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Pulse Width Modulation using Timer |
Figure 15-7. East PWM Modg> Timing Diagram
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Frequency & Duty Cycle

Ficpuy
prescalar* (1+0OCR1A)

" Frocipy =
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= DutyCycle =

For example, frequency OCB1 at 523 Hz (c-note) with F_CPU = 16 MHz and no prescalar gives OCRTA = 30592



Waveform Generation Mode

Table 15-4. Waveform Generation Mode Bit Description!)
WGM12 WGM11 WGM10 Timer/Counter Mode of Update of TOV1 Flag
Mode | WGM13 | (CTC1) | (PWM11) | (PWM10) | Operation TOP OCR1X at | Seton

0 0 0 0 0 Normal OxFFFF Immediate MAX

1 0 0 0 1 PWM, Phase Correct, 8-bit 0xDOFF TOP BOTTOM
2 0 0 1 0 PWM, Phase Correct, 9-bit Ox01FF TOP BOTTOM
3 0 0 1 1 PWM, Phase Correct, 10-bit OxD3FF TOP BOTTOM
4 1] 1 0 0 CTC OCR1A Immediate MAX

5 0 1 0 1 Fast PWM, 8-bit OxDOFF BOTTOM TOP

6 0 1 1 0 Fast PWM, 9-bit O0x01FF BOTTOM TOP

7 0 1 1 1 Fast PWM, 10-bit 0x03FF BOTTOM TOP

8 1 0 0 0 E“;ﬂ;}fhase and Frequency | o, BOTTOM | BOTTOM
9 1 0 0 1 oo, Phase and Fequency | ocria | BOTTOM | BOTTOM
10 1 0 1 0 PWM, Phase Correct ICR1 TOP BOTTOM
11 1 0 1 1 PWM, Phase Correct OCR1A TOP BOTTOM
12 1 1 0 0 CTC ICR1 Immediate MAX

13 1 1 0 1 (Reserved) - — -

14 1 1 1 0 Fast PWM ICR1 BOTTOM TOP

15 1 1 1 1  Fast PWM OCR1A BOTTOM TOP

MNote: 1. The CTC1 and PWM11:0 bit definition names are obsolete. Use the WGNTZ-0defmtons. However, the functionality and

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




Compare Output Mode

Table 15-2. Compare Output Mode, Fast PWM("
COM1A1/COM1B1 COM1A0/COM1B0 Description
0 0 Normal port operation, OC1A/OC1B disconnected.
WGM13:0 = 14 or 15: Toggle OC1A on Compare
0 1 Match, OC1B disconnected (normal port operation).

For all other WGM1 settings, normal port operation,
OC1A/OC1B discennected-

Clear OC1A/OC1B on Compare Match, set
OC1A/0C1B at BOTTOM (non-inverting mode

Set OC1A/OC1B on Compare Match, clear
OCT1A/OC1B at BOTTOM (inverting mode)




Prescalar

Table 13-5. Clock Select Bit Description

CcsS12 CcsS11 CsS10 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1  clkyo/1 (No prescan@
0 1 0 clk,o/8 (From prescaler)
0 1 1 clk,o/64 (From prescaler)
1 0 0 clkyo/296 (From prescaler)
1 0 1 clk,o/1024 (From prescaler)
1 1 0 External clock source on T1 pin. Clock on falling edge.
1 1 1 External clock source on T1 pin. Clock on rising edge.




Control Registers
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Interrupts

Bit 7 4] 5 4 3 2 1 0
(0x6F) - | - ] WEr | - | - | OCIEIB | OCIE1A | TOIET [ TIMSK1
Read/Write R R R/W R R R/W RAW R/W
1 1
Modulate Modulate
Allows one 1o B f:quy cycle frequency
play music! in ISR in ISR
(change (change
- OCR1B) OCR1A)



Interrupt Vectors

+« Bit2 - OCIE1B: Timer/Counter1, Output Compare B Match Interrupt Enable

When this bit is writt = in the Status Register is set (interrupts globally
enabled), the Timer/Counter1 Output Compare B Match interrupt is enabled. The corresponding
Interrupt Vector (see “Inferru on page 57) I1s executed when thé OCF1B Flag,)located in

TIFR1, is set.

« Bit1 - OCIE1A: Timer/Counter1, Output Compare A Match Interrupt Enable
When this bit is wri - in the Status Register is set (interrupts globally

enabled), the Timer/Counter1 Output Compare A Match interrupt is enabledThe corresponding
Interrupt Vector (see “Interrupis” on page 57) is executed when th ocated in
TIFR1, is set.




Compare Match Flags

Bit 7 b 5 4 3 2 1 0
0x16 (0x36) — ICF1 —— OCFH1B OCF1A TOWV1 TIFR1
ReadWrite R R RW R R RAW RAW RW

+ Bit2 - OCF1B: Timer/Counter1, Output Compare B Match Flag
This flag is set in the timer clock cycle after the counter (TCNT1) value matches the QOutput
Compare Register B (OCR1B).

« Bit1-OCF1A: Timer/Counter1, Output Compare A Match Flag
This flag is set in the timer clock cycle after the counter (TCNT1) value matches the Output
Compare Register A (OCR1A).



ISRs

http:/ /www.atmel.com/webdoc/AVRLibcReferenceManual /group__avr__interrupts.html
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TIMER1_COMPB_wvect SIG_OUTPUT_COMPARE1LB Timer/Counterl

TIMER1_COMPA_vect SIG_OUTPUT_COMPARELA Timer/Counterl
Compare Match

(PCINTO/CLKONCP1) PBO O
(PCINT1/0C1A) PB1 O
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AT9054414, AT9054434, AT9058515, AT9058535, ATS0PWMZ216, ATI0PWMZB, ATSOPWM316, ATI0PWM3B, AT9OPWM3, ATI90PWMZ, ATI0PWM1, ATOOCAN128, ATO0CAN3Z,
AT90CAMB4, ATmegall3, ATmegal28, ATmegal234P, ATmegalt, ATmegalsl, ATmegalt2, ATmegals3, ATmegalbss, ATmegalssP, ATmegalsdP, ATmegals9, ATmegals9pP,
ATmega32, ATmega323, ATmega325, ATmega3250, ATmega3250P, ATmega328P, ATmega329, ATmega3290, ATmega3290P, ATmega32ZHVE, ATmegad8P, ATmegatd, ATmegab4ds,
ATmegatd50, ATmegatdd, ATmegatd90, ATmegald, ATmega8515, ATmega8535, ATmegal8P, ATmegal68, ATmegads, ATmegad8, ATmegab40, ATmegal280, ATmegal281,
ATmega2560, ATmega2561, ATmega324P, ATmegal6dP, ATmegabd4P, ATmegabdd, ATmegalBHVA, ATtiny2313, ATtiny48, ATtiny261, ATtiny461, ATtiny861, AT90USB162,
AT90USEB2, ATI90USE1287, AT90USE1286, AT20USEG4T, ATI0USEBE4E

AT9054414, AT9054434, AT9058515, AT9058535, ATS0PWMZ216, ATI0PWMZB, ATSOPWM316, ATI0PWM3B, ATOOPWM3, ATI90PWMZ, ATI0PWM1, ATOOCAN128, AT90CAN32,
Compare AT90CANG4, ATmegal03, ATmegal2s, ATmegal284P, ATmegalt, ATmegalsl, ATmegalt2, ATmegals3, ATmegalbss, ATmegals5P, ATmegal68P, ATmegals9, ATmegal69P,
MatchB ATmega32, ATmega323, ATmega325, ATmega3250, ATmega3250P, ATmega328P, ATmega329, ATmega3290, ATmega3290P, ATmega3ZHVEB, ATmega43P, ATmegabd, ATmegab4ds,
ATrmegatdsl, ATmegatd?, ATmegasdfd, ATmegald, ATmegad515, ATmega8535, ATmegad8P, ATmegaled, ATmegadd, ATmegads, ATmegat40, ATmegal280, ATmegal28l,
ATmeqga2560, ATmega2561, ATmega324P, ATmegal64P, ATmeqgab44P, ATmegabdd, ATmegalG6HVA, ATtiny2313, ATtiny48, ATtiny261, ATtiny461, AThtiny861, ATI0USB162,
AT90USEBZ, ATI90USE1287, AT90USE1286, ATI0USBG4T, ATI0USBE4E
12 . .
13 Suppose your buzzer is not connected to PB2, but to some other pin say PB4:
.
14 * Toggle PB4 in ISR(TIMER1_COMPA_vect)
1 .
5#_\ * Toggle PB4 in ISR(TIMER1_COMPB_vect)
16

