1.0 Minimal Confirmation Prototype (Trim Pot not used)
[image: http://darcy.rsgc.on.ca/ACES/TEI3M/2324/images/KnobStandardServo.png]

ATmega328 Datasheet: http://darcy.rsgc.on.ca/ACES/Datasheets/ATMEGA328P.pdf#page=111

1.1 ATmega328P Timers: 3 Options 

[image: https://lh4.googleusercontent.com/proxy/9g9DCGOXuxIdazvW6Oiil-IgjBc84bHgz72BlogRbe09I3nmj0laIm8z-C0_49XZ5CWC5KtVYqAhd3tkkzaXAu-1Y2CEXa_6CymIWzpDCmeTNdeiii9zK4gbwr_jiA4vF3w]
1.2 ATmega328P Timer Presentation Pins (Timer1 Mapped to Digital Pins 9 and 10) 

[image: https://lh3.googleusercontent.com/proxy/3UFALEhnko1wBvW0_nezJJ53DwQaXzKDlOiLvbl1Wq_OfYzwdLsddX4JWtxj3EosVuku2DOaqlkKeLtrMl_MGFF6enuxuS_VNHFj9yYVpw]

1.3 Timer1 (Fast PWM Mode 15): Servo Waveform Generation
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1.4 Timer1 Waveform Generation Modes
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1.5 Timer1 Mode 0 Waveform with Interrupt
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1.5.1 Code Example: Register-Level Blink Sketch
// PROJECT  :Timer1NormalMode0Blink
// PURPOSE  :Simplest introduction to Register Level Coding
// COURSE   :ICS3U-E
// AUTHOR   :C. D'Arcy
// DATE     :2025 05 02
// MCU      :328P
// STATUS   :Working

void setup() {

  //  pinMode(LED_BUILTIN, OUTPUT);
  DDRB |= (1 << PB5);   // pinMode(13,OUTPUT);

  // Register level...
  cli();      //NoInterrupts();
  
  // Normal Mode
  TCCR1A = 0;
  // set up timer with CLKio/256 prescaler
  TCCR1B = 1<<CS12; 
  // Enable Timer1 interrupt ability
  TIMSK1 = 1 << TOIE1;
  
  // Enable global interrupt ability...
  sei();      //Interrupts();
}

// Timer 1 Interrupt Service Routine
ISR(TIMER1_OVF_vect) {
  PORTB ^= (1 << PB5);    //toggle state of pin 13
}
void loop() {}   //nothing to do...
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1.6 ATmega328P Interrupt Vector Table: Column 2 Suitable for Direct Code Use 

[image: http://darcy.rsgc.on.ca/ACES/TEI4M/Assembly/images/InterruptVectorTable.png]

1.6.1 ISR Code Template

	// Timer/Counter 1 Interrupt Service Routine
ISR(TIMER1_OVF_vect) {
  	  PORTB ^= (1 << PB5);
}

1.7 Timer 1 Primary Control Registers and Prescalers 

[image: ]

1.8 Timer 1 Secondary Registers 
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1.9 Timer1 Mode 14 Configuration Considerations
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1.10.2 Register-Level PWM Waveform for Servo Rotation (ATmega328P Timer1 Mode 15)

// PROJECT  :ServoTimer1FSB103B2025
// PURPOSE  :Timer1 (Mode 15) Register Level Coding of an FSB10B Servo
// COURSE   :ICS3U-E
// AUTHOR   :C. D'Arcy
// DATE     :2025 05 02
// MCU      :328P (Standalone)
// PERIOD   :20ms > Frequency: 50Hz
// HIGH     :0Deg:1ms, 90Deg:1.5ms, 180Deg:2ms (Duty Cycle Range:5% to 10%)
[bookmark: _GoBack]uint8_t clkDiv1 = 1 << CS10;
uint8_t clkDiv8 = 1 << CS11;
uint8_t clkDiv64 = 1 << CS11 | 1 << CS10;
uint8_t clkDiv256 = 1 << CS12;
uint8_t clkDiv1024 = 1 << CS12 | 1 << CS10;
// The values of 0 and 38 arrived at from trial and error....
volatile uint8_t lowerLimit = 4;   //close to 0 degrees
volatile uint8_t upperLimit = 38;  //close to 180 degrees
volatile uint8_t hornSpeed = 4;    //# of Overflows reached before changing angle (duty cycle) in OCR1B
volatile uint8_t ovfCount = 0;
int main() {
   cli();          // Suspend interrupts while we set up ours
  // Configure for Fast PWM on OC1B (Arduino Pin 10)
  // OC1A/OC1B: Set on Compare Match; Clear on BOTTOM
  // Define WGM bits for Fast PWM (Mode 15)
  TCCR1A |= (1 << COM1A1) | (1 << COM1B1) | (1 << WGM11) | (1 << WGM10);
  // Set prescaler and additional WGM bits for Fast PWM
  TCCR1B |= (1 << WGM13) | (1 << WGM12) | (1 << CS12) | (1 << CS10);
  // Define TOP (See D'Arcy Excel worksheet)
  // OCR1A = 328;
  OCR1AH = 0x01;  // this is the same as the line
  OCR1AL = 0x48;
  // Define Duty Cycle for 0 degree horn angle...
  // OCR1B = lowerLimit;
  OCR1BH = 0;  // this is the same as the line
  OCR1BL = lowerLimit;
  // Enable Output Compare for Timer 1 interrupt
  TIMSK1 = (1 << OCIE1A);
  // Declare related peripheral pin(s) output
  DDRB = (1 << PB2) | (1 << PB1);
  // Enable Global Interrupt
  sei();
  // Stand down and admire your engineering
  while (1);
}
// Timer1 Output Compare triggered on TCNT1 == TOP (OCR1A)
ISR(TIMER1_COMPA_vect) {
  // adjust hornSpeed limit as required to affect speed or rotation...
  ovfCount++;
  if (ovfCount == hornSpeed) {
    ovfCount = 0;
    OCR1B++;
    if (OCR1B == upperLimit)
      OCR1B = lowerLimit;
  }
}
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Table 16-4.

