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What is a Microprocessor

▪ An integrated circuit that contains all the functions of a central processing unit of 

a computer.

▪ Accepts Binary data as input, processes it according to instructions stored in its  

memory and provides results as output.

▪ It is generally Multipurpose, Register-based, Clock-driven

▪ They generally have Von Neumann Architecture.

▪ They have their specific assembly language for programming.

▪ Examples: Intel 4004, Intel 8086, Intel Core Series, Intel Xeon Series, intel Pentium 

Series, MIPS R2000, NVIDIA TEGRA Family, ZILOG Z8000, Motorola 68000
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An example of Intel 8086 program

PAGE 110,100
TITLE ‘AVG.asm’
SSEG SEGMENT STACK ‘STACK’
DW 32H DUO(O)
SSEG ENDS
DSEG SEGMENT ‘DATA’
ORG 92H
DTABLE DB 62H, 24H, 86H, 24H, 04H, 31H, 74H, 64H, 30H, 99H
SUM DW ?
DSEG ENDS
CSEG SEGMENT ‘CODE’
ASSUM SS:SSEG, DS:DSEG, CS:CSEG
MAIN PROC FAR
MOV AX, DSEG
MOV DS, AX
MOV CL, 10
MOV AX, 00H
MOV DI, OFFSET DTABLE
LP: ADD AX, [DI]

INC DI
DEC CL
JNZ LP

MOV SUM, AX
MOV AX, 4C00H
INT 21H
MAIN ENDP
CSEG ENDS
END MAIN
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A computer with a microprocessor:
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What is System on a Chip (SoC)

▪ An integrated circuit (also known as a "chip") that integrates all components of a 

computer or other electronic system such as central processing unit (CPU),        

memory, input/output ports.

▪ Commonly used in embedded systems and the Internet of Things.

▪ Examples: Raspberry Pi, Orange Pi, Beaglebone, Nano Pi, Friendly ARM 
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What is a Microcontroller

▪ It is similar to, but less sophisticated than, a system on a chip (SoC).

▪ They are designed for embedded applications.

▪ Options range from the simple 4-bit, 8-bit or 16-bit processors to more complex  

32-bit or 64-bit processors.

▪ They generally have Harvard Architecture.

▪ When they first became available, microcontrollers solely used assembly language. 

Today, the C programming language is a popular option.

▪ Examples: Intel 8051, Atmel AVR

6



Microprocessors vs Microcontrollers

▪ Microcontrollers are designed for embedded applications, While the microprocessors are      

used for designing general purpose digital computer systems.

▪ Microprocessors are commonly used as CPU in microcomputer system, whereas                 

microcontrollers are used in minimum component design performing control-oriented applica

tions.

▪ Microprocessors instruction sets are mainly intended to provide for large amounts of data,   

microcontrollers sets are intended to control input and output.

▪ Microprocessors design is complex and expensive, microcontrollers design is simple and cost 

effective.

▪ Microprocessors design consume more power compared to microcontrollers design.

▪ Microprocessors instruction set is complex with large number of instructions, whereas         

microcontrollers has less no of instructions.

▪ Rapid movement of data between external memory and microprocessors, In microcontrollers 

movement of data and code within it.

▪ Program is stored on ROM in Microcontrollers while Microprocessors fetch the code from a   

secondary storage and load it to RAM. 7



Final Decision

A microcontroller is used where

there is a definite input-output relationship.
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TOP10 Microcontroller Manufacturers

1. Texas Instruments

2. Microchip Company

3. Silicon Labs

4. Renesas Technology Corp

5. Intel Corporation

6. Dallas Semiconductor

7. Fujitsu Semiconductor Europe

8. STMicroelectronics

9. ZiLog Company

10. Freescale Semiconductor Company
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Introduction to Atmel AVR

▪ Atmel Corporation is a manufacturer of semiconductors, founded in 1984.

▪ Atmel introduced the first 8-bit flash microcontroller in 1993, base on the 8051   

core.

▪ The AVR architecture was conceived by two students at the Norwegian institute  

of Technology (NTH) Alf-Egil Bogen and Vegard Wollan.

▪ In 1996, a design office was started in Trondheim, Norway, to work on the AVR    

series of products.

▪ Its products include microcontrollers (including 8051 derivatives and AT91SAM    

and AT91CAP ARM-based micros),and its own Atmel AVR and AVR32 architectures
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Introduction to Atmel AVR

▪ The AVR is a modified Harvard architecture 8-bit RISC single chip microcontroller 

which was developed by Atmel in 1996. The AVR was one of the first               

microcontroller families to use on-chip flash memory for program storage, as     

opposed to one-time programmable ROM, EPROM, EEPROM used by other       

microcontrollers at the time.

▪ The AVR is a modified Harvard architecture machine where program and data is  

stored in separate physical memory systems that appear in different address       

spaces, but having the ability to read data items from program memory using     

special instructions.

