
MICROPROCESSOR AND MICROCONTROLLER 

AIM

 To learn the concepts of microprocessor, microcontroller and its applications 

 To design microprocessor & microcontroller along with interfacing devices

 To understand the impact of microcontroller in engineering applications. 

OBJECTIVE
 Provide an overview of difference between microprocessor and micro controller. 

 Provide background knowledge and core expertise in 8086 microprocessor and 8051 

microcontroller. 

 Provide an overview of architecture and the pin configuration of 8086 microprocessor 

and Intel 8051 microcontroller.

 Exhibit programming skills, choose suitable hardware and program the devices to solve 

engineering problems.

 Overview about advanced microcontroller like AVR,PIC and ARM

PRE TEST
1) The binary number 11111010 is equivalent to hexadecimal number is …………..

a) FA   b) AF   c) 2A   d) F1

2)2’s complement of binary number 0101 is ………..
a) 1011  b) 1111   c) 1101d)1110

3) A device which converts BCD to seven segments is called ……..
a) Encoder  b) Decoder  c) Multiplexer  d)None of these

4) For the gate in the given figure the output will be ………..

 



a) 0    b) 1   c)  Ad)  Ā

4) The basic storage element in a digital system is ………….
a) Flip-flop  b) counter   c)  multiplexer     d)encoder

5) Which device has one input and many outputs?
a) Multiplexer  b)  Demultiplexer  c) Counter  d)Flip flop

6)  The hexadecimal number (3E8)16 are equal to decimal number ………
a) 1000    b) 982    c)768   d)323

7)  A three state switch has three outputs. These are …….. , …….. , ……….
a) low, low and high    b) low, high, high   c) low. floating, low  d) low, high, floating

8)  1’s complement of 11100110 is ……………….
a) 00011001   b)10000001  c)00011010  d)00000000

9) The hexadecimal number (3E8)16 are equal to decimal number ………
a) 1000  b)982  c) 768  d)323

10) A counter type A/D converter contains a 4 bit binary ladder and a counter driven by a 2 MHz 
clock. Then conversion time is ………..
a) 8 μ sec   b)10 μ sec  c)2 μ sec  d) 5 μ sec

Answer
1) a    2) a     3) b    4) d  5) a  6) a  7) d  8) a   9)  a  10) a   

THEORY BEHIND

MODULE I 

INTEL 8086 MICROPROCESSOR 

Microprocessor Evolution and Types- Architecture of 8086- Pin configuration-Instruction Set- 

Addressing Modes – Interrupts-Simple Programs. 

EVOLUTION OF MICROPROCESSOR

Microprocessor is an Integrated circuit which fetches from memory, decodes and executed 

instructions. In computers it is used as central processing unit. The main blocks of 



microprocessor are ALU (Arithmetic Logic Unit), an array of registers and a control unit. Bus is 

a collection of lines that carries data, address and control signals. Bus can be divided in to Data 

bus, address bus and control bus.

The group of lines which carries data are called data bus

The group of lines which carries address are called address bus

The group of lines which carries control address are called control bus

In 1971, Intel Corporation released the world’s first microprocessor- the INTEL 4004, a bit 

microprocessor. There are 45 different instructions. It is a monolithic IC employing large scale 

integration in PMOS technology. 

FIRST GENERATION MICROPROCESSOR

The microprocessor introduced between 1971 and 1973 were coming under the first generation 

systems. They were designed using PMOS technology. This technology provides low cost, slow 

speed and low output currents and was not compatible with TTL (Transistor Transistor Logic) 

levels.

To form a system, first generation processor requires an additional support. It will have more 

than 30 IC’s to form a system. 16 pin will be provided in 4 bit processor, where as in 8 bit and 16 

bit processor having 40pin. Many signals are multiplexed. Some of the first generation 

microprocessors are listed below:

4 BIT 8 BIT 16 BIT

INTEL 4004, INTEL 4040 INTEL 8008 NATIONAL IMP/16

FAIR CHILD PPS-25 NATIONAL IMP-8 NATIONAL PACE

NATIONAL IMP-4 ROCKWELL PPS-8

ROCKWELL PPP-4 AMI 7200

MICRO SYSTEMS INTL. MOSTEK 5065



MC-1

SECOND GENERATION

The second generation microprocessor come out in 1973 and was manufactured in NMOS 

technology. The NMOS technologies afford faster speed and higher density than PMOS and it is 

TTL compatible. Some of the second generation microprocessors are listed below:

8-BIT 12-BIT 16-BIT

INTEL 8080 INTERSIL 6100 TI TMS 9900

INTEL 8085 TOSHIBA TLCS-12 DEC-W.D. MCP-1600

FAIRCHILD-8 GENERAL INSTRUMENT 

CP 1600

MOTOROLA M6800 DATA GENERAL µN601

MOTOROLA M6809

NATIONAL CMP-8

RCA COSMAC

MOS TECH 6500

SIGNETICS 2650

ZILOG Z80



PERFOMANCES OF SECOND GENERATION MICROPROCESSOR

 Larger chip size (170 * 200mils) [1mil = 10-3 inch]

 40 pins

 More numbers of on-chip decoded timing signals

 The ability to address large memory spaces

 The ability to address more I/O ports

 Faster operation

 More powerful instruction set

 A greater number of levels of subroutine nesting

 Better interrupt handing capabilities

THIRD GENERATION MICROPROCESSORS

The third generation microprocessors were introduced after 1978. These processors are 16-bit 

and designed with HMOS Technology. Some of the third generation microprocessors are 

INTEL 8086, INTEL 8088, INTEL 80186, INTEL 80286, MOTOROLA 68000, 

MOTOROLA 68010, ZILOG Z8000, NATIONAL NS 16016, and TEXAS INSTRUMENTS 

TMS 99000.

PERFORMANCE OF THIRD GENEATION MICROPROCESSORS

 Provided with 40/48/64 pins

 High speed and very strong processing capability

 Easier to program

 Allow for dynamically relocatable programs

 Size of internal registers are 8/16/32

 Flexible I/O port addressing

FOURTH GENERATION MICROPROCESSRS

In 1980, the fourth generation microprocessors were introduced. These processors are 32-bit 

processors and are fabricated using the low-power version of the HMOS technology called the 

HCMOS. These 32-bit microprocessors have increased sophistication that complete strongly 



with mainframes. Some of the fourth generation microprocessors are listed below: INTEL 

80386, INTEL 80486, MOTOROLA MC88100, NATIONAL NS16032, MOTOROLA M68020, 

BELLMAC-32.

INTRODUCTION TO 8086 MICROPROCESSOR

A 16-bit microprocessor is used. The 8086 could retrieve exceeding 20 memory addresses 

because to its 20-bit address bus (1 megabyte). It can support up to 64K I/O ports. There are 

fourteen 16-bit registers in total. Multiplexing is used on the location and data buses AD0-AD15 

and A16–A19. A single phase oscillator with the 33 percent duty ratio provides internal time. 

The 8086 may operate in two modes: minimum and maximal. In speed up instruction execution, 

this could load and queue up to 7 instruction bytes from memory. It requires a +5V power 

supply. With 40 pins, it's the dual in line package.

 Minimum and Maximum mode

Minimal mode is selected by trying to respond 1 to the MN/MX# input pin. Only one 

microprocessor is used in this configuration. The maximum mode is chosen by trying to respond 

0 to a MN / MX# digital input. This is a multi-microprocessor configuration.

The internal architecture and pin configuration of the 8086 are shown in figure 1 and 2 referred 

from www.kdke.edu.in. It is split into two parts: BIU and EU. Retrieving instruction, writing and 

reading memory opcode, and calculating memory operand addresses are all handled by the BIU. 

The instructions' bytes are transferred towards the instruction queue. EU executes instructions 

out from instruction system's byte queue.

 Both units work in tandem to provide the 8086 with an overlapping instruction fetch and 

execution method known as Pipelining. As a result, the system bus is used more efficiently, and 

the system performs better. The BIU contains the instructional queue, segments registers, 

instruction pointers, and address adder.

Control circuitry, Instruction decoder, ALU, Pointer and Index registers, and Flag register are all 

found in the EU. The Bus Interface Unit has a 16-bit bidirectional data bus and a 20-bit address 

bus. All external bus actions must be performed by the bus interface unit.



