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* aregister ora memory cell is an electronic circuit
hich can memorize the state of one byte.
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* Special function registers .

» every microcontroller has a number of registers (SFR) whose
function is predetermined by the manufacturer.

» such as timers, A/D converter, oscillators and others .
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Features
- High-perfermance, Low-power Atmel® AVR® 8-bit Micrecontroller
+ Advanced RISC Amihdum

Single-clock Cycle

— 131 Powerful
— 32 x 8 General Purpose Working Registers
- Fully Static Operation
- Up o 16 MIPS Throughiput st 16 Mz
ip 2-cycle Multiplie
. Huh Endurance Non-volatils umnq segme:
- 16 Kbyles of In-System _'nlf—prnglwlmﬂ:ln Flash program memory
- 512 Byles EEPROM
- 1 Kbyte Internal SRAM
WiriteErase Cycles: 10,000 Flash/100,000 EEPROM
 Data retention: 20 years st 85-C/100 years at 23°C1/
- Opticnal Boot Code Section with Independent Lnd( Bits

— Programming Lock for Software Security
* JTAG (IEEE std. 11494 Compliant) Intertace
to the JTAG Standard

Extensive On-chip Debug Su
— Pragramming of Flash, EEPnoM, Fuses, and Lock Bits through the JTAG Interface
~ Peripheral Features

~ Two 8-bit Timer/Counters with Separate Prescalers and Compare Modes

- One 16-bit with Saparate , Compare Mode, and Captura

- nnn—m Counter with Separate Oscillator
- Four PWM Channels
- 8-channel, 10-bit ADC
8 Single-ended Channels
T Diflerentis! Channels in TOFP Package Only
ial Channels with Gain at 1x, 10x, or 200x

- Byl.—nnﬂ!thmsoml Interface
— Programmable Serial USART
— Master/Slave SPI Serial Interface

Programmable Brown-out Detection
nternal Calibrated RC Oscillator
- External and Internal Interrupt Sources
- Six Sleep Modes: idie, ADC Noise Reduction, Power-save, Power-down, Standby
and Extended Standby

— 2.7V - 5.5V for ATmegaisl
— 4.5V - 5.5V for ATmegais

+ Speed Grades
-0-8 IIIqurA'I'mlguIGL
- 0- 16 MHz for ATmegal6

+ Power Consumption @ 1 MHz. 3V, and 25°C for ATmegaisL

AIMEL

8-bit AVR®
Microcontroller
with 16K Bytes
In-System
Programmable
Flash

ATmegal6
ATmegal6L
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F 4
#include <megal6.h> PORTC=0801000010;

#include <delay.h> delay_ms(200);
void main(){ PORTC=0B10000001;
DDRC=0B11111111; delay_ms(200);
while (1) PORTC=0B01000010;
{ delay_ms(200);
PORTC=0B00011000; PORTC=0B00100100;
delay_ms(200); - delay_ms(200);

PORTC=0800100100; }

delay_ms(200); }




PIC 16F886 = 25 mA
ATMega168P =40 mA

llolm

Max All Ports Current Sourced:
PIC 16F886 = 90 mA F
ATMega168P = 150 mA

A Microcontroller's Port is used as a Current Source
R —— Ip L
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G fygo g ANSI C- 099 yleaall 0B ¢y Sl g5 (Bytes ssc) 5,S1al0 Algiasl | yuiiall Joi1s gy Koy ad il
Jlaal éf 99 osdball Jshllg a3l oyl dad i o Liaiy ULl §le3Y int 2bytes (16bit)  |-32,768— +32,767
3 )S| il unsigned int 2-bytes (16 bit) 65,535

Float 4-bytes (32 bit) 1.2E-38 to 3.4E+38
Signed b uﬁ'i[ Unsigned W w’ii double 8-bytes (32bit)  |2.3E-308 to 1.7E4308

long 4-bytes (32 bit) -2,147 483,648 = +2,147 483,647
int8_t -128 = 4127 uint8_t [0-255 unsigned long 4-bytes (32 bit) 4,294,967,295
i B long|l 8-bytes (64 bit) -9.223372037x10%
int16_t 32,768 = +32,767 uint16_t |0 - 65,535 | onggong yes ( + 9.223372037x10%
int32_t -2,147,483 648 - uint32_t [0 4,294,967,295 - unsigned long long 8-bytes (64 bit) 1.844674407 x10%

+2,147,483,647 —
int64_t -9.223372037 %10 uint64_t |1.844674407x10% plasial (Say g Signed ¢ 45 gy Tails double g Float Ll e tiadla
+9.223372037x 108 lagzs unsigned &oadlsll
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void main(void) | v" Interrupt event

{

While(1) | tntcerupt Routine |_

{ 3 interrupt [vector number] void lable (void)
Instruction 1| {

Instruction 2<
Instruction 3

Instruction n Flag Intéfrupt=0
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MCUCR : MCU control Register
MCUCSR : MCU control &status Register
GICR : General interrupt control Register
GIFR : General interrupt flag register
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MCUCR

MCU (Control Register) aSaill Jawa
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INT1 INTO

00 -= Low level

01 == Legic Change
10 -= Falling Edge
11 -= Rising Edge

00 -= Low level

01 -= Logic Change
10 -= Falling Edge
11 -= Rising Edge

1SC00

Description

0

| The low level of INTO generates an interrupt request

( Any lchal change on INTO generates an interrupt request.