▪ Atmel says that the name AVR is not an acronym and does not stand for           

anything in particular. The creators of the AVR give no definitive answer as to     

what the term “AVR” stands for, However, it is commonly accepted that AVR

stands for “Alf (Egil Bogen) and Vegard (Wollan)’s RISC processor”.
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AVR Families
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AVR Families: Tiny
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AVR Families: AVR
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AVR Families: AVR
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AVR Families: Mega
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AVR Families: Mega
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AVR Families: Classic
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AVR Families: Special Purposes
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Atmel AVR Part Numbers
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Atmel AVR ATMEGA32

▪ 40-pin PDIP, 44-lead TQFP, and 44-pad QFN/MLF

▪ 32KBytes In-System Programmable Flash

▪ 1024Bytes EEPROM

▪ 2Kbytes Internal SRAM

▪ 32 × 8-bit General Purpose Working Registers

▪ Two Addressing Modes

▪ On-chip 2-cycle Multiplier

▪ Two 8-bit Timer/Counters and one 16-bit Timer/Counters 

▪ Two External Interrupts

▪ Four PWM Channels

▪ 8-channel (Multiplexed input) 10-bit A/D converter
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ATMega32 Memory

▪ 32KB Flash Program Memory: Used to store program code – Memory contents   

retained when power is off (non-volatile) – Fast to read but slow to write – Can   

only write entire “blocks” of memory at a time – organized in 16-bit words (16K 

Words)

▪ 1KB EEPROM: For persistent data storage – Memory contents are retained when 

power is off (non-volatile) – Fast read and slow write – Can write individual bytes

▪ 2KB SRAM: For temporary data storage – Memory is lost when power is shut off 

(volatile) – Fast read and write
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ATMEGA32 Flash Memory
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ATMEGA32 Data Memory

The data memory is composed of three parts:

GPRs: General Purpose Registers

SFRs: Special Function Registers

Internal data SRAM
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ATMEGA32 Registers

Name Label Number Size Function

General Purpose
Working Register

R0 – R31 32 8 bit Store data

Address Pointer X, Y, Z 3 16 bit Store address pointer

Stack Pointer SP 1 16 bit Store a pointer to a group of  data 
know as   the stack

Program Counter PC 1 14 bit Contains the   address of the  next 
instruction to fetch and execute

Status Register SREG 1 8 bit Contains information on the results 
of the last instruction
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ATMEGA32 Registers: GPRs
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ATMEGA32 Registers: Address Pointer
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ATMEGA32 Registers: Stack Pointer
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ATMEGA32 Registers: Status Register
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ATMEGA32 Special Function Registers
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C-Like Addressing Modes
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C-Like Addressing Modes
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Atmel AVR Structure
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Atmel AVR Architecture
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ATMega32 Block Diagram
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ATMEGA32 Pin Map

36



ATMEGA32 Pin Map
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ATMEGA32 Pin Map
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ATMEGA32 Pin Map
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ATMEGA32 Pin Map
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ATMEGA32 Ports Description

Each Port has three 8-bit Registers associated with it.

DDRx: Data Direction Register for Port x (Read/Write)

PORTx: Data Register for Port x (Read/Write)

PINx: Port Input Pins Register for Port x (Read only)
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ATMEGA32 Ports Setup

42



Starting with a Microcontroller

1. Programmers, Development Boards, Educational Kits, …

2. Compiler

3. Programming Language
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Starting with a Microcontroller

1. Programmers, Development Boards,

Educational Kits, …
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Programmer
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Arduino Development Boards
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Starting with a Microcontroller

2. Compiler 
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Compilers

▪ AVRStudio

▪ CodeVisionAVR

▪ Arduino IDE

▪ Mikro Pro

▪ Image Craft

▪ GCC Port

▪ WinAVR

▪ IAR

▪ …
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CodeVisionAVR
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Arduino IDE
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Starting with a Microcontroller

Programming Language
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Supported Languages

▪ Assembly

▪ C

▪ C++

▪ Basic

▪ Pascal
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A Small C Function
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AVR Assembly Output

Code size: 46 bytes, Execution time: 335 Cycles
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ISP Programmer
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Exercises

1. LED Blinker

2. Full Adder

3. Seven Segment BCD Counter Using 4511 IC

4. Character LCD

5. Pulse Width Modulator (PWM)
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Full Range of Development Tools

Evaluation Tools:

- STK500 and AVR Studio

Total Cost $79

Low Cost Tools:

- STK500 and AVR Studio

- ICE / JTAGICE

- Imagecraft / CodeVisionAVR / GNU

Total Cost < $500

High Performance Tools:

- STK500 and AVR Studio

- ICE30 / ICE10 / ICEPRO

- IAR C / IAR C++

Total Cost ~ $7100

Cheapest Tools Available for Students:

- Arduino IDE

- Arduino Boards

Total Cost Starting From $8
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Any Question?
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