Waveform Generation Mode Bit Description'")

WGM12 WGM11  WGM10  Timer/Counter Mode of Updateof  TOVA Flag
Mode WGM13  (CTC1) (PWM11) (PWM10) Oper: TOP OCRixat  Seton
[} [} [} [} 0 Normal OXFFFF | Immediate | MAX
1 [ [} [) 1 PWM, Phase Correct, 8-bit | OX00FF | TOP BOTTOM
3 o [} 1 0 PWM, Phase Correct, 9-bit | 0x01FF | TOP BOTTOM
3 o [} 1 i PWM, Phase Correct, 10-bit | 0x03FF | TOP BOTTOM
4 [ 1 [) ) CIc OCRIA | Immediate | MAX
5 o 1 [) 1 Fast PWM, 8-bit 0x00FF | BOTTOM | TOP
6 o 1 1 [) Fast PWM, 9-bit 0x01FF | BOTTOM | ToP
7 o 1 1 1 Fast PWM, 10-bit 0x03FF | BOTTOM | TOP
8 1 0 0 0 z\g!ﬁ?hase and Frequency | \opq BOTTOM | BOTTOM
9 1 0 0 1 mg"ase andFrequency | oopia | BOTTOM | BOTTOM
10 1 [} 1 [) PWM, Phase Correct ICR1 TOP BOTTOM
1 1 [} 1 1 PWM, Phase Correct OCR1A | TOP BOTTOM
12 1 1 [} ) cTc ICR1 Immediate | MAX
13 1 1 0 1 (Reserved) = = =
14 1 1 1 o Fast PWM ICR1 BOTTOM | TOP
15 1 1 1 1 Fast PWM OCRIA | BOTTOM | TOP
Note: 1. The CTCT and PWM11:0 bit definition names are obsolete. Use the WGM12:0 definitions. However, the functionality

and location of these bits are compatible with previous versions of the timer.
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ATmega328P Interrupt Vector Table

1
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Reset
External Interrupt Reguest 0
External Interrupt Reguest 1

Pin Chenge Interrupt Request 0 (pins D8 to DL3)
Bin Chenge Interrupt Request 1 (pins AQ to A5)
Pin Chenge Interrupt Request 2 (pins DO to D7)

Watchdog Time-out Interrupt
Timer/Counter2 Compare Match A
Timer/Counter2 Compare Match B
Timer/Counter2 Overflow
Timer/Counter1 Capture Event
Timer/Counter1 Compare Match
Timer/Counter1 Compare Match
Timer/Counter1 Overflow
Timer/Counter0 Compare Match
Timer/Counter0 Compare Match
Timer/Counter0 Overflow

SPI Serial Transfer Complete
USART Rx Complete

USART, Data Register Empty
USART, Tx Complete

ADC Conversion Complete
EEEROM Ready

Analog Comparator

2-wire Serial Interface (I2€)
Store Program Memory Ready

o
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(PCINT2_vect)
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(TIMER2_COMPB_vect)
(TIMER2_OVE_vect)
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(TIMERL_OVE_vect)
(TIMERQ_COMPA vect)
(TIMERO_COMPB_vect)
(TIMERO_OVE_vect)
(SPI_STC_vect)
(USART_RX_vect)
(USART_UDRE_vect)
(USART_TX_vect)
(RDC_vect)
(EE_READY_vect)
(ANALOG_COMP_vect)
(TWI_vect)
(SPYREADY_vect)

brackets are
predefines that
can be used with
the ISR(.....)
macro if using
AVR-GCC in the
Arduino IDE. for
example,

ISR (INTO_vect) {
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16.11.1 TCCR1A - Timer/Counter1 Control Register A

Iitial Value 0 0 0 0 0 0 0 0
Table 16-5.  Clock Select Bit Description

CