrupted.
Whenever a number of devices interrupt a CPU at a time, and if the processor is able to handle
them properly, it is said to have multiple interrupt processing capability.

Need for Interrupt: Interrupts are particularly useful when interfacing 1/0 devices that provide
or require data at relatively low data transfer rate.

Types of interrupts:

Interrupts

Hardware Software
Interrupt Interrupt

Non-Maskable

Maskable Interrupt
Interrupt

Hardware Interrupts:

Hardware interruptis caused by any peripheral device by sending a signal through
a specified pin to the microprocessor.

The 8086 has two hardware interrupt pins, i.e., NMI and INTR. NMI is a non-
maskable interrupt and INTR is a maskable interrupt having lower priority. One
more interrupt pin associated is INTA called interrupt acknowledge.

NMI:
It is a single non-maskable interrupt pin (NMI) having higher priority than the
maskable interrupt request pin (INTR)and it is of type 2 interrupt.

When this interrupt is activated, these actions take place -

Completes the current instruction that is in progress.
Pushes the Flag register values on to the stack.
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e Pushes the CS (code segment) value and IP (instruction pointer) value of the
return address on to the stack.

e [Pisloaded from the contents of the word location 00008H.

e (Sisloaded from the contents of the next word location 0000AH.

o Interrupt flag and trap flag are reset to 0.

INTR:

The INTR is a maskable interrupt because the microprocessor will be interrupted
only if interrupts are enabled using set interrupt flag instruction. It should not be
enabled using clear interrupt Flag instruction.

Software Interrupts:
Some instructions are inserted at the desired position into the program to create
interrupts. These interrupt instructions can be used to test the working of various
interrupt handlers. It includes -
INT- Interrupt instruction with type number. It is 2-byte instruction. First byte
provides the op-code and the second byte provides the interrupt type number.
There are 256 interrupt types under this group.
[ts execution includes the following steps -
o Flagregister value is pushed on to the stack.
e (CSvalue of the return address and IP value of the return address are pushed on to
the stack.
e [Pisloaded from the contents of the word location ‘type number’ x 4
e C(Sisloaded from the contents of the next word location.
o Interrupt Flag and Trap Flag are reset to 0
The starting address for type 0 interrupt is 000000H, for type 1 interrupt is 00004H
similarly for type2 is 00008H and ......so on. The first five pointers are dedicated interrupt
pointers. i.e. -
o TYPE 0 interrupt represents division by zero situation.
e TYPE 1 interrupt represents single-step execution during the debugging of a
program.
e TYPE 2 interrupt represents non-maskable NMI interrupt.
e TYPE 3 interrupt represents break-point interrupt.
e TYPE 4 interrupt represents overflow interrupt.
e The interrupts from Type 5 to Type 31 are reserved for other advanced
microprocessors, and interrupts from 32 to Type 255 are available for hardware
and software interrupts.

Instruction Set of 8086:

Instructions are classified on the basis of functions they perform. They are categorized
into the following main types:

Data Transfer instruction:

All the instructions which perform data movement come under this category. The source
data may be a register, memory location, port etc. the destination may be a register,
memory location or port.
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Instruction

MOV

LDS

LES

LEA

LAHF

SAHF
XLAT/XLATB

XCHG

PUSH

POP

POPF
IN

OouT

Description

Moves data from register to register, register to memory, memory to register, memory to
accumulator, accumulator to memory, etc.

Loads a word from the specified memory locations into specified register. It also loads a
word from the next two memory locations into DS register.

Loads a word from the specified memory locations into the specified register. It also loads
a word from next two memory locations into ES register.

Loads offset address into the specified register.

Loads low order 8-bits of the flag register into AH register.

Stores the content of AH register into low order bits of the flags register.
Reads a byte from the lookup table.

Exchanges the contents of the 16-bit or 8-bit specified register with the contents of AX
register, specified register or memory locations.

Pushes (sends, writes or moves) the content of a specified register or memory location(s)
onto the top of the stack.

Pops (reads) two bytes from the top of the stack and keeps them in a specified register, or
memory location(s).

Pops (reads) two bytes from the top of the stack and keeps them in the flag register.
Transfers data from a port to the accumulator or AX, DX or AL register.

Transfers data from accumulator or AL or AX register to an [/0O port identified by the
second byte of the instruction.

Arithmetic Instructions:
Instructions of this group perform addition, subtraction, multiplication, division,
increment, decrement, comparison, ASCII and decimal adjustment etc.

Instruction

ADD

ADC

Description

Adds data to the accumulator i.e. AL or AX register or memory locations.

Adds specified operands and the carry status (i.e. carry of the previous stage).
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SUB

SBB

MUL

IMUL

DIV

IDIV

INC

DEC

DAA

DAS

CBW

CWD

NEG

CMP

Subtract immediate data from accumulator, memory or register.

Subtract immediate data with borrow from accumulator, memory or register.
Unsigned 8-bit or 16-bit multiplication.

Signed 8-bit or 16-bit multiplication.

Unsigned 8-bit or 16-bit division.

Signed 8-bit or 16-bit division.

Increment Register or memory by 1.

Decrement register or memory by 1.

Decimal Adjust after BCD Addition: When two BCD numbers are added, the DAA is used
after ADD or ADC instruction to get correct answer in BCD.

Decimal Adjust after BCD Subtraction: When two BCD numbers are added, the DAS is
used after SUB or SBB instruction to get correct answer in BCD.

ASCII Adjust for Addition: When ASCII codes of two decimal digits are added, the AAA is
used after addition to get correct answer in unpacked BCD.

Adjust AX Register for Division: It converts two unpacked BCD digits in AX to the
equivalent binary number. This adjustment is done before dividing two unpacked BCD
digits in AX by an unpacked BCD byte.

Adjust result of BCD Multiplication: This instruction is used after the multiplication of
two unpacked BCD.

ASCII Adjust for Subtraction: This instruction is used to get the correct result in
unpacked BCD after the subtraction of the ASCII code of a number from ASCII code
another number.

Convert signed Byte to signed Word.

Convert signed Word to signed Doubleword.

Obtains 2's complement (i.e. negative) of the content of an 8-bit or 16-bit specified
register or memory location(s).

Compare Immediate data, register or memory with accumulator, register or memory
location(s).
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Logical Instructions
Instruction of this group perform logical AND, OR, XOR, NOT and TEST operations.

Instruction Description

AND Performs bit by bit logical AND operation of two operands and places the result in the
specified destination.

OR Performs bit by bit logical OR operation of two operands and places the result in the
specified destination.

XOR Performs bit by bit logical XOR operation of two operands and places the result in the
specified destination.

NOT Takes one's complement of the content of a specified register or memory location(s).

TEST Perform logical AND operation of a specified operand with another specified operand.