Instruction fetch, Instruction queuing, Operand fetch and storage, Address relocation, and Bus 

control are some of the functions it has. The BIU implements a pipeline architecture using an 

instruction stream queuing mechanism.

This queue allows up to six bytes of instruction code to be prefetched. Whenever When the BIU's 

queue isn't full and there's place for at least two more bytes, and the EU isn't asking this one to 

read or write opcode from memory, the BIU can look forward in the programme by prefetching 

the very next sequential instruction. It keeps these prefetching instructions in a FIFO queue. In a 

single memory location, the BIU retrieves two instruction bytes cycle to its 16-bit data bus. After 

one byte is fed at the queue times input end, it advances up the FIFO towards the nearest empty 

spot near the output. The EU has entry to the queue from the output end. It takes one instruction 

byte first from queue's output at a time. If such queue is full and also the EU has so far not made 

a request to a memory operand, the queue will be closed. Idle state refers to periods of no bus 

activity that may occur between bus cycles.

If the EU requests that the BIU read or write operands into memory or I/O although it is fetching 

an instruction, the BIU accomplish the instruction fetch bus cycles first before beginning the 

operand read/write cycle. The BIU also has a specialised adder, which is used to create the 20-bit 

physical location which is transmitted on the address bus. This address is made up of an added 

16 bit segments address and a 16 bit offsets address. For example, the destination address with 

every instruction to be retrieved is provided by combining the system that includes of both code 

segment CS register and therefore the current values of a programme counter IP register. The 

BIU is also in charge of creating bus control signals like memory as well as Input/output read 

and write signal.

The Execution unit must decode and execute all instructions. (The EU receives instructions as 

from beginning of a BIU's queue, decodes these, generates operands if necessary, and then 

delivers them to the BIU, instructing it to execute read or write bus cycle to memory or I/O, and 

also the operation described either by instruction on the operands.  Even during execution of the 

instruction, the EU analyzes the status as well as control flags and modifies them based on the 

results. Unless the queue is empty, the EU pauses over the next command byte to also be fetched 

before relocating to the head of the list.



Fig.1 8086 microprocessor architecture

Pin configuration of 8086

The first 16-bit microprocessor in a 40-pin DIP (Double Inline Package) chip was the 8086. 

The power supply and frequency signals are powered by a 5V DC supply at VCC pin 40, with 

ground at VSS pins 1 and 20.

Pin-19 is used to give the clock signal. It gives the CPU timing for operations. Its frequency 

varies according on the version, with 5MHz, 8MHz, and 10MHz being the most common.



There are 16 address/data buses numbered AD0-AD15. Low-order byte data is carried by AD0-

AD7, while higher-order byte data is carried by AD8AD15. It carries 16-bit address during the 

first clock cycle and 16-bit data after that.

It carries 4-bit address during the first clock cycle and status signals later. Bus High Enable is 

the abbreviation for Bus High Enable. It's located at pin 34 and is used to signify data flow via 

data bus D8-D15. During the first clock cycle, this signal is low; after that, it is active.

Pin 22 has the word READY. It's a signal from I/O devices indicating that data has been sent. 

It's a high-intensity signal that's active. Whenever this value is increased, it indicates that the 

equipment is ready to deliver information. When it's low, you're in a holding pattern.

Pin 21 has a RESET button that can be used to restart the execution. It causes the processor's 

current activity to be terminated immediately. To RESET the microprocessor, for first four 

clock cycles, this signal remains high.

                    Fig.2 Pin configuration of 8086



Bus High Enable is the abbreviation for Bus High Enable. It's located at pin 34 and is used to 

signify data flow via data bus D8-D15. During the first clock cycle, this signal is low; after that, 

it is active.

Pin 22 has the word READY. It's a signal from I/O devices indicating that data has been sent. 

It's a high-intensity signal that's active. When this value is high, it means the device is ready to 

send data. When it's low, it means you're in a waiting mode.

Pin 21 has a RESET button that can be used to restart the execution. It causes the processor's 

current activity to be terminated immediately. To RESET the microprocessor, this signal is 

active high for the first four clock cycles.

Pin 30 is used to provide the HLDA signal, stands for Hold Acknowledgement Signal. The 

HOLD signal is acknowledged by this signal. External devices are demanding access to the 

address/data buses, as indicated by the HOLD signal in Pin 31.



ADDRESSING MODES

The data value/data address is implicitly associated with the instruction. The term (register) 

refers to the information in a registers or a register pair.

Immediate addressing mode: The necessary information is included in the instruction.

Direct addressing mode: The operand of the instruction provides the memory location where the 

data is stored.

Indirect addressing modes: The indirect register instruction defines a register that has an address 

where data can be found. SI, DI, BX, and BP registers are all compatible with this addressing 

mode.

Based addressing mode: An 8-bit or 16-bit instructions operand is added to the values of just a 

base register (BX or BP), yielding a pointer to a data location.

Indexed addressing mode: A pointer to a data location is obtained by adding an 8-bit or 16-bit 

instructions opcode to the content of the index register (SI or DI).

Based Indexed addressing mode: A pointer of the data location is calculated by adding the 

content of a base register (BX or BP) to the values of an index register (SI or DI).



Based Displacement index addressing mode:  The values of a base register (BX or BP) and an 

index register (SI or DI) are added to an 8-bit or 16-bit instruction operand, providing a pointer 

to) a data location.

INTERRUPTS IN 8086 MICROPROCESSOR

The following interrupts are available on the processor:

INTR is a hardware interrupt that can be masked. STI/CLI instructions can be used to 

enable/disable the interrupt, or the POPF instruction can be used to update the FLAGS register 

in a more sophisticated manner.

When an interrupt occurs, the processor loads the FLAGS register into the stack, disables all 

other interrupts, retrieves one byte from the bus identifying the interrupt type, and jumps to the 

interrupt processing procedure address stored in location 4. With the IRET instruction, the 

interrupt processing function should return.

A non-maskable interrupt (NMI) is a signal that cannot be masked. In the same way that INTR 

interrupts are handled, interruptions are handled as well. The interrupt type of the NMI is 2, 

which mean the address of the NMI processing function is stored at location 0008h.

The maskable interrupt is overridden by this interrupt. Software interruptions can be triggered 

via the INT command - breakpoint interrupt. This is an interrupt of type 3. Any one of the 256 

interrupts is available with the INT interrupt number> instruction. INTO instruction - overflow 

interrupt if the TF flag is set, a single-step interrupt is created. This is an interrupt of type 1. The 

CPU clears the TF flag before invoking the interrupt processing procedure when it processes 

this interrupt.

Divide Error (Type 0), Unused Opcode (Type 6) and Escape opcode are all processor 

exceptions (type 7). The handling of software interrupts is identical to that of hardware 

interrupts. The 256 interrupt vectors in the interrupt vector table in the RAM are shown in the 

figure 3shown below is referred from www.iare.ac.in.



Fig 3 Interrupt vector table



MODULE II 

INTEL 8051 MICROCONTROLLER 

8051 Architecture-pin configuration – flags and PSW-CPU registers-Internal RAM & ROM-

Special Function Registers- I/O Ports & Circuits.

INTEL 8051 Microcontroller

INTRODUCTION TO MICROCONTROLLER

A microcontroller is a compact, low-cost microcomputer designed to do certain embedded 

system activities such as displaying microwave information, receiving distant signals, and so on. 

The CPU, memory (RAM, ROM, and EPROM), serial ports, and peripherals (timers, counters, 

and so on) make up a generic microcontroller.

The distinctions between a microprocessor and a microcontroller are shown in the table below 

referred from www.kdke.com.



 MICROCONTROLLERS TYPES

Microcontrollers are classified on the basis of storage, structure, bits, and programming 

languages. The following is a list of their various types:

BIT

The microcontroller is even further classified into three kinds based on bit configuration.

•An 8-bit microcontroller is a device that can do arithmetic and logical operations such as 

addition, subtraction, multiplication, and division. Intel 8031 and 8051, for example, are 8-bit 

microcontrollers.

•16-bit microcontroller: This kind of microcontroller is used to conduct arithmetic and logical 

operations that demand a greater level of precision and performance. A 16-bit microcontroller, 

for example, is the Intel 8096.

•Automatically controlled appliances, such like automatic operational machinery and medical 

appliances frequently use 32-bit microcontrollers and so on.

Memory Based on the memory configuration,

The microcontroller has been further divided into two main types.

•External memory microcontroller: This sort of microcontroller is created without a programme 

memory built into the chip. As a result, it's known as an external memory microcontroller. For 

instance, consider the Intel 8031 microcontroller.

•Incorporated memory microcontroller: This sort of microcontroller is created with all of the 

programmes and data memory, counters and timers, interrupts, and I/O ports embedded on the 

chip. For instance, consider the Intel 8051 microcontroller.

Instruction Set

The instruction set layout of the microcontroller is used to further characterise it.



•CISC (Centre for International Security Cooperation) Complex instruction set computer is a 

term used to describe a computer that has a large number of instructions. It allows the user to 

enter a single command. rather than a series of simple ones.

•RISC (Reduced Instruction Set Computers) RISC means from Reduced Instruction Set          

Computers. It shortens the clock cycle per instruction, reducing operating time.

APPLICATIONS OF MICROCONTROLLERS

Microcontrollers are frequently utilised in a variety of devices, including

 Light sensing and controlling devices like LED.

 Temperature sensing and controlling devices like microwave oven, chimneys.

 Fire detection and safety devices like Fire alarm.

 Measuring devices like Volt Meter.

INTRODUCTION TO 8051 MICROCONTROLLER

Intel created the 8051 microcontroller in 1981. It's a microcontroller with a resolution of 8 bits It 

includes 40 DIP pins, 4KB of ROM memory, 128 bytes of RAM space to store, with two 16-bit 

timers. It contains 4 parallel 8-bit terminals that can be programmed and addressed to the user's 

requirements. The microcontroller has an on-chip crystal oscillator with a crystal frequency of 12 

MHz

Features of 8051 MC

 4K bytes internal ROM

 128 bytes internal RAM

 Four 8-bit I/O ports (P0 - P3).

 Two 16-bit timers/counters

 One serial interface

 only 1 On chip oscillator (external crystal)

 6 interrupt sources (2 external , 3 internal,  Reset)

 64K external code (program) memory(only read)PSEN

 64K external data memory(can be read and write) by RD,WR

 Code memory is selectable by EA (internal or external)



ARCHITECTURE OF 8051 MICROCONTROLLER

The system bus brings all of the services that enable to the CPU in the diagram below. The 

system bus has 8-bit data bus, a 16-bit address bus, and control bus. The system bus connects all 

other devices, including programme memory, ports, data memory, and serial interface; interrupt 

control, timers, as well as the CPU. Figure 4 and 5 shows the architecture and pin configuration 

of 8051 microcontroller referred from www.kdkce.edu.in.

Fig 4 architecture of 8051 microcontroller

The 8051 microcontroller's pin diagram is as follows:

• Port 1 is made up of pins 1 through 8. This port isn't used for anything else. It's a bi-directional 

I/O port that's internally pulled up.

• Pin 9 is a RESET pin that is used to return the microcontroller to its default settings.



• Pins 10 to 17 are referred to as Port 3. Interrupts, timer input, control signals, serial 

communication signals RxD and TxD, and other functions are handled by this port.

• Pins 18 and 19 are used to connect to an external crystal to obtain the system clock.

• Pin 20: This pin is used to deliver power to the circuit.

• Pins 21 to 28 are referred to as Port 2. It functions as an I/O port. It functions as an I/O port.     

  This port can also multiplex higher-order address bus signals.

• The PSEN pin, which stands for Program Store Enable, is located on pin 29. It reads a signal   

   from the external programme memory.

• The EA pin, which stands for External Access input, is located on pin 30. It's used to turn on    

  and off the external memory interface.



Fig 5 pin configuration of 8051 microcontroller

• The ALE pin, which stands for Address Latch Enable, is pin 31. Its purpose is to Demultiplexer 

the port's address-data signal.

• Pins 32 to 39 are referred to as Port 0. It functions as an I/O port. This port multiplexes lower-

order address and data bus signals.

• Pin 40: This pin is utilised to deliver power to the circuit.

INTERRUPT OF 8051 MICROCONTROLLER

Interrupts are events that temporarily halt the main programme, hand control over to external 

sources, and have them complete their tasks. The control is subsequently passed to the main 

programme, which continues where it left off.

INT0, TFO, INT1, TF1, RI/TI are the five interrupt signals of the 8051. By setting bits in the IE 

register, each interrupt can be enabled or disabled and the entire interrupt system can be disabled 

by removing the EA bit of the same register. The steps involved in carrying out an interrupt. 



Upon receiving an interrupt signal, the Microcontroller completes the current instruction and 

stores the PC on stack. 

The Microcontroller goes to either a permanent address in memory depending on the type of 

interrupt. Whenever RETI (resume from interrupt) is executed, the interrupt service function is 

started. The microcontroller restarts where it has been interrupted when RETI is run. Take the 

pop PC out of the stack. The loop (interrupt service routine) for each interrupt starts in a different 

point in code memory.

 Interrupt 0:                             0003h

 Timer 0 overflow:                  000Bh

 External Interrupt 1:               0013h

 Timer 1 overflow:                  001Bh

 Serial :                                    0023h

 Timer 2 overflow(8052+)       002bh

8051 MEMORY ORGANIZATION

The 8051 microcontroller's memory is split into two parts: Programme Memory and Data 

Memory. Program Memory (ROM) is used for completely saving the programme being 

performed, whereas Data Memory (RAM) is utilised for temporarily storing and retaining 

intermediate results and variables.

Memory for Programs (ROM)

The permanent saving programme (CODE) is executed in the Program Memory (ROM). The 

memory can only be read. Program memory may also be used to store constant variables, 

depending on compiler settings. Only programmes placed in programme memory are executed 

by the 8051. To connect to programme memory, the specified code storage type is used. The 

8051 storage organisation can be supplemented with external programme memory. Figure 6 

shows the memory organisation referred from http://download.mikroe.com.



Fig 6 Memory organization

Internal Data Memory

Up to 256 bytes of internal information storage could be accessed depending on the 8051 

version. The very first 128 registers, as well as addressed space from 0 to 7Fh, are used to store 

data., are available to the user, and this area of RAM is separated into numerous blocks. The first 

128 bytes of internal data memory can be addressed directly or indirectly. Only indirectly may 

the upper 128 bytes of data memory (from 0x80 to 0xFF) be addressed. Because the internal data 

memory is also utilised there’s only 256 bytes on the CALL stack, which is distributed over 

numerous memory sectors, making effective use of such a memory is crucial for speedy and 

compact code.

There are memory blocks that are bit-addressable in the scope of 20h to 2Fh that implies that 

each bit would have its own location from 0 to 7Fh. This block has a total of 128 bits because 

there are 16 such registers, within each location.

External Data Memory

Access to external memory is slower than access to internal data memory. Outside storage device 

can be up to 64K bytes in size. On-chip XRAM storage is available on several 8051 devices, and 

it may be accessible using the same commands. This XRAM space overlays the external memory 

space and is normally enabled by properly setting the SFR register. Such entry to external 

memory or XRAM space is made, that register should be manually set in code.



SFR Memory

Special Function Registers have 128 bytes of RAM on the 8051 (SFRs). Timers, counters, serial 

I/O, port I/O, and peripherals are all controlled by SFRs, which are bit, byte, or word-sized 

registers.

8051 TIMER/COUNTER

Timer/Counter 8051 internally, there are two timers/counters with16-bit counter and timer. The 

system clock is used as the source of input pulses by the timer. External input pulses from port 3 

are used by the counter (T0, T1). If associated interrupt is enabled, an interrupt is triggered when 

the count exceeds a certain threshold. 



MODULE III 

INTEL 8051 PROGRAMMING 

Instruction Set- Data Transfer Instruction-Arithmetic and Logical Instruction- Jump Loop and 

Call Instruction-Simple Programs. 

8051 Microcontroller Instruction Set

INTRODUCTION

Writing a programme for a microcontroller entails sending the microcontroller commands in a 

certain sequence for which they should be processed in order to complete a task. A 

Microcontroller's Instruction Set is a collection of commands sent to the microcontroller. A 

Microcontroller's (or any computer's) software is made up of Instructions, just like human 

sentences are made up of words. A program's instructions inform the Microcontroller which 

operations can be performed. An Instruction Set is specific to a computer family. The 8051 

Microcontroller Instruction Set, often known as the MCS-51 Instruction Set, is covered in this 

tutorial. The 8051 Microcontroller Instruction Set is tailored for 8-bit control applications 

because the 8051 family of microcontrollers are 8-bit processors.

