TIMERS/COUNTERS



ATmega328P(B) Timers/Counters

Timer/Counter0

Timer/Counterl 16 O O
Timer/Counter2 8 O O
Timer/Counter3 16 X O
Timer/Counter4 16 X O
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Timer/Counter Applications

* To do some works periodically. (CTC mode)
* To control load current/voltage. (PWM)

* To count external event. (Normal)
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8-Bit Timer/Counter Basics

Initial state O|lo0o|J0(O0O|0O0]J]0O|lO0O0]0O

Clock input 11 O(0|O0O|O0O]O0O]|O0O|O0]|1

Overflow

Clock input LIl o|jojojo|jofo|1/|O

Clock input 255 pulses 1111111111711
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ATmega328PB Timer/Counter@ Block Diagram

TCCROA

TCCROB

TIFRO

TIMSKO

OCROA |
1 nterrupt Request
COMPARATOR |—— it |——| OCOA
Interrupt Request T
TCNT® PRESCALER — clk;
COMPARATOR [—1—| Gererots || OC@B
OCROB Interrupt Request
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ATmega328PB Timer/Counter@ Block Diagram

TCCROA

TCCROB

TIFRO

TIMSKO

Interrupt Request

BLOCK_A
OCR@A Interrupt Request OC B
COMPARATOR_A H—{ Joveform .1 0COA
A
TCNT@ |~ PRESCALER |—— clk; 4
y
Waveform

COMPARATOR_B

T

OCROB

Y

Generator

Interrupt Request

OCoB

BLOCK_B
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What is a Prescaler?

CLK_IN
ez P Prescaler
1/2 1/4 1/8 1/16
™ N ™ ™~
I I I I
[v0] < o™ i
00 01 10 11
CLK_SEL
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
wehz [T LT LT LT LT L Lo Lo Lo s L T LT LT
CLK_OuT

1 sec
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Prescaler for Timer/Countere, 1, 3, 4

clkyo > 10-BIT T/C PRESCALER
Clear
99_ < © <
PSR10 ¥ 3 & S
Ol O ¥ S
O X
O
OFF

<
<
<
<
<
<
<

CcSno >
csn1 >
CSn2 >

TIMER/COUNTERN CLOCK
SOURCE clk 1,
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8-bit
Timer/Countere



Mode of Operation

« Determines the behavior of the Timer/Counter and the Output Compare pins.

« Defined by WGMO[2:0] in TCCR@B[3] and TCCROA[1:0] registers. 22¥T0M62F2x00
L2 O 7 O N K e
0 0 0 %) Normal OxXFF Immediate
1 %) %) 1 Phase Correct PWM OXFF TOP BOTTOM
2 %) 1 0 CTC OCROA Immediate MAX
3 (%] 1 1 Fast PWM OXFF BOTTOM MAX
4 1 0 0 Reserved - - -
5 1 (%] 1 Phase Correct PWM OCROA TOP BOTTOM
6 1 1 %) Reserved - - -
7 1 1 1 Fast PWM OCROA BOTTOM TOP
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Timer/Countere
Normal mode



Normal Mode

WGMO[2:0] = 0bOOO in TCCROB[3] and TCCROA[1:0] registers. MAX = OxFF

BOTTOM = ©x00

m----

%) %) %) %) Normal OXFF Immediate

1 %) %) 1 Phase Correct PWM OXFF TOP BOTTOM
2 %) 1 0 CTC OCROA Immediate MAX
3 (%] 1 1 Fast PWM OXFF BOTTOM MAX
4 1 0 0 Reserved - - -

5 1 (%] 1 Phase Correct PWM OCROA TOP BOTTOM
6 1 1 %) Reserved - - -

7 1 1 1 Fast PWM OCROA BOTTOM TOP
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Normal Mode: Simple Counter

WGMO[2:0] = ©boeo
TCNTO always counts from BOTTOM (©x00) to TOP (OxFF)

and then restarts from BOTTOM.

TIMER®_COMPA vect

Timer/Counter Overflow flag (TOVO) will be set when

TCNTO becomes zero. OCROAA

Interrupt Request

TOVO flag is cleared automatically when its ISR 1is
executed. 1
The output compare unit can be used to generate = Waveform R

COMPARATOR >

TCNTO | Tove]

Interrupt Request
TIMERO_OVF_vect

OCOA

interrupts at some given time. CEERETEET

Y

clks/o — [ pRESCALER
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Timer/Countereo
CTC mode

(Clear Timer on Compare Match mode)



CTC Mode

WGMO[2:0] = 0b010 in TCCROB[3] and TCCROA[1:0] registers. MAX = OxFF

BOTTOM = ©x00

mm WGMO[1] |WGMO[O] | Mode of Operation - Update of OCROx at TOV flag set on

%) %) Normal OXFF Immediate

1 %) %) 1 Phase Correct PWM OXFF TOP BOTTOM
2 %) 1 %) CTC OCROA Immediate MAX
3 (%] 1 1 Fast PWM OXFF BOTTOM MAX
4 1 0 0 Reserved - - -

5 1 (%] 1 Phase Correct PWM OCROA TOP BOTTOM
6 1 1 %) Reserved - - -

7 1 1 1 Fast PWM OCROA BOTTOM TOP
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CTC Mode: Clear Timer on Compare Match (1)

WGMe[2:0] = ebe1e

TCNTO repeats counting from © to the value of OCROA register.

When TCNTO value matches OCROA value,

v' 0C@A output can be set to toggle. (when COMPA[1:0]=0b0O1)
v’ OCFBA flag is set and an interrupt can be generated.

>

TIM@_COMPA vect

Only OCROA 1is used as TOP value for TCNTO.

v" OCROB cannot be used as TOP value for TCNTO.

clky, o

PRESCALER

Y

Interrupt Request

TIM@_COMPA_vect

COMPARATOR (= (2verorn
TCNT® oo

Biomedical Engineering, Inje University

—| OCOA




CTC Mode: Clear Timer on Compare Match (2)

Clear Timer on Compare Match (TOP=0CRoA=4, Ext. Clock)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

A * A lr A A A

TCNTO o 1 2 3 4 0 1] 2 3 4 ‘ 0 - 1 2 3 4 0 1 2

Clkrg

-

A A A

TOVO

OCFOA -|<— Cleared by writing '1' to this flag -|> Cleared by writing '1' to this flag -|-— Cleared by writing '1' to this flag

OCOA

TCNTO matches OCROA. TCNTO matches OCROA. TCNTO matches OCROA.
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CTC Mode: Clear Timer on Compare Match (3)

« WGMO[2:0] = 0bo1lo
* TCNTO repeats counting from © to the value of OCROA register.
* When TCNTO value matches OCROA value,
v' 0COA output can be set to toggle. (when COMOA[1:0]=0b0O1)
v OCFOA interrupt flag is set and interrupt can be generated.

TCNT® matches OCRPRA.
OCFOA interrupt flag is set.
TCNTO is cleared.

-------------------------------------------------------------------------------------------------------------------------------------------------------

TCNTO v
0COA COMRA[1:0]=0b01
Period 1 2 3 4
L
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Timer/Countere
CTC Example 1



Timer/Counter@ CTC Example 1 (1)

Waveform Generation
 Make an application which generates 1 kHz rectangular wave on OCOA (PD6).
* Use Timer/Counter®d CTC mode.

* Assume that system clock frequency is 16 MHz.

Atmega328P(B) —
OCOA
(PD6) 0.5ms | 0.5ms
- | '
< 1ms >
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Timer/Counter@ CTC Example 1 (2)

Waveform Generation

 Make an application which generates 1 kHz rectangular wave on OCOA (PD6).

* Use Timer/Counter® CTC mode. (Assume that system clock frequency is 16 MHz)

16 MHz

\ 4

Prescaler
1/64

OCROA
124

Y

COMPARATOR

i

250 kHz

\ 4

TCNTO

1/125

Biomedical Engineering,

\ 4

2,000/s

Waveform
Generator

OCOA pin must be set
to OUTPUT mode.