Rotate Instructions

Instruction Description

RCL Rotate all bits of the operand left by specified number of bits through carry flag.
RCR Rotate all bits of the operand right by specified number of bits through carry flag.
ROL Rotate all bits of the operand left by specified number of bits.
ROR Rotate all bits of the operand right by specified number of bits.
Shift instructions
Instruction Description
SAL or SHL Shifts each bit of operand left by specified number of bits and put zero in LSB
position.
SAR Shift each bit of any operand right by specified number of bits. Copy old MSB into
new MSB.
SHR Shift each bit of operand right by specified number of bits and put zero in MSB
position.

41



Branch Instructions:
[tis also called program execution transfer instruction. Instructions of this group transfer
program execution from the normal sequence of instructions to the specified destination

or target.

Instruction Description

JA or JNBE Jump if above, not below, or equal i.e. when CF and ZF = 0

JAE/INB/INC Jump if above, not below, equal or no carry i.e. when CF = 0

JB/INAE/JC Jump if below, not above, equal or carry i.e. when CF = 0

JBE/INA Jump if below, not above, or equal i.e. when CF and ZF = 1

JCXZ Jump if CX register =0

JE/NZ Jump if zero or equal i.e. when ZF = 1

JG/JNLE Jump if greater, not less or equal i.e. when ZF = 0 and CF = OF

JGE/JNL Jump if greater, not less or equal i.e. when SF = OF

JL/JINGE Jump if less, not greater than or equal i.e. when SF # OF

JLE/ING Jump if less, equal or not greater i.e. when ZF = 1 and SF # OF

JMP Causes the program execution to jump unconditionally to the memory address or
label given in the instruction.

CALL Calls a procedure whose address is given in the instruction and saves their return
address to the stack.

RET Returns program execution from a procedure (subroutine) to the next instruction
or main program.

IRET Returns program execution from an interrupt service procedure (subroutine) to
the main program.

INT Used to generate software interrupt at the desired point in a program.

INTO Software interrupts to indicate overflow after arithmetic operation.

LOOP Jump to defined label until CX = 0.

LOOPZ/LOOPE Decrement CX register and jump if CX # 0 and ZF = 1.
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LOOPNZ/LOOPNE | Decrement CX register and jump if CX # 0 and ZF = 0.

Flag Manipulation and Processor Control Instructions:
Instructions of this instruction set are related to flag manipulation and machine control.

Instruction  Description

CLC Clear Carry Flag: This instruction resets the carry flag CF to 0.

CLD Clear Direction Flag: This instruction resets the direction flag DF to 0.

CLI Clear Interrupt Flag: This instruction resets the interrupt flag IF to 0.

CMC This instruction take complement of carry flag CF.

STC Set carry flag CF to 1.

STD Set direction flag to 1.

STI Setinterrupt flag IF to 1.

HLT Halt processing. It stops program execution.

NOP Performs no operation.

ESC Escape: makes bus free for external master like a coprocessor or peripheral device.
WAIT When WAIT instruction is executed, the processor enters an idle state in which the

processor does no processing.

LOCK It is a prefix instruction. It makes the LOCK pin low till the execution of the next
instruction.

String Instructions:

String is series of bytes or series of words stored in sequential memory locations. The
8086 provides some instructions which handle string operations such as string
movement, comparison, scan, load and store.

Instruction Description

MOVS/MOVSB/MOVSW | Moves 8-bit or 16-bit data from the memory location(s) addressed by SI
register to the memory location addressed by DI register.
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CMPS/CMPSB/CMPSW

Compares the content of memory location addressed by DI register with the
content of memory location addressed by SI register.

SCAS/SCASB/SCASW Compares the content of accumulator with the content of memory location
addressed by DI register in the extra segment ES.

LODS/LODSB/LODSW Loads 8-bit or 16-bit data from memory location addressed by SI register into
AL or AX register.

STOS/STOSB/STOSW Stores 8-bit or 16-bit data from AL or AX register in the memory location
addressed by DI register.

REP Repeats the given instruction until CX # 0

REPE/ REPZ Repeats the given instruction till CX # 0 and ZF = 1

REPNE/REPNZ Repeats the given instruction till CX # 0 and ZF =0

Addressing Mode:

Addressing modes are different ways by which CPU can access data or operands. They
determine how to access a specific memory address.

Register addressing mode:

This mode involves the use of registers. These registers hold the operands. This mode is
very fast as compared to others because CPU doesn’t need to access memory. CPU can
directly perform an operation through registers.

MOV AX, BL

MOV AL, BL

Immediate Addressing Mode:

In this mode, there are two operands. One is a register and the other is a constant value.
For example:

The instruction MOV AX, 30H copies hexadecimal value 30H to register AX.

The instructions MOV BX, 255 copies decimal value 255 to register BX.

Immediate addressing mode is not used to load immediate value into segment registers.
To move any value into segment registers, first load that value into a general-purpose
register then add this value into segment register.

Direct Addressing Mode:

It loads or stores the data from memory to register and vice versa. The instruction
consists of a register and an offset address. To compute physical address, shift left the DS
register and add the offset address into it.

MOV CX, [481]
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Register Indirect Addressing Mode:

The register indirect addressing mode uses the offset address which resides in one of
these three registersi.e., BX, SI, DI. The sum of offset address and the DS value shifted by
one position generates a physical address.

MOV AL, [S]]

Based Relative Addressing Mode:
This addressing mode uses a base register either BX or BP and a displacement value to

calculate physical address.
MOV [BX+5], DX

Indexed Relative Addressing Mode:

This addressing mode is same as the based relative addressing mode. The only difference
isituses DI and SI registers instead of BX and BP registers.

MOV [DI]+12, AL

MOV BX, [SI]+10

Based Indexed Addressing Mode:

The based indexed addressing mode is actually a combination of based relative
addressing mode and indexed relative addressing mode. It uses one base register (BX,
BP) and one index register (SI, DI).

MOV AX, [BX+SI+20]

Or MOV AX, [SI][BX]+20

Assembly language program:

Addition

ORG 0000H

MOV DX, #07H // move the value 7 to the register AX//

MOV AX, #09H // move the value 9 to accumulator AX//

ADD AX,DX  //add AX value with DX value and stores the resultin AX//
END

Multiplication

ORG 0000H

MOV DX, #04H // move the value 4 to the register DX//

MOV AX, #08H // move the value 8 to accumulator AX//

MUL AX, DX // Multiplied result is stored in the Accumulator AX //
END

Subtraction

ORG 0000H

MOV DX, #02H // move the value 2 to register DX//

MOV AX, #08H // move the value 8 to accumulator AX//

SUBB AX, DX // Result value is stored in the Accumulator A X//
END
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Division
ORG 0000H
MOV DX, #08H // move the value 3 to register DX//

MOV AX, #19H // move the value 5 to accumulator AX//
DIV AX, DX //final value is stored in the Accumulator AX //

END

Largest number:

BACK:

HEAD:

MOV S, 500
MOV CL, [SI]
MOV CH, 00
INC SI

MOV AL, [SI]
DEC CL

INC SI

CMP AL, [SI]
JNC HEAD
MOV AL, [SI]
INC SI
LOOP BACK
MOV [600], AL
HLT

Ascending order:

MOV SI, 500
MOV CL, [SI]
DEC CL

LEAD: MOV §I, 500

MOV CH, [SI]
DEC CH
INC SI

BACK: MOV AL, [SI]

HEAD:

INC SI
CMP AL, [SI]
JC HEAD
XCHG AL, [S]]
DEC SI
XCHG AL, [S]]
INC SI

DEC CH

JNZ BACK
DEC CL

JNZ LEAD
HLT

//S1<-500//

//CL<-[SI]//

//CH<-00//

//SI<-SI+1//

//AL<-[S1]//

//CL<-CL-1//
//SI<-SI+1//

//AL-[S1]//

//JUMP TO LOOP IF CY=0//
//AL<-[S1]//

//S1<-SI+1//

//CX<-CX-1 & JUMP TO BACK IF CX NOT 0//

//AL->[600]//

SI<-500

CL<-[SI]

CL<-CL-1

SI<-500

CH<-[SI]

CH<-CH-1

SI<-SI+1

AL<-[S]]

SI<-SI+1

AL-[SI]

JUMP TO 41C IF CY=1
SWAP AL AND [SI]
SI<-SI-1

SWAP AL AND |[SI]
SI<-SI+1

CH<-CH-1

JUMP TO 40F IF ZF=0
CL<-CL-1

JUMP TO 407 IF ZF=0
END
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8051 Microcontroller
In 1981, Intel introduced an 8-bit microcontroller called the 8051. It was referred as
system on a chip because it had 128 bytes of RAM, 4K byte of on-chip ROM, two timers,
one serial port, and 4 ports (8-bit wide), all on a single chip.

Comparison between 8051 Family Members:
The following table compares the features available in 8051, 8052, and 8031.

Feature 8051 8052 8031
ROM(bytes) 4K 8K 0K
RAM(bytes) 128 256 128
Timers 2 3 2

I/0 pins 32 32 32
Serial port 1 1 1
Interrupt sources 6 8

Features of 8051 Microcontroller
An 8051 microcontroller comes bundled with the following features -
o 4KB bytes on-chip program memory (ROM)
e 128 bytes on-chip data memory (RAM)
e Four register banks
e 128 user defined software flags
e 8-bit bidirectional data bus
e 16-bit unidirectional address bus
o 32 general purpose registers each of 8-bit
e Two 16-bit Timers
o Three internal and two external Interrupts
e Four 8-bit port
e 16-bit program counter and data pointer

Architecture of 8051:

External Interrupts

4K byte :'E‘iri;('li%’i': N Giiar
Interrupt Control ROM ¢ejliﬁ|§;(él_?(;)-"__ Inputs
r 3
v ' v
Bus Serial
oscC Control I/O Ports Port

R I A |

PO P2 P1 P3
(Address/Dala)
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CPU (Central Processing Unit): CPU act as a mind of any processing machine. It
synchronizes and manages all processes that are carried out in microcontroller. User has
no power to control the functioning of CPU. It interprets the program stored in ROM and
carries out from storage and then performs it projected duty. CPU manage the different
types of registers available in 8051 microcontroller.

Interrupts: Interrupts is a sub-routine call that given by the microcontroller when some
other program with high priority is request for acquiring the system buses the n
interrupts occur in current running program.

Interrupts provide a method to postpone or delay the current process, performs a sub-
routine task and then restart the standard program again.

Types of interrupt in 8051 Microcontroller:

The five sources of interrupts in 8051 Microcontroller:

Timer 0 overflow interrupt - TFO

Timer 1 overflow interrupt - TF1

External hardware interrupt - INTQ

External hardware interrupt - INT1

Serial communication interrupt - RI/TI

Memory: For operation Micro-controller required a program. This program guides the
microcontroller to perform the specific tasks. This program installed in microcontroller
required some on chip memory for the storage of the program.

Microcontroller also required memory for storage of data and operands for the short
duration. In microcontroller 8051 there is code or program memory of 4 KB that is it has
4 KB ROM and it also comprise of data memory (RAM) of 128 bytes.

Bus : Bus is a group of wires which uses as a communication canal or acts as means of
data transfer. The different bus configuration includes 8, 16 or more cables. Therefore, a
bus can bear 8 bits, 16 bits all together.

Types of buses in 8051 Microcontroller:

The two types of bus used in 8051 microcontroller:

Address Bus: 8051 microcontroller consist of 16-bit address bus. It is generally be used
for transferring the data from Central Processing Unit to Memory.

Data bus: 8051 microcontroller is consisting of 8 bits data bus. It is generally be used for
transferring the data from one peripherals position to other peripherals.

Oscillator: As the microcontroller is digital circuit therefore it needs timer for their
operation. To perform timer operation inside microcontroller it required externally
connected or on-chip oscillator. Microcontroller is used inside an embedded system for
managing the function of devices. Therefore, 8051 uses the two 16-bit counters and
timers. For the operation of this timers and counters the oscillator is used inside
microcontroller.

Pin configuration of 8051:
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=, g
P1O[CJQ1 40 [ Vec
P11 2 39 [ PO.0O (ADO)
P1i213 38 [ PO.1 (AD1)
P13[ 14 8051 37 [ PO.2 (AD2)
Pia[_15 36 [1 P0O.3 (AD3)
P15[16 35 [1 P0.4 (AD4)
Pie[ 17 34 [] P05 (AD5)
P1.7[C18 33 [ 1 PO.6 (ADS)
RST[ ]9 32 [1 PO.7 (AD7)

(RXD) PB O[] 10 31 1 EA/VPP

(TXD) P31 [ 11 30 [ ALE/PROG

(INTO) P32 12 29 [] PSEMN

(INT1) P33[113 28 [ P2.7 (A15)

(TO) P3.4a[ ] 14 27 [ P2.6 (A14)
(TH P35 [] 15 26 [] P25 (A13)
(WR) P36[] 16 25 [ P24 (A12)
(RD) P37 [ 117 24 1 P23 (A11)
XTAL2[] 18 23 [ P22 (A10)
XTAL1 Q12 22 1 P2.1 (A9)
GND [ 20 21 [] P2.0 (A8)

Pins 1 to 8 - These pins are known as Port 1. This port doesn’t serve any other functions.
[tis internally pulled up, bi-directional [/0 port.

Pin 9 - [t is a RESET pin, which is used to reset the microcontroller to its initial values.
Pins 10 to 17 - These pins are known as Port 3. This port serves some functions like
interrupts, timer input, control signals, serial communication signals RxD and TxD, etc.
Pins 18 & 19 - These pins are used for interfacing an external crystal to get the system
clock.

Pin 20 - This pin provides the power supply to the circuit.

Pins 21 to 28 - These pins are known as Port 2. It serves as [/0O port. Higher order
address bus signals are also multiplexed using this port.

Pin 29 - This is PSEN pin which stands for Program Store Enable. It is used to read a
signal from the external program memory.

Pin 30 - Thisis EA pin which stands for External Access input. Itis used to enable/disable
the external memory interfacing.

Pin 31 - This is ALE pin which stands for Address Latch Enable. It is used to demultiplex
the address-data signal of port.

Pins 32 to 39 - These pins are known as Port 0. It serves as 1/0 port. Lower order
address and data bus signals are multiplexed using this port.

Pin 40 - This pin is used to provide power supply to the circuit.

8051 1/0 ports:

8051 microcontrollers have 4 1/0 ports each of 8-bit, which can be configured as input or
output. Hence, total 32 input/output pins allow the microcontroller to be connected with
the peripheral devices.

The pins can be configured as 1 for input and 0 for output as per the logic state.
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Port 0 — The PO (zero) portis characterized by two functions -

When the external memory is used then the lower address byte (addresses A0-A7) is
applied on it, else all bits of this port are configured as input/output.

When PO portis configured as an output then other ports consisting of pins with built-in
pull-up resistor connected by its end to 5V power supply, the pins of this port have this
resistor left out.

Port1

Plisatruel/O portasitdoesn’t have any alternative functions as in PO, but this port can
be configured as general 1/0 only. It has a built-in pull-up resistor and is completely
compatible with TTL circuits.

Port 2

P2 is similar to PO when the external memory is used. Pins of this port occupy addresses
intended for the external memory chip. This port can be used for higher address byte with
addresses A8-A15. When no memory is added then this port can be used as a general
input/output port similar to Port 1.

Port 3

In this port, functions are similar to other ports except that the logic 1 must be applied to
appropriate bit of the P3 register.

8051 memory organization (RAM organisation):

The 8051 Microcontroller Memory is separated in Program Memory (ROM) and Data
Memory (RAM). The Program Memory of the 8051 Microcontroller is used for storing the
program to be executed i.e., instructions. The Data Memory on the other hand, is used for
storing temporary variable data and intermediate results.

8051 Microcontroller has both Internal ROM and Internal RAM. If the internal memory is
inadequate, you can add external memory using suitable circuits.

The internal data memory of 8051 is divided into two groups. These are a set of eight
registers, and a scratch pad memory. These eight registers are R0 to R7.

8051 Provides four register bank, but only one register bank can be used at any point of
time. To select the register bank, two bits of PSW (Program Status Word) are used.

00H
Internal
data
memory
7FI e e : ;
01 SFR = Special function register
SFR
space
FFH
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The following addressing can be used to select register banks.

Address Range Register Bank
00H to 07H Register Bank 0
08H to OFH Register Bank 1
10Hto 17H Register Bank 2
18H to 1FH Register Bank 3

When the 8051 is reset, the Stack Pointer will point to 07H. It means the location 08H to
7FH can be used as a stack.

Internal data memory Register bank area
organization 00H
00H - } Register bank 0
Register bank area
o
20H | Bit-addressable arca } Register bank 1
2FH OFH
10H
e } Register bank 2
Rest of RAM area 17H
18H )
Register bank 3
7FH IF1

The scratch pad area will be 20H to 7FH.

From 20H to 2FH (16 bytes or 128 bits) can be used as bit addressable RAM.

For an example the instruction CLR 6FH, using this instruction it clears the location 6FH.
The remaining locations (30H to 7EH) of the RAM can be used to store variable data and
stack.

Bit-addressable area
Byte address
A register bank
RO 20H |07 |06 |05]04 |03 |02 |01 | 00
R1 21H |OF |OE |[OD|OC |OB |[0A | 09 | 08 k— Bit
R2 : address
R3
R4
RS
RG6
R7 2FH | 7F|7E|7D|7C [7B [7A |79 |78

Special function registers:

There are 21 Special function registers (SFR) in 8051 micro controller and this includes
Register A, Register B, Processor Status Word (PSW), PCON etc.

There are 21 unique locations for these 21 special function registers and each of these
register is of 1 byte size.

51



Some of these special function registers are bit addressable (which means you can access
8 individual bits inside a single byte), while some others are only byte addressable.

Byte Byt
address Bit address address Bit address
F FF
Fo |F7|Fs[Fs[rs|F3|R2[F1[F0| B
Genesal B0 [E7[E6[ES[E4[E3[E2[E1[EO| ACC
purpose
RAM
Do |D7|ps|Ds[p4|D3 [p2[D1 Do PsW
.30 BS - | - | - |eclee|palBo|Bs|
¥ |7F|=E|m|c|B|A] 20|78
€2 |77|76[75 |74 73 |72[ 71 |70 Bo (B7|Bs|Bs[B4|B3|B2|B1|BO| P3
> |eF [eE|sD|sc|sB [sa]so a8
2c 676665 [54]63 [62]61 [0 as  |aF| - | - [ac|aBlaafac|as| =
‘ 18 |5F[sE|sD[sc|sB[sa]50 [s8
£ 24 [57]s6]55[54[53 [52]51 [s0 a0 |a7]as]as|as4]az]az[a1]ao] 2
P 20 4F |[4E (4D [4C |4B [4a [ 40 (48
x J = [w]ss[ss[alslalale 00 not bit addressable SBUF
7 27 |3F|3E|3D|[3c|3B [3a]30 |38 o8 oF |9 [oD [oc [9B [oA[90 [o8 | scon
3 26 [37[36]35 [34]33 3231 |30
= 25 [2F|=|pfc|zB[2a]20 |28 90 [9796[os [94]03 [92]01 [s0] m1
24 [27]2s]2s 23|23 222120
23 [1F|ie[iD|ic|iB 14|19 |18 8D not bit addressable THI1
2 [17]1s]1s 14|13 12|11 |10 8C not bit addressable THO
21 |[oF [oE|oD[oc [oB [oa[oo |08 8B not bit addressable TL1
20 |o07]os|os o403 02|01 |00 8A not bit addressable TLO
IF £ not bit addressable TMOD
Bank 3
18 ss |sF[sE[sD|sc|sB[sa[so 88| ToON
17 87 not bit addressable PCON
= Bank 2
OF 83 not bit addressable DPH
Bank 1
08 22 not bit addressable DPL
07 Default register 81 not bit addressable sp
00 bank for RO-R7 80 |87|ss[ss[s4]s3 8251 [s0] o
Registers of 8051:

Register A/Accumulator:

The most important of all special function registers, is known as ACC or A. The
Accumulator holds the result of most of arithmetic and logic operations. ACC is usually
accessed by direct addressing and its physical address is EOH. Accumulator is both byte
and bit addressable.