The 8051 Microcontroller instructions include 8-bit Opcode, which is characteristic of an 8-bit 

CPU. As a result, the instruction set of the 8051 Microcontroller can also have up to 28 = 256 

instructions. The instructions for the 8051 Microcontroller can also be divided into five 

categories. These are the groups that are shown below.

• Bit Processing Group 

• Data Transfer Group 

• Arithmetic Group 

• Logical Group 

• Program Branch Group

Boolean Variable Manipulation is another name for this Bit-Processing group.



Some instructions, like those in the 8086, have two operands. The Destination is the first 

operand, and the Source is the second. The 8051 Instruction Groups and Instructions for each 

group are listed in the table below. The 8051 Microcontroller Instruction Set has 49 Instruction 

Mnemonics, which are organised into five groups.

DATA TRANSFER ARITHMETIC LOGICAL BOOLEAN
PROGRAM 

BRANCHING

MOV ADD ANL CLR LJMP

MOVC ADDC ORL SETB AJMP

MOVX SUBB XRL MOV SJMP

PUSH INC CLR JC JZ

POP DEC CPL JNC JNZ

XCH MUL RL JB CJNE

XCHD DIV RLC JNB DJNZ

 DA A RR JBC NOP

  RRC ANL LCALL

  SWAP ORL ACALL

   CPL RET

    RETI

    JMP

Data Transfer Instructions

Data Transfer Instructions deal with data transfers between registers, external programme 

memory, and external data memory. The following is a list of Mnemonics for Data 

Transfer. Indirect addressing can also be used to transport data between both the internal 



and external RAM. Only indirect addressing is used to access the upper 128 bytes of data 

RAM, whereas direct addressing is used to access the SFRs. Without going via the 

accumulator, data is sent from an internal RAM address and then an SFR location using 

data transfer instructions. Indirect addressing can also be used to transport data between 

both the internal and external RAM.

 MOV
 MOVC
 MOVX
 PUSH
 POP
 XCH
 XCHD

The table below contains all of the available data transfer instructions, together with information 

such as addressing mode, size occupied, and machine cycles required.





Arithmetic Instructions

Addition, subtraction, multiplication, and division can all be done using Arithmetic Instructions. 

Increment by one, decrease by one, and a unique instruction called Decimal Adjust Accumulator 

are among the arithmetic instructions. The Arithmetic Instructions of the 8051 Microcontroller 

Instruction Set have the following Mnemonics:

 ADD
 ADDC
 SUBB
 INC
 DEC
 MUL
 DIV
 DA A

The arithmetic instructions are unaware of the data format, such as signed or unsigned, 

ASCII, BCD, and so on. The actions performed by the arithmetic instructions also 

influence flags in the PSW Register such as carry, overflow, zero, and so on. In the table 

below, all of the available Mnemonics for Arithmetic Instructions are listed.





Logical Instructions

The Logical Instructions, which perform logical operations such as AND, OR, XOR, 

NOT, Rotate, Clear, and Swap, are the next series of instructions. On a bit-by-bit basis, 

logical instructions are applied to bytes of data.

The following are mnemonics for Logical Instructions:

 ANL
 ORL
 XRL
 CLR
 CPL
 RL
 RLC
 RR
 RRC
 SWAP



The table below lists all of the available Mnemonics for Logical Instructions.



Boolean or Bit Manipulation Instructions

Boolean or Bit Manipulation Instructions deal with bit variables, as the name implies. We know 

that the RAM has a particular bit-addressable section, and that some of the Special Function 

Registers (SFRs) are bit addressable as well.

The following are the mnemonics for the Boolean or Bit Manipulation instructions:

 CLR
 SETB
 MOV
 JC
 JNC
 JB
 JNB
 JBC
 ANL
 ORL
 CPL



At the bit level, these instructions can perform set, clear, and, or, complement, and so on. 

The following table lists all of the available mnemonics for the Boolean Instructions.



Program Branching Instructions

The Program Branching Instructions are the last set of instructions in the 8051 Microcontroller 

Instruction Set. The flow of programme logic is controlled by these instructions. The Program 

Branching Instructions have the following mnemonics.

 LJMP
 AJMP
 SJMP
 JZ
 JNZ
 CJNE
 DJNZ
 NOP
 LCALL
 ACALL
 RET
 RETI
 JMP

Except for the NOP (No Operation), all of these instructions have some effect on the Program 

Counter (PC). Before transferring control to another portion of the programme, some of these 

instructions have the power to make decisions.



The table below lists all of the mnemonics for the programme branching instructions.



8051 ADDRESSING MODES

An Addressing Mode is a method of locating a target Data, often known as an Operand. For 

addressing the Operands, the 8051 Family of Microcontrollers offers five different Addressing 

Modes.

 Immediate Addressing modes

 Register Addressing modes

 Direct Addressing modes

 Register – Indirect Addressing modes

 Indexed Addressing modes

 Immediate Addressing modes

The operand, which comes after the Opcode in Immediate Addressing mode, is a constant data 

either of 8 or 16 bits. The term Immediate Addressing comes from the fact that the Opcode is 

immediately followed by the constant data to be put in memory.

Rather than obtaining a value from a register, the constant value to be saved is stated in the 

instruction itself. The constant data should be transferred to a destination register that has the 

same size as that the operand specified in the instruction.

Example: #030H MOV A

The Accumulator is currently filled with 30 items (hexadecimal). The # in the operand denotes that it is 

data rather than a Register address. Because the data to be loaded is specified in the command itself, 

Immediate Addressing is extremely quick.

We saw the arrangement of RAM and four banks of Working Registers with eight Registers in each bank 

in the 8051 Microcontroller Memory Organization Tutorial.

Register Addressing

The Instruction indicates one of the registers in Register Addressing mode eight registers (R0 – R7) as 

the Operand.

With the support of PSW Register, it is critical to choose the right bank. Let's consider the example of 

Register Addressing with Bank0 selected.



MOV A, R5 is an example. The 8-bit value of Bank0's Register R5 is transferred to the Accumulator at this 

point.

Direct Addressing

The address of the data is supplied as that of the Operand in the instruction in Direct Addressing Mode. 

We can reach any register or on-chip variable using Direct Addressing Mode. General-purpose RAM, 

SFRs, I/O Ports, and Control Registers are all examples of this.

MOV A, 47H, as an example

The data at RAM address 47H is transferred to the Accumulator at this point.

Register Indirect Addressing

The address of the Operand is defined as the content of a Register as in Indirect Addressing Mode or 

Register Indirect Addressing Mode. With an example, this will become evident.

MOV A, @R1 is an example.

The @ sign indicates that indirect addressing is used. The operand is in internal RAM position 56H if the 

values of R1 are 56H, for example. 24H is moved into the accumulator if the contents of RAM location 

56H are 24H. Indirect Addressing Mode allows only R0 and R1 to be used. In the indirect addressing 

mode, these registers are known as Pointer registers.

Indexed Addressing Mode

The effective address of the Operand in Indexed Addressing Mode is the summation of a base register 

and an offset register. The Base Register could be either a Data Pointer (DPTR) or a Program Counter 

(PC), with the Accumulator being the Offset Register (A).

Both MOVC and JMP instructions could be utilised in Indexed Addressing Mode. When accessing data 

from look-up tables, Indexed Addressing Mode comes in handy.

MOVC A, @A+DPTR is an example.

The operand's address is the total of the values of DPTR and Accumulator in this case.



MODULE IV 

PERIPHERAL INTERFACING 

Parallel I/O (8255) Programmable Interval Timer (8253/8254)-Keyboard/Display Controller 

8279) - Serial I/O (8251) using 8086 Microprocessor. A/D and D/A Interfacing -Temperature 

Sensor Interfacing - Stepper Motor Interfacing using 8051 Microcontroller.

PERIPHERAL INTERFACING

PROGRAMMABLE INTERVAL TIMER/COUNTER 8254

The Intel 8253 and 8254 are Programmable Interval Timers (PTIs) of microprocessors that perform 

timing and counting functions using three 16-bit registers. There are 2 input ports (Clock and Gate) and 

an output port on each counter (OUT).A 16-bit count is placed into a counter's register to operate it. It 

starts decrementing the count till it reaches 0, and then emits a pulse that is used to interrupt the CPU 

when it receives a command.

