AVR Timer/Counter CTC PWM
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TCCROA — Timer/counter control register A

TCCROB - Timer/counter control register B

hit 7 6 5 4 3 2 1 0
TCCROA COMOA1 COMODAD COMOB1 COMOBD - - WGMO1  WGMOO
Read/rite  RAW R RAN RV R R RAW RAW
Initial Value 0 0 0 0 0 1] 0 0
(" bit 7 6 5 4 3 2 1 0 )
TCCROB FOCOA FOCOB - - WGMO2 | C502 Ccs01 C500
ReadAWrite W W R R RAN RAN RAN RV
\ Initial Value 0O 0 0 0 0 0 0 0 )
Mode WGM02 WGMO01 WGMOO Description
0 0 0 0 Normal
1 0 0 1 PWM, Phase Correct
2 0 1 0 Clear Timer on Compare (CTC)
3 0 1 1 Fast PWM
4 1 0 0 Reserved
5 1 0 1 PWM, Phase Correct
6 1 1 0 Reserved
7 1 1 1 Fast PWM
Table 14-6. Clock Select Bit Description
Ccso02 CSo01 CS00 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk,o/(No prescaling)
0 1 0 clk,/8 (From prescaler)
0 1 1 clk,o/64 (From prescaler)
1 0 0 clk,o/256 (From prescaler)
1 0 1 clk,o/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TQ pin. Clock on rising edge.
If external pin modes are used for the Timer/CounterQ, transitions on the TO pin will clock the
counter even if the pin is configured as an output. This feature allows software control of the
counting.

AVR Timer/Counter CTC PWM

Page 2




TIMSKO — Timer/counter interrupt mask register

bit 7 & 5 4 3 2 1 0
TISKO - - - - - OCIEOE  OCIEDA  TOIEO
Feadnitite R F R F F R0 FAh R
Initial alug 0 0 0 a 0 0 0 0

Bit 2 — OCIE0B: Timer/counter output compare match B interrupt enable

When the OCIEOB bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter
Compare Match B interrupt is enabled. The corresponding interrupt is executed if a Compare Match in
Timer/Counter occurs, that is, when the OCF0B bit is set in the Timer/Counter Interrupt Flag Register —
TIFRO.

Bit 1 — OCIEOA: Timer/Counter0 output compare match A interrupt enable

When the OCIEOA bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter0
Compare Match A interrupt is enabled. The corresponding interrupt is executed if a Compare Match in
Timer/Counter0 occurs, that is, when the OCFO0A bit is set in the Timer/Counter 0 Interrupt Flag Register
— TIFRO.

Bit 0 — TOIEO: Timer/Counter0 overflow interrupt enable

When the TOIEO bit is written to one, and the I-bit in the Status Register is set, the Timer/Counter0
Overflow interrupt is enabled. The corresponding interrupt is executed if an overflow in Timer/Counter0

occurs, that is, when the TOV0 bit is set in the Timer/Counter 0 Interrupt Flag Register — TIFR0

OCROA - Output compare register A

The Output Compare Register A contains an 8-bit value that is continuously compared with the counter
value (TCNTO). A match can be used to generate an Output Compare interrupt, or to generate a waveform
output on the OCOA pin.

OCROB - Output compare register B

The Output Compare Register B contains an 8-bit value that is continuously compared with the counter
value (TCNTO). A match can be used to generate an Output Compare interrupt, or to generate a waveform

output on the OCOB pin.
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TIFRO - Timer/Counter0 interrupt flag register

Bit 7 6 5 4 3 2 1 0

0x15 (Dx35) | - | - [ - - OCFOB OCFDA TOVO | TIFRO
Read/write R R R R R RAW RAW R/

Initial value 0 0 0 0 0 0 0 0

* Bits 7..3 — Res: Reserved bits
These bits are reserved bits in the ATmega48/88/168 and will always read as zero.

