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Microcontroller 
A microcontroller is a small and low-cost computer built for the purpose of dealing with specific 

tasks, such as displaying information in a microwave LED or receiving information from a television’s 

remote control. Microcontrollers are mainly used in products that require a degree of control to be 

exerted by the use. 

[Refer to lecture 0 for difference between microprocessor and microcontroller & difference between 

Von Neuman architecture and Harvard architecture] 

Types of Microcontrollers 

Microcontrollers are divided into various categories based on memory, architecture, bits and 

instruction sets. Following is the list of their types − 

Bit 

Based on bit configuration, the microcontroller is further divided into three categories. 

 8-bit microcontroller − This type of microcontroller is used to execute arithmetic and logical 

operations like addition, subtraction, multiplication division, etc. For example, Intel 8031 and 

8051 are 8 bits microcontroller. 

 16-bit microcontroller − This type of microcontroller is used to perform arithmetic and 

logical operations where higher accuracy and performance is required. For example, Intel 

8096 is a 16-bit microcontroller. 

 32-bit microcontroller − This type of microcontroller is generally used in automatically 

controlled appliances like automatic operational machines, medical appliances, etc. 

Memory 

Based on the memory configuration, the microcontroller is further divided into two categories. 

 External memory microcontroller − this type of microcontroller is designed in such a way 

that they do not have a program memory on the chip. Hence, it is named as external 

memory microcontroller. For example: Intel 8031 microcontroller. 

 Embedded memory microcontroller − This type of microcontroller is designed in such a way 

that the microcontroller has all programs and data memory, counters and timers, interrupts, 

I/O ports are embedded on the chip. For example: Intel 8051 microcontroller. 

Instruction Set 

Based on the instruction set configuration, the microcontroller is further divided into two categories. 

 CISC − CISC stands for complex instruction set computer. It allows the user to insert a single 

instruction as an alternative to many simple instructions. 

 RISC − RISC stands for Reduced Instruction Set Computers. It reduces the operational time 

by shortening the clock cycle per instruction. 

Applications of Microcontrollers 

Microcontrollers are widely used in various different devices such as − 

 Light sensing and controlling devices like LED. 

 Home automation and Smart devices 

 Temperature sensing and controlling devices like microwave oven, chimneys. 

 Fire detection and safety devices like Fire alarm. 

 Measuring devices like Volt Meter. 

 Used in biomedical instruments. 

 Widely used in communication systems. 

 Used as peripheral controller in PC. 
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 Used in robotics 

 Used if automobile industry 
 

Advantages of Microcontrollers 

The main advantages of microcontrollers are given. 

 Microcontrollers act as a microcomputer without any digital parts. 

 As the higher integration inside microcontroller reduce cost and size of the system. 

 Usage of microcontroller is simple, easy for troubleshoot and system maintaining. 

 Most of the pins are programmable by the user for performing different functions. 

 Easily interface additional RAM, ROM,I/O ports. 

 Low time required for performing operations. 

Disadvantages of Microcontrollers 

 Microcontrollers have got more complex architecture than that of microprocessors. 

 Only perform limited number of executions simultaneously. 

 Mostly used in micro-equipments. 

 Cannot interface high power devices directly. 

General architecture of microcontroller 

A microcontroller contains multiple parts of a computer system. Most of the time a microcontroller 

can run with just power without any additional interfacing devices. Some microcontrollers may need 

additional interfacing  

Figure 1 shows the general architecture of microcontroller. 

 
Figure 1 General architecture of microconytroller 

A microcontroller basically contains one or more following components: 

 Central processing unit(CPU) 

 Random Access Memory)(RAM) 

 Read Only Memory(ROM) 

 EEPROM 

 Input/output ports 

 Timers and Counters 
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 Interrupt Controls 

 Analog to digital converters 

 Digital  analog converters 

 Serial interfacing ports 

 Oscillatory circuits 

Some examples of popular microcontroller architectures are 8051, AVR, PIC series of 

microcontrollers. 

Components of microcontroller 

CPU 

CPU is the brain of a microcontroller .CPU is responsible for fetching the instruction, decodes it, then 

finally executed. CPU connects every part of a microcontroller into a single system. The primary 

function of CPU is fetching and decoding instructions. Instruction fetched from program memory 

must be decoded by the CPU. 

Memory 

The function of memory in a microcontroller is same as microprocessor. It is used to store data and 

program. A microcontroller usually has a certain amount of RAM and ROM (EEPROM, EPROM, etc) or 

flash memories for storing program source codes. 

Parallel input/output ports 

Parallel input/output ports are mainly used to drive/interface various devices such as LCD’S, LED’S, 

printers, memories, etc to a microcontroller. 

Serial ports 

Serial ports provide various serial interfaces between microcontroller and other peripherals like 

parallel ports. 

Timers/counters 

This is the one of the useful function of a microcontroller. A microcontroller may have more than 

one timer and counters. The timers and counters provide all timing and counting functions inside the 

microcontroller. The major operations of this section are perform clock functions, modulations, 

pulse generations, frequency measuring, making oscillations, etc. This also can be used for counting 

external pulses. 