—

In addition update frequency and duty cycle in the ISRs by updating OCR1A and OCR18B



Easier Solution for 50% Duty Cycle

Bit 7 b 5 4 3 2 1 0

oxeo)  [TComiar | cowrav | Cowier | cowres | -]~ ] Wown | Wowm ] tccria

Read/\Write RW RAW RW RW R R RAW RAW

0 1 0 o)
Bit 7 6 5 4 3 2 1 0
(0x81) ICNC1 | ICEST | - | WGM13 | WGM12 | CS12 CS11 CS10 TCCR1B
ReadWrite RAW R/W R RAW RAN R/AW RAW R/W
0 1 0 0 1
Table 15-1. Compare Output Mode, non-PWM
COM1A1/COM1B1 COM1A0/COM1BO Description

* Mode 4 in Table 15.4: CTC Mode for Waveform Generation

* No prescalar
* Toggle OCTA on Compare Match (see previous lecture on
generating waveform using Timer 2)

0

0

MNormal port operation, OC1A/OC1B disconnected.

0

Toggle OC1A/OC1B on Compare Match.

0

Clear OC1A/OC1B on Compare Match (Set output to
low level).

Set OC1A/OC1B on Compare Match (Set output to
high level).

12



Updating Frequency

* When changing frequencies in ISR(TIMER1_COMPA_vect) by modifying OCRTA:
= Be careful not to modify OCRTA to a value <TCNT]1
= Otherwise, TCNT1 cycles through to 216 — 1

= This may create a glitch!



Example Calculations

Assume a clock frequency of F_CPU=20 MHz.

In non-inverting fast PWM mode, configure a PWM output signal on pin OCI1B so
that it is active high for 1/3 of a 24ms period:

Which prescalar for the timer do you use (pick one of 8, 64, or 256; it does not

matter which one)? Given the prescalar of your choice, at what values should you set
OCRNnA and OCRnB?



Example Calculations

Solution: No prescaling does not work.

For a prescalar of 8 we obtain 8/20MHz = 0.4 micro seconds / TCNT1 tick. So, 24ms = 24ms/0.4us TCNT1
ticks, i.e., 60,000 TCNT1 ticks. By setting OCR1A = 59999 we get a PWM of period 24 ms. By setting
OCR1B = 19999 we get a duty cycle of (OCR1B+1)/(OCR1A+1) = 1/3.

For a prescalar of 64 we obtain 64/20MHz = 3.2 micro seconds / TCNT1 tick. So, 24ms = 24ms/3.2us
TCNT1 ticks, i.e., 7,500 TCNT1 ticks. By setting OCRTA = 7499 we get a PWM of period 24 ms. By setting
OCR1B = 2499 we get a duty cycle of (OCR1B+1)/(OCRT1A+1) =1/3.

For a prescalar of 256 we obtain 256 /20MHz = 12.8 micro seconds / TCNT1 tick. So, 24ms = 24ms/12.8us
TCNTT ticks, i.e., 1,875 TCNT1 ticks. By setting OCRT1A = 1874 we get a PWM of period 24 ms. By setting
OCR1B = 624 we get a duty cycle of (OCR1B+1)/(OCR1A+1) = 1/3.

For a prescalar of 1024 we obtain 256 /20MHz = 51.2 micro seconds / TCNT1 tick. So, 24ms =

24ms}051 .2us TCNT1 ticks, i.e., 468.75 TCNT1 ticks. By setting OCR1A = 468 we get a PWM of period ~24
m;ébu’r not exact). By setting OCR1B = 155 we get a duty cycle of (OCR1B+1)/(OCR1A+1) approximately
1/3.

So, only the prescalars 8, 64, or 256 give exact results.



Example Calculations

Besides registers OCRnA and OCRnB which other registers need to be set in order to
have pin 18 output the PWM signal (do not add more register names than
necessary)? Do not worry about the values for these registers, you only need to
write down the names of the registers.

Solution (with values, just to be complete):
DDRB = 0x04; // pin PB2 = OCB1 is an output

TCCR1A = (1<<COMI1B1)|(1<<WGMI11)|(1<<WGM10);
// non-inverting, fast PWM with TOP = OCRTA

TCCR1B = (1<<WGM13)|(1<<WGM12)|(1<<CS11);
// fast PWM with TOP = OCR1A, prescalar = 8



