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ADC Registers

7 6 5 4 3 2 1 0
= ACME = = = ADTS2 ADTS1 ADTSO ADCSRB
R/W R/W R/W R R/W \ R/W R/W R/W / ADC Control and Status Register A
7 6 5 4 3 2 1 0
ADEN ADSC ADATE ADIF ASCSRA
R/W \ R/W R/W /\ R/W V R/W /\ R/W R/W R/W / ADC Control and Status Register B
7 6 V 5 4 3 2 1 0
REFS1 REFSO = MUX3 MUX2 MUX1 MUXO0 ADMUX
\_R/W R/W R/W R \_R/W R/W R/W - r/w J APCMultiplexer
15 14 13 12 11 10 9 8
ADC9 ADCS8 ADC?7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO = = = = = = ADCL
7 6 5 4 3 2 1 0




ADC Tables

Table 24-6. ADC Auto Trigger Source Selections Table 24-4.  Input Channel Selections

ADTS2 ADTS1 Trigger Source MUX3...0 Single Ended Input
Free Running mode
Analog Comparator
External Interrupt Request 0

Timer/Counterd Compare Match A ADC4
Timer/Counterd Overflow ADCS
ADCE
ADCT
ADCS8'"
(reserved)

Timer/Counteri Compare Match B
Timer/Counter1 Overflow

e N I B =T =T =T

Timer/Counter1 Capture Event

(reserved)

(reserved)

Table 24-5.  ADC Prescaler Selections (reserved)
ADPS2 ADPS1 ADPS0 Diwision Factor (reserved)

0 0 0 2 1V (Vge)
0V (GND)

2
4
8

Table 24-3.  Voltage Reference Selections for ADC
REFS1 REFS0 \Voltage Reference Selection
0 0 AREF, Intemmal V,_; turned off

ref

0 1 AV with external capacitor at AREF pin

1 0 Reserved

Internal 1.1V Voltage Reference with external capacitor at AREF pin




eeoeo Timer Registers
7 6 5 4 3 2 1 0

FOCOA FOCOB = = TCCROB
R/W R/W R R v \ R/W R/W Timer/Counter Control Register B
7 6 5 4 3 2 Y 1 0
COMOA1 | COMOAO | COMOB1 | COMOBO - - TCCROA
\ R/W R/W /\ R/W R/W / R R Timer/Counter Control Register A
7 Y 6 5 4 3 2
TCNTO[7:0] TCNTO
R/W R/W R/W R R/W R/W R/W R/W Timer/Counter Register
7 6 5 4 3 2 1 0
R/W R/W R R R/W R/W R/W R/W Output Compare Register B
7 6 5 4 3 2 1 0
R/W R/W R/W R/W R/W R/W R/W R/W Output Compare Register A
7 6 5 4 3 2 1 0
= o o o = OCFOB OCFOA TOVO TIFRO
R R R R R R/W R/W R/W Timer/Counter Interrupt Flag Register
7 6 5 4 3 2 1 0
R R R R R R/W R/W R/W " Timer/Counter Interrupt Mask Register




Timer Tables

Table 15-8.  Waveform Generation Mode Bit Description Table 15-9.  Clock Select Bit Description
Timer/Counter inti
S Updateof  TOV Flag Cso02 Cs01 CS00 Description
Mode WGMO02 WGMO01 WGMO00 Operation TOP OCRx at Set on 0 0 0 No clock source ('I'lmerfCounter stopped)

0 0 0 Normal OxFF Immediate MAX 0 1 Ik N i
Cl 0 prescalin
PWM, Phase uo/(No p 9)
Correct

OxFF TOP

0
0 0 clk;;o/8 (From prescaler)
0

CTC OCRA Immediate
Fast PWM OxFF BOTTOM

1 clk,o/64 (From prescaler)
1 0 clk;;o/256 (From prescaler)
1 clk;;/1024 (From prescaler)

1 0 External clock source on TO pin. Clock on falling edge.
1

Reserved - -

PWM, Phase 1
Correct

Reserved

Fast PWM 1 External clock source on TO pin. Clock on rising edge.
Table 15-6.  Compare Output Mode, Fast PWM Mode!''
COMOB1 COMOBO Description

0 0 Normal port operation, OCOB disconnected.

0 1 Reserved
Clear OCOB on Compare Match, set OCOB at BOTTOM,
(non-inverting mode)

Set OCOB on Compare Match, clear OCOB at BOTTOM,
(inverting mode).