« Bit 2 - OCFO0B: Timer/Counter0 output compare B match flag

The OCFOB bit is set when a Compare Match occurs between the Timer/Counter and the data in
OCROB - Output Compare Register0 B. OCFOB is cleared by hardware when executing the cor-
responding interrupt handling vector. Alternatively, OCFOB is cleared by writing a logic one to
the flag. When the I-bit in SREG, OCIEOB (Timer/Counter Compare B Match Interrupt Enable),
and OCFOB are set, the Timer/Counter Compare Match Interrupt is executed.

* Bit 1 — OCF0A: Timer/Counter0 output compare A match flag

The OCFOA bit is set when a Compare Match occurs between the Timer/CounterQ and the data
in OCROA — Output Compare Register0. OCFOA is cleared by hardware when executing the cor-
responding interrupt handling vector. Altematively, OCFOA is cleared by writing a logic one to
the flag. When the I-bit in SREG, OCIEQA (Timer/Counter0 Compare Match Interrupt Enable),
and OCFOA are set, the Timer/Counter0 Compare Match Interrupt is executed.

« Bit 0 — TOVO: Timer/Counter0 overflow flag

The bit TOVO is set when an overflow occurs in Timer/Counter0. TOVO is cleared by hardware
when executing the corresponding interrupt handling vector. Alternatively, TOVQ is cleared by
writing a logic one to the flag. When the SREG I-bit, TOIEQ (Timer/Counter0 Overflow Interrupt
Enable), and TOVO are set, the Timer/Counter0 Overflow interrupt is executed.

The setting of this flag is dependent of the WGMO02:0 bit setting. Refer to Table 15-8, “Waveform
generation mode bit description.” on page 103.

SREG - AVR Status Register
The AVR Status Register — SREG - is defined as:

Bit 7 6 5 4 3 2 1

0x3F (0x5F) | [ | T [ H | s [ v | N | z | c | sReG
Read/write RMW R/W R/W RMW RW R/W RW RW

Initial value 0 0 0 0 0 0 0 0

¢ Bit 7 - I: Global interrupt enable

The Global Interrupt Enable bit must be set for the interrupts to be enabled. The individual inter-
upt enable control is then performed in separate control registers. If the Global Interrupt Enable
Register is cleared, none of the interrupts are enabled independent of the individual interrupt
enable settings. The I-bit is cleared by hardware after an interrupt has occurred, and is set by
the RETI instruction to enable subsequent interrupts. The |-bit can also be set and cleared by
the application with the SEI and CLI instructions, as described in the instruction set reference.

#10814 115053 Timer 0 mode 2 (CTC)

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

int main (void)
{
DDRB =0b11111111; // All outputs

TIMSKO = BV(OCIEQA); // Enable Interrupt
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TCCROA = _BV(WGMO01); // Mode = CTC

TCCROB = _BV(CS02) | _BV(CS00); // Clock/1024

OCROA = 40; // Set Top value

PORTB = Oxff;

sei(); //Enable Global interrup
while(1)

{

}
}
SIGNAL(TIMERO_COMPA _vect)

{
PORTB = ~PORTB;

}

XA G|
Macro BV

#define BV(bit) An (1 << (bit) 1Faialiih 1

Tsunsuiiomeusy Arduino @319 square wave 1l D7

#include <avr/io.h>

#include <avr/interrupt.h>

#define pulse 7

void setup() {
TIMSKO  =BV(OCIEOQA); // Enable Interrupt
TCCROA = _BV(WGMO 1;) // Mode = CTC
TCCROB = _BV(CSO 2 )_BV(CSO 0;) // Clock/1 0 2 4
OCROA =1 0;0 // Top Value
pinMode(pulse, OUTPUT);
sei();

}

void loop() {

}
SIGNAL(TIMERO_COMPA_vect)

{
digitalWrite(pulse,digitalRead(pulse)™1 )

¥

MIAIUIUATLNIAT Interrupt
fclk = 16MHz
Prescale = 1024
aaR 19517 = felk/proscale = 16MHz/1024 = 15.625 KHz
mMafugazasal#inan T = 1/15.625 KHz = 0.064 uS
#1 TOP @194 Timer 0= OCROA = 40
v

ﬂ”l‘]JL’Jﬁ1ﬂ1§8um’t’)§5W‘ﬂ = TOP*T = 40* 0.064 uS = 2.56 mSec

ANUDVDIT YY1 square wave = F = /T = 1/(2*2.56 ms) = 195.3 Hz

AVR Timer/Counter CTC PWM Page 5




o % J
P15111914Y04 Timer 1H}A Clear timer on compare match (CTC) amuﬁamumummmvm
a <3 y ' Y " v o
- 1a OCF gnidia emsnf3ouifiensznitg OCR /U TCNT i uddayanane1inm OCnx
wnadg
Y v 3 S 2 o o
- MTAITNAYYIUBINNN OCnx ﬂzgﬂmmuiwumuagﬂu gﬂgmumimqm Hasn3

AMHUUAAILS COMnx1 1ag COMnx0

OCROA Output compare register A (i OCR0OB Output compare register B

Compare match output unit, schematic.

—D

COMnxi
COMnx0 Waveform D Q
EOCh generator
- >
OCnx 0
A
- D Q
o |
2 PORT
s
gl .o a
Y DDR
clk, o

TCNTO0 vs OCR0OA  TCNTOvs OCROB

OCO0A pin OCO0B pin

AVR Timer/Counter CTC PWM Page 6



TCCROA - Timer/ecounter control register A

B 7 & 5 4 3 2 0
OxZ4 (Onedd) | COMOAT | COMOAD | COMOB1 | COMOBD | - - WEMO1 | WGMOD | TCCROA
Rezdwrie AW AW RW RW R R Rw RAW

inftial value o o 1) 1) o 0 o 0

* Bits 7:6 — #WILEY]:0: Compare match output A mode

These bits control the Output Compare pin (OC0A) behavior. If one or both of the COMOAT:0
bits are set, the OC0A ocutput overrides the normal pert functionality of the I/0 pinit is connected
to. However, note that the Data Directicn Register (DDR) bit corresponding to the OCO0A pin
must be set in order to enable the output driver.

When QCOQA is connected to the pin, the function of the COMOAT:0 bits depends on the
WIGEMO2:0 bit setting. Table 15-2 shows the COMOA:0 bit functicnality when the WGMO2:0 bits
are set to a normal of CTC mode (non-PVWM).

Table 15-2. Compare output mode, non-PWM mode.

COMDAA COMDAD Description
0 0 Mormal port operation, OC0A disconnected
0 1 Toggle OCOA on compare match
1 0 Clear OC0A on compare match
1 1 Set OC0A on compare match
COoOMDBA COMODBD Description
0 0 Mormal port operation, OC0B disconnected
0 1 Toggle CCOB on compare match
1 0 Clear OCOB on compare match
1 1 Set OCO0B on compare match

CTC mode, timing diagram.

OCnx interrupt flag set

v ' Y )
) ) R
B B B
TCMNTn //77_
{tCD}El:;:J _I_ (COMnx1:0=1)
Period I 1 2 3 4 I
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feyay1aue1yN OCnx Vo4 Timer 119 3

Atmega168 Pin Mapping

Arduino function

Arduino function

reset (PCINT14/RESET) PC8 ]! 2817] PC5 (ADCS/SCL/PCINT13) analog input 5

digital pin 0 (RX) (PCINT16/RXD) PDO[]2 27171 PC4 (ADC4/SDA/PCINT 12) analog input 4

digital pin 1 (TX) (PCINT17/TXD) PO1CJ3 of] PC3 (ADC3/PCINT11) analog input 3

digital pin 2 (PCINT18/NTO) PD2}« 251"] PC2 (ADC2/PCINT10) analog input 2

Timer2 —. digital pin 3 (PWM)  (PCINT19/0C28B/NT1) PD3[}s 241 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCK/TO) PD4[Je 20 PCO (ADCO/PCINTS) analog input 0

vce veeyr 2 JGND GND

GND GND[Js 217 AREF analog reference

crystal (PCINTE/XTAL1/TOSC1) PBS[Jo 0[] AVCC vCC

crystal (PCINT7/XTAL2/TOSC2) PB7 [J10 19]] PB5 (SCK/PCINTS) digital pin 13

7 digital pin 5 (PWM) (PCINT21/0C0B/T1) PDS " 18] PB4 (MISO/PCINT4) digital pin 12
Timer0 :: digital pin 6 (PWM)  (PCINT22/0COAZAINO) PD6 ]2 1771 PB3 (MOSVOC2A/PCINT3) digital pin 11(PWM)

digital pin 7 (PCINT23/AIN1) PD7

digital pin 8 (PCINTO/CLKOACP1) PBO[]1+ 157 PB1 (OC1A/PCINT1)

Digtal Pins 11,12 & 13 are used by the ICSP header for MISO.
MOS!H, SCK connections (Atmega 168 pins 17,18 & 19) Avold low-
Impedance loads on thesa pins when using the ICSP header.

VOAITILII

@ 4

16]7] PB2 (SS/IOC1B/PCINT2) digital pin 10 (PWM)
digital pin 9 (PWM)

} ocoa dludyapareniynvesmsufSeuienssnitg TCNTO /U OCROA

g 9

9 q

— et

1@ 0CoB 92 13 Toggle W¥ouiU OCOA varz1iu 0COB Ty 0

1ag B 92 Toggle 1o TCNT = 0 vaiz? A Toggle 118 TCNT = TOP

0CoB WudyanaeiynvesmsnfFowienszying TCNTO 71U OCROB

=

Timer2

Timer 1

fe81s a3 19dyaNn square 99NN Pin D6 (OCOA) A28 Timer 0 CTC mode (WeUVY Arduino)

#include <avr/io.h>
#include <avr/interrupt.h>
#define pulseA 6

void setup() {

TCCROA = _BV(WGMO1)| _BV(COMOAO) ; // Mode = CTC and Toggle output A

TCCROB = _BV(CS02) | _BV(CS00); // Clock/1024
OCROA = 70; // Top Value
pinMode(pulseA, OUTPUT);
digitalWrite(pulseA,LOW);

}

void loop() {

¥
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Phase correct PWM mode
Y ] Y [
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#18A1 COMOAT COMOAO (Timer 0 %99 A) a2 COMOB1 COMOB0O COMOAO (Timer 0 ¥04 B) 11

F3a1905 TCCROA

External counter Output

(PCINT14/RESET) PC6
(PCINT16/RXD) PDO

) 28 [71 PC5 (ADC5/SCL/PCINT13)
)
(PCINT17/TXD) PD1
)
)
)

27 |1 PC4 (ADC4/SDA/PCINT12)
26 |1 PC3 (ADC3/PCINT11)
25 [ PC2 (ADC2/PCINT10)
24 [ PC1 (ADC1/PCINT9)
0 (ADCO/PCINTS8)

GND Controlled by
AREF Timer 2 (8-bit)
AVCC
PB5 (SCK/PCINT5)
PB4 (MISO/PCINT4)
PB3 (MOSI/OC2A/PCINT3)

(

(

PB2 (SS/OC1B/PCINT2) Controllod by
PB1 OC1A/PCINT1)<_>_ Timer 1 (16-bit)

(PCINT18/INTO) PD2
(PCINT19/0C2B/INT1) PD3

(PCINT20/XCK/TO) PD4

vece

GND

(PCINT6/XTAL1/TOSC1) PB6 [
(PCINT7/XTAL2/TOSC2) PB7 [ 10

Controlled by, (PCINT21/0COB/T1) PD5 M 11
Timer 0 (8-blt)-<(:ClNT22/OCONAINO) PD6 i 12
(PCINT23/AIN1) PD7 | 13

(PCINTO/CLKO/ICP1) PBO [ 14

W ~NOO s 0N =

©

Compare output mode, phase correct PWM mode

COMOAT1 COMOAOD Description
0 0] Normal port operation, OCOA disconnected
0 1 WGMO2 = 0: Normal Port Operation, OCOA Disconnected
WGMO2 = 1: Toggle OCOA on Compare Match
( 1 0 Clear OCOA on Compare Match when up-counting )
Set OCOA on Compare Match when down-counting
1 1 Set OCOA on Compare Match when up-counting

Clear OCOA on Compare Match when down-counting

1 8119 COMOA1-COMOAO = 10

9
[ (4

d' o é’ [ I 3 A‘A 1 1 A
11l Counter WUAY dayaar 0COA Hlu 1 uazaznaiuiiv 0 1ife A1 Counter mnuAINAI131u OCROA
A v KR 1 = I Y] dy [ v 1 1 A Y] [ [
(19HUDINFIgA Counter 1/asrilurivas vzl daygna 0CoA duilu 0 og ualioriuNUMADA

~ I a = ?x’z
OCROA ziaguilu aodn 1 9nA54

211 COMOA1-COMO0AO = 11 dayanaaznaumenu
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fe8191U5un5N @319 PWM 880 PD6 Duty cycle 25%

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

int main (void)

{
DDRD = 0b11111111; // All outputs
TCCROA = 0b10000001; // Mode = PWM
TCCROB = 0b00000011; // Clock/64, Normal phase
OCROA = 51; // Duty cycle 20%
PORTD = Oxff; //PWM Output on PD6 = OCOA
while(1);
3
L30T - Timer/counter control register A
Bit 7 3 5 4 3 2 1 0
(24 (Oxdd) | COMOA1 | COMOAD | COMOB1 | COMOBO | - - WGMO1 WGMOO | TCCROA
Read/write RAW RIW RW RAW R R RAW RIW
Initial value ] ] o o ] o
TCCROB - Timer/counter control register B
Bit 7 3 5 4 3 2 1 i}
25 (0x45) | rocoa | rFocos | - | - | wamoz2 cs02 cso1 csoo | Tccros
Read/write W W R R RN RW RAW RIW
Initial value 0 0 0 0 0 0 0 0

Compare output mode, phase correct PWM mode'".

COMOB1 CoOmMOoBO Description
1 0 Clear OC0A on Compare Match when up-counting
Set OCOA on Compare Match when down-counting

Waveform generation mode bit description.

Timer/counter
mode of Update of TOV fla
Mode | WGMO2 | WGMO1 | WGMO0O operation TOP | OCRxat | seton'™
1 0 1 phaspin;r:rec i OxFF TOP BOTTOM
Clock select bit description.
cso2 CcSso1 CS00 | Description
0 0 1] Mo clock source (timer/counter stopped)
0 0 1 clk,a/(no prescaling)
0 1 0 clk,o/8 (from prescaler)
0 1 1 clk, /64 (from prescaler)
1 0 0 clko/256 (from prescaler)
1 0 1 clk, /1024 (from prescaler)
1 1 0] External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.
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MIMUINUMDIA

fclk = 16MHz

Prescale = 64

armian 15513 = felk/prescale = 16MHz/64 = 250 KHz

mauusazassl9iian T = 1/250 KHz = 4 uS

AAUIAVDIT YYD PWM = 4uS*255%2 = 2040 uS

fhmm?;mmé’fnujmum PWM = 1/2040 uS = 490 Hz

#1 TOP #A1994 Timer 0= OCROA =51

AN TVBINAT = 4uS*51%2 = 408 uS

Duty Cycle = MAUNABSTYI PWM / ANUATIIUDIHAd = 408uS/2040uS = 20%

] Y
NN 2 1191NN159 Counter u‘uﬁuuazuum

1WEUUY Arduino

#include <avr/io.h>
#include <avr/interrupt.h>
#define pulseOA 6
void setup() {
pinMode(pulse0A, OUTPUT);
TCCROA = _BV(WGMO00)| _BV(COMOA1) ; // TimerO Mode pwm phase correct

TCCROB = _BV(CS00)|_BV(CS01); // Clock/64
OCROA = 51; // Top Value 51
}
void loop() {
}

Tisunsuad1a PWM 2 %94 71 OCOA 11 OCOB (301@8u1u Arduino

#include <avr/io.h>
#include <avr/interrupt.h>
#define pulseOB 5
#define pulse0A 6
void setup() {
DDRD =0bl1 1 1 1 1; 1/1 All outputs

TCCROA = _BV(COMOA1 )| _BV(COMOB1 )|_BV(WGMO 03/ MTimer0 Mode pwm phase correct 2 ch

TCCROB = _BV(CSO0 1; Y/ Clock/8
OCROA=51 // Duty cycle 2 0 % ch A = PD6
OCROB=1 2;8 //Duty cycle 5 0 % ch B =PD5

}
void loop() {
}
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A 9
Llﬁﬂﬂgﬂﬂﬁuﬂlﬁﬂ PWM 4 2 ¥4
RIGOL STOF

mM31% laus13 TimerOne a3 198y PWM

#include "TimerOne.h"
void setup(){
Timerl.pwm(9, 256); // setup pwm on pin 9, 25% duty cycle
}
void loop(){

¥

DBLYANIUNNY

Timerl.initialize MYUAAIAINIAT HUITIY microsec
Timerl.pwm(9, 256); 1¥daaioenii OC1A D)
Duty cycle =256/1024 = 25%

1024 11910a1 10 U6 0'lavsis e

Y a
RENGH

http://playground.arduino.cc/Code/Timerl

Y o . Y v
M3y Wandu analogWrite a3 a eyt PWM

analogWrite(pin, value)

Pin: 111894 Arduino Pin 5,6,9,10,11,3
Arduino Pin AVR Timer Pin

D5 OCo0B
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D6 OCOA

D9 OC1A
D10  OC1B
D11 OC2A
D3 0C2B

9 = g
dovgiuiluveiagu I
= 1 S 1 1 =
value: ¥l18D3IAT duty cycle: HA152HIN 0 (off) DI 255 (on)
Duty cycle = valuex100/255
AMUONY 3, 11, 9,10 UsTu8 490 Hz

S
AIUDNVUI S5, 6 1523101 980 Hz

A0g1uMsadudyans PWM poNANes NI 6
#define pwmOA 6

#define pwmOB 5

#define pwm1A 9

#define pwmI1B 10

#define pwm2A 11

#define pwm2B 3

void setup() {
pinMode(pwmOA, OUTPUT); // sets the pin as output
pinMode(pwmOB, OUTPUT); // sets the pin as output
pinMode(pwm1A, OUTPUT); // sets the pin as output
pinMode(pwm1B, OUTPUT); // sets the pin as output
pinMode(pwm?2A, OUTPUT); // sets the pin as output
pinMode(pwm2B, OUTPUT); // sets the pin as output

analogWrite(pwmOA, 51); //Duty cycle 20%
analogWrite(pwmOB, 102); //Duty cycle 40%
analogWrite(pwm1A, 153); //Duty cycle 60%
analogWrite(pwm1B, 204); //Duty cycle 80%
analogWrite(pwm?2A, 229); //Duty cycle 90%
analogWrite(pwm2B, 242); //Duty cycle 95%

}
void loop() {

¥
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