Lab 7

Timer/Counter
Ultrasonic sensor
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Sample Code: timer0.c

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

ISR(TIMERO_OVF_vect)

{
PORTA "= 1<<PAQ;
}
int main(void)
{

DDRA = 1<<PAQ0;

TCCRO |= 1<<CS02 | 1<<CS01; //prescaler 256
TIMSK |= 1<<TOIEQ;

sei(); /* enable interrupt */
while(1);
return O;



Exercise 1. Square Wave
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16-bit Timer/Counter Overview

TCNTN : timer/counter register coun - Ton
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16-bit Timer/Counterl,3
Control Register A (TCCR1A, TCCR3A)

Bit 7 6 5 4 3 2 1 0

COM1A1 | COMIAG | COMiB1 | COMIBO | COMIC1 | COMICO | WGN11 | WGM10 | TCCR1A
Read/Write RAW RW RW RW AW RAW RW RW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

COM2A1 | COM3A0 | COM3B1 | COM3B0 | COM3C1i | COM3CO | WGM31 | WGM30 | TCCR3A
Read/Write AW R RAW = AW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 — COMnA1:0: Compare Output Mode for Channel A
* Bit5:4 — COMnB1:0: Compare Output Mode for Channel B
+ Bit 3:2 - COMnC1:0: Compare Output Mode for Channel C



Timer/Counterl1,3
Control Register A (TCCR1A, TCCR3A)

Table 61. Waveform Generation Mode Bit Description

WGMn2 | WGNMn1 WGMnO Timer/Counter Mode of Update of TOVn Flag

Mode | WGMn3 | (CTCn) | (PWMn1) | (PWMnO) Operation'" TOP OCRnNX at Seton

0 0 0 0 0 Normal OxFFFF | Immediate MAX

1 Q 0 0 i PWM, Phase Corract, 8-bit Ox00FF | TOP BOTTOM

2 Q 0 1 4] PWM, Phase Corract, 9-bit Ox01FF | TOP BOTTOM

3 0 0 1 1 PWM., Phase Correct, 10-bit Ox03FF | TOP BOTTOM

4 0 1 0 0 CTC OCREnA | Immediate MAX

5 0 1 0 1 Fast PWM, &-bit Ox00FF | BOTTOM TOP

6 0 1 1 0 Fast PWM, 9-bit Ox01FF | BOTTOM TOP

7 0 1 1 1 Fast PWM, 10-bit Ox03FF | BOTTOM TOP

B 1 0 0 0 Ezu;r;g::{:’hase and Frequency ICAn BOTTOM BOTTOM

o 1 0 0 1 Ezu;r;g,cfhase and Frequency OCEnA | BOTTOM BOTTOM

10 1 0 1 0 PWM., Phase Correct ICRn TOP BOTTOM

11 1 0 1 1 PWM, Phase Corract OCREnA | TOP BOTTOM

12 1 1 0 0 CTC ICRn Immediate MAX

13 1 1 0 1 (Reserved) - - -

14 1 1 1 0 Fast PWM ICRn BOTTOM TOP

15 1 1 1 1 Fast PWM OCRnA | BOTTOM TOP

Note: 1. The CTCn and PWNIRTU bt definifion names are obsolete. Use the WGNMRZ:0 definifions. However, the functionality and
location of these bits are compatible with previous versions of the timer.



Timer/Counterl,3 Control Register B
(TCCR1B, TCCR3B)

Bit 7 6 5 4 a 2 1 0
|_|_|cuc1 ICEST | - | WGMI3 | WGM12 | CS12 | CSi1 | CS10 | TccRiB
Read/Writa RW R/W R RW AW RW AW RW
Initial Value 0 0 0 0 0 0 0 0
Bit 7 & 5 4 3 2 1 0
wnca | ICES3 - WGM33 | WGM32 | Cs32 CcsH €s30 | TccR3B
Read/Writs AW = A = R AW = AW
Initial Value 0 0 0 0 0 0 0 0
* Bit 2:0 - CSn2:0: Clock Select
Table 62. Clock Select Bit Description
CSn2 CSni CSno | Description
0 0 0 Mo clock source. (Timer/Counter stopped)
0 0 1 clky/1 (No prescaling
0 1 0 clk,/8 (From prescaler)
0 1 1 clko/64 (From prescaler)
1 0 0 clky/256 (From prescaler)
1 0 1 clk;/1024 (From prescaler)
1 1 0 External clock source on Tn pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge




Timer/Counter Interrupt Mask Register
(TIMSK)

Bit 7 5] 5 4 3 2 1 0

[GGIE2 [ TOlE2 | TioIET | OCIETA | OCIETS | TOIET | OCIED | TOEO ] Tmsk
RoadWrite RN RAW RW AW RN RW R RAW
Initial Valua 0 ] 0 i) 0 0 0 0

Mote:  This register contains interrupt control bits for several Timern/Counters, but only Timer1 bits are
described in this section. The remaining bits are described in their respective timer sections.

+ Bit 5= TICIE1: Timer/Counter1, Input Capture Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally
enabled), the Timer/Countert Input Capture interrupt is enabled. The corresponding interrupt
vector (See “Interrupts” on page 60.) is executed when the ICF1 flag, located in TIFR, is set.

+ Bit 4 — OCIE1A: Timer/Counter1, Cutput Compare A Match Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally
enabled), the Timer/Counteri Qutput Compare A Match Interrupt is enabled. The corresponding
interrupt vector (see “Interrupts” on page 60) is executed when the OCF1A flag, located in TIFR,
is set.

* Bit 3 - OCIE1B: Timer/Counter1, Output Compare B Match Interrupt Enable

When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally
enabled), the Timer/Counter1 Output Compare B Match Interrupt is enabled. The corresponding

interrupt vector (see “Interrupts™ on page 60) is executed when the OCF1B flag, located in TIFR,
is set.

+ Bit 2 - TOIE1: Timer/Counter1, Overflow Interrupt Enable
When this bit is written to one, and the I-flag in the Status Register is set (interrupts globally

enabled), the Timer/Counter1 overflow interrupt is enabled. The corresponding interrupt vector
(see “Interrupts” on page 60) is executed when the TOV1 flag, located in TIFR, is set.



Extended Timer/Counter Interrupt Mask Register
(ETIMSK)

Bit 7 [ & 4 3 2 1 0

I - - TICIEZ | OCIE3A | OCIE3B TOIEZ OCIE3C | OCIE1C I ETIMSK
ReadWrits R R RW R R RW R RV
Initial Valus 0 a 0 0 0 0 0 ]

+ Bit 0 - OCIE1C: Timer/Counter1, Output Compare C Match Interrupt Enable

When this bit is written to one, and the |-flag in the Status Register is set (interrupts globally
enabled), the Timer/Counter1 Qutput Compare C Match Interrupt is enabled. The corresponding

interrupt vector (see “Interrupts™ on page 60) is executed when the OCF1C flag, located in
ETIFR, is set.



Timer/Counter Modes

= Normal Mode

= Clear Timer on Compare Match (CTC)
Mode

= PWM Modes



Normal Mode

= WGMn3:0=0
= Counting up
= NO counter clear



Sample Code: timerl.c

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

int int_counter;

ISR(TIMERL_OVF_vect)
{

int_counter++;
if (int_counter==50)
{
int_counter=0;
PORTD "= 1<<PD4;PORTA "= 1<<PAQ;

}
TCNT1 =64911; /* Timer value 10msec */



int main(void)

{

cli(); /* disable interrupt */

MCUCR = 0x00;

MCUCR =0x01; /* IVCE =1*/

MCUCR = 0x00; /* IVSEL =0 */

DDRD = 0xFO; /* PORT PD4~PD7 output mode */
DDRA =1 <<PAQ;

TCCR1A = 0x00;

TCCR1B = (1 << CS12); /* clk / 256 */
TCCRI1C = 0x00;

TIFR = 0x00;

ETIFR = 0x00;

TCNT1 =64911; /* Timer value 10msec */
TIMSK =1 << TOIE1; /* enable Timerl interrupt */
ETIMSK = 0x00;

sei(); /* enable interrupt */

PORTD=0xFO;

int_counter=0;

while(1);



Control Register Setting

TCCR1B = (1 << CS12); /* clk / 256 */

Bit 7 3] 5 4 3 2 1 0]

e T T Toems T [ oo T oo T oo ] roomis
Bead/Write BW RwW H BAwW BW BW RW
Initial Valua 0 0 0 0 0 0 0 0

Table 62. Clock Select Bit Description

CSn2 CSni CSn0 | Description
0 0 0 No clock source. (Timer/Counter stopped)
0 0 1 clkyn/1 (No prescaling
0 1 0 clk;o/8 (From prescaler)
0 1 1 clk;n/64 (From prescaler)
1 0 0 clk;n/256 (From prescaler)
1 0 1 clk; /1024 (From prescaler)
1 1 0 External clock source on Tnh pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge




Timer/Counter Interrupt Mask Register

TIMSK =1 << TOIE1,; /* enable Timerl interrupt */

Bit 5 4

W TICIE1 | OCIE1A | OCIE1B Wm TOIEO | TIMSK
Read/Write BW RW BW BwW RW BAwW
Initial Value 0 0 0 0 0 0 0 4]

* Bit 2 — TOIE1: Timer/Counter1, Overflow Interrupt Enable



Timer Value

= 16MHZz/256=62500Hz
= 2716=65536

= 10msec:100Hz

= 62500Hz/100HZz=625
= 65536-625=64911

TCNT1 =64911; /* Timer value 10msec */



Clear Timer on Compare (CTC) Mode

= WGMnN3:0=4
= OCRNA : compare register

= The counter Is cleared to zero when
matches OCRNA

Figure 51. CTC Mode, Timing Diagram
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Sample Code: timer2.c

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

Int int_counter;

ISR(TIMER1_COMPA vect)
{
int_counter++;
if (int_counter==50)
{
int_counter=0;
PORTD "= 1<<PD4;PORTA "= 1<<PAO0; }



int main(void)
{
cli(); /* disable interrupt */
MCUCR = 0x00;
MCUCR = 0x01; /*IVCE =1 *
MCUCR = 0x00; /* IVSEL =0 */
DDRD = 0xFO; /* PORT PD4~PD7 output mode */
DDRA =1 <<PAQO;

TCCR1A = 0x00;

TCCRI1B = (1 << CS12) | (1<< WGM12); /* clk / 256 CTC Mode */
TCCR1C = 0x00;

TIFR = 0x00;

ETIFR = 0x00;

OCRI1A =624,

TIMSK =1 << OCIE1A; /* enable Timerl Compare Match A interrupt */
ETIMSK = 0x00;

sei(); /* enable interrupt */

PORTD=0xFO;

int_counter=0;

while(1);



Control Register Setting

TCCRI1B = (1 << CS12) | (1<< WGM12); /* clk / 256 CTC Mode */

Table 61. Waveform Generation Mode Bit Description

WGMn2 | WGMni1 WGMnO Timer/Counter Mode of Update of TOVn Flag

Mode | WGMn3 | (CTCn) | (PWMn1) | (PWMnNO) Operation!" TOP OCRnNX at Set on

0] 0 0 0 0 Normal OxFFFF | Immediate MAX

1 0 0] 0 1 PWM, Phase Correct, 8-bit Ox00FF | TOP BOTTOM

2 0 0] 1 0 PWM, Phase Correct, 9-bit OxO1FF | TOP BOTTOM

3 0 0 1 1 PWM, Phase Correct, 10-bit Ox03FF | TOP BOTTOM

4 0 1 0 0 CTC OCRnA | Immediate MAX

5 0 1 0 1 Fast PWM, 8-bit Ox00FF | BOTTOM TOP

6 0 1 1 0 Fast PWM, 9-bit Ox01FF | BOTTOM TOP

7 0 1 1 1 Fast PWM, 10-bit Ox03FF | BOTTOM TOP

8 1 0 0 0 glﬁ:gkrhase and Frequency ICRn BOTTOM BOTTOM

9 1 0 0 1 g\;ﬁ::\g;hase and Frequency OCRnA | BOTTOM BOTTOM

10 1 0 1 0 PWM, Phase Correct ICRn TOP BOTTOM

11 1 0 1 1 PWM, Phase Correct OCRnA | TOP BOTTOM

12 1 1 0 0 CTC ICRn Immediate MAX

13 1 1 0 1 (Reserved) - - -

14 1 1 1 0 Fast PWM ICRn BOTTOM TOP

15 1 1 1 1 Fast PWM OCRnA | BOTTOM TOP
ole: 1. The CTCn and PWNNT:0 bit definifion names are obsolele. Use the WGNMNZ:0 definifions. However, The Tunciionalily and

location of these bits are compatible with previous versions of the timer.



Interrupt Mask Register

TIMSK =1 << OCIE1A; /* enable Timerl Compare Match A interrupt */

Bit ri [+ 5 4 3 2 1

TOCIE2 | TOIE2 | TICIE1 | OCIEIA | OCIEIB | TOIE1 | OCIEO | TOIEO ]| TIMSK
ReadWrite BRW AW BW BAwW RW BwW
Initial Value 0 4] 0 0 0 0 0 0

* Bit 4 - OCIE1A: Timer/Counteri1, Output Compare A Match Interrupt Enable



Interrupt Vector

lom128.h

[* Timer/Counterl Compare Match A */

#define TIMER1 _COMPA_vect

#define SIG_OUTPUT_COMPARE1A

SIGNAL(SIG_OUTPUT_COMPARE1A)
{
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Timer Value

= 16MHz/256=62500Hz
= 2M16=65536

= 10msec:100Hz

= 62500Hz/100HZz=625
= 0~624: 625 pulses

OCR1A = 624: [* Timer value 10msec */



Ultrasonic sensor HC-SR04

10 psec HC-SR04 Ultrasonic Sensor
Signal Timing Diagram

Trigger signal

(TTL input to Trig pin)

Measured Echo Time
(between 100usec — 25msec approx.)

Echo signal

(TTL output from Echo pin)

Distance (cm) = Measured Echo Time (in usec)/58
Distance (inch) = Measured Echo Time (in usec)/148



Sample code: usonic_1lint.c

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

volatile int counter;
volatile char rising;

ISR(INTO_vect)
{
if (rising ==1)
{
TCCR1B = (1 << CS11); /* clk / 8 start the timer */
EICRA = 2<<ISCO00;

rising = O;
}
else
{
TCCR1B &= 0xf8; /* stop the timer */
counter = TCNT1/116;
TCNT1 =0;
EICRA = 3<<ISCO00;
rising = 1;
}



int main(void)

{

DDRB = Oxff;
DDRE = Oxff;
DDRG |= 0x10;
TCCR1A = 0x00;
TCCR1B = 0x00;
TCCR1C = 0x00;
TCNT1=0;

EIMSK |=1<<INTO;

EICRA = 3<<ISCO00;

rising = 1;

sei();

while(1){
PORTG = 0x10;
delay_us(15);
PORTG = 0x00;
display_digit(counter);
delay_ms(50);
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Exercise?: Ultrasonic sensor
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Exercise3: Stop Watch
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