Register B:

The major purpose of this register is in executing multiplication and division. The 8051
micro controller has a single instruction for multiplication (MUL) and division (DIV).

Ex: MUL A B - When this instruction is executed, data inside A and data inside B is
multiplied and answer is stored in A.
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For MUL and DIV instructions, it is necessary that the two operands must be in A and B.
Register B is also byte addressable and bit addressable. To access bit o or to access all 8
bits (as a single byte), physical address F0 is used.

Port Registers:

There are 4 ports named PO, P1, P2 and P3. Data must be written into port registers first
to send it out to any other external device through ports. Similarly, any data received
through ports must be read from port registers for performing any operation. All 4 port
registers are bit as well as byte addressable.

The physical address of port 0 is 80, port 1is 90, port 2 is A0 and that of port 3 is BO0.

Stack Pointer:

Known as SP, stack pointer represents a pointer to the system stack. Stack pointer is an
8-bitregister, the direct address of SP is 81H and it is only byte addressable, which means
you can’t access individual bits of stack pointer. The content of the stack pointer points
to the last stored location of system stack. To store something new in system stack, the
SP must be incremented by 1 first and then execute the “store” command. Usually after a
system reset SP is initialized as 07H and data can be stored to stack from 08H onwards.

Power Management Register (PCON):

Asthe name indicates, this register is used for efficient power management of 8051 micro
controller. Commonly referred to as PCON register, this is a dedicated SFR for power
management alone.

Mobile phone automatically going into stand by mode when not used for a couple of
seconds or minutes. This is achieved by power management feature of the controller used
inside that phone.

Program Status Word (PSW):

Commonly known as the PSW register. This register reflects the status of the operation
that is being carried out in the processor. Register banks are selected using PSW register
bits — RS1 and RS0. PSW register is both bit and byte addressable. The physical address
of PSW starts from DOH.

(MSB) (LSB)
PSW.7 PSW.6 PSW.5 PSW.4 PSW.3 PSW.2 PSW.1 PSW.0

Direct Addressing DOH| CY AC FO RS1 | RSO ov — P

Bit Address D7 D6 D5 D4 D3 D2 D1

DO
Carry Flag —T ‘ ‘ *— Parity Flag

Auxilary Carry Flag User Definable Flag
General Purpose Status Flag—— Overflow Flag
Register Bank Select Bit 1 Register Bank Select Bit 0
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Bit No Bit Symbol
0 P
1 —
2 ov
3 RSO
4 RS1
5 FO
6 AC
7 CY
The Data Pointer:

Direct
Address

DO

D1

D2

D3

D4

D5

D6

D7

Name

Parity

Overflow

Register Bank
select bit 0

Register Bank
select bit 1

Flag 0

Auxiliary
carry

Carry

Function
This bit will be set if ACC has odd number of 1’s
after an operation. If not, bit will remain
cleared.
User definable bit
0V flag is set if there is a carry from bit 6 but
not from bit 7 of an Arithmetic operation. It's

also set if there is a carry from bit 7 (but not
from bit 6) of Acc

LSB of the register bank select bit. Look for
explanation below this table.

MSB of the register bank select bits.
User defined flag

This bit is set if data is coming out from bit 3 to
bit 4 of Acc during an Arithmetic operation.

Is set if data is coming out of bit 7 of Acc during
an Arithmetic operation.

The Data Pointer (DPTR) is the 8051’s only user-accessible 16-bit (2-byte) register. DPTR
is meant for pointing to data. It is used by the 8051 to access external memory using the
addressindicated by DPTR. DPTR is the only 16-bit register available and is often used to

store 2-byte values.

The Program Counter:
The Program Counter (PC) is a 2-byte address which tells the 8051 where the next
instruction to execute can be found in the memory. PC starts at 0000h when the 8051
initializes and is incremented every time after an instruction is executed. PCis not always
incremented by 1. Some instructions may require 2 or 3 bytes; in such cases, the PC will
be incremented by 2 or 3.

Interrupts in 8051:

The five sources of interrupts in 8051 Microcontroller:
Timer 0 overflow interrupt - TF0
External hardware interrupt - INT0Q
Timer 1 overflow interrupt - TF1
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e External hardware interrupt - INT1

e Serial communication interrupt - RI/TI
When interrupt occur then the microcontroller executes the interrupt service routine.
Therefore, the memory location corresponds to interrupt enables it.

Interrupt Number Interrupt Description Address
0 EXTERNAL INT O 0003h
1 TIMER/COUNTER 0 000Bh
2 EXTERNAL INT 1 0013h
3 TIMER/COUNTER 1 001Bh
4 SERIAL PORT 0023h

All the interrupts can be set or cleared by some special function register that is also
known as interrupt enabled (IE), and it is totally depends on the priority, which is
executed by using interrupt priority register.

Interrupt Enable (IE) Register:
IE register is used for enabling and disabling the interrupt. This is a bit addressable
register in which EA value must be set to one for enabling interrupts.

EA - - = ET1 EX1 ETO EXO

EA IE7 Disables all interrupts, If EA=0, no interrupt will be acknowledged. If
EA=1, interrupt source is individually enable or disabled by setting or
clearing its enable bit.

-_ IE6 Not implemented, reserved for future use™

-- IES Not implemented, reserved for future use™.

ES IE 4 Enable or disable the Serial port interrupt.

ET1 IE.3 Enable or disable the Timer 1 overflow interrupt.
EX1 IE.2 Enable or disable External interrupt 1

ETO IE 1 Enable or disable the Timer 0 overflow interrupt.
EXO IEO Enable or disable External interrupt O.

Interrupt Priority Register (IP)

Using IP register, it is possible to change the priority levels of an interrupts by clearing or
setting the individual bitin the Interrupt priority (IP) register as shown in figure. It allows
the low priority interrupt can interrupt the high-priority interrupt, but it prohibits the
interruption by using another low-priority interrupt. If the priorities of interrupt are not
programmed, then microcontroller executes the instruction in a predefined manner and
its order are INTO, TF0, INT1, TF1, and SI.
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(MSB) (LSB)

IP7 IP.6 IP5 IP.4 IP.3 P2 IPA1 IPO
Direct address B8H — — PT2 PS PT1 PX1 PTO PXO0
Bit address BF BE BD BC BB BA B9 B8

Clear for giving low priority for external interrupt 1 (INT1) <«—

Set for giving high priority for external interrupt 1 (INT1) <—

Clear for giving low priority for external interrupt O (INTO) <—

Set for giving high priority for external interrupt O (INTO) <=—

Timers of 8051 and their Associated Registers:

The 8051 has two timers, Timer 0 and Timer 1. They can be used as timers or as event
counters. Both Timer 0 and Timer 1 are 16-bit wide. Since the 8051 follows an 8-bit
architecture, each 16 bit is accessed as two separate registers of low-byte and high-byte.