Table 15-5.  Compare Output Mode, non-PWM Mode

COMOB1 COMOBO Description
0 0 Normal port operation, OCOB disconnected.
0 1 Toggle OCOB on Compare Match
1 0 Clear OCOB on Compare Match

Set OCOB on Compare Match




External Interrupt Registers

7 6 5 4 3 2 1
I T H S \") N z SREG
Status Register

R/W R/W R/W R/W R/W R/W R/W R/W :

7 6 5 4 3 2 1

- - - - - - INT1 INTO EIMSK

External Interrupt Mask Register

R R R R R R R/W R/W : g

7 6 5 4 3 2 1

- - - - ISC11 ISC10 ISCO01 ISC00 EICRA

R R R R \ R/W R/W /\ R/W R/W / External Interrupt Control Register A

7 6 5 4 3 2 1

R R R R R R R/W R/W External Interrupt Flag Register

Table 12-6. Reset and Interrupt Vectors in ATmega328 and ATmega328P Table 13-2. Interrupt 0 Sense Conirol
Program .
VectorMNo. Address Source Interrupt Definition ISCO1 1ISC00 Description

1 0x0000" RESET External Pin, Power-on Reset, Brown-out R 0 0 The low level of INTO generates an interrupt request.
2 0x0002 INTO External Interrupt Request 0 0 1 Any logical change on INTO generates an interrupt request.
3 0x0004 INT™ External Interrupt Request | 1 0 The falling edge of INTO generates an interrupt request.
4 0x0006 PCINTO Pin Change Interrupt Request 0 1 1 The risi od fINTO — - ; :
5 0x0008 PCINT1 Pin Change Interrupt Request 1 € nsing edge o gene S an Interrupt request.
5] 0x000A PCINT2 Pin Change Interrupt Request 2
7 0x000C WDT Watchdog Time-out Intemmupt
8 0x000E TIMER2 COMPA Timer/Counter2 Compare Match A
9 0x0010 TIMERZ COMPB Timer/Counter2 Compare Match B
10 0x0012 TIMER2 OVF Timer/Counter2 Overflow




Pin Change Interrupt Registers

7 6 5 4 3 2 1 0
I T H 3 ', N z (0 SREG
R/W R/W R/W R/W R/W R/W R/W R/W Status Register
7 6 5 4 3 2 1 (]
- - - - - - PCIE1 PCIEO PCICR
R R R R R R/W R/W R/W Pin Change Interrupt Control Register
PCIEO: Pin Change Interrupt Enable bit for PORTB

PCIE1: Pin Change Interrupt Enable bit for PORTC (0: disabled, 1: enabled)
PCIE2: Pin Change Interrupt Enable bit for PORTD (0: disabled, 1: enabled)

7 (] 5 4 3 2 1 0
PCINT7 PCINT6 PCINT5 PCINT4 PCINT3 PCINT2 PCINT1 PCINTO | PcMSKoO (for PORT B)
R/W R/W R/W R/W R/W R/W R/W R/W Pin Change Mask Register 0
7 6 5 4 3 2 1 0
PCINT15 PCINT14 PCINT13 PCINT12 PCINT11 PCINT10 PCINT9 PCINTS8 PCMSK1 (for PORT C)
R/W R/W R/W R/W R/W R/W R/W R/W Pin Change Mask Register 1
7 6 5 4 3 2 1 0
PCINT23 PCINT22 PCINT21 PCINT20 PCINT19 PCINT18 PCINT17 PCINT16 PCMSK2 (for PORT D)
R/W R/W R/W R/W R/W R/W R/W R/W Pin Change Mask Register 1




Example 1

0 a5 jl oslasiwl b 3315 35,050 16 SWS Lwilsys L ATmega328 HyiiSg)Sae O

A4S 395 OCO0A b (59) 1) 35,2005 2 (uilSs b 2ap0 JiSaw S CTC 30 )

(PCINT14/RESET) PC8 L
(PCINT16/RXD) PDO [
(PCINT17/TXD) PD1
(PCINT18NTO) PD2 [

(PCINT19/0C2B/INT1) PD3 [
(PCINT20/XCK/TO) PD4 [

vCC [

GND [
(PCINT&/XTAL1/TOSC1) PB6 [
(PCINT7/XTALZ/TOSC2) PB7 [

(PCINT21/OCOB/T1) PD5 [

» (PCINT22/OCOASAIND) PD6E [
(PCINT23AIN1) PD7 O
(PCINTO/CLKOACP1) PBO [

0 =~ @ " L& W R =

e e D T T ¥ & |
& W N = O

[ PC5 (ADCS/SCL/PCINT 13)
] PC4 (ADC4/SDA/PCINT 12)
1 PC3 (ADCAPCINT11)

] PC2 (ADC2/PCINT10)

1 PC1 (ADC1/PCINTY)

(] PCO (ADCO/PCINTS)

1 GND

] AREF

] AVCC

] PBS (SCK/PCINTS)

(] PB4 (MISO/PCINT4)

1 PB3 (MOSIOCZA/PCINTI)
] PB2 (SS/OC1B/PCINT2)

(] PB1 (OC1A/PCINT1)




Example 1

fclk =16 MHz

fpuise = 2 kHz, Squre wave
Timer 0 in CTC Mode > OCR0OA="?
Output on OCOA > PD6:output

16 MHz
64 (prescaler)

frimer =

f — fTimer
0C04 ™ 2 % (OCROA + 1)

16 x 10°

2 X 64 x(0OCROA+1)
16 x 10° 16 x 10°
OCROA+1 = = =

2 X 64x1000 128000
OCROA = 124

1000 =

125




Example 1

void setup() {
DDRD |= (1 << 6);
OCROA = 124;
TCCROA |= (1 << COMOAO); // Toggle mode
TCCROA |= (1 << WGMO01); // CTC mode
TCCROB |= (1 << CSO00) | (1 << CS01);