Analog to Digital Converter (ADC) 

ADC converters are used for converting the analog signal to digital form. The input signal in this 

converter should be in analog form (e.g. sensor output) and the output from this unit is in digital 

form. The digital output can be use for various digital applications (e.g. measurement devices). 

Digital to Analog Converter (DAC) 

DAC perform reversal operation of ADC conversion.DAC convert the digital signal into analog format. 

It usually used for controlling analog devices like DC motors, various drives, etc. 

Interrupt control 

The interrupt control used for providing interrupt (delay) for a working program .The interrupt may 

be external (activated by using interrupt pin) or internal (by using interrupt instruction during 

programming). 

Special functioning block 

Some microcontrollers used only for some special applications (e.g. space systems and robotics) 

these controllers containing additional ports to perform such special operations. This considered as 

special functioning block. 
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AVR microcontroller 
AVR is a family of microcontrollers developed by Atmel beginning in 1996. These are modified 

Harvard architecture 8-bit RISC single-chip microcontrollers. 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, or EEPROM used by other microcontrollers at the time. 

AVR microcontrollers find many applications as embedded systems; they are also used in the 

Arduino line of open source board designs. AVR microcontrollers have wide range of features. 

In AVR, Flash, EEPROM, and SRAM are all integrated onto a single chip, removing the need for 

external memory in most applications. Some devices have a parallel external bus option to allow 

adding additional data memory or memory-mapped devices. Almost all devices (except the smallest 

TinyAVR chips) have serial interfaces, which can be used to connect larger serial EEPROMs or flash 

chips.  

 
Figure 2 General architecture of AVR microcontroller 

There are many families of AVR microcontroller, for this course we will focus on ATMEGA328 

microcontroller from is megaAVR family of microcontrollers. 

ATmega328 

ATMEGA328 is an Atmel 8-bit AVR RISC-based microcontroller combines 32 kB ISP flash memory 

with read-while-write capabilities, 1 kB EEPROM, 2 kB SRAM, 23 general purpose I/O lines, 32 

general purpose working registers, three flexible timer/counters with compare modes, internal and 

external interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, SPI serial 

port, 6-channel 10-bit A/D converter, programmable watchdog timer with internal oscillator, and 

five software selectable power saving modes. The device operates between 1.8-5.5 volts. The device 

achieves throughput approaching 1 MIPS per MHz 

Features of ATmega328 

Some important features of ATmega328 include 

 8 bit RISC microcontroller  

 Up to 20 Mhz clock  

 131 instruction 

 32 general purpose register 

 32K flash 

 2K RAM 

 1K EEPROM 

 2 8-bit timers 

 1 16-bit timer 

 6 channel PWM 

 6 channel ADC 

 Built in serial communication 

interface (SPI and USART) 

 Built in I2C interface 

 Built in hardware interrupt 

 23 programmable I/O lines 

 1.8-5 v operation voltage 

 Ultra low power consumption 
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The figure below shows the block diagram of ATmega328 microcontroller 

 
Figure 3 Block Diagram of ATMEGA328 

The figure below shows the pin diagram of the ATmega328 microcontroller. 

 
Figure 4 Pin diagram of ATmega328 in PDIP configuration 
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Table 1 Pin description of ATmega328 

Pin Number Description Function 

1 PC6 Reset 

2 PD0 Digital Pin (RX) 

3 PD1 Digital Pin (TX) 

4 PD2 Digital Pin  

5 PD3 Digital Pin (PWM) 

6 PD4 Digital Pin 

7 Vcc Positive Voltage (Power) 

8 GND Ground 

9 XTAL 1 Crystal Oscillator 

10 XTAL 2 Crystal Oscillator 

11 PD5 Digital Pin (PWM) 

12 PD6 Digital Pin (PWM) 

13 PD7 Digital Pin 

14 PB0 Digital Pin 

15 PB1 Digital Pin (PWM) 

16 PB2 Digital Pin (PWM) 

17 PB3 Digital Pin (PWM) 

18 PB4 Digital Pin  

19 PB5 Digital Pin 

20 AVCC Positive voltage for ADC (power) 

21 AREF Reference Voltage 

22 GND Ground 

23 PC0 Analog Input 

24 PC1 Analog Input 

25 PC2 Analog Input 

26 PC3 Analog Input 

27 PC4 Analog Input  

28 PC5 Analog Input 

Descriptions of pins 

VCC: Digital supply voltage. 

GND: Ground. 

Port B (PB[7:0]) XTAL1/XTAL2/TOSC1/TOSC2 

Port B is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The 

Port B output buffers have symmetrical drive characteristics with both high sink and source 

capability. As inputs, Port B pins that are externally pulled low will source current if the pull-up 

resistors are activated. The Port B pins are tri-stated when a reset condition becomes active, even if 

the clock is not running. 