Timer 0 Register:

The 16-bit register of Timer 0 is accessed as low- and high-byte. The low-byte register is
called TLO (Timer 0 low byte) and the high-byte register is called THO (Timer 0 high byte).
These registers can be accessed like any other register.

For example, the instruction MOV TLO, #4H moves the value into the low-byte of Timer
#0.

Timer 1 Register:

The 16-bit register of Timer 1 is accessed as low- and high-byte. The low-byte register is
called TL1 (Timer 1 low byte) and the high-byte register is called TH1 (Timer 1 high byte).
These registers can be accessed like any other register. For example, the instruction MOV
TL1, #4H moves the value into the low-byte of Timer 1.

TMOD (Timer Mode) Register:

Both Timer 0 and Timer 1 use the same register to set the various timer operation modes.
[tis an 8-bit register in which the lower 4 bits are set aside for Timer 0 and the upper four
bits for Timers.
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TMOD : Timer/Counter Mode Control Register (Not Bit Addressable)

GATE | T | Ml I MO GATE | T | M1 | MO
TIMER | TIMER O
GATE When TRx (in TCON) is set and GATE = 1. TIMER/COUNTERX will run only while INTx pin is high
(hardware control). When GATE = 0, TIMER/COUNTERxX will run only while TRx = 1 (software
control).
CT Timer or Counter selector. Cleared for Timer operation (input from internal system clock). Set for
Counter operation (input from Tx input pin).
M1 Mode selector bit (NOTE 1).
MO Mode selector bit (NOTE 1).
Note 1 :
M1 MO OPERATING MODE
0 [} 0 13-bit Timer
0 1 1 16-bit Timer/Counter
1 0 2 8-bit Auto-Reload Timer/Counter
1 1 3 (Timer 0) TLO is an 8-bit Timer/Counter controlled by the standard Timer O control
bits. THO 1s an 8-bit Timer and is controlled by Timer | control bits.
1 1 3 (Timer 1) Timer/Counter | stopped
TCON register:

TCON is another register used to control operations of counter and timers in
microcontrollers. It is an 8-bit register wherein four upper bits are responsible for timers
and counters and lower bits are responsible for interrupts.

(MSB) (LSB)
TCON.7 TCONG6 TCONS TCON.4 TCON.3 TCON.2 TCON.1 TCON.O
Direct address 88H TF1 TR1 TFO TRO IE1 m IEO 1TO
Bit address 8F 8E 8D 8C 8B 8A 89 88

This bit is set by the processor when there is an interrupt at INT1
This bit is cleared by the processor when thereis ajump to ISR of INT1

Set this bit (0) for an interrupt generated by a low level signal at INT1
Clear this bit (1) for an interrupt generated by a falling edge sional at INT1

This bit is set by the processor when there is an interrupt at INTO
This bit is cleared by the processor when there is a jump to ISR of INTO

Set this bit (0) for an interrupt generated by a low level signal at INTD
Clear this bit (1) for an interruot generated by a falling edge signal at INTO

Addressing modes of 8051:
In 8051 There are six types of addressing modes.
o Immediate Addressing Mode
e Register Addressing Mode
o Direct Addressing Mode
e Register Indirect Addressing Mode
e Indexed Addressing Mode
e Implied Addressing Mode
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Immediate addressing mode:
In this Immediate Addressing Mode, the data is provided in the instruction itself. The data
is provided immediately after the opcode.

MOV A, #0AFH;
MOV R3, #45H;
MOV DPTR, #FEOQOH;

# symbol is used for immediate data.

Register addressing mode:
In the register addressing mode the source or destination data should be present in a
register (RO to R7).

MOV A, R5;
MOV R2, #45H;
MOV RO, A;

MOV RO0,R1 //Invalid instruction, GPR to GPR not possible//

Direct Addressing Mode:
In the Direct Addressing Mode, the source or destination address is specified by using 8-
bit data in the instruction. Only the internal data memory can be used in this mode.

MOV 80H, R6;
MOV RZ, 45H;
MOV RO, 05H;

Register indirect addressing Mode:

In this mode, the source or destination address is given in the register. By using register
indirect addressing mode, the internal or external addresses can be accessed. The R0 and
R1 are used for 8-bit addresses, and DPTR is used for 16-bit addresses, no other registers
can be used for addressing purposes.

MOV OE5H, @RO;
MOV @R1, 80H

@ symbol is used for register indirect addressing.

MOVX A, @R1;
MOV @DPTR, A;

X in MOVX indicates the external data memory.
Indexed addressing mode:

In the indexed addressing mode, the source memory can only be accessed from program
memory only. The destination operand is always the register A.
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MOVC A, @A+PC;
MOVC A, @A+DPTR;

The C in MOVC instruction refers to code byte. For the first instruction, let us consider A
holds 30H. And the PC value is1125H. The contents of program memory location 1155H

(30H + 1125H) are moved to register A.

Implied Addressing Mode:

In the implied addressing mode, there will be a single operand. These types of instruction
can work on specific registers only. These types of instructions are also known as register

specific instruction.

RLA;
SWAP A;

Instruction set of 8051:
The instructions of 8051 Microcontroller can be classified into five different groups.
e Data Transfer Group
e Arithmetic Group
e Logical Group
e Program Branch Group
o Bit Processing Group also known as Boolean Variable Manipulation.

Like 8085, some instruction has two operands. The first operand is the Destination, and

the second operator is Source.

Data transfer group:

| MOV | A #Data A € Data Immediate__ 2
A, Rn A € Rn Register 1 1
A, Direct A € (Direct) Direct 2 1
A, @Ri A € @Ri Indirect 1 1
Rn. #Data Rn € data I di. 2 1
Rn. A Rn € A Register 1 1
Rn, Direct Rn € (Direct) Direct 2 2
Direct, A (Direct) € A Direct 2 1
Direct, Rn (Direct) € Rn Direct 2 2
Directl, Direct2 (Directl) € (Direct2) Direct 3 2
Direct, @Ri (Direct) € @Ri Indirect 2 2
Direct, #Data (Direct) € #Data Direct 3 2
@Ri, A @Ri € A Indirect 1 1
(@Ri, Direct @Ri € Direct Indirect 2 2
@Ri, #Data @Ri € #Data Indirect 2 1
DPTR, #Datal6 DPTR € #Datal6 I i 3 =
MOVC A, @A+DPTR A € Code Pointed by A+DPTR Indexed 1 2
A, @A+PC A € Code Pointed by A+PC Indexed 1 2
A, @Ri A € Code Pointed by Ri (8-bit Address) Indirect 1 2
MOVX A, @_DPTR A € External Data Pointed by DPTR Indirect 1 2
@Ri, A @Ri € A (External Data 8-bit Addr) Indirect 1 2
@DPTR. A @DPTR € A (External Data 16-bit Addr) Indirect 1 7