FEATURES OF 8253 / 54

The following are the most notable characteristics of 8253/54:

• It contains three 16-bit down counters that are independent of one another.

• It can accept inputs ranging from DC to 10 MHz, and the three counters could be set to count in binary 
or BCD. • It is compatible to practically all microprocessors.



8254 ARCHITECTURE 

The READ BACK command on the 8254 allows the user to see the counter's count, 

programming state, current mode, and present state. Figure 7 shows the block diagram of 8254

referred from the www.tutorialspoint.com. 

Three counters, a data bus buffer, Read/Write control circuitry, and a control register are shown 

in the diagram above. CLOCK & GATE are the two input signals, and OUT is the output signal.

Buffer for the Data Bus

The 8253/54 is connected to the system data bus through an 8-bit tri-state, bi-directional buffer. 

There are three basic functions to it.

• Setting up the 8253/54 modes.

• The counter registers have been loaded.

• Counting the numbers.



Logic (Read/Write)

This has 5 digital signals: RD, WR, CS, with address lines A0 and A1. • In the peripheral I/O 

mode, the RD and WR signals were connected into IOR and IOW, respectively. The storage 

mapped I/O modes are as follows.

The A0 and A1 address lines on the CPU were connected to the A0 and A1 address lines on the 

8253/54, and CS is connected to the a decoded address. The A0 and A1 signals are used to select 

both control word register as well as counters

A1 A0 Result
0 0 Counter 0
0 1 Counter 1
1 0 Counter 2
1 1 Counter 3
X X No selection

Control Word Register

This register is used whenever lines A0 and A1 also are set to logic 1. It was used to create a 
command word which specifies the counter to also be used, as well as its mode and whether the 
action should have been read or written. 

A1 A2 RD WR CS Result
0 0 1 0 0 Write 

Counter 0

0 1 1 0 0 Write 
Counter 1

1 0 1 0 0 Write 
Counter 2

1 1 1 0 0 Write 
Control 
Word

0 0 0 1 0 Read 



Counter 0

0 1 0 1 0 Read 
Counter 1

1 0 0 1 0 Read 
Counter 2

1 1 0 1 0 No 
operation

X X 1 1 0 No 
operation

X X X X 1 No 
operation

COUNTERS

Each counter is made up of a single 16-bit-down counter that can be used in binary or BCD 

mode. The control word register stores a list of modes that can be used to set its input and output. 

The contents of any of the three counters can be read by the programmer without interfering with 

the current count.

8255A - PROGRAMMABLE PERIPHERAL INTERFACE

The 8255A is a broad programmable I/O device that can send data from one I/O to another in 

certain scenarios. It can be used with almost any microprocessor. It includes 3 8-bit bidirectional 

I/O lines (24 I/O lines) which can be configured to your specifications.8255A is made up of 3 

ports: PORT A, PORT B, and PORT C.

Port A has an 8-bit output latch/buffer and an 8-bit input buffer, whereas Port B has the same 

configuration. The control word can divide Port C into two halves: PORT C lower (PC0-PC3) 

and PORT C higher (PC0-PC4) (PC7-PC4).

These three ports are separated into two groups: Group A, which includes PORT A, and Group 

B, which includes PORT C. Group B includes PORT B as well as lower PORT C. The first mode 



is called Mode 0, the second is called Mode 1, and the third is called Mode 2. There are three 

alternative modes where such two categories can be programmed: mode 0, mode 1, and mode 2.

The 8255A has three different operating modes.

 Mode 0: In this mode, Ports A and B will be used as two 8-bit ports, whereas Ports C and 

D are being used as two 4-bit ports. With outputs latched and inputs unlatched, each port 

could be programmed in either input or output mode. On ports, interrupt function is not 

provided.

 Mode 1: In this mode, Ports A and B have been used as 8-bit I/O ports. They can function 

as both input and output ports. Every port contains 3 lines from port C as handshake 

signals. Inputs and outputs are latched.

 Mode 2: In this mode, Port A can be configured as a bidirectional port, while Port B can 

be specified either in Mode 0 or Mode 1. Port A incorporates five signals from Port C as 

handshake signals for data transfer. The remaining 3 Port C signals could be used as 

simple I/O or even as a Port B handshake.

8255A's characteristics

The following are some of the most notable characteristics of 8255A:

• It has three 8-bit IO ports: PA, PB, and PC.

• It is TTL compliant and requires external demuxing of the address/data bus.

• Its DC driving capacity has been increased.



8255 ARCHITECTURE

The following figure 8 shows the architecture of 8255A referred from the 

www.tutorialspoint.com.

Buffer for the Data Bus

It interfaces the microprocessor towards the system data bus using an 8-bit tri-state buffer. 

According to the CPU's commands, the buffer transfers or receives data. Control phrases and 

status information are also transported on this bus.

Read/Write Control Logic

This section is in charge of regulating data/control/status word transfer between internal and 

external systems. It accepts information from the CPU's address as well as control buses then 

sends signals to these control groups.



Control Signals

The chip is chosen and connection between the 8255A as well as the CPU is allowed whenever 

this input is set to LOW. The decoded address is connected to A0 and A1, which are attached 

towards the microprocessor address lines.

C0 A0 A1 Result

0 0 0 Port A

0 0 1 Port B

0 1 0 Port C

0 1 1 Control word

1 X X No selection

WRITE

The write operation is enabled by this control signal. The CPU writes to a chosen I/O port or 

control register when this signal falls low.

RESET

This is a high-intensity signal that is currently operational. It resets all ports to input mode and 

clears the control register.

READ

The Read action is enabled by this control signal. The microprocessor reads data from the 8255's 

designated I/O port when the signal is low.

A0 and A1 

These signals are used in conjunction with RD, WR, and one of the control signals. The table 

below shows their varied signals along with their results.



8251 USART

The 8251 universal synchronous asynchronous receiver transmitter (USART) serves as a bridge 

between the microprocessor and the peripheral, allowing serial data to be converted to parallel 

data and vice versa. Figure 9 shows the block diagram of 8251 referred from the 

www.tutorialspoint.com.

1. It converts serial data from peripherals (outside devices) into parallel data.

2. It sends the data to the CPU after transforming it to parallel form.

3. It accepts parallel data from the CPU and converts it to serial data in the same way.

4. It sends data to an external device after converting it to serial form (peripheral).

BLOCK DIAGRAM OF 8251 USART

                          Fig 9 block diagram of 8251



It is made up of the following blocks:

Data bus buffer: This block is used to connect the 8251's internal data bus to the system data 

bus. The data bus buffer block allows data transmission between the 8251 and the CPU.

 Read/Write control logic: This is a device-wide control block. It directs the overall operation 

by selecting the task to be completed. The operation is chosen based on input signals such as: 

This unit chooses one of the three registers data buffer register, control register, or status 

registers in this manner.

 Control of the modem (modulator/demodulator):

A device that converts analogue to digital signals and vice versa, and allow computers to 

communicate over telephone lines or cable cables. The active-low pins of the modem are as 

follows.

 DSR: Data Set Reference an input signal is a ready signal.

 DTR: Data terminal Ready is a signal that indicates that the data terminal is ready to be used.

 CTS: The data transmit circuit is controlled by this input signal.

 RTS: This is a signal that is used to set the RTS status.

Transmit buffer

This block is for a parallel to serial converter that takes a parallel byte and converts it to a serial 

signals before sending it over the common channel.

TXD: This is an output signal whose value of one indicates that the transmitter will send data.

TXRDY: This indicates that the transmitter is ready to send a data character.

 TXEMPTY: An output signal indicating that the TXEMPTY pin has sent all of the data 

characters and that the transmitter is now empty.



 TXEMPTY: An output signal indicating that the TXEMPTY pin has sent all of the data 

characters and that the transmitter is now empty. TXC: An active-low input pin that regulates the 

rate at which data is sent. Buffer for receiving data –

This block functions as a buffer for the data that is received.

RXD: This is an input signal that receives data.

RXRDY: An input signal that signals that the data is ready to be received.

RXC: An active-low input signal that regulates the rate at which received data is sent.

SYNDET/BD: A terminal that can be used as an input or output. External synchronous and 

asynchronous mode input and output terminals.