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscillator 

amplifier and input to the internal clock operating circuit.  

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting 

Oscillator amplifier. 
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If the Internal Calibrated RC Oscillator is used as chip clock source, PB[7:6] is used as TOSC[2:1] input 

for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set. 

Port C (PC[5:0]) 

Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The 

PC[5:0] output buffers have symmetrical drive characteristics with both high sink and source 

capability. As inputs, Port C pins that are externally pulled low will source current if the pull-up 

resistors are activated. The Port C pins are tri-stated when a reset condition becomes active, even if 

the clock is not running. 

PC6/RESET 

If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical characteristics 

of PC6 differ from those of the other pins of Port C.  

If the RSTDISBL Fuse is unprogrammed, PC6 is used as a Reset input. A low level on this pin for longer 

than the minimum pulse length will generate a Reset, even if the clock is not running. Shorter pulses 

are not guaranteed to generate a Reset.  

Port D (PD[7:0]) 

Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for each bit). The 

Port D output buffers have symmetrical drive characteristics with both high sink and source 

capability. As inputs, Port D pins that are externally pulled low will source current if the pull-up 

resistors are activated. The Port D pins are tri-stated when a reset condition becomes active, even if 

the clock is not running 

AVCC 

AVCC is the supply voltage pin for the A/D Converter, PC[3:0], and PE[3:2]. It should be externally 

connected to VCC, even if the ADC is not used. If the ADC is used, it should be connected to VCC 

through a low-pass filter. Note that PC[6:4] use digital supply voltage, VCC. 

AREF 

AREF is the analog reference pin for the A/D Converter. 
 

I/O ports 

All AVR ports have true Read-Modify-Write functionality when used as general digital I/O ports. This 

means that the direction of one port pin can be changed without unintentionally changing the 

direction of any other pin with the SBI and CBI instructions. The same applies when changing drive 

value (if configured as output) or enabling/disabling of pull-up resistors (if configured as input). Each 

output buffer has symmetrical drive characteristics with both high sink and source capability. The pin 

driver is strong enough to drive LED displays directly. All port pins have individually selectable pull-

up resistors with a supply-voltage invariant resistance. All I/O pins have protection diodes to both 

VCC and Ground as indicated in the following figure. 

 
Figure 5 I/O pin equivalent schematic 



CSE 505 Lecture 14: Introduction to Microcontroller  

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e8
 

AVR instruction set 

Arithmetic Bit & Others Transfer Jump Branch Call 

ADD Rd, Rr 

ADC Rd, Rr 

ADIW Rd+1:Rd, K6 

 

SUB Rd, Rr 

SUBI Rd, K8 

SBC Rd, Rr 

SBCI Rd, K8 

SBIW Rd+1:Rd, K6 

 

INC Rd 

DEC Rd 

 

AND Rd, Rr 

ANDI Rd, K8 

OR Rd, Rr 

ORI Rd, K8 

EOR Rd, Rr 

COM Rd 

NEG Rd 

CP Rd, Rr 

CPC Rd, Rr 

CPI Rd, K8 

SWAP Rd 

 

LSR Rd 

ROR Rd 

ASR Rd 

MUL Rd, Rr 

MULS Rd, Rr 

MULSU Rd, Rr 

FMUL Rd, Rr 

FMULS Rd, Rr 

FMULSU Rd, Rr 

BSET s 

BCLR s 

SBI IO5, b 

CBI IO5, b 

BST Rd, b 

BLD Rd, b 

 

NOP 

BREAK 

SLEEP 

WDR 

MOV Rd, Rr 

MOVW Rd+1:Rd, Rr+1:Rr 
 

IN Rd, IO6 

OUT IO6, Rr 
 

PUSH Rr 

POP Rr 
 

LDI Rd, K8 

LDS Rd, D16 
 

LD Rd, X 

LD Rd, -X 

LD Rd, X+ 
 

LDD Rd, Y+K6 

LD Rd, -Y 

LD Rd, Y+ 
 

LDD Rd, Z+K6 

LD Rd, -Z 

LD Rd, Z+ 
 

STS D16, Rr 
 

ST X, Rr 

ST -X, Rr 

ST X+, Rr 
 

STD Y+K6, Rr 

ST -Y, Rr 

ST Y+, Rr 
 

STD Z+K6, Rr 

ST -Z, Rr 

ST Z+, Rr 
 

LPM 

LPM Rd, Z 

LPM Rd, Z+ 

ELPM 

ELPM Rd, Z 

ELPM Rd, Z+ 
 

SPM 

RJMP S12 

IJMP 

EIJMP 

JMP P22 

CPSE Rd, Rr 

 

SBRC Rr, b 

SBRS Rr, b 

 

SBIC IO5, b 

SBIS IO5, b 

 

BRBC s, S7 

BRBS s, S7 

RCALL S12 

ICALL 

EICALL 

CALL P22 

 

RET 

RETI 

It should be noted that not all instructions are implemented in all Atmel AVR controllers.  