E O N
PUSH Direct Stack Pointer SP € (Direct) Direct Z 2
POP Direct (Direct) €< Stack Pointer SP Direct 2 z
XCH Rn Exchange ACC with Rn Register 1 1
Direct Exch ACC with Direct Byte Direct 2 1
@Ri Exchange ACC with Indirect RAM Indirect 1 1
XCHD A, @Ri Exchange ACC with Lower Order Indirect RAM Indirect 1 1
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Arithmetic group:

ADD A, #Data A € A + Data Immediate 2 1
A_Rn A€ A+Rn Register 1 1

A. Direct A € A + (Direct) Direct 2 1

A. @Ri A € A+ @Ri Indirect 1 1

ADDC A, #Data A € A+Data+C Immediate 2 1
A.Rn A€A+Rn+C Register 1 1

A. Direct A € A + (Direct) + C Direct 2 1

A, @Ri1 A(—A+@Ri+C Indirect 1 1

SUBB A, #Data A€ A-Data-C Immedi 2 1
A.Rn A€ A-Rn-C Register 1 1

A. Direct A € A — (Direct) — C Direct 2 1

A. @Ri A€A-_@Ri-C Indirect 1 1

Multiply A with B
MUL AB (A € Lower Byte of A*B and B == 1 4
€ Higher Byte of A*B)
Divide A by B

DIV AB (A € Quotient and B €« - 1 4
Remainder) . I o

DEC A A€A-1 Register 1 1
Rn Rn< Rn-1 Register 1 1

Direct (Direct) €< (Direct) — 1 Direct £ 1

@Ri1 @Ri € @Ri— 1 Indirect 1 1

INC A A€CA+1] Register 1 1
Rn Rn € Rn+1 Register 1 1

Direct (Direct) € (Direct) + 1 Direct 2 1

Ri Ri € @Ri + 1 Indirect 1 1

DPTR DPTR €< DPTR + 1 Register 1 2

DA A Decimal Adjust Accumulator - 1 1

Logical group:

ANL A. #Data A € A AND Data Immediate 2 1
A.Rn A € A AND Rn Register 1! 1

A, Direct A € A AND (Direct) Direct 2 1

A. @R1 A € A AND @Ri Indirect 1 1

Direct. A (Direct) € (Direct) AND A Direct 2 1

Direct, #¥Data (Direct) € (Direct) AND #Data Direct 3 7

ORL A. #Data A € A OR Data Immediate 2 1
A.Rn A € AORRn Register 1 1

A. Direct A € A OR (Direct) Direct 2 1

A, @R1 A € A OR @Ri Indirect 1 1

Direct. A (Direct) € (Direct) OR A Direct 2 1

Direct, #Data (Direct) € (Direct) OR #Data Direct 3 7z

XRL A, #Data A € A XRL Data Immediate 2 1
A.Rn A € AXRL Rn Register 1 1

A. Direct A € A XRL (Direct) Direct 2 1

A. @Ri A € AXRL @Ri Indirect 1 1

Direct. A (Direct) € (Direct) XRL A Direct 2 1

Direct, #Data (Direct) € (Direct) XRL #Data Direct 3 2

CLR A A€ 00H - 1 1
CPL A A€ A - 1 1
ECT=ON:!ds EVE]

RL A Rotate ACC Left - 1 1
RLC A Rotate ACC Left through Carry - 1 1
RR A Rotate ACC Right - 1 1
RRC A Rotate ACC Right through Carry - 1 1
SWAP A Swap Nibbles within ACC - 1 1

60




Program branch group:

Absolute Subroutine Call

SESLE SIS PC +2 -> (SP): ADDR11 - PC i 2
Long Subroutine Call
eall ATIELS PC + 3 - (SP): ADDR16 > PC 5 =
Return from Subroutine
RET - (SP) > PC 1 2
RETI -- Return from Interrupt 1 2
Absolute Jump
AIMP ADDRI1 ADDRI11 = PC 2 2
Long Jump
LIMP ADDRIG6 ADDRI16 = PC 3 2
Short Jump
SIMP rel PC + 2 + rel > PC 2 2
JIMP @A + DPTR A + DPTR = PC 1 2
JZ rel If A=0, Jump to PC + rel 2 2
INZ rel If A # 0, Jump to PC + rel
y Compare (Direct) with A. Jump
CINE A, Direct, rel to PC + rel if not equal 3 2
Compare #Data with A. Jump to
A, #Data, yel PC + rel if not equal 3 2
Compare #Data with Rn. Jump
DLpE el to PC + rel if not equal = =
: Compare #Data with @RIi. Jump
@Ri, #Data, rel to PC + rel if not equal 3 %
ELECT 20
Decrement Rn. Jump to PC + rel
DINZ Rn, rel e 2
Divect vel Decrement (lect). Jump to PC 3 >
+ rel if not zero
NOP No Operation 1 1
Bit manipulation group:
CLR C C € 0 (C = Carry Bit) 1 1
Bit Bit < 0 (Bit = Direct Bit) 2 1
SET (g5 G Cl 1 1
Bit Bit € 1 2 1
CPL C ce C 1 1
Bit Bit € Bit 2 1l
ANL C, /Bit C € C. Bit (AND) 2 1
C. Bit C € C . Bit (AND) 2 ]
ORL C. /Bit C € C + Bit (OR) 2 1
C. Bit C € C + Bit (OR) 2 1
MOV C. Bit C < Bit 2 1
Bit, C Bit € C 2 2
ELECTRC :
JC rel Jump is Carry (C) is Set 2 2
JNC rel Jump is Carry (C) is Not Set 2 2
JB Bit, rel Jump is Direct Bit is Set 8 2
JNB Bit, rel Jump is Direct Bit is Not Set 3 2
IBC Bit, rel Jump is Direct Bl_t is Set and 3 5
Clear Bit
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Assembler Directives:

The assembling directives give the directions to the CPU. The 8051 microcontroller
consists of various kinds of assembly directives to give the direction to the control unit.
The most useful directives are 8051 programming, such as:

ORG

DB

EQU

END

ORG (origin): This directive indicates the start of the program. This is used to set the
register address during assembly. For example; ORG 0000H tells the compiler all
subsequent code starting at address 0000H.

Syntax: ORG 0000H

DB (define byte): The define byte is used to allow a string of bytes. For example, print the
“EDGEFX” wherein each character is taken by the address and finally prints the “string”
by the DB directly with double quotes.