8279 - PROGRAMMABLE KEYBOARD

Intel invented the 8279 programmable keyboard/display controller, which connects a keyboard to 

the CPU. The keyboard scans the entire keyboard to see if any keys have been pressed. It then 

transmits the CPU's relative response to the pressed key and vice versa. There are two ways to 

connect the keyboard: interrupt and polled. In Interrupt mode, the processor is only called upon 

for assistance if unless a key is pressed, the CPU will resume its primary function.

The CPU verifies its internal flag of 8279 in Polled mode. There are a total of 64 keys on the 

keyboard. The keyboard has a maximum of 64 keys, which are used to communicate through 

key-codes with the CPU De-bounced key-codes are saved in an 8-byte FIFO RAM. that the CPU 

can access. If the FIFO contains more than 8 characters, it signifies that more than eight keys 

were pressed at the same time. The overrun status is set at this point.

The CPU is interrupted in interrupt mode If a FIFO contains a valid key entry, the CPU examines 

the status in polling to receive the item; otherwise, the CPU examines the status in polling to read 

the product. When the CPU read a key entry, the FIFO is updated, as well as the key entry is 

moved out to make place for new entries. Figure 10 shows the architecture of 8279 referred from 

the www.tutorialspoint.com.



ARCHITECTURE AND DESCRIPTION

Figure 10 Architecture of 8279

Data Buffer and I/O Control

This unit regulates data flow through the CPU. It is only enabled when D is low. Its data buffer 

connects the system's external bus to the microprocessor's internal bus. Command, status, and 

data read/write operations are performed on pins A0, RD, and WR. The keyboard, display 



modes, and other functions programmed by the CPU are stored in this unit's registers. The timing 

and control unit is in charge of the circuit's operation timings.

Scan Counter 

It can be used in two modes: encoded and decoded. The counter gives the binary count in 

encoded mode, which must be decoded outside to produce the scan lines for the keyboard and 

display. The counter decodes the least significant 2 bits and gives a decoded 1 out of 4 scan on 

SL0-SL3 in the decoded scan mode.

Control, Return Buffers, and Keyboard Debounce

The keyboard debounce device looks for key closure row by row and debounces the key entry if 

one is found. If the same key is identified, the code for that key, as well as the state of the SHIFT 

and CONTROL keys, is sent to the sensor RAM.

Status logic and FIFO/Sensor RAM

This unit acts as an 8-byte FIFO RAM, recording the key codes for every depressed key with in 

order in which they have been pressed. The status logic produces an interrupt request after every 

FIFO read operation till the FIFO is empty. Within scanned sensor matrix mode, this unit acts as 

sensor RAM, with each row loading the state of the accompanying row of sensors into to the 

matrix. The IRQ line moves up when the sensor's status changes, halting the CPU.

RAM and Address Registers for Displays

The addresses of the words presently read/written towards the display RAM by the CPU are 

stored in the display address registers in this unit.

INTERFACING ADC TO 8051

Block diagram for interfacing ADC with 8051 microcontroller

Many embedded projects require an ADC (analogue to digital converter), and this article 

explains how to connect an ADC to an 8051 embedded controller. The ADC used here is the 

ADC 0804, and before we begin the interfacing technique, we must first examine how such ADC 

0804 works.



0804 ADC

The analogue signal out from source is received by the ADC. This analogue signal is received by 

one of ADC0804's eight input channels. The signal is then appropriately processed and 

transformed to a digital signal. This signal is then transferred to the microprocessor, which 

displays the output through a Light Emitting Diode (LED).

National Semiconductor's ADC0804 is an analogue to digital converter with an 8-bit successive 

approximation. Differential analogue voltage inputs, a 0-5V input voltage range, no zero 

adjustment, a built-in clock generator, and a reference voltage that can be externally modified to 

convert narrower analogue voltage spans to 8 bit resolution are just some of the characteristics of 

the ADC0804. Smaller input voltage spans can be converted to full 8 bit resolution by externally 

adjusting the voltage at Vref/2 (pin9) of the ADC0804. The input voltage spread is 0-5V, and the 

step size is 5/255=19.6mV, if Vref/2 (pin9) is left open.

INTERFACING DAC WITH 8051 MICROCONTROLLER

The Digital to Analog Converter (DAC) is a device that converts digital pulses to analogue 

signals. Converting digital signals to analogue signals can be done in two ways. The binary 

weighted technique and the R/2R ladder approach are the two methods. 

The MC1408 DAC (or DAC0808)

The MC1408 (DAC0808) Digital to Analog Converter has been discussed. The R/2R ladder 

approach is used in this chip. This strategy is capable of achieving a significantly better level of 

accuracy. The resolution of DACs is used to evaluate them. The quantity of binary inputs 

determines the resolution. The most typical input counts are eight, ten, twelve, and so on. The 

DAC's resolution is determined by the number of data inputs. There are 2n analogue levels for 

every n digital input pin. As a result, the DAC has eight inputs. So there are eight inputs. There 

are 256 separate voltage levels in the DAC. Figure 11 shows the Generating Sine wave using 

DAC and 8051 Microcontroller referred from the www.tutorialspoint.com.

The digital inputs are transformed to current in this chip. By connecting a resistor to the output 

and converting to voltage, the output current is known as Iout. The total current supplied by the 

Iout pin is essentially a function of the binary values at the DAC0808's input pins D0 - D7 (D0 is 



the LSB and D7 is the MSB) and the reference current Iref. The function of Iout is shown in the 

formula below.

 

Fig 11 Generating Sine wave using DAC and 8051 Microcontroller

The input current is denoted by Iref. This should be inserted into pin 14. In most cases, 2.0mA is utilised 

as Iref. To convert current to voltage, we connect the Iout pin to the resistor. However, in practise, this 

may result in inaccuracy because the load's input resistance affects the output voltage. As a result, the 

Iref current input is effectively isolated by connecting it to an Op-Amp with a feedback resistor of Rf = 

5K. The value of the feedback resistor can be modified to suit your needs.



MODULE V 

ADVANCED MICROPROCESSOR AND MICROCONTROLLER 

Architecture of AVR , PIC and ARM Microcontrollers - JTAG Concepts and Boundary Scan 

Architecture - Core 2 duo Processor - i7 Core Processor(Qualitative Study). 

ADVANCED MICROPROCESSOR & MICROCONTROLLER

ARM MICROCONTROLLER

The ARM microcontroller stands for Advance Risk Machine and is one of the worlds’s most 

widely used and licence CPU cores. The first ARM processor was created by Cambridge 

University in 1978, and the first ARM RISC processor was created by the Acorn Group of 

Computers in 1985. Due to benefits such as low power consumption, reasonable performance, 

and other embedded systems, these processors are specifically utilised in portable devices such 

as digital cameras, mobile phones, home networking modules, and wireless communication 

technologies, as well as other embedded systems. This page provides an overview of the ARM 

architecture, as well as the working principles of each module.



ARM ARCHITECTURE

The ARM architecture processor is a 32-bit reduced instruction set computer (RISC) 

microcontroller and is an advanced reduced instruction set computing [RISC] machine. It was 

first launched in 1987 by the Acorn computer group. This ARM is a microcontroller family 

developed by companies such as ST Microelectronics, Motorola, and others. The ARM 

architecture is divided into several versions, such as ARMv1, ARMv2, and so on, each having its 

own set of advantages and limitations.

The ARM cortex microcontroller is a high-performance microcontroller from the ARM family, 

based on the ARMv7 architecture. The ARM cortex is divided into three sub-families, which 

include:

 ARM-Cortex Ax-series

 ARM-Cortex Rx-series

 ARM-Cortex Mx-series

ARM Coretex-M3 Microcontroller Architecture

The cortex-M3 ARM processor is a high-performance 32-bit processor that provides developers 

with substantial advantages. The ARM architecture is a "Harward architecture," which means 

that it has distinct data and instruction buses for connecting with the ROM and RAM memories. 

It consists of a three-stage pipeline that sequentially fetches, decodes, and executes the 

instructions. The Cortex processor is a low-cost chip that improves interrupt management and 

system debugging capabilities while also reducing CPU size.

THUMB instruction set based on THUMB-2 technology is used to implement the cortex-M3 arm 

processors, which ensures high code density and reduces programme memory requirements. 

Because of its current 32-bit architecture, the cortex-m3 instruction set delivers exceptional 

performance.