}

void loop() {}

void setup() {
DDRD = 0x40; I/ PD6 = >5,~
TCCROA = 0x42; // CTC + Toggle mode
OCROA = 0x7C; I/ 124
TCCROB = 0x03; // Prescaler = 64

}
void loop() {}




Example 2

0 a5 jl oslasiwl b 3315 35,050 16 SWS Lwilsys L ATmega328 HyiiSg)Sae O

A4S 395 OCO0A b (59) 1) 35,2005 2 (uilSs b 2ap0 JiSaw S CTC 30 )

(PCINT14/RESET) PC8 L
(PCINT16/RXD) PDO [
(PCINT17/TXD) PD1
(PCINT18NTO) PD2 [

(PCINT19/0C2B/INT1) PD3 [
(PCINT20/XCK/TO) PD4 [

vCC [

GND [
(PCINT&/XTAL1/TOSC1) PB6 [
(PCINT7/XTALZ/TOSC2) PB7 [

(PCINT21/OCOB/T1) PD5 [

» (PCINT22/OCOASAIND) PD6E [
(PCINT23AIN1) PD7 O
(PCINTO/CLKOACP1) PBO [

0 =~ @ " L& W R =

e e D T T ¥ & |
& W N = O

[ PC5 (ADCS/SCL/PCINT 13)
] PC4 (ADC4/SDA/PCINT 12)
1 PC3 (ADCAPCINT11)

] PC2 (ADC2/PCINT10)

1 PC1 (ADC1/PCINTY)

(] PCO (ADCO/PCINTS)

1 GND

] AREF

] AVCC

] PBS (SCK/PCINTS)

(] PB4 (MISO/PCINT4)

1 PB3 (MOSIOCZA/PCINTI)
] PB2 (SS/OC1B/PCINT2)

(] PB1 (OC1A/PCINT1)




Example 2

S SO @S dwngn (gl wbypy ATMEGA328 JyiiSgySae 0 635)lads /jall amlg SaS @

Sl ) e )3 B @90 5 o)ladd 4 (59) 2 43bg)Suae 16.6 ©9liS 0)93 L 20 290
(XTAL = TOMHZ :5lus8) 394
Normal s ;> (wall)

XTAL = 10 MHz

= = 0.1
T clk 10 MHz HUs TCN‘TO

Twa[/e = 16.6 Uus OXEF ﬁ_
Twave _ 16.6 Us
2 2

T
W;’*Ve (256 — TCNTO jj¢2]) % Tumer

T
Wj”’e (256 — TCNTOp47a1) X ——

= 8.3 us

ftlmer

Prescaler

TWAVE = (256 — TCNTO jy173) X

f clock

Twave/?2

\_Y_/

Twave
=173 , Prescaler = 1

TWfVe (256 TCNTO1n1tIa]) X T X Prescaler
8.3 us = (256 — TCNTOim-ﬁa]) X 0.1 us X Prescaler
TCNTO jpjtja)= 256 — 83 /Prescaler — | +-pyrq .

Initial —




Example 2

#include <avr/io.h>
#include <avr/interrupt.h>

int main(void)

DDRB |= (1 << PB5);
PORTB &= ~(1 << PB5);

TCCROA = 0x00;
TCNTO =173;
TCCROB = (1 << CS00);
TIFRO |= (1 << TOVO0);
while(1)
if (TIFRO & (1 << TOVO0))
TCNTO =173;

PORTB "= (1 << PB5);
TIFRO |= (1 << TOVO);




#include <avr/io.h>
#include <avr/interrupt.h>

int main(void)

{
DDRB |= (1 << PB5);
PORTB &= ~(1 << PB5);

TCCROA = 0x00;

TCNTO = 17/3;

TIFRO |= (1 << TOVO);
TIMSKO | = (1 << TOIEQ);

sei();
TCCROB |= (1 << CS00);
while(1){}

ISR(TIMERO_OVF_vect)
{

TCNTO = 173;

PORTB "= (1 << PB5);

}

Example 2




Example 2

S SO @S dwngn (gl wbypy ATMEGA328 JyiiSgySae 0 635)lads /jall amlg SaS @

Slaul 5 e )3 B wygy 5 oyl 4l (59) p 46U9)Sae 16.6 glis 695 b ;=30 290
XTAL = 10 MHz (XTAL = T0MHZ :5luo)8) 594

1 C C Qo D (u)
T .= —0.1u ! IEAC
clk 10 MHz S TCNTO

A

T = 16.6
wave Us OxFF
Twave _16.6us OCROA

> = 8.3 us
TWTave = (OCROA + 1) X Tiimer

TWT&%’: (OCROA + 1) x —

timer

TI,VZaVe _ (OCROA + 1) % Prescaler

clock

TW& VE/ 2

%’ = (OCROA + 1) X Ty, X Prescaler
8.3 us = (OCROA + 1) x 0.1 us X Prescaler Twave