The falling edge of INTO generates an intemrupt request

The rising edge of INTO generates an interrupt request.

Description

The low level of }NTI generates an interrupt request.

Any logical change on INT1 generates an intermupt request.

The falling edge of INT1 generates an interrupt request.

The rising edge of INT1 generates an interrupt request. l
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int main()

.

}
ISR(interrupt_type)
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#lnclude <megal6.h>

interr: p'r[2]v0|d external_intO(void)
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ENABLE GENERAL INTO
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#INCLUDE <MEGAT6.H> ! l‘

#INCLUDE <DELAY.H>
INTERRUPT [EXT_INTO] VOID EXT_INTO_ISR(VOID)
{ PORTB.0=~PORTB.0;
PORTA.0=0; !

VOID MAIN(VOID)

DDRA=(0<<DDA7) | (0<<DDA6) | (0<<DDAS5) | (0<<DI

) | (0<<DDA3) | (0<<DDA2) | (0<<DDA1) | (1<<DDAO);

PORTA=(0<<PORTA?) | (0<<PORTAG) | (0<<PORTAS)

(0<<PORTA4) | (0<<PORTA3) | (0<<PORTA2) | (O<<PORTA1) | (0<<PORTAO);

DDRB=(0<<DDB7) | (0<<DDB6) | (0<<DDB5) | (0<<

PORTB=(0<<PORTB7) | (0<<PORTB) | (O<<PORTBS) |

GICR| =(0<<INT1) | (1<<INTO) | (0<<INT2);

- MCUCR=(0<<ISC11) | (0<<ISC10) | (1<<ISCO1) | (0<<IS!
C2);

| (1<<INTFO) | (0<<INTF2);






(XCHIT0)] PBO
(T1) PB1
(INT2/AINO) PB2
(©CYAIN1) PB3
(SS) PB4
(MOSI) PB5
(MISO) PB6
(SCK) PB7

RESET

VCC

GND

XTAL2
XTAL1
(RXD) PDO
(TXD) PD1
(INTO) PD2
(INT1) PD3
(OC1B) PD4
(OC1A) PD5
(ICP1) PD6

[

—

AEDENNENI]

AIMEL
ATMEGA32

16PU
06478

B ERERRREEERE BER

)

| PAO (ADCO)

PA1 (ADC1)
PA2 (ADC2)
PA3 (ADC3)
PA4 (ADC4)
PA5 (ADC5)
PA6 (ADCS)
PA7 (ADC7)
AREF

GND

AVCC

PC7 (TOSC2)
PC6 (TOSCH1)
PC5 (TDI)
PC4 (TDO)
PC3 (TMS)
PC2 (TCK)
PC1 (SDA)
PCO (SCL)
PD7 (OC2)
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I :Normal Mode v

:Clear Timer on Compare Match (CTC) Mode v
Loop (0x00,,..., ~OCRO,,, > OCF0=1)

JFast PWM Mode Vv

.Phase Correct lfWM Mode
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:(Normal Mode) aladl Jaadl ool — Timer(Q <@gall «»

Loop (0x00, y - O0XFF . >TOV0 =1)

Timer
Increment




:(Normal Mode) alad! Jaxd) aai — Timer( <sall o

) [ :.; [ ?« =

_ Targetriyg X fosc
Prescaler

250 x 1073 x 1 x 10°

Target = = 244.114
g€ty imER cOUNT 1024
/
Targetyuer srros = 0.114 x Timer RES = 0.114 x 1.024 =-0:10674ms




:(CTC Mode) CTC Jaxd) hai — Timer( <djgall
Loop (0x00,,,,...., — OCRO,,. , > OCF0 = 1)
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Timer Value g Interrupt .),-}&l—' QA
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Prescaler
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Example: Timer/Counter 0

The frequency of Timer/Countern (TCO0)

BN faka/0
0Ctx — SR Al (1 4+ OCROx)

16,000,000
focox = 5 1024 x (1+255) 305,52 Hf
Joviilw = i = 0.03277 Sec

30.5



W 7. 2

Over Flow Mode Example

Example 3 : Write a ¢ Code for AVR Atmegal6, to Flash a led with frequency of 0.5 Hz

1
1024

1 sec l 8 Bit Register = 2% —1 = 255 Count ————»  Register over flow at = 255+ 1024 mS = 0.26112 Sec

freq = - 9765625 Hz — % T =1.024m$

1
Numhro[Okam-m-muo ——— fuep =047 Hz

i int saln{veld)