To ensure strong interrupt performance, the ARM processor core-m3 is tightly integrated with 

the Nested Vector Interrupt Controller (NVIC). The debug access port (DAP) is part of the ARM 

emulation architecture and allows an external debugger to access the device's complete memory 



space without requiring the CPU to enter debug mode and be programmed with load or store 

instructions.

Fig 12 ARM Coretex-M3 Microcontroller Architecture

The Cortex-M3 Processor's Extra Features

It is a RISC Controller

 32-bit high performance CPU

 3-stage pipeline and compact one

It has THUMB-2 technology

 Optimal merges of 16/32 bit instructions

 High performance

It supports tools and RTOS and It has core Sight debug and trace

 JTAG or 2-pin serial wire debug connection



 Support for multiple processors

Low power Modes

 It supports sleep modes

 Control the software

 Multiple power domains

Nested vectored interrupt controller (NVIC)

 Low latency, low jitter interrupts response

 No need for assembly programming

AVR MICROCONTROLLER

AVR Microcontrollers are very popular microcontrollers that are utilised in a variety of 

applications, including project prototyping and embedded systems. AVR is an 8-bit RISC 

architecture (reduced instruction set computing) microcontroller with on-chip programmable 

flash memory, SRAM, IO data space, and EEPROM that has been on the market since 1996. The 

AVR is the first MCU with on-chip flash storage on the market.



Fig 13 block diagram of AVR

Data BUS 8 bit: This is an 8-bit parallel data line that transports data within the MCU (NOTE: 

this is the reason why AVR is an 8-bit MCU).

Arithmetic Logic Unit (ALU): The core/heart of the entire system, where all commands are 

normally executed.

Data SRAM is very similar to the RAM (random access memory) that we see in our computers.



 

EEPROM (Electrically Erasable Programmable Read Only Memory) is a component of our 

computer that is quite similar to the Hard Disk, which is a permanent storage device.

Lines of I/O: These are a group of registers that act as switches or controllers for various AVR 

functions.

GPR (General Purpose Registers) 32 x 8: This is made up of 32 registers, each of which has an 

8-bit value and serves as a generic data storage space. However, keep in mind that while SRAM 

is also a temporary storage medium, these registers are unique.

Control & Status: A couple of registers that is unique to the MCU and to us.

Program Counter: This is a register that keeps track of where the presently running programme 

is in its execution.

Instruction Register & Decoder: These are import for the MCU but not too much to us.

PIC MICROCONTROLLER

PIC stands for Peripheral Interface Microcontroller, and it was created by General Instruments 

Microcontrollers in 1993. It is controlled by software and programmed in such a way that it 

performs different duties and regulates a generation line. Microcontrollers based on the PIC 

architecture are utilised in a variety of innovative applications, including smart phones, audio 

accessories, and advanced medical devices.

 

PIC Microcontrollers



There are a variety of PICs on the market, ranging from the PIC16F84 through the PIC16C84. 

This type of PIC is a low-cost flash PIC. Microchip has recently released flash chips of various 

types, including the 16F628, 16F877, and 18F452. The 16F877 is twice as expensive as the old 

16F84, but it has eight times the code space, as well as more RAM and I/O pins, a UART, an 

A/D converter, and many other capabilities.

PIC Microcontrollers Architecture

The RISC architecture is used in the PIC microcontroller. Its memory design is based on the 

Harvard model of distinct programme and data memories with separate buses.



PIC microcontroller architecture

Fig 14 PIC microcontroller architecture

The PIC architecture is made up of two types of memories: programme memory and data 

memory.

Memory for Programs: This is a memory space with a size of 4K*14. It's for storing 13-bit 

instructions or computer code. The programme counter register, which carries the address of the 

programme memory, is used to access the data in the programme memory. Reset memory space 

is at address 0000H, and interrupt memory space is at location 0004H.

Data Memory: There are 368 bytes of RAM and 256 bytes of EEPROM in the data memory. 

Multiple banks make up the 368 bytes of RAM. Each bank is made up of general-purpose and 

special-purpose registers. Control registers in the special function registers control various 



activities of chip resources such as Timers, Analog to Digital Converters, Serial ports, I/O ports, 

and so on. For instance, the TRISA register, whose bits can be modified to vary the port A's 

input and output actions. The general-purpose registers are registers that are used to store 

temporary data as well as the data's processing outcomes. Each of these general-purpose registers 

has an 8-bit value.

The operands for each instruction are stored in the working register, which is a memory area. It 

also keeps track of the outcomes of each execution. After each execution of the instruction, the 

bits of the status register indicate the status of the ALU (arithmetic logic unit). It can also be used 

to select one of the four RAM banks.

The File Selection Register serves as a pointer to any other general-purpose register in the 

system. It is used in indirect addressing and consists of a register file address. The programme 

counter register, which is a 13-bit register, is another general-purpose register. The upper 5 bits 

are utilised as PCLATH (Program Counter Latch) to act as any other register independently, 

while the lower 8 bits are used as programme counter bits. The programme counter serves as a 

reference for the instructions in the programme memory.

EEPROM: It has a memory capacity of 256 bytes. It is a persistent memory, similar to ROM, 

but its contents can be erased and altered while the microcontroller is operating. Using special 

function registers such as EECON1, EECON, and others, the contents of an EEPROM can be 

read or written.

The PIC16 series includes five I/O ports: Port A, Port B, Port C, Port D, and Port E.

Port A is a 16-bit port that can be used as an input or output port depending on the TRISA 

register's status.

Port B is an 8-bit port that can be used as an input as well as an output. When utilised as input, 

four of its bits can be altered upon interrupt signals.

The status of the TRISC register determines the operation (input or output) of Port C, which is an 

8-bit port.



Port D is an 8-bit port that serves as a slave port for connecting to the microprocessor bus in 

addition to being an I/O port.

Port E: This is a three-bit port that also serves as a control signal for the A/D converter.

PIC microcontrollers have three timers: Timer 0 and Timer 2, which are both 8-bit timers, and 

Timer 1, which is a 16-bit timer that may also be used as a counter.

Converter (A/D)

The PIC Microcontroller has an analogue to digital converter with eight channels and a 

resolution of ten bits. ADCON0 and ADCON1 are special function registers that govern the A/D 

converter's operation. The converter's lower bits are stored in the ADRESL register (8 bits), 

while the upper bits are saved in the ADRESH register. Its operation necessitates a 5V analogue 

reference voltage.

Oscillators

Oscillators are used to generate timing. External oscillators, such as crystals or RC oscillators are 

used in PIC microcontrollers. The crystal is connected between two oscillator pins in crystal 

oscillators, and the value of the capacitor attached to each pin controls the oscillator's mode of 

operation. Low-power mode, crystal mode, and high-speed mode are the three modes available. 

In the case of RC oscillators, the Resistor and Capacitor values are important.

CCP module: A CCP module has three modes of operation:

Capture Mode: these mode records the time it takes for a signal to arrive or the value of the 

Timer1 when the CCP pin goes high. When the timer1 value reaches a specified reference value, 

it functions as an analogue comparator and provides an output.

PWM Mode: A pulse width modulated output with a 10-bit resolution and customizable duty 

cycle is provided.

A Watchdog timer, which resets the microcontroller in the event of any software malfunction, 

and a Brownout reset, which resets the microcontroller in the event of any power fluctuation, is 



among the other special peripherals. We've included one practical project that uses the PIC 

microcontroller to help you understand it better.

CORE 2 DUO NOTEBOOK PROCESSOR (CPU)

The Intel Core 2 Duo notebook CPU (also known as Core2 Duo) is a 64-bit dual-core processor. 

This indicates that two processing cores in a Core 2 Duo work in tandem. The Core 2 Duo is the 

immediate successor to the Core Duo, which was released on July 27, 2006. The Pentium M 

micro architecture is used in each core. In comparison to the Pentium 4's earlier Netburst 

architecture, the Core 2 Duo's cores have shorter pipelines. As a result, while the maximum 

clock rate is reduced, performance per clock is greatly improved. As a result, a Pentium 4M 

running at the same clock rate is up to 40% slower. The notebook Core 2 Duo and the desktop 

Core 2 Duo are both based on Intel's Core 2 Duo processor.