83
OCROA = Prescaler 1 ~—  ——— OCR0A =82, Prescaler=1




Example 2

#include <avr/io.h>
int main(void)

DDRB |= (1 << PB5);
PORTB &= ~(1 << PB5);

OCROA = 82;

TCNTO = 0;

TCCROA = (1 << WGMO01);
TCCROB = (1 << CS00);

while(1)

if (TIFRO & (1 << OCFOA))
{
PORTB "= (1 << PB5);
TIFRO |= (1 << OCFOA);




Example 2

#include <avr/io.h>
#include <avr/interrupt.h>

int main(void)

DDRB |= (1 << PB5);
PORTB &= ~(1 << PB5);

TCCROA = (1 << WGMO01);
OCROA = 82;
TCNTO = 0;

TIMSKO |= (1 << OCIEQA);
sei();

TCCROB = (1 << CS00);

while(1);
}

ISR(TIMERO_COMPA_vect)

PORTB "= (1 << PB5);
}




Example 2

S SO @S dwngn (gl wbypy ATMEGA328 JyiiSgySae 0 635)lads /jall amlg SaS @

2 30 )3 0 o)laid yooU 529)> b (59) » 4lg)ySue 16.6 ©9li5 0)93 b e Z9o
XTAL = 10 MHz (XTAL = TOMHZ ul.uo)s) g Sleul

1 C C Qo D (u)
T .= —0.1u ! IEAC
clk 10 MHz S TCNTO

A

T = 16.6
wave us OxFF

Twave _ 16.6 us 8.3 s OCROA
2 2 .

TWTave = (OCROA + 1) X Tiimer

TWT&%’: (OCROA + 1) x —

timer

TI,VZaVe _ (OCROA + 1) % Prescaler

clock

TW& VE/ 2

%’ = (OCROA + 1) X Ty, X Prescaler
8.3 us = (OCROA + 1) x 0.1 us X Prescaler Twave

83
OCROA = Prescaler 1 ~—  ——— OCR0A =82, Prescaler=1




#include <avr/io.h>
int main(void)
DDRD |= (1 << PD6);

OCROA = 82;
TCNTO = 0;

TCCROA = (1 << COMOAO) | (1 << WGMO1);

TCCROB = (1 << CS00);

while(1)

Example 2

(PCINT14/RESET) PCs [
(PCINT16/RXD) PDO ]
(PCINT17/TXD) PD1 O
(PCINT18INTO) PD2 O

(PCINT19/0C2B/INT1) PD3 [}
(PCINT20/XCK/T0) PD4 [
vCc O

GND O
(PCINT&/XTAL1/TOSC1) PB6 [
(PCINTZ/XTAL2/TOSC2) PB7 O
(PCINT21/OCOB/T1) PD5
(PCINT22/0COAJAING) PD6 [
(PCINT2FAINT) PD7 O
(PCINTO/CLKONCP1) PBO O

@ =~ O th & KN =

- ek —h s = (O
W = O

] PCS5 (ADCS/SCL/PCINT13)
1] PC4 (ADC4/SDA/PCINT 12)
1 PC3 (ADCYPCINT11)

[ PC2 (ADC2/PCINT10)

1 PC1 (ADC1/PCINTS)

] PCO (ADCO/PCINTS)

1 GND

] AREF

] AVCC

1 PBS (SCK/PCINTS)

[ PB4 (MISO/PCINT4)

] PB3 (MOSIOC2A/PCINT3)
T PB2 (SS/IOC1B/PCINT2)

(1 PB1 (OC1A/PCINT1)




Example 3

PWM 30 )5 a5 Juungis (gl aebpy AATMEGAS28 ))yiiSg,Sue 615)lad /jpaili 3>lg SaS @
4 (59 »p duty cycle = 75% g aslig)Sue 16 glis 6)93 b by 9o JSid S Fast
(XTAL = T6MHZ :<5Luo)y8) 394 dloul D <)y 6 6ylas

TCNTO
16Mhz $

f clk 1
_ — N=1 OxFF L
Foc™ N2se)  Tems~  N(256)

OCROX|[|-

0
OCRO+1 .00

Duty Cycle =
256 OCO0x

OCRO + 1
5= X100 - OCRO =191

- _




Example 3

PWM 30 )5 a5 Juungis (gl aeby AATMEGAS28 )),ii59,Sue 615)lad /paali 3>lg SaS @
4 (59 pp duty cycle = 75% g aslig)Sue 16 glis 6)93 b by 290 JSid S Fast
(XTAL = T6MHZ :<5Luo)y8) 394 dloul D <)y 6 6ylas

#include <avr/io.h>

int main(void)

{
DDRD |= (1 << PD5);

TCCROA = (1 << WGMO1) | (1 << WGMO00);
OCROA = 191;

TCCROB = (1 << CS00);
while(1){

if (TIFRO & (1 << OCFOA))

{
PORTB "= (1 << PD6);

TIFRO |= (1 << OCFOA);
}




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 490 )5 (wils,s b PWM O a5 Juwngi glaebyp PWM 8-bit