#include <avr/io.h> {
#include <avr/interrupt.h» 0ORC  |o  (2<aDXXO) 3 // set port € pla @ a3 output
Timer Config();  // configure the Timerd
sdefine LED Toggle PORTC *e (14<X0) 3 sel()s
while (1) i T
Int Turn = & { |E?(W_M_mt)
Fveld Tiser Config(veld) ) Torn ==}
{ I af(Ten =0 )¢

TCORD |o (1¢4CS80) | (1¢<CSA2) 5 // Prescaler = 1024 } LED_Toggle
TDSK |o (1¢<POLER); I/ Overflow Interrupt Enadle ' Turn = 4
}
}
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#INCLUDE <MEGA16.H>
INT COUNTER=31;

INTERRUPT [TIMO_OVF] «'QID‘ TIMERO_OVF_ISR(VOID)

PORTC6) | (o<<POR'!'. 5) | (0<<PORTC4) | (0<<PORTC3) | (0<<PORTC?) | (0<<PORTC1) | (0<<PORTCO);
| ;-

| (0<<WGMO1) | (0<<CSO2)", (1< ‘CSOI) | (0<<CS00);



INCLUDE <MEGA16.H>

INTERRUFT [TIMO_COMP] VOID TIMERO_COMP_ISR(VOID)

{

PORTA.0=~PORTA.O; }
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Serial transmission

ey Jao @bll Judnals Jeos] palasi apb a5 Protocol JsSs ey dalS rilasdle
syl 13g) Ransitall Bl U138y Al all SBL 08378 Lgesiyd Bhssbg UL
Jldzodls




# A
"

~ 3 W I | Jg&g I

© Oy yhay UART JsS 689w Llalod cabibal) Jas ¢




i o

ks Jl ) s gmsw LEX .1
> receive ' 9 isnaSlla 4 d oy

EaLET

(a) simplex

Ladie :DUPLEX .2

g

.'I ;. il

(b) full-duplex




Baud rate:=LL! Jluy| Juws

9 <o .bits per second ¢ bps © LLulucdl Jlasdl 3 ULl Jlay] Jass oliy
iyl IBM 53ga] =518 asb aastall plbll Lo UL Yl ey sasad g 01
53> caclazl yodall pog bPS 9600 LI 100 4y 750y Ol yus UL sy

. 56KbPS )| e ey UL Jlusy] p3sall

Jloay¥l daleil de po (AVR 2Ll b L) di8ul olasouall plase pead Jladl wdgll b
=03LS 100 g3) Lkl b =y 115200 8l sm Asynchronous ¢ ¢ e dludll



' r i
» [
. ATmega16/32 F.:.U & JLEay Jlayl Sl .'
FDIP F
NS
(XCK/TO) PBO ] 1 40 [0 PAD (ADCO) ke
{T1) PB1 ] 2 39 [ Pa1 (ADC1)
(INTZ/AIND) PB2 ] 3 38 [0 Pa2z (ADC2)
(OCO/AINT) PB3 ] 4 37 [ Pa3 (ADC3)
(55) PB4 ] 5 36 [0 Pa4 (ADC4)
(MOSI) PB5 ] & 35 [0 Pas (ADCS)
(MISO) PBG | 7 34 [0 Pas (ADCS)
(SCK) PB7 ] 8 33 [0 PAT (ADCT)
RESET ] @ 32 [0 AREF
vee O] 10 31 |2 GND
GND ] 11 30 b Avce
XTALZ ] 12 29 [0 PCT (TOSC2)
HTAL1 3 28 [0 PCE (TOSC1)
(RXD) PDD ] 14 27 b PCs (TDI)
XDy PD1 ] 15 26 [0 PC4 (TDO)
L] 16 25 [ PC3 (TMS)
(INT1) PD3 ] 17 24 [ PC2 (TCK)
(OC1B) PD4 ] 18 23 [0 PC1 (SDA)
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#include <megalé.h> \

#include <delay.h>

efine F_cpuyl 000000 WR{} e *"'*’a"’?s’fﬁ “‘% J"}["""‘
defi D 9600
define BAUDRATE {I(F_ CPU)/(BAUD*]éUL) 1)
void main(void)
{
unsigned char data;
data=0x00;
DDRC=0xFF;
UBRRH = (BAUDRATE>>8);
UBRRL = BAUDRATE;
UCSRB | = (1<<TXEN) | (1 <<RXEN);
UCSRC| = (1<<L SZO)|(1<<ULJI§$U;
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F_CPU 1000000

CLUDE <MEGA16.H:

NCLUDE <DELAY.H>
while (1)

{
- n«‘Nhile (I UCSRA
.“‘IUDR = data;
while (((UCSRA & (1<<RXQ)));

v

ID MAIN(VOID)

1<<UDRE)));
NSIGNED CHAR DA




NE F_CPU 10000*'- " "
~| ‘#
(CLUDE Muv y

#DEFINE BAUD 9600

while (1)
{
while(/(UCS
data=UDR;
PORTB=d
delay_ms(500);

INCLUDE <DELAY.H>

& (1<<RXQ));

NSIGNED CHAR DATA;

DATA=0X55;
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char *word = "UART";
ile(*word > 0)

while(!(UCS
UDR = *wo
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