1 kHz

Inje University

Y

OCOA

Toggle 0COA pin

every 0.5ms.



Timer/Counter@ CTC Example 1 (3)

Toggle OCOA on 0OCOB disconnected Set Timer/Countere Waveform Generation
Compare Match to CTC mode
* Make an application which generates 1 kHz rectangular wave
ol1lelelxlx|1]e OnOC@A(PD6)
X: Not used *: DO not modify .
ololxIxlolol1]1 e Use Timer/Countere CTC mode.
124 * Assume that system clock frequency is 16 MHz.
o|1|e|e|e|o|e]|e

\

—|d
(2] a)

Set PD6(0COA) as OUTPUT mode = 124 %% 0COA pin must be set
a[a)[a) OCROA 2D to OUTPUT mode.
o|lo|e |G
W|w|w 0|1
N|IFR|®
0|1]1 ‘ 3

= Waveform | OCoA
OFF COMPARATOR >
_OFF | Generator (PD6)
S lLLl6MHz
3 2MHz >
clky o 16 MHz _| ¥ | 250kHz __ ., .5 | 250 kHz R «
o | 62.5ktz. TCNTO CLEAR Toggle 0COA pin.
)
= 15625HZ,
1o\ o TCNTO repeats counting from @
10 / to the value stored in OCROA.
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Timer/Countere CTC Example 1 (4)

Make an application which generates 1 kHz rectangular wave on OCOA (PD6).
/* timer@ ctc _oc@a 1lkhz.c */
Atmega328P(B)
#include <avr/io.h>
OCOA|
int main(void) (PD6) 0.5ms | 0.5ms
{ < > >
DDRD = (1 << 6); // Set PD6 (OCOA) to OUTPUT mode < lms >
TCCROA = 0b01000010; // Set Timer/Counter® to CTC mode. Toggle OCOA.
TCCROB = 0b000000O11; // select Prescaler division ratio. 1/64
OCROA = 124;
while (1)
{ /* do nothing */ }
}
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Timer/Countero
CTC Example 2



Timer/Counter@ CTC Example 2 (1)

Make an application which toggles the LED connected to PB5 ATmega328P(B)

every 500 msec using Timer/Countera®.
PB5

Use Timer/Counter® Output Compare Match A Interrupt.

Assume that system clock frequency is 16 MHz. > LED

1k

atmega328p_timer_counter@_ctc_example_2_60@dpi .png
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Timer/Counter@ CTC Example 2 (2)

CTC: Clear Timer on Compare Match.

16 MHz | Prescaler
1/256

62.5 kHz

OCROA
249

'

COMPARATOR

TIMER@ COMPA interrupt service routine
1. Updates mod 125 counter when interrupt occurs.
2. Toggles PB5 whenever mod 125 counter overflows.

\ 4

f

TCNTO

1/250

250/ s

. 250/ s TIMERO _COMPA ISR
- 250/ sec

22 | pBs

When OCFOA flag is set

TIMERO COMPA interrupt occurs.
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Timer/Countero CTC Example 2 (3)

OCPA disconnected

0COB disconnected

TCCROA N<N N=N NN NN D

ICCROB | N-NE-N DD ¢ N’

G X | X | X | X[ X

OCROA

SREG

Set PB5 as OUTPUT mode

Set Timer/Countero
to CTC mode

X: Not used

*

: DO not modify

62,500 Hz

®©|/:VY04DDL
®©[9:V04dDL

<

(\\
7

=] b=l b=
NN
0NN
|20 |
QIO
o e e
NIR|I®
s lle|le|l1]|e|le]|e|e]e 1j0]0
e
OFF
—"
o Ll6MHz
o [2MHz
clky o 16 MHz [ | 250kHz
Q)
E; 62'5kHZ"‘100’
@ | 16526Hz
10\ o
10 5 /

OCoA
(PD6)

TIMERO_COMPA
Interrupt

Service
Routine

OCROA -
‘ 250 Hz
COMPARATOR +—= _—_D_)
< Updates mod-125 counter whenever
TCNT® CLEAR interrupt occurs and toggles PB5

TCNTO repeats counting from ©
to the value stored in OCROA.
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Timer/Counter@ Output Compare Match A Interrupt

OCFOA flag is * Interrupt
 Set when TCNTO and OCROA matches. * Interrupt Vector
* Cleared when executing ISR. e Interrupt Service Routine (ISR)
— OCEOA * Enable/Disable interrupt
> ) ‘:>— Interrupt Request (TIMER® COMPA)

TIMSK® OCIEOGA

I-bit
 Setbysei();

SREG I * Cleared by cli();
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Timer/Countero CTC Example 2 (4)

Make an application which toggles the LED every 500 ms using Timer/CounterO.

/* timer@_ctc_toggle pb5_500ms.c */

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

int main(void)

{
DDRB = (1 << DDB5); // Set PB5 to OUTPUT mode
TCCROA = 0b00000010; // Set Timer/Counter® to CTC mode. Disconnect OCOA and 0COB
TCCROB = 0b00000100; // select Prescaler division ratio. 1/256
OCROA = 249; // set Time/Countere TOP value.
TIMSKO = ©0boo000010; // Timer/Counter® Output Compare Match A interrupt enable.
sei(); // Enable global interrupt
while (1)
{ /* do nothing */ }
}
ISR(TIMERO_COMPA_ vect) // Timer/Counter® Output Compare Match A interrupt service routine
{
static unsigned char mod_125_counter = 0;
mod_125 counter++; // Update mod-125 counter
if (mod_125_counter == 125) // If mod-125 counter reaches 125
{
PINB |= (1 << PINB5); // Toggle PB5
mod_125_counter = 0; // Clear mod-125 counter
}
}

ATmega328P(B)

PB5

atmega328p_timer_counter@_ctc_example_2_60@dpi .png

’s LED

1k
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Timer/Countere
Fast PWM mode

(Fast Pulse Width Modulation mode)



Pulse Width Modulation (PWM)

Register
Comparator 1: Counter < Register
P 0: Counter = Register

{}

Clock — Counter

Register / / /

Comparator
Output
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Pulse Width Modulation (PWM)

Duty Cycle

1
0 %

0

1
25 %

0

1
50 %

0

1 |
75 %

0

1
100 %

0
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Pulse Width Modulation (PWM)

Duty Cycle

1
0 %
0
1
25 %
0
1
50 %
0
1 | | | | |
0
1 | | | | | | | |
0
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Timer/Countero Fast PWM Mode (1)

WGMO[2:0]=0b011 or WGMO[2:0]=0b111

The counter(TCNTO) counts from BOTTOM to TOP, then restarts from BOTTOM.
v BOTTOM is always 0.
v TOPis

OxXFF when WGM[02:00]=0b0O11.
OCROA when WGM[©2:00]=0b111.

The Timer/Counter Overflow Flag (TOVO) is set each time the counter reaches TOP.

v If the interrupt is enabled, the interrupt handler routine(TIMER® OVF vect) can be used for updating the
compare value.

Two types of PWM signals can be available
v Invert: COMPA[1:0]=0b11
v Non-invert: COMPA[1:0]=0b10
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Timer/Countero Fast PWM Mode (2)

Fast PWM (TOP=0xFF,

OCROA=3, Ext. CIk(TO0))

2 3 4 254 255 256 257 258 259 260 510 511 512 513
cl kTO * A * A A * A * A * A A * A +
TCNTOO | 1 | 2 | 3 | 4 | - [oxFE|oxFF g 4 | - JoxFEJoxFF] 0
TOVO Cleared by writing '1" to this flag —'E—| Cleared by writing '1' to this flag ﬂ
OC FOA -|“ Cleared by writing '1' to this flag -I‘* Cleared by writing '1' to this flag
OCOA
OCOA
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Timer/Countero Fast PWM Mode (3)

TCNTO TOP = OxFF

TCNT@® and OCROA matches.
OCROA Interrupt Flag Set.

TCNTO

OCOA

0COA

TCNT@ overflow occurred.
TOVO Interrupt Flag is Set.
New OCROA value can be written.

Period ‘ 1 ‘ 2

Biomedical Engineering, Inje University
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Timer/Countero

Fast PWM Example 1
(Single Channel / Fixed Duty Cycle)



Timer/Countero Fast PWM Example 1 (1)

Make an application which generates single PWM signal. ATmega328P(B)

* PWM signal drives an LED connected to OCOA (PD6). .

e Duty cycle: 50% (fixed). (ocen

* PWM frequency: 244.14Hz (fixed) S LED
1k

atmega328p_timer_counter@_fast_PWM_example_1_600dpi.png
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Timer/Counter@ Fast PWM Example 1 (2)

TCNTO TOP = OxFF
PWM frequency = 62.5kHz/256 = 244.14Hz
PWM duty cycle = 50% => OCROA « 127 (256 X 0.5 =128)

OCROA

VodddL

1 0 o 8-bit R Waveform _
TO T0 o C t ” 10
omparator Generator 0CoA
% ﬁ 11 (PD6)
clk,, /1024
lkI/0/256 e
< CiKyy N
- g I/0 > 62.5 kHZ N TCNT@
16 MHz
S 9 c1ky,o/8
o
clk;/q
(4] //////
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Timer/Countero Fast PWM Example 1 (3)

Make an application which generates fixed duty cycle PWM signal.

/* timer@ fastPWM fixed duty.c */

#include <avr/io.h>

int main(void)

{
DDRD = 1 << DDD6;
TCCROA = 0b10000011;
TCCROB = 0b00000100;
OCROA = 127;
while (1)
{ /* do nothing */ }
}

//
//
//
//
//
//
//

Set OCOA (PD6) to OUTPUT
Fast PWM (TOP=0xFF) mode.
OCOA:non-inverting PWM signal.
OCOB:disconnected
Prescaler: div by 256.
PWM freq: (16,000,000Hz/256/256) = 244.14Hz
Duty cycle: 50% (fixed)

ATmega328P(B)

PD6

(0COA)

\/ LED

1k
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Timer/Countero

Fast PWM Example 2
(Dual Channel / Fixed Duty Cycle)



Timer/Countero Fast PWM Example 2 (1)

Make an application which generates dual PWM signals. ATmega328P(B)

* PWM signals are available at OCOA (PD6) and OCOB (PD5). PD6(0COA)

* Duty cycle: 40% (OCOA) and 70% (OCOB). PD5(0CEB)

e PWM frequency: 244.14Hz (fixed)
S S
LED LED
1k 1k

atmega328p_timer_counter@_fast_PWM_example_2_600dpi.png
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Timer/Counter@ Fast PWM Example 2 (2)

PWM Period = TCNTO TOP = OxFF

PWM frequency = 62.5kHz/256 = 244.14Hz

PWM duty cycle

OCOA(40%): OCROA « 101 (256 x 0.4 = 102)
0COB(70%): OCROB « 178 (256 x 0.7 = 179)

TO T0

TCCROB

P

1

clkqg
62.5 kHz

OCROA
lo1

8-bit
Comparator

c1k;,0/1024
. clky0/256 |
-9 7
c1ky/o =S clky,o/64
16 MHz '
S ¢ c1ky,0/8
o
clks /g
0

Biomedical Engineering, Inje University

Y

Waveform
Generator

Comparator

OCRoB
178

Y

Waveform
Generator

Vouddl

Vouddl

11

OCoA

' (PD6)

0CeB

' (PD5)

43



Timer/Countero Fast PWM Example 2 (3)

Make an application which generates dual fixed duty cycle PWM signals.

/* timer@_fastPWM_fixed_duty dual outputs.c */
/* PWM signal drives two LEDs connected to OCOA (PD6) and 0COB (PD5). */
/* Duty cycle: 40% at OCOA and 70% at OCeB. */

#tinclude <avr/io.h>

int main(void)

{
DDRD = (1 << DDD6) | (1 << DDD5);
TCCROA = 0b10100011;
TCCROB = 0b00000100;
OCROA = 101;
OCROB = 178;
while (1)
{ /* do nothing */ }
}

// Set OCOA (PD6) and OC@B (PD5) to OUTPUT

// Fast PWM (TOP=0xFF) mode.

// OCOA, 0OCOB:non-inverting PWM signal.

// Prescaler: div by 256.

// PWM freq: (16,000,000Hz/256/256)=244.14Hz
// OCOA duty cycle: 40% (256*0.4=102)
// OCOB duty cycle: 70% (256*0.7=179)

ATmega328P(B)

PD6(0COA)

PD5 (0COB)

atmega328p_timer_counter@_fast_PWM_example_2_600dpi.png

W

LED
1k

v/

LED
1k
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Timer/Countero

Fast PWM Example 3
(Single Channel / Variable Duty Cycle)



Timer/Countero Fast PWM Example 3 (1)

Make an application which controls LED brightness by Y/
SWITCH press, i.e. LED brightness is getting higher
whenever the SWITCH is pressed.
100k ATmega328P(B)
87 (ocom[ ILED
SW L S
‘T100n

l7 1k

atmega328p_timer_countere_fast_PWM_example_3_60@dpi .png

Biomedical Engineering, Inje University



Timer/Counter@ Fast PWM Example 3 (2)

TCNTO TOP = OxFF
PWM frequency =62.5kHz/256=244.14Hz

clkg
62.5 kHz

OCROA
Initial value=0x10

-

8-bit
Comparator

clk,,,/1024
. clky,0/256
9 g
clkyo = © clky,o/64
16 MHz -
8 g clk;//8
a
clks/o

-

Biomedical Engineering, Inje University

Waveform
Generator

1

B
.

A\ 4

| 0CoA
(PD6)

TIMERO_OVF
ISR

OCROA register
values can be
updated here.




Timer/Counter Fast PWM Example 3 (3)

/* timer@_fastPWM_variable_duty_single_output.c */
* PWM signal at OCOA(PD6) changes whenever SWITCH at PB7 is pressed.
* PWM frequency: 244.14Hz (fixed) */

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

unsigned char duty_cycle = 0x19;

int main(void)

{
DDRB &= ~(1 << DDB7); // Set PB7 to INPUT mode for switch input
DDRD = 1 << DDD6; // Set OCOA (PD6) to OUTPUT mode
TCCROA = 0b10000011; // Fast PWM (TOP=0xFF) mode. OCOA:non-inverting PWM signal.
TCCROB = 0b00000100; // Prescaler: div by 256. PWM freq: (16,000,000Hz/256/256) = 244.14Hz
OCROA = duty_cycle; // Initial duty cycle: 16/256 = 6.25%
TIMSK® |= (1 << TOIEQ); // Enable Timer/Counter@ overflow interrupt.
sei(); // Enable global interrupt
while (1)
{
if ((PINB & (1 << PINB7)) == @) // switch pressed
{
duty_cycle += 0x10; // update duty cycle
while ((PINB & (1 << PINB7)) == 0); // wait for switch release
}
}
}
ISR(TIMER® OVF_vect)
{
OCROA = duty_cycle; // Apply new duty value
}

\/E)D
100k ATmega328P(B)
PD6
"5 (oceny[ _ILED
SW_| | N
100n 1k

atmega328p_timer_countere_fast_PHM_example_3_600dpi .png
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Timer/Counter© Phase Correct PWM Mode (1)

WGMO[2:0]=0b001 or WGMO[2:0]=0b101
The counter(TCNTO) is incremented until the counter value matches TOP.
When the counter reaches TOP, it changes the count direction.
The TCNTO value will be equal to TOP for one timer clock cycle.
The counter is decremented until the counter value matches BOTTOM.
v BOTTOM is @
v TOPis

OxFF when WGM[02:00]=0x1.
OCROA when WGM[ 02 : 60]=0X5.

Two types of PWM signals can be available
v Non-invert: COMOA[1:0]=0x2

OCOA bit is cleared on compare match while up-counting.

OCOA bit is set on the compare match while down-counting.
v Invert: COMOA[1:0]=0x3

Operation is inverted.
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Timer/Counter© Phase Correct PWM Mode (2)

TCNTO TOP == OXFEF IN Non-Inverting mode, OCOA
is CLEARED on MATCH while UP-COUNTING

is SET on MATCH while DOWN-COUNTING.
OCOA Interrupt Flag is SET on MATCH.

OCROA 1is updated when TCNTO reaches TOP.

TOVe Interrupt Flag is SET when
] TCNTO reaches BOTTOM.

TCNTO
r N\
/ Y Py \ : A
0CoA | § COM@A1:0-0b10
0CoA i ; COM@A1 : 0=0b11
Period 1 2

)
Y

A
Y
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Timer/Countero

Phase Correct PWM Example 1
(Single Channel / Variable Duty Cycle)



Timer/Counter@ Phase Correct PWM Example (1)

Make an application which controls LED brightness Y/
connected to PD6(0OCOA) by SWITCH press, i.e. LED
brightness is getting higher whenever the SWITCH is

ATmega328P(B
pressed. 100k 9 (8)
PD6
BT (ocen) LED
SW L S
T100n

l7 1k

atmega328p_timer_countere_fast_PWM_example_3_60@dpi .png
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Timer/Counter@ Phase Correct PWM Example (2)

TCNTO TOP = OxFF

PWM frequency=62.5kHz/510=122.55Hz

TO T0 .
clky,,/1024
C c1ky,0/256
9 g
c1ky o =S c1ky,o/64
16 MHz !
S ol clkyys
o
clks/o
(%)

1

clkg
62.5 kHz

OCROA
10

-

8-bit
Comparator

I

TCNTO

Biomedical Engineering, Inje University
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Timer/Counter@ Phase Correct PWM Example (3)

/* timer@_phase_correct_PWM_variable_duty_single_output.c */

* PWM signal at OCOA(PD6) changes whenever SWITCH at PB7 is pressed.
* PWM frequency: 62.5kHz/510=122.55Hz (fixed) */

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

unsigned char duty_cycle = 0x19;

int main(void)

{

}

DDRB &= ~(1 << DDB7); // Set PB7 to INPUT mode for switch input

DDRD = 1 << DDD6; // Set OCOA (PD6) to OUTPUT

TCCROA = 0b1000 0001; // Phase Correct PWM (TOP=0xFF) mode. OCOA:non-inverting PWM signal.
TCCROB = 0b00000100; // Prescaler: div by 256. PWM freq: (16,000,000Hz/256/510) = 122.55Hz
OCROA = 0x10; // Initial duty cycle: 10/256 = 4%

TIMSK® |= (1 << TOIEQ); // Enable Timer/Counter@ overflow interrupt.

sei(); // Enable global interrupt
while (1)
{
if ((PINB & (1 << PINB7)) == @) // switch pressed
{
duty_cycle += 0x10; // update duty cycle
while ((PINB & (1 << PINB7)) == 0); // wait for switch release
}
}

ISR(TIMER®_OVF_vect)

{
}

OCROA = duty_cycle; // Apply new duty value

\/E)D
100k ATmega328P(B)
PD6
"5 (oceny[ _ILED
SW_| | N
100n 1k

atmega328p_timer_countere_fast_PHM_example_3_600dpi .png
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Timer/CounterQ
END
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16-bit Timer/Counter
TC1, TC3, TC4



Timer/Counterl, 3,4 Block Diagram

TCNTn, OCRnA, OCRnB, ICRn: 16-bit
Other Registers: 8-bit

OCRNA*
n: 1, 3 or 4 l Interrupt Request
TCCRNA Waveform
COMPARATOR* | comerore > OCnA
TCCRNB A
Interrupt Request

TIFRN [fovn]——  TonTn* PRESCALER
TIMSKn *

I;nterruptRequest ..................................................... ._ v

| Waveform N

ICPn OC FI’]B* Interrupt Request
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Prescaler for Timer/Countere,1,3,4

clkio

PSR10

CSn0
CSn1
CSn2

' g

10-BIT T/C PRESCALER
Clear

CK/8
CK/64
CK/256
CK/1024

OFF

<
<
<
<
<
<
<

v

TIMER/COUNTERN CLOCK
SOURCE clk 1,
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Accessing 16-bit Registers for T/C0,1,3,4(1)

Data Bus (8-bit)

TCNTn, OCRnA, OCRnB, ICRn: 16-bit registers.
(n: 1, 3 or 4)

TEMP(8-bit
(¢ )  These 16-bit register must be accessed byte-wise, using two

read or write operations.

TCNTNH(8-bit) |[TCNTNL(8-bit) e Each 16-bit timer has a single 8-bit TEMP register for
| TCNTN(16-bit) temporary storing of the high byte of the 16-bit access.

* The same temporary register is shared between all 16-bit
registers within each 16-bit timer.
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Accessing 16-bit Registers for T/C0,1,3,4(2)

Data Bus (8-bit) Writing the 16-bit TCNTn Register (1)

TEMP(8-bit) 1. Write the high byte of the 16-bit value to the TCNTnH register.

(_l@—)

This value is written to the TEMP register.

TCNTNH(8-bit) | TCNTNL(8-bit)

TCNTN(16-bit)

2. Write the low byte of the 16-bit value to the TCNTNL register.

> This value is written to the TCNTNL register.

> The value in the TEMP register is written to TCNTnH
register in the same clock cycle.

TCNTNH(8-bit) | TCNTNL(8-bit)
TCNTN(16-bit)
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Accessing 16-bit Registers for T/C0,1,3,4(3)

Data Bus (8-bit)

(_l@—)

TEMP(8-bit)

TCNTNH(8-bit) | TCNTNL(8-bit)

TCNTN(16-bit)

TCNTNH(8-bit) | TCNTNL(8-bit)
TCNTn(16-bit)

Writing the 16-bit TCNTN Register (2)

IN R24,SREG ; save global interrupt flag
CLI ; disable global interrupt

LDI R18,0x34 ; load lower byte

LDI R19,0x12 ; load higher byte
STSTCNT1H,R19 ; write higher byte first
STSTCNT1L,R18 ; write lower byte later

OUT SREG, R24 ; restore global interrupt flag

unsigned char sreg;

sreg = SREG; /* Save interrupt flag */
cli(); /* Disable interrupts */
TCNT1 = ©x1234; /* Write value to TCNT1

SREG = sreg; /* Restore interrupt flag */
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Accessing 16-bit Registers for T/C0,1,3,4(4)

Data Bus (8-bit)

TEMP(8-bit) @
|
- | TonTnH(8-bit) | TenTnL(8-bit) |
E TCNTNn(16-bit)

Data Bus (8-bit)

<(---1f?3----------)>

TEMP(8-bit)
TCNTNH(8-bit) | TCNTNL(8-bit)
TCNTN(16-bit)

Reading the 16-bit TCNTh Register (1)

1. Read the low byte register ,TCNTNL, first.

> The value of the TCNTNnH register is copied to the TEMP
register in the same clock cycle.

2. Read the high byte register, TCNTNnH.

> This operation reads the value in the TEMP register.
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Accessing 16-bit Registers for T/C0,1,3,4(5)

Data Bus (8-bit)

TEMP(8-bit) @
e [ YOR E—
| TCNTRH(8-bit) | TCNTNL(8-bit) |
TCNTN(16-bit)

Data Bus (8-bit)

<(---1f?5----------)>

TEMP(8-bit)

TCNTNH(8-bit) | TCNTNL(8-bit)
TCNTn(16-bit)

Reading the 16-bit TCNTN Register (2)

IN R24,SREG 5
CLI ;
LDS R18, TCNT1L 5
LDS R19, TCNT1H 5
OUT SREG, R24 5

save global interrupt flag
disable global interrupt

read lower byte first
read higher byte later

restore global interrupt flag

unsigned char sreg;

unsigned int timer_value;

sreg = SREG; /*
cli(); /*
timer_value = TCNT1; /*
SREG = sreg; /*

Save interrupt flag */
Disable interrupts */
Read TCNT1

Restore interrupt flag */
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Timer/Counterl, 3,4
CTC mode

(Clear Timer on Compare Match mode)



CTC Mode: Clear Timer on Compare Match(1) (TC1, TC3, TC4)

< When WGM[3:0] = 0b0100,

* OCRNA is used as TOP value for TCNTnh.

* TCNTn repeats counting from © to the value of OCRnA register.

* When TCNTn value matches OCRNnA value,

v' OCnA output can be set to toggle. (waveform generation)

v’ OCFnA flag is set and an interrupt can be generated.

TIMn_COMPA_ vect

TCNTn, OCRnA, OCRnB,
Other Registers: 8-bit
n:1, 3 or4

OCRNA*

l

COMPARATOR

=

Interrupt Request

——[ockma]

Interrupt Request T

[fova]——  TonTn

Waveform

ICRN: 16-bit

Generator

> OCnA
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CTC Mode: Clear Timer on Compare Match(2) (TC1, TC3, TC4)

When WGM[3:0] = @boleo,
OCRNA is used as TOP value for TCNTnN.
TCNTn repeats counting from @ to the value of OCRnA register.
When TCNTn value matches OCRnA value,
v 0CnA output can be set to toggle. (waveform generation)
v' OCFnA flag is set and an interrupt can be generated.

TCNTn matches OCRnA.
OCFnA Interrupt Flag Set.
TOVn Interrupt Flag Set.
OCRnA can be updated.

-------------------------------------------------------------------------------------------------------------------------------------------------------

LA v
TCNTn ///i
| l
0CnA COMA[1:0]=0b01
Period 1 2 3 4
I

Biomedical Engineering, Inje University



CTC Mode: Clear Timer on Compare Match(3) (TC1, TC3, TC4)

< When WGM[3:0] = 0b1100,

e TICRn is used as TOP value for TCNTn.

* TCNTn repeats counting from @ to the value of ICRn register.

* When TCNTn value matches ICRn value,

v' OCnA output can be set to toggle. (waveform generation)

v’ OCFnA flag is set and an interrupt can be generated.

TIMn_COMPA vect

TCNTn, OCRnA, OCRnB,
Other Registers: 8-bit
n:1, 3 or4

ICRN*

l

COMPARATOR

=

Interrupt Request

——[ockma]

Interrupt Request T

[fova]——  TonTn

Waveform

ICRN: 16-bit

Generator

> OCnA
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CTC Mode: Clear Timer on Compare Match(4) (TC1, TC3, TC4)

s When WGM[3:0] = @blioeo,
e TICRn is used as TOP value for TCNTn.

* TCNTn repeats counting from @ to the value of ICRn register.
* When TCNTn value matches ICRn value,

v' OCnA output can be set to toggle. (waveform generation)
v OCFnA flag is set and an interrupt can be generated.

TCNTn matches ICRn.
________________________________________________________________________________________________________________________________________________ ICFn Interrupt Flag Set.
: : : TOVn Interrupt Flag Set.

ICRn can be updated.

|
ek
-

L S
T Voo A
TCNTN ///i
0CnA COMA[1:0]=0b01
Period 1 2 3 4
L
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Timer/Counterl
CTC Example
(OCR1A as TOP)
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Timer/Counterl CTC Example (OCR1A as TOP) (1)

Waveform Generation
 Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

e Use Timer/Counterl CTC mode.

Atmega328PB
OC1A
(PB1) 0.5sec | 0.5sec
- > >
< 1sec >
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Timer/Counterl CTC Example (OCR1A as TOP) (2)

Waveform Generation

 Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

e Use T Timer/Counterl CTC mode.

16 MHz

clk/o

| Prescaler

1/256

62500 Hz_

TCNT1
1/31250

2 Hz

Toggle OC1A pin
every 0.5sec.

05s

\ 4

Waveform
Generator

OC1A(PB1) pin must be
set as OUTPUT mode.

1 Hz

Toggle

Toggle

3

0.5s

Y

OC1A

Toggle

0.5s

ls
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Timer/Counterl CTC Example (OCR1A as TOP) (3)

Toggle OC1A on 0C1B disconnected Set Timer/Counterl to Waveform Generation

Compare Match CTC mode (OCR1A as TOP)
 Make an application which generates 1 Hz rectangular
ol1|efe|x|x|e]e wave on OC1A (PB1).
X: Not used *: DO not modify
ele|x|ef1f1]e]e  Use Timer/Counterl CTC mode.
31249
0o|lo|lo|le|jo|o|1]0

—|=
(2] a)
Set PB1(OC1A) as OUTPUT mode gy o 31249 2|2 OC1A(PB1) pin must be
55 5 OCR1A 2D set as OUTPUT mode.
SINE |G
W|w|w 0|1
N|IFR|®
1lo]e ‘ 5 h A
— z Waveform 1 Hz | OC1A
OFF COMPARATOR > >
_OFF Generator (PB1)
o |L16MHz
o |2MHz
ClkI/O 16 MHZ, 2 250kHz > 62500 HZ\ )
O | 62.5kHz ‘109 > TCNT1 CLEAR Toggle OC1A pin.
™
@ | 16526Hz
1o\ o TCNT1 repeats counting from @
10 / to the value stored in OCR1A.
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Timer/Counterl CTC Example (OCR1A as TOP) (4)

Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

%k *
/* tcl ctc_OCR1A _1lhz.c */ Atmega328PB

#include <avr/io.h> OC1A
(PB1)

‘0.55ec‘ ‘0.55ec‘

A
A
A

int main(void)

1sec -

{ <
DDRB = (1 << DDB1); // Set PB1 (OC1A) as OUTPUT mode
TCCR1A = 0b01000ROO; // Set T/C1l to CTC mode(OCR1A as TOP).
//  Toggle OC1A.
TCCR1B = 0b00001100; // Select Prescaler division ratio.
// 16MHz/256=62,500Hz
OCR1A = 31249; // Match Rate is 2Hz. 62500Hz/31250=2Hz
while (1)
{ /* do nothing */ }
}
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Timer/Counter3
CTC Example
(OCR3A as TOP)
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Timer/Counter3 CTC Example (OCR3A as TOP) (4)

Make an application which generates 1 Hz rectangular wave on OC3A (PD@).

/* tc3 _ctc OCR3A 1lhz.c */

#include <avr/io.h>

int main(void)

{
DDRD = 1 << ©;
TCCR3A = 0b01000000;
TCCR3B = 0b00001100;
OCR3A = 31249;
while (1)
{ /* do nothing */ }
}

// Set PDO (OC3A) as OUTPUT mode

// Set T/C3 to CTC mode(OCR3A as TOP).
//  Toggle OC3A.

// Select Prescaler division ratio.

// 16MHz/256=62,500Hz

// Match Rate is 2Hz. 62500Hz/31250=2Hz

Atmega328PB

OC3A
(PDO)

O.SSec“‘O.Ssec

1sec

A A

A
Y Y
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Timer/Counterl
CTC Example
(ICR1 as TOP)



Timer/Counterl CTC Example (ICR1 as TOP) (1)

Waveform Generation
 Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

e Use Timer/Counterl CTC mode.

Atmega328PB
OC1A
(PB1) 0.5sec | 0.5sec
- > >
< 1sec >
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Timer/Counterl CTC Example (ICR1 a

s TOP) (2)

Waveform Generation
 Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

e Use T Timer/Counterl CTC mode.

Toggle OC1A pin
every @.5sec.

16mHz | Prescaler | e2se0 Hz | TCNT1 2Hz | Waveform

OC1A(PB1) pin must be
set as OUTPUT mode.

1 Hz

\ 4

CIk'/O 1/256 1/31250 Generator

Y

OC1A

Toggle Toggle Toggle

3

0.5s 0.5s

ls
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Timer/Counterl CTC Example (ICR1 as TOP) (3)

Toggle OC1A on 0C1B disconnected

Set Timer/Counterl to

Compare Match

CTC mode (ICR1A as TOP)

X: Not used *: DO not modify

Set PB1(0C1A) as OUTPUT mode

clk;,, 16 MHz

J9TEeIS3Ud

Waveform Generation

 Make an application which generates 1 Hz rectangular
wave on OC1A (PB1).

e Use Timer/Counterl CTC mode.

—|=
(2] a)
-y oy 31249 2|2 OC1A(PB1) pin must be
5 5 5 ICR1 2D set as OUTPUT mode.
ole|® |G
W|w|w 0|1
N|IFR|®
1]e]o A
— 2Hz Waveform 1 Hz | OC1A
OFF COMPARATOR > >
_OFF Generator (PB1)
16MHz
2MHz
220Ktz 62500 Hz _ «
62.5kHz [, o0, > TCNT1 CLEAR Toggle OC1A pin.
16526Hz
1o\ o TCNT1 repeats counting from @
10 / to the value stored in OCR1A.
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Timer/Counterl CTC Example (ICR1 as TOP) (4)

Make an application which generates 1 Hz rectangular wave on OC1A (PB1).

/* tcl ctc ICR1 1hz.c */ Atmega328PB

#include <avr/io.h> OC1A
(PB1)

‘0.55ec_ ‘O.SSec_

A
X
A

int main(void)

1sec -

{ -«
DDRB = (1 << DDB1); // Set PB1 (OC1A) as OUTPUT mode
TCCR1A = 0b01lO0OOOO; // Set T/C1l to CTC mode(ICR1 as TOP).
//  Toggle OC1A.
TCCR1B = 0b00011100; // Select Prescaler division ratio.
// 16MHz/256=62,500Hz
ICR1IA = 31249; // Match Rate is 2Hz. 62500Hz/31250=2Hz
while (1)
{ /* do nothing */ }
}
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Timer/Counter3
CTC Example
(ICR3 as TOP)



Timer/Counter3 CTC Example (ICR3 as TOP)

Make an application which generates 1 Hz rectangular wave on OC3A (PD@).

/* tc3 ctc ICR3 1hz.c */
Atmega328PB —

#include <avr/io.h>
OC3A

(PDO)

O.SSec“‘O.Ssec

int main(void)

1sec

A A
A
Y Y

{
DDRD = (1 << DDDO); // Set PD@ (OC3A) as OUTPUT mode
TCCR3A = 0b01000ORO; // Set T/C3 to CTC mode(ICR3 as TOP).
//  Toggle OC3A.
TCCR3B = 0b00011100; // Select Prescaler division ratio.
// 16MHz/256=62,500Hz
ICR3A = 31249; // Match Rate is 2Hz. 62500Hz/31250=2Hz
while (1)
{ /* do nothing */ }
}
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Timer/Counterl, 3,4
Fast PWM mode

(Fast Pulse Width Modulation mode)



Timer/Counterl, 3,4 Fast PWM Mode (1)

* WGM[3:0]=0b0101, WGM[3:0]=0b0110, WGM[3:0]=0b0111, WGM[3:0]=0b1110, WGM[3:0]=0b1111
* The counter(TCNTN) counts from BOTTOM to TOP, then restarts from BOTTOM.
v BOTTOM is @
v TOPis
Ox00FF when WGM[3:0]=0101.
Ox01FF when WGM[3:0]=0110.
Ox03FF when WGM[3:0]=0111.
ICRn  whenWGM[3:0]=1110.
OCRNA  when WGM[3:0]=1111.
* The Timer/Counter Overflow Flag (TOVn) is set each time the counter reaches TOP.
v If the interrupt is enabled, the interrupt handler routine(TIMERNn_OVF _vect) can be used for updating the compare value.
 Two types of PWM signals can be available
v Invert: COMA[1:0]=0b11
v Non-invert: COMA[1:0]=0b10
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Timer/Counterl, 3,4 Fast PWM Mode (2)

At the following timer clock cycle after TCNTn reaches TOP(OCRnA or ICRn), In non-inverting Compare Output mode, OCnA is
TCNTn is cleared./ OCRnA is updated. / TOVn Interrupt Flag is set. CLEARed when TCNTn matches OCRnA.
ICFn Interrupt Flag is set if used as TOP. / OCnA is SET. SET when TCNTn returns BOTTOM(Q).

The OCnA Interrupt Flag will be set
when a compare match occurs.

e
-

4

AN

OCnA COMA1:0=0b10
OCnA COMA1:0=0b11
Period 1 2 3 4 5 6
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Timer/Counterl, 3,4

Fast PWM Example 1
(Single Channel / Fixed Duty Cycle)



Timer/Counterl, 3,4 Fast PWM Example 1 (1)

Make an application which generates single PWM signal.
* PWM signal drives an LED connected to OC1A (PB1).
* Duty cycle: 50% (fixed).

* PWM frequency: 400Hz (fixed)

* Use ICR1asTOP (WGM[3:0]=1110)

Biomedical Engineering, Inje University
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Timer/Counterl, 3,4 Fast PWM Example 1 (2)

TCNTO TOP = ICR1 « 39,999
PWM frequency = 16MHz/40,000 = 400Hz
PWM duty cycle = 50% => OCR1A « 19,999

OCR1A

19,999

- %° ! R Waveform
i ! Generator | OC1A
(PB1)
clky /1024 ‘ﬁjiir>
1/0 clk,,
C clkyo/256 16MHz
9 e -
16 MHz
S 9| clkyys
o
clky /g 001

0 ///// ICR1(TOP)

39,999
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Timer/Counterl, 3,4 Fast PWM Example 1 (3)

Make an application which generates fixed duty cycle PWM signal.

/* tcl fast pwm ICR1 top OCR1A.c */

#include <avr/io.h>

int main(void)

{

DDRB = 0b000L0010;
TCCR1A = 0b10000010;
TCCR1B = 0b00011001;

ICR1 = 39999;
OCR1A = 19999;

while (1)
{ /* do nothing */ }

//
//
//
//
//
//
//
//

Set OC1A (PB1l) to OUTPUT
OC1A:Non-Inverting PWM, OC1B:Disconnect
Fast PWM, TOP=ICR1

Fast PWM, TOP=ICR1

Prescaler: div by 1,

CLKt1=16MHz/1=16MHz

TCNT1 TOP. PWM freq = 16MHz/40,000=400Hz
Duty cycle=50% (fixed)

ATmega328P(B)

PB1

(OC1A)

7 LED

1k
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Timer/Counterl, 3,4

Fast PWM Example 2
(Dual Channel / Fixed Duty Cycle)



Timer/Counterl, 3,4 Fast PWM Example 2 (1)

Make an application which generates dual PWM signals.

e PWM signals are available at OC1A (PB1) and OC1B (PB2).
* Duty cycle: 25% (OC1A) and 75% (OC1B).

e PWM frequency: 400Hz (fixed).

* Use ICR1asTOP (WGM[3:0]=1110)
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Timer/Counterl, 3,4 Fast PWM Example 2 (2)

PWM Period = TCNTO TOP = ICR1 « 39,999

PWM frequency = 16MHz/40,000 = 400Hz §
PWM duty cycle OCR1A E
OCOA(25%): OCROA « 9,999 9,999

0COB(75%): OCROB « 29,999

TCCROB

Waveform

Y

: 10
o 1 Generator OC1A
11 (PB1)

T1 T1 -
clky,,/1024
c1ky,0/256 cllry -
<
o 1 oMz | TCNT1 a
clkyo = clk; /64 > =
16MHz ' >
S ¢ c1ky,0/8
o
clkig >0 0 1
0 /
Waveform ) 16
Generator - 0C1B
ﬁ 11 (PB2)

OCR1B
29,999
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Timer/Counterl, 3,4 Fast PWM Example 2 (3)

Make an application which generates dual fixed duty cycle PWM signals.

/* tcl fast pwm ICR1 top dual.c */
/* PWM signal drives two LEDs connected to OC1A(PB1) and OC1B(PB2). */
/* Duty cycle: 25% at OCl1lA and 75% at OC1B. */

#include <avr/io.h>

int main(void)

{
DDRB = 0b00000110; //
TCCR1A = 0bl0100010; //
//
TCCR1B = 0b00011001; //
//
ICR1 = 39999; //
OCR1A = 9999; //
OCR1B = 29999; //
while (1)
{ /* do nothing */ }
}

Set OC1A(PB1) and OC1B(PB2) to OUTPUT
OC1A and OC1B:Non-Inverting PWM

Fast PWM, TOP=ICR1

Fast PWM, TOP=ICR1

Prescaler: div by 1, CLKt1=16MHz/1=16MHz
TCNT1 TOP. PWM freq = 16MHz/40,000=400Hz
Duty cycle on OC1A=25% (fixed)

Duty cycle on 0C1B=75% (fixed)

ATmega328P(B)

PB1

(OC1A)

PB2

(0C1B)

s LED

1k

\/A LED

1k
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Timer/Counterl, 3,4

Fast PWM Example 3
(Single Channel / Variable Duty Cycle)



Timer/Counterl, 3,4 Fast PWM Example 3 (1)

Make an application which controls LED brightness by
SWITCH press, i.e. LED brightness is getting higher
whenever the SWITCH is pressed.

e Use Timer/Counterl Fast PWM mode

* Use ICR1asTOP (WGM[3:0]=1110)
* PWM signal drives an LED connected to OC1A (PB1).

* Duty cycle: variable.

« PWM frequency: 400Hz (fixed)

Biomedical Engineering, Inje University
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Timer/Counterl, 3,4 Fast PWM Example 3 (2)

TCNTO TOP = ICR1 « 39,999
PWM frequency = 16MHz/40,000 = 400Hz

PWM duty cycle = Variable(Change OCR1A value)

TCCR1B

1

T1 T1

P

OCR1A
(variable)

clk;,,/1024
2 clk;,o/256
9 e
16 MHz n
S g clky/o/8
o
clky /g 001

e

-

16-bit
Comparator

TIMSK1
1

Waveform
Generator

1

: 10
' 0C1A
11 (PB1)

ICR1(TOP)
39,999
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Timer/Counterl, 3,4 Fast PWM Example 3 (3)

/* <tcl_fast_PWM_ex3.c> PWM signal at OC1A(PB1) changes whenever SWITCH at PB7 is pressed. */
#include <avr/io.h>

#include <avr/interrupt.h>

#tdefine TOP 39999

unsigned int duty_cycle = 0;

int main(void)

{
DDRB = 0b00@000R10; // Set OC1A (PB1) to OUTPUT
TCCR1A = 0b10000O10; // OClA:Non-Inverting PWM, OC1B:Disconnect, Fast PWM, TOP=ICR1
TCCR1B = 0be0O11001; // Fast PWM, TOP=ICR1l, Prescaler: div by 1, CLKtl=16MHz/1=16MHz
ICR1 = TOP; // TCNT1 TOP. PWM freq = 16MHz/40,000=400Hz
OCR1A = duty cycle; // Duty cycle=variable (Initial value:9)
TIMSK1 = @b00000001; // Enable Timer/Countl Overflow Interrupt
sei();
while (1)
{
if ((PINB & (1 << PINB7)) == 0) // switch pressed?
{
duty_cycle += 2000; // update duty cycle
if (duty_cycle > TOP)
duty_cycle = 0;
while ((PINB & (1 << PINB7)) == 0); // wait for switch release
}
}
}
ISR(TIMER1_OVF_vect)
{
OCR1A = duty_cycle; // Apply new duty value
}

\/E)D
100k ATmega328P(B)
PB1
P87 (ocany[ ILED
SW_| | S
100n 1k
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Timer/Counterl, 3,4
Phase Correct PWM mode



Timer/Counterl, 3,4 Phase Correct PWM Mode (1)

WGM[3:0]=0b0001, WGM[3:0]=0b0010, WGM[3:0]=0b0011, WGM[3:0]=0b1001, WGM[3:0]=0b1011
The counter(TCNTN) is incremented until the counter value matches TOP.

When the counter reaches TOP, it changes the count direction.

The TCNTn value will be equal to TOP for one timer clock cycle.

The counter is decremented until the counter value matches BOTTOM.

v BOTTOM is ©

v TOPis
OX00FF when WGM[3:0]=0001.
Ox01FF when WGM[3:0]=0010.
Ox03FF when WGM[3:0]=0011.
ICRn  whenWGM[3:0]=1010.
OCRnA  whenWGM[3:0]=1011.

Two types of PWM signals can be available
v Non-invert: COMA[1:0]=0b10

OCnA bit is cleared on compare match while up-counting.
OCnA is set on the compare match while down-counting.

v Invert: COMA[1:0]=0b11

Operation is inverted.
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Timer/Counterl, 3,4 Phase Correct PWM Mode (2)

TCNTn TOP == OCRnA or ICRn Non-Inverting OCnA

is CLEARED on MATCH while UP-COUNTING
is SET on MATCH while DOWN-COUNTING.

At TOP
OCRnA/TOP 1is updated.
OCrnA or ICFn Interrupt Flag is set.

TOVr Interrupt Flag is SET when TCNTx
reaches BOTTOM.

TCNT#
r N\
/ Y f \ _
0CHA COMA[1:0]=0b10
OCrA COMA[1:0]=0b11
Period 1 2

A
Y
A

Y
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Timer/Counterl, 3,4

Phase Correct PWM Example 1
(Single Channel / Variable Duty Cycle)



Timer/Counterl, 3,4 Phase Correct PWM Example (1)

Make an application which controls LED brightness by SWITCH press,
i.e. LED brightness is getting higher whenever the SWITCH is pressed.

* Use Timer/Counterl Phase Correct PWM mode

e Use ICR1asTOP (WGM[3:0]=1010)

* PWM signal drives an LED connected to OC1A (PB1).
* Duty cycle: variable.

e PWM frequency: 400Hz (fixed)

VDD

100k

ES\A£1

k

ATmega328P(B)

PB1
(OC1A)

PB7

_100n
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Timer/Counterl, 3,4 Phase Correct PWM Example (2)

TCNTO TOP = ICR1 « 20,000
PWM frequency = 16MHz/40,000 = 400Hz
PWM duty cycle = Variable(Change OCR1A value)

OCR1A
(variable)

VTYIOL

1 ol 1| o

TCCR1B

:: 1] o
16-bit R Waveform . 10
Comparator Generator | 0C1A

11 (PB1)

1

T1 T1
|—|>¢7 SREG
1
<o/ 1924 1k TIMER1_OVF
1K,/ 256 s ISR
5 LS > 16MHz 5
|—
clkyo > = 7'3 clky,,/64
16 MHz
S 9 clky,o/8
o
clky /g 001 -
: / ICR1(TOP) VWa:EtZ ?,S:LOCRM
20,000 -
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Timer/Counterl, 3,4 Phase Correct PWM Example (3)

/* tcl_phase_correct_pwm_example.c
* PWM signal at OC1A(PB1l) changes whenever SWITCH at PB7 is pressed. */

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

#tdefine TOP 20000
unsigned int duty_cycle = 0;

int main(void)

Set OC1A (PB1l) to OUTPUT

OC1A:Non-Inverting PWM, OC1B:Disconnect, Phase Correct PWM, TOP=ICR1l
Phase Correct PWM, TOP=ICR1, Prescaler: div by 1, CLKt1=16MHz/1=16MHz
TCNT1 TOP. PWM freq = 16MHz/40,000=400Hz

Duty cycle=variable (Initial value:9)

Enable Timer/Countl Overflow Interrupt

if ((PINB & (1 << PINB7)) == @) // switch pressed?

while ((PINB & (1 << PINB7)) == @);

{
DDRB = ©b00000010; //
TCCR1A = ©b10000010; //
TCCR1B = 0b00010001; //
ICR1 = TOP; //
OCR1A = duty_cycle; //
TIMSK1 = @bo0000001; //
sei();
while (1)
{
{
duty_cycle += 2000;
if (duty_cycle > TOP)
duty_cycle = 0;
}
}
}
ISR(TIMER1_OVF_vect)
{
OCR1A = duty cycle; //
}

// update duty cycle
// OCR1A value must be smaller than TOP

// wait for switch release

Apply new duty value

\/E)D

100k

i

ATmega328P(B)
PR7 PB1
(0C1A)

100N

v
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Timer/Counterl, 3,4
Phase Frequency Correct PWM mode
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Timer/Counterl, 3,4 Phase Frequency Correct PWM Mode (1)

WGM[3:0]=0b1000, WGM[3:0]=0b1001

The main difference between the phase correct, and the phase and frequency correct PWM mode is the time the
OCRnx Register is updated by the OCRnx Buffer Register.

The counter(TCNTN) is incremented until the counter value matches TOP.

When the counter reaches TOP, it changes the count direction.

The TCNTn value will be equal to TOP for one timer clock cycle.

The counter is decremented until the counter value matches BOTTOM.

v~ BOTTOM is @

v TOPis
ICRNn when WGM[ 3:0]=0b1000.
OCRnA  when WGM[3:0]=0b1001.

Two types of PWM signals can be available
v Non-invert: COMA[1:0]=0b10

OCnA bit is cleared on compare match while up-counting.
OCnA is set on the compare match while down-counting.

v Invert: COMA[1:0]=0b11

Operation is inverted.
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Timer/Counterl, 3,4 Phase Frequency Correct PWM Mode (2)

Phase Frequency Correct PWM (TOP=ICR1=5,

OCR1A=3)

2 4 8 9 10 11 12 13 14 15 16 17
clkT1 A A * A A A A A * + A +
TCNT1 11 2] 3 4 i N N N R
TOV T Cleared by writing '1' to thls flag :—I‘H Cleared by writing '1' to thls flag
ICF |_|~ Cleared by writing '1"to this fla Cleared by writi:é'\g "1 to this flag Hl_l
OCFA _|“ Cleared by writing "1 to this flag —:—| Cleared by writing '1' to this flag a—l

OCA
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Timer/Counterl, 3,4
Input Capture Unit
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T/C1, 3,4 Input Capture Unit Block Diagram

Data Bus (8-bit)

A

Input Capture
Interrupt Request

| TEMP(8-bit)
| a”
: Analog oA H
! Comparator m|Q
|+ ACO > | ICRNH(8-bit) ICRNL(8-bit) i
: Canceler Detector |
ICPn . x
| 5115
: 2| = o
1 m (V)] = i
i @115 /5| || TCNTnH(8-bit) TCNTNL(8-bit)
 T/C1 only TCCRNB . OVERFLOW  TCNTn(16-bit)
Overflow f
Interrupt Request )
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Timer/Counterl Input Capture Example (1)

Frequency Measurement of A Rectangular Waveform
 Make an application which measures frequency of a rectangular wave on ICP1 (PB9).
 Use Timer/Counterl Input Capture Unit.

e Use Noise Canceler.

Frequency f = 1/T ATmega328PB

ICP1
(PBO)
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Timer/Counterl Input Capture Example (2)

Data Bus (8-bit)

A

Input Capture
Interrupt Request

i TEMP(8-bit)
I — T
1 (V] (!
1 o) =
! o E i !
l l | ACO i ICR1H(8-bit) ICR1L(8-bit) =
| Canceler Detector G
ICP1 ; x
i wilgd g
! 1 1(rising edge) 2SI !
1 [n) ~ ~ . . I
| o= TCNT1H(8-bit) TCNT1L(8-bit)
i | OVERFLOW  TCNT1(16-bit)
 Uctonly [P0 TCCR1B 1 | Mol CnEionOmEE? |
Overflow ( ) 1k I 16MHz
Interrupt Request . C1¥1/0 | Prescaler (1/1
EERED < 16 MHz| (1/1)
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Noise Canceler

The noise canceler improves noise immunity by using a simple digital filtering scheme.

The noise canceler input is monitored over four samples.

All four must be equal for changing the output that in turn is used by the edge detector.

The noise canceler is enabled by setting the Input Capture Noise Canceler bitinthe TCCRnB.ICNC.

When enabled, the noise canceler introduces an additional delay of four system clock cycles between a change applied to the input
and the update of the ICRn Register.

Filtered
Input

Raw

Input —1° © b Q b Q b Q
> > > >

System r r |_ r

Clock ) y )
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Timer/Counterl Input Capture Example (3)

25 e]e]e[e[x]x]e]e}— setT/ct to NORMAL mode

|1 1|x|e|e|e|e|1 clkyo = 16MHz
/

| OVERFLOW  TCNT1(16-bit)
Normal Mode: Counts from @ to OxXFFFF

, Input Data Bus (8-bit)
Use Noise Canceler Capture <
Input Capture on Rising Edge Interrupt
Request
TEMP(8-bit)
: T
(Va] =
e L L 1 = =
: : alla | i
A [ ' ACO i ’ ICR1IH(8-bit) ICR1L(8-bit) =
— : i N0|Se > Edge )E WRlTE ICR1(16'bit)
) | Canceler Detector | ¢+
ICP1 : 5 yy
: i = =
: ! 1 1(rising edge) 2 & T '
) i eHgl|R TCNT1H(8-bit) TCNT1L(8-bit)

0
T/CLonly ACSR TCCR1B
______________________ 1 1

Overflow I 16MHz
Interrupt Request Chol Prescaler (1/1)

16 MHz

_________________________________________________________________________________

A

A
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Timer/Counterl Input Capture Example (4)

#define F_CPU 16000000UL
#define F_TIMER1 F_CPU
#define BAUD_RATE  1000000UL// 1 Mbps

#include <avr/io.h>
#include <avr/interrupt.h>
#include <util/delay.h>
#include <stdio.h>

void uart_init(uint32_t baudrate);

volatile uint8_t capture_flag;
uint32_t overflow_count;
uint32_t num_of_count;

int main(void)

{
uint32_t input_count;
float input_freq;

uart_init(BAUD_RATE);

TCCR1A = 0x00;

TCCR1B = (1 << ICNC1)

| (1 << ICES1)

| (ebee1l << CS10);
ACSR &= ~(1<<ACIC );

// Enable Noise Canceler

// Capture on Positive Edge

// Prescaler: divide by 1

// Select ICP1 as Capture Trigger Input

TIFR1 |= (1 << ICF1) | (1 << TOvl); // Clear ICF1 and TOV1

TIMSK1 = (1<< ICIE1)
| (1 << TOIE1l);
sei();

// Enable Input Capture Interrupt
// Enable Overflow Interrupt

while (1)

{
if (capture_flag == 1) // new captured value is available
{

input_count = num_of_count;
input_freq = (float)F_TIMER1 / (float)input_count;
printf("Freq=%.1f Hz\n", input_freq);

capture_flag = 0;

}
}
}
ISR(TIMER1_OVF_vect) // T/C1l Overflow ISR
{
overflow_count++;
}
ISR(TIMER1_CAPT vect) // T/C1l Capture ISR
{
static uint32_t prev_count = 9;
uint32_t curr_count;
uint32_t curr_icr_value;
curr_icr_value = ICR1;
curr_count = overflow_count * 65536L + curr_icr_value;
num_of_count = curr_count - prev_count;
prev_count = curr_count;
capture_flag = 1;
}
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Timer/Counterl Input Capture Example (5)

/* uart.c */
#tdefine F_CPU 16000000UL

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

int uart_putchar(char ch, FILE *stream);
FILE uart_str = FDEV_SETUP_STREAM(uart_putchar, NULL, _FDEV_SETUP_RW);

void uart_init(uint32_t baudrate)

{
UCSROB |= (1 << RXENQ) | (1 << TXEN®); // enable TX and RX
UCSROC |= (1 << UCSZev) | (1 << UCszel); // 8-bit word
UBRRO = (((F_CPU / (baudrate * 16UL))) - 1);
stdout = &uart_str;
¥
int uart_putchar(char ch, FILE *stream)
{
while ((UCSROA & (1 << UDREQ)) == 0);
UDRO = ch;
return 0;
}
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16-bit Timer/Counter
TC1, TC3, TC4

END



What's next?

THE TWO STATES OF
EVERY PROGRAMMER

| HAVE NO IDEA
WHAT I'M DOING.
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