(XTAL = T6MHZ :c5lus)d) a8 sleul OCTA  (59) %25 plp

AL HIGH cdle )3 b JSuw o glanl ys JiSaw gy

TCNTO

OxFF
OCROXx

Frike . 16Mhz

focr =55 (ZxTOP) #%0hz  N(510)

N=64.02 N~ 64 0

_ 16x10° 16 x10°
T 2X64x255 32640

Duty Cycle = Ock1A 100%
uty Cycle = | —->— | x 0

_ OCR14

25 =
0.25 255
OCR1A = 63.75 = 64

~ 490.2 Hz




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 490 )5 (wils,s b PWM O a5 Juwngi glaebyp PWM 8-bit

(XTAL = T6MHZ :c5lus)d) a8 sleul OCTA  (59) %25 plp

AL HIGH cdle )3 b JSuw o glanl ys JiSaw gy

#include <avr/io.h>
int main(void) {
DDRB |= (1 << PB1);
OCR1A = 64;
TCCR1A = (1 << WGM10) | (1 << COM1A1);
TCCR1B |= (1 << CS11) | (1 << CS10);
while (1){}




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 122 u0)d5 jwil5)s b PWM O a5 suwngn (glaolbypy PWM 10-bit

(XTAL = T6MHZ :c5lus)d) a8 sleul OCTA  (59) %25 plp

AL HIGH cdle )3 b JSuw o glanl ys JiSaw gy

TCNTO

OxFF
OCROXx

Frike . 16Mhz

Joor = N o xTOP) 122 R N(2*1023)

N=64.1 N ~ 64 0

_ 16x10° 16 x10°
T 2x64x1023 130944

Duty Cycle = Ock1A 100%
uty Cycle = | —->— | x 0

_ OCR14

0.25 = 1023
OCR1A = 255.75 = 256

~ 122.19 Hz




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 490 )5 (wils,s b PWM O a5 Juwngi glaebyp PWM 8-bit

(XTAL = T6MHZ :c5lus)d) a8 sleul OCTA  (59) %25 plp

AL HIGH cdle )3 b JSuw o glanl ys JiSaw gy

#include <avr/io.h>
int main(void) {
DDRB |= (1 << PB1);
OCR1A = 256;
TCCR1A = (1 << WGM10) | (1 << WGM11) | (1 << COM1A1);
TCCR1B |= (1 << CS11) | (1 << CS10);
while (1){}




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 122 0,85 (w5 L PWM G o5 g (glaoby PWM 10-bit

(XTAL = T6MHZ :5lus)d) .aiS sleul OCTA 59y %25 plp

Ak low el )5 3l JSaw yo gl )> JiSaw gy

TCNTO

OxFF
OCROXx

feuk 1 16Mhz
Joer = 3 (2XTOP) 122 hz  N(2*1023)

N=64.1 N ~ 64 0
OCO0x,
~ 122.19 Hz come2

_ 16x10° 16 x10°
T 2x64x1023 130944

TOP — OCR1A

TOP

025 — 1023 — OCR1A4
T 1023 feik

OCR1A = 767.25 ~ 767 Foc™ N(510)

Duty Cycle =

) X 100% Duty Cycle = HER




Example 3

Phase Correct o ;5 ATMEGA328 )),i59,500 1 6)lads 635)laid /il 3>lg SaS @
Duty Cycle ¢ Hz 122 u0)d5 jwil5)s b PWM O a5 suwngn (glaolbypy PWM 10-bit

(XTAL = T6MHZ :c5lus)d) a8 sleul OCTA  (59) %25 plp

Ak low el )5 3l JSaw yo gl )> JiSaw gy

#include <avr/io.h>
int main(void) {
DDRB |= (1 << PB1);
OCR1A =767,
TCCR1A = (1 << WGM10) | (1 << WGM11) | (1 << COM1A0)| (1 << COM1A1);
TCCR1B |= (1 << CS11) | (1 << CS10);
while (1){}




Example 4

ad 1Al L doly A5 (655651051 ) a5 Input Capture aslg jl eslatiwwl L 1) s WO G\ o

hy a2 uj)leS Caw A 9 03)5 duslo |) udly oy 031> paudund 1) 6139,k A uw g 8359)Vb
g odlasiwl INnput Capture goslagy yousid (glp Polling (g jl .35 Giuled D ) (59,
(XTAL = 16MHZ :lus,)8)

(L) 5999 JUSaw

0339,3L 4
(t1)
'

OVJ

PC6 (RESET)
PDO (RXD)
PD1 (TXD)
PD2 (INTO)
PD3 (INT1)

PD4 (XCK/T0)
VCcC

GND

PB6 (XTAL1)

PBO/ICP1 PB7 (XTAL2)
(Pin 14) PD5 (T1)
PD6 (AINO)

PD7 (AIN1)

PBO (ICP1) [N}

ATmega328P

ATmega328P

PC5 (ADC5/SCL)
PC4 (ADC4/SDA)
PC3 (ADC3)

PC2 (ADC2)

PC1 (ADC1)

PCO (ADCO)
GND

AREF

AvCC

PB5 (SCK)

PB4 (MISO)

PB3 (MOSI/OC2A)
PB2 (S5/0C1B)
PB1(OC1A)

PORTD (59, a2 (s>9,>

3300 “» 3V

PD7 (Pin 13) —AM—PH—F
ol

PD6 (Pin 12) —AMN—P}——9
T

PD5 (Pin 11) —AM—PI——¢
2

PD4 (Pin6) —A—P——9
7

PD3 (Pin5) —AMA—PI——
A

PD2 (Pin 4) —AAM—PF—
vl

PD1 (Pin3) —A—PI—4
i

PDO (Pin2) —AM—PI——

b

GND

(5505 Cas 8) Gl ()= 5l
g4 0 0315 yisles PORTD (g9,




Example 4

lus < Pulse Width < 125us - Min:1lus - Timer < 1us @

fepu 1 fcpu Prescaler

Prescaler Tiimer Prescaler fepu

Prescaler
‘ Trimer< 1us > < lus

fCPU

——

Prescaler
16 MHz

< 1lus - (Prescaler < 1Wail Prescalers in Timer 1: 8, 64,256,1024

Prescaler =8 - Ttimer= = 0.5 us

16 MHz




Example 4

| (0L) 53959 JUSew
oaig WL 4

2 < CNTp, — CNT, <250 -

t

5V

OUTPUT: 8bit Register
\

Mode: Normal n/

Prescaler: 8
T1: Rising Edge v
T2:Falling Edge




Example 4

COM1A1 | COM1AO

com1B1 | com1BO _WGM11 WGM10| TCCR1A

_ WGM13 | WGM12 | (e-4 17 CSs11 CS10 TCCR1B

T 1 1r

Clock Selector (CS)

CS12 CS11 CS10

Comment

0 0

No clock source (Timer/Counter stopped)

clk (No Prescaling)
clk/8

clk / 64

clk / 256

clk / 1024

0
1
1
0
0
1
1

External clock source on TO pin. Clock on falling edge
External clock source on TO pin. Clock on rising edge




COM1A1

COM1A0

COM1B1

WGM13

WGM12

Example 4

TCCR1A

TCCR1B

WGM12
(CTC1)

WGM11
(PWM11)

WGM10
(PWM10)

s 2%

Timer/Counter Mode of
Operation

Top

Update of
OCR1x

TOW1 Flag Set
on

1]

o

0

MNaormal

OxFFFF

Immediate

Mak

=

1

P, Phase Cormrect, S-oit

Ox00FF

TOP

0

P, Phase Comrect, 9-obit

Ox01FF

TOP

P, Phase Comect, 10-kit

Ox02FF

TOP

CTC

DCR1A

Immediate

Fast PWM, &-bit

OocOFF

TOP

Fast PWM, 9-bit

Ox01FF

TOR

Fast PWM, 10-bit

OacD3FF

TOP

P, Phase and Frequency Correct

ICR1

BOTTOM

Wloo | = ||| &[]k

P, Phase and Frequency Correct

OCR1A

BOTTOM

P, Phase Comect

ICR1

TORP

P, Phase Comect

OCR1A

TOP

CTC

ICR1

Immediate

Reserved

Fast PYWM

N T =T I == A== [N I e T I e O S [ I e Y Y e T (NS I Y e

Fast PWM
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comi1A1 | com1ao | com1B1 | COM1BO _WGM11 WGM10| TCCR1A

_ WGM13 | WGM12 | e 72 CS11 CS10 TCCR1B

ICNC1: Input Capture Noise Canceller

O:disabled
1:Enabled (captures after 4 successive equal valued samples)

ICSES1: Input Capture Edge Select
0: Falling edge
1: Rising edge

COM1A1 | COM1A0 | cOM1B1 | COM1BO _WGM11 WGM10| TCCR1A oy

= 5 a I
COM1A1 | COM1A0 | COM1B1 | COM1BO _WGM11 WGM10| TCCR1A 1% o
> o

[y - 7J »

WGM13 | WGM12 | (o) 7 CS11 CS10 TCCR1B - N

Q ® S -
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#include <avr/io.h>

int main ( )

{

unsigned char t1;

DDRD = OxFF; //Port D as output
DDRB &= ~(1 << PBO0);

TCCR1A = 0; //Timer Mode = Normal
TCCR1B Ox42; //rising edge, prescaler = 8, no noise canc.

while ((TIFR1&(1<<ICF1)) == 0);

tl = ICR1L;

TIFR1 = (1<<ICF1); //clear ICF1 flag
TCCR1B = @x@2; //falling edge

while ((TIFR1&(1<<ICF1)) == 0);

PORTD = ICR1L - t1; //pulse width = falling - rising
TIFR1 = (1<<ICF1l); //clear ICF1 flag

while (1); //wait forever

}
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Y

ICP1 Pin
TCNT_ | | |

Measuring Period in Terms of the Number of Clocks Counted By TCNT

| |
y Pulse Width vy

ICP1 Pin —
TCNT_[M_ L

Measuring Pulse Width in Terms of the Number of Clocks Counted By TCNT
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Example 5