Key Features

 64 bit support

 Dual core processor with shared level 2 cache

 Execute Disable Bit

 Partially Intel Virtualization Technology (VT)

 Socket M (starting from Santa Rosa socket P)

 291 million transistors

Performance

The laptop version, on the other hand, runs at a lower voltage (0.95 to 1.188 volts) and has a 

lower front side bus (1066 vs. 667 MHz). As a result (and due to slower laptop hard drives), 

notebook performance is roughly 20% poorer than desktop counterparts with the same clock rate.

In comparison to its immediate opponent, the AMD Turion 64 X2, the Core 2 Duo processor 

performs admirably. In almost all applications, the Core 2 Duo outperforms the AMD Turion 64 

X2 with the same clock rate (on average by 15 percent). Both CPUs use the same amount of 

energy. In comparison to the preceding Core Duo, the Core 2 Duo is around 10% quicker and 

uses somewhat more energy.



The 65 nm (and subsequently 45 nm) Core 2 Duo CPUs include 14 stages of pipelines and 2-4 

MB level 2 cache (depending on the model). The Core 2 Duo has the following features:

Architecture x86

The x86 instruction set, which was first released in 1978 with the 8086/8088 CPU, is used by the 

Intel Core 2 Duo. It also supports MMX, SSE2, SSE3, and SSE4 multimedia extensions.

Technology with two cores

Two processing cores in the same processor building block run at the same frequency and share 

the level 2 cache as well as the front side bus (FSB).If the operating system supports it and it is 

enabled, Execute Disable Bi prevents security vulnerabilities caused by buffer overflows.

Execution with a Wide Dynamic Range

Each core has the ability to run four complete commands at the same time.

Smart-Memory-Access

Shorter idle times, quicker data transfer, and faster out-of-order command execution all result in 

better pipeline utilisation and, as a result, higher performance.

Advanced-Smart-Cache

The Core 2 Duo, like the Core Duo, has a shared level 2 cache with the same amount of cache 

allocated to each core. However, Intel increased the bandwidth of the level 1 cache. Advanced-

Digital-Media-Boost Now outputs one 128-bit SSE command each clock cycle. Virtualization is 

a type of technology that allows you to share (VT). Intel's Virtualization Technology (VT) 

provides hardware support for virtualized systems on a single machine (use of several isolated 

operation systems at the same time e.g. through Xen or VMWare)

64-bit compatibility

In the CPU, 64-bit wide words are supported. In the CPU, 64-bit wide words are supported. This 

indicates that the processor is capable of handling 64-bit data packets. The AMD64 extension 

(licence) is supported by the Intel Core 2 Duo, allowing 32 and 64 bit programmes to execute on 



the CPU (if a 64 bit operation system is used). A 64-bit processor can theoretically access more 

than 4 GB of memory, but the chip set utilised frequently limits this.

Energy-saving features

The clock rate and voltage for each core can be set dynamically and independently, just like in 

the previous version (Speed step). Under light load, the processor can save energy by decreasing 

the clock speed (to 1200 MHz with the Santa Rosa, respectively 800 MHz) and core voltage. 

Intel Dynamic Power Coordination is a feature that allows you to control the amount of power

Independent of the core coordinates the Enhanced Intel Speed Step technology and the Idle 

Power-Management State (C-state) transitions. Intel's Deeper Sleep with Dynamic Cache Sizing 

has been improved. During inactivity, writes data from the cache to the main memory. As a 

result, the CPU voltage can be reduced, resulting in energy savings.

Dynamic Bus Parking by Intel

Allows the chip set to save energy by shutting down when it is not in use. Intel Dynamic Power 

Coordination is a feature that allows you to control the amount of power. Independent of the core 

coordinates the Enhanced Intel Speed Step technology and the Idle Power-Management State (C-

state) transitions. Intel’s Deeper Sleep with Dynamic Cache Sizing has been improved.

During inactivity, writes data from the cache to the main memory. As a result, the CPU voltage 

can be reduced, resulting in energy savings.



POST TEST

1) Which flag is set to 1 when the result of arithmetic or logical operation is zero else it is set to 
0?

a)  Binary bit  c) Zero flag   c) Sign flag   d) Overflow flag
ans b

2) The Intel 8086 microprocessor is a 

a) 8bit processor) 16 bit processor c) 32 bit processor d) 4 bit processor

ans b

3) In 8086 microprocessor, the address bus is 

a) 12 bit b) 10 bit c) 16 bit d) 20 bit

ans d

4) Which is not the control bus signal?

a) read b) write c) reset d) none of these

ans a

5)  BIU stands for

a) bus interface unit  b) bus indicate unit  c) busy interface unit d) none of these

ans a

6)8051 series has how many 16 bit registers?
a) 2   b) 3   c) 1  d) 0

Ans a

7) What is the bit size of the 8051 microcontroller?
a) 8-bit   b) 4-bit   c) 16-bit   d) 32-bit

Ans a

8) Number of I/O ports in the 8051 microcontroller?
a) 3 ports
b) 4 ports
c) 5 ports



d) 4 ports with last port having 5 pins

Ans b

9) SCON in serial port is used for which operation?
a) Transferring data
b) Receiving data
c) Controlling
d) Controlling and transferring

Ans c

10) Program counter stores what?
a) Address of before instruction
b) Address of the next instruction
c) Data of the before execution to be executed
d) Data of the execution instruction

Ans b

11)External Access is used to permit ____________
a) Peripherals
b) Power supply
c) ALE
d) Memory interfacing

Ans d

12) What is the address range of SFRs?
a) 80h to feh
b) 00h to ffh
c) 80h to ffh
d) 70h to 80h

Ans c

13) How many interrupts are there in micro controller?
a) 3
b) 6
c) 4
d) 5

Ans d

14) Timer 0 is a ________ bit register.



a) 32-bit
b) 8-bit
c) 16-bit
d) 10-bit

Ans c

15)  Number of pins in 8051 microcontroller with ________ package.
a) 40 pin with LLC
b) 60 Pin with QFP
c) 40 pin with DIP
d) 60 pin with QFP

Ans c

16)How are the status of the carry, auxiliary carry and parity flag affected if the write instruction
MOV A,#9C
ADD A,#64H
a) CY=0,AC=0,P=0   b) CY=1,AC=1,P=0    c) CY=0,AC=1,P=0    d) CY=1,AC=1,P=1

Ans b

17) Find the number of times the following loop will be executed

MOV R6, #200
BACK:MOV R5, #100
HERE: DJNZ R5, HERE
DJNZ R6, BACK
END

a) 100b) 200c) 20000    d) 2000
Ans c

18) Which of the following comes under the indexed addressing mode?
a) MOVX A, @DPTRb) MOVC @A+DPTR,Ac) MOV A, R0
d) MOV @R0, A

Ans b

19) XRL, ORL, ANL commands have 



a) accumulator as the destination address and any register, memory or any immediate 
data as the source address
b) accumulator as the destination address and any immediate data as the source address
c) any register as the destination address and accumulator, memory or any immediate 
data as the source address
d) any register as the destination address and any immediate data as the source address

Ans a

20) Which of the following instruction perform as of indirect RAM to accumulator?

 a) MOV A, Rn b) MOV @Ri, A c) MOV A, @Ri d) MOV Rn, A

Ans c

21) In 8279, the keyboard entries are debounced and stored in an 

a) 8 bit FIFO  b) 8 byte FIFO   c) 16 byte FIFO  d) 16 bit FIFO
Ans b

22) Intel 8279 is a 

a) Programmable interrupt controller  b)programmable keyboard/display interface
b) Programmable peripheral interface  d) programmable interval timer

Ans b

23)8251 is a

a) UART    b) USART  c) programmable peripheral interface  d) ADC interface
ans b

24) The main importance of ARM micro-processors is providing operation with 
a) Low cost and low power consumption   b) Higher degree of multi-tasking
c) Lower error or glitches   d) Efficient memory management

Ans a

25) Which operational feature of PIC allows it to reset especially when the power supply drops 
the voltage below 4V?
a. Built-in Power-on-reset   b. Brown-out reset   c. Both a & bd. None of the above
ans b



CONCLUSION

 Thus the difference between microprocessor and microcontroller has been discussed. 

 Given` an understanding about the concepts, basic architecture, pin configuration, special 

function register and application of 8086 microprocessor and 8051 microcontroller.

 Need of interfacing devices with microprocessor and microcontroller was discussed

 Given an overview about advanced microcontroller.
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