Syntax:

ORG 0000H

MOV A, #00H

DB "EDGEFX”

EQU (equivalent): The equivalent directive is used to equate address of the variable.
Syntax:
reg equ,09H

MOV reg,#2H

END: The END directive is used to indicate the end of the program.
Syntax:
reg equ,09H

MOV reg, #2H
END

Assembly language program:

Addition:

ORG 0000H

MOV RO, #03H // move the value 3 to the register R0//

MOV A, #05H  // move the value 5 to accumulator A//

Add A, 00H // add A value with RO value and stores the resultinA//
END
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Multiplication:

ORG 0000H

MOV RO, #03H // move the value 3 to the register R0//

MOV A, #05H  // move the value 5 to accumulator A//

MUL A, 03H // Multiplied result is stored in the Accumulator A //
END

Subtraction:

ORG 0000H

MOV RO, #03H // move the value 3 to register RO//

MOV A, #05SH // move the value 5 to accumulator A//

SUBB A, 03H // Result value is stored in the Accumulator A //
END

Division:

ORG 0000H

MOV RO, #03H // move the value 3 to register R0//

MOV A, #15H // move the value 5 to accumulator A//
DIV A,03H // final value is stored in the Accumulator A //
END

Treat R6-R7 and R4-R5 as two 16-bit registers. Perform subtraction between them. Store
the resultin 20h (lower byte) and 21h (higher byte).

CLRC ; clear carry

MOV A, R4 ; get first lower byte
SUBB A, R6 ; subtract it with other
MOV 20H, A ; store the result

MOV A, R5 ; get the first higher byte
SUBB A, R7 ; subtract from other
MOV 21H, A ; store the higher byte
END

Jump, Loop and Call program:

Transfer the block of data from 20H to 30H to external location 1020H to 1030H.
Solution: - here we have to transfer 10 data bytes from internal to external RAM. So first,
we need one counter. Then we need two pointers one for source second for destination.

MOV R7, #0AH ; initialize counter by 10d
MOV RO, #20H ; get initial source location
MOV DPTR, #1020H ; getinitial destination location
NXT: MOV A, @R0O ; get first content in acc
MOVX @DPTR, A ; move it to external location
INCRO ; increment source location
INCDPTR ; increase destination location
DJNZ R7, NXT ; decrease r7. if zero then over otherwise move next
END
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Find out how many equal bytes between two memory blocks 10H to 20H and 20H to 30H.
Solution: - here we shall compare each byte one by one from both blocks. Increase the
count every time when equal bytes are found

NXT:

NOMATCH:

MOV R7, #0AH ; initialize counter by 10d
MOV RO, #10H ; getinitial location of block1
MOV R1, #20H ; get initial location of block2
MOV R6, #00H ; equal byte counter. Starts from zero
MOV A, @RO ; get content of block 1 in acc
MOV B, A ;moveittoB
MOV A, @R1 ; get content of block 2 in acc
CJNE A, B, NOMATCH ; compare both if equal
INCR6 ; increment the counter
INCRO ; otherwise go for second number
INCR1
DJNZ R7, NXT ; decrease R7. if zero then over otherwise move next

Counters and subroutines:

The crystal frequency is given as 12 MHz. Make a subroutine that will generate delay of
exact 1 ms. Use this delay to generate square wave of 50 Hz on pin P2.0

Solution: - 50 Hz means 20 ms. And because of square wave 10 ms ontime and 10 ms
offtime. So for 10 ms we shall send 1 to port pin and for another 10 ms send 0 in
continuous loop.

LOOP: MOV R6, #0AH ;load 10d inr6
ACALL DELAY ;call 1 msdelay x10 =10 ms
CLRP2.0 ; send 0 to port pin
MOV Ré6, #0AH ;load 10d inr6
ACALL DELAY ;call 1 msdelay x10 = 10 ms
SIMP LOOP ; continuous loop

DELAY: ; load count 250d

LP2: MOVR7, #0FAH

LP1: NOP ; 1 cycle
NOP ; 1+1=2 cycles
DJNZ R7,LP1 ; 1+1+2 =4 cycles
DJNZ R6, LP2 ; 4x250 = 1000 cycles =1000 uys=1ms
RET

[/0 programming:
1. Toggle all bits of P2 continuously

MOV A, #55

BACK: MOV PZA

ACALL DELAY
CPLA ;complement (invert) reg. A
SJMP BACK
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2. Port 1 is configured to be used as an output port, then to use it as an input port

again

MOV A ,#0FFH ;A = FF hex

MOV PLA ;Make P1 an input port
MOV AP1 ;get data from P1

MOV R7,A ;save itin Reg R7
ACALL DELAY ;wait

Serial communication in 8051:

Serial communication may be simplex, half-duplex or full-duplex.

Simplex communication means that data will be transmitted only in one direction while
half-duplex means data will be transmitted in both directions but at one time, only one
device can transmit, whereas full-duplex means data may be transmitted in both
directions at one time, while one device is transmitting, it can also receive data
transmitted from other devices at same time.

The transmitter and receiver are configured to communicate at some data transfer rate
before communication starts. This data transfer rate or a number of bits transmitted per
second is called the baud rate for handling serial communication.

Parallel communication is fast but it is not applicable for long distances (for printers).
Moreover, it is also expensive.

Serial is not much fast as parallel communication but it can deal with transmission of data
over longer distances (for telephone line, ADC, DAC).

[t is also cheaper and requires less physical wires, that's why we use serial
communication.

The “Serial Control” (SCON) is the SFR which is used to configure serial port.

éne bit/data line

METHODS OF SERIAL COMMUNICATION:

There are two methods of Serial Communication:

ASYNCHRONOUS and SYNCHRONOUS

SYNCHRONOUS: Transfer the block of data (characters) between sender and receiver
spaced by fixed time interval. This transmission is synchronized by an external clock.

ASYNCHRONOUS: There is no clock involved here and transmission is synchronized by
special signals along the transmission medium. It transfers a single byte at a time between
sender and receiver along with inserting a start bit before each data character and a stop
bit at its termination so that to inform the receiver where the data begins and ends. An
example is the interface between a keyboard and a computer. Keyboard is the transmitter
and the computer is the receiver.
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We use USART and UART for serial communications. USART or UART is a microcontroller
peripheral which converts incoming and outgoing bytes of data into a serial bit stream.
Both have same work but with different methods which is explained below.

USART:

USART stands for Universal Synchronous/Asynchronous Receiver-Transmitter. USART
uses external clock so it needs separate line to carry the clock signal. Sending peripheral
generates a clock and the receiving peripheral recover from the data stream without
knowing the baud rate ahead of time. By use of external clock, USART’s data rate can be
much higher (up to rates of 4 Mbps) than that of a standard UART.

UART:

[t stands for Universal Asynchronous Receiver-Transmitter. A UART generates its
internal data clock to the microcontroller. It synchronizes that clock with the data stream
by using the start bit transition. The receiver needs the baud rate to know ahead of time
to properly receive the data stream.
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