0 ’. Interrupt Vector Name !
External Interrupt Request 0 _INTO_vect

DD wsz;og).usuB

_External Interrupt Request 1

INT1_vect

o oo

Q

EXS

#include <avr/io.h>

Pin Change Interrupt Request 0

PCINTO_vect

Pin e Interrupt Request 1

PCINT1_vect

int main(void)

{

Pin Change Interrupt Request 2

PCINT2_vect

VCC (5V)

DDRB |= (1 << PB4);

Watchdog Time-out Interrupt

WDT_vect

1
Timer/Counter2 Compare Match A

TIMER2_COMPA_vect

DDRD &= ~(1 << PD2);
EICRA |= (1 << 1SC01);v—

(fimer?‘gounterz Compare Match B

TIMER2_COMPB_vect

Timen}éounterz Overflow

TIMER2_OVF_vect

EIMSK |= (1 << INTO); \/

\Timer/Counterl Capture Event

TIMER1_CAPT_vect

Timer/Counterl Compare Match A

TIMER1_COMPA_vect

ND

sei(); /

Timer/Counterl Compare Match B

TIMER1_COMPB_vect

while(1){}

Timer/Counterl Overflow

TIMER1_OVF_vect

Timer/Counter0 Compare Match A

TIMERO_COMPA_vect

Timer/Counter0 Compare Match B

TIMERO_COMPB_vect

ISR(INTO_vect)
O N—

Timer/Counter0 Overflow

TIMERO_OVF_vect

PORTB /= (1 << PB4);

SPI Serial Transfer Complete

SPI_STC_ vect

}

USART Rx Complete

USART_RX_vect

USART Data Register Empty

USART_UDRE_vect

USART Tx Complete

USART_TX_vect




External Interrupt Registers

1 | 7 H s v N z C SREG
Status Register
: R/W R/W R/W R/W R/W R/W R/W R/W :
7 6 5 4 3 2 10 ol
= = = = = = INT1 INTO EIMSK
External Interrupt Mask Register

R R R R R R R/W R/W £ g

7 6 5 4 38 2 D 1 0o D

- - - - ISC11 ISC10 ISCO01 ISC00 EICRA

R R R R \ R/W R/W /\ R/W R/W / External Interrupt Control Register A

7 6 5 4 3 2 1 0

R R R R R R R/W R/W External Interrupt Flag Register

Table 12-6.  Reset and Interrupt Viectors in ATmega328 and ATmega328P Table 13-2. Interrupt 0 Sense Control
Program .
VectorMNo. Address Source Interrupt Definition ISCO1 1ISC00 Description

1 0x0000" RESET External Pin, Power-on Reset, Brown-out R 0 0 The low level of INTO generates an interrupt request.
2 0x0002 INTO External Interrupt Request 0 0 1 Any logical change on INTO generates an interrupt request.
3 0x0004 INT™ External Interrupt Request | 1 0 The falling edge of INTO generates an interrupt request.
4 0x0006 PCINTO Pin Change Interrupt Request 0 1 1 The risi od fINTO — - ; :
5 0x0008 PCINT1 Pin Change Interrupt Request 1 € nsing edge o gene S an Interrupt request.
5] 0x000A PCINT2 Pin Change Interrupt Request 2
7 0x000C WDT Watchdog Time-out Intemmupt
8 0x000E TIMER2 COMPA TimerfCounter2 Compare Match A
9 0x0010 TIMERZ COMPB Timer/Counter2 Compare Match B
10 0x0012 TIMER2 OVF Timer/Counter2 Overflow
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Example 5

#include <avr/io.h>

int main(void) { ‘/
DDRB |= (1 << PB5);

PORTB |= (1 << PBO) | (1 << PB1) | (1 << PB4);
DDRB &= ~((1 << PBO) | (1 << PB1) | (1 << PB4));

updateBuzzer(); Y

PCICR |= (1 << PCIEQ);
PCMSKO |= (1 << PCINTO) | (1 << PCINT1) | (1 << PCINT4);

sei(); void updateBuzzer(void) {
unsigned char currentState = 0;
while (1) {}
if (PINB & (1 << PBO)) currentState |
if (PINB & (1 << PB1)) currentState |
if (PINB & (1 << PB4)) currentState |
ISR(PCINTO_vect) {
updateBuzzer(); if (currentState !=0) {
PORTB |= (1 << PB5);
} else {
PORTB &= ~(1 << PB5);

}
}




h

(X Example 5
#include <avr/io.h>
Interrupt Vector Name
int main(void) { ‘/ External Interrupt Request 0 INTO_vect
DDRB |= (1 << PB5); External Interrupt Request 1 INT1_vect
Pin Change Interrupt Request 0 PCINTO_vect
PORTB |= (1 << PBO) | (1 << 9 P ed =
DDRB &= ~((1 << PBO) | (1 Pin Change Interrupt Request 1 PCINT1_vect
Pin Change Interrupt Request 2 PCINT2_vect
updateBuzzer(); )( Watchdog Time-out Interrupt WDT_vect
i PA t
PCICR |= (1 << PCIEO); Timer/Counter2 Compare Match A TIMER2_COMPA_vec
PCMSKO |= (1 << PCINTOQ) | | Timer/Counter2 Compare Match B TIMER2_COMPB_vect
Timer/Counter2 Overflow TIMER2_OVF_vect
sei(); Timer/Counterl Capture Event TIMER1_CAPT vect
while (1) {} Timer/Counterl Compare Match A TIMER1_COMPA vect
} Timer/Counterl Compare Match B TIMER1_COMPB_vect
Timer/Counterl Overflow TIMER1_OVF_vect
Timer/Counter0 Compare Match A TIMERO_COMPA_vect
ISR(PCINTO_vect) { mer/ P —COMPA_
u pd ate Buzzer(); Timer/Counter0 Compare Match B TIMERO_COMPB_vect
Timer/Counter0 Overflow TIMERO_OVF_vect
SPI Serial Transfer Complete SPI_STC_vect
USART Rx Complete USART_RX_ vect
USART Data Register Empty USART_UDRE_vect
USART Tx Complete USART_TX_vect
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PCINT (8n+m)>

TN

1c Pin I‘ /L/ PCMSKn.m—

Change detector

Bit D7 DO

PCIEO: Pin Change Interrupt Enable bit for PORTB
PCIE1: Pin Change Interrupt Enable bit for PORTC (0: disabled, 1: enabled)
PCIE2: Pin Change Interrupt Enable bit for PORTD (0: disabled, 1: enabled)

Bit D7 DO
PCMSKO: | PCINT7 | PCINT6 | PCINT5 | PCINT4 | PCINT3 [ PCINT2 | PCINT1 | PCINTO | 0x6B

(for PORTB)

PCMSK1: | PCINT15]| PCINT14 | PCINT13| PCINT12 | PCINT11 [ PCINT10 | PCINT9 | PCINT8 | 0x6C
(for PORTC)

PCMSK2: |PCINT23 [ PCINT22 | PCINT21|PCINT20 | PCINT19 [ PCINT18 [PCINT17 | PCINT16 | 0x6D
(for PORTD)
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Example 6

#include <avr/io.h> //standard AVR header
int main (void)

{

DDRD = OxFF; ATmega 328
DDRC &= ~(1<<9);

ADCSRA = 0x87;//make ADC enable and select ck/128
ADMUX = @xCO;//1.1V Vref, ADCO, right-justified

ADCO

while (1){

ADCSRA |= (1<<ADSC);//start conversion

while( (ADCSRA&(1<<ADIF))==0); //wait for end of conversion
ADCSRA |= (1<<ADIF); //clear the ADIF flag

PORTB = (ADCL|(ADCH<<8))*10/93;//PORTB = adc value/9.3

}
¥




ADC Registers

7 6 5 4 3 2 1 0
= ACME = = = ADTS2 ADTS1 ADTSO ADCSRB
R/W R/W R/W R R/W \ R/W R/W R/W / ADC Control and Status Register A
7 6 5 4 3 2 1 0
ADEN ADSC ADATE ADIF ASCSRA
R/W \ R/W R/W /\ R/W V R/W /\ R/W R/W R/W / ADC Control and Status Register B
7 6 V 5 4 3 2 1 0
REFS1 REFSO = MUX3 MUX2 MUX1 MUXO0 ADMUX
\_R/W R/W R/W R \_R/W R/W R/W - r/w J APCMultiplexer
15 14 13 12 11 10 9 8
ADC9 ADCS8 ADC?7 ADC6 ADC5 ADC4 ADC3 ADC2 ADCH
ADC1 ADCO = = = = = = ADCL
7 6 5 4 3 2 1 0




ADC Tables

Table 24-6. ADC Auto Trigger Source Selections Table 24-4.  Input Channel Selections

ADTS2 ADTS1 Trigger Source MUX3...0 Single Ended Input
Free Running mode
Analog Comparator
External Interrupt Request 0

Timer/Counterd Compare Match A ADC4
Timer/Counterd Overflow ADCS
ADCE
ADCT
ADCS8'"
(reserved)

Timer/Counteri Compare Match B
Timer/Counter1 Overflow

e N I B =T =T =T

Timer/Counter1 Capture Event

(reserved)

(reserved)

Table 24-5.  ADC Prescaler Selections (reserved)
ADPS2 ADPS1 ADPS0 Diwision Factor (reserved)

0 0 0 2 1V (Vge)
0V (GND)

2
4
8

Table 24-3.  Voltage Reference Selections for ADC
REFS1 REFS0 \Voltage Reference Selection
0 0 AREF, Intemmal V,_; turned off

ref

0 1 AV with external capacitor at AREF pin

1 0 Reserved

Internal 1.1V Voltage Reference with external capacitor at AREF pin




Thanks!

POOVE

Do you have any questions?

razeghizade@gmail.com

www.pudica.ir

CREADITS: This presentation was created by M.Razeghizadeh
Please keep this slide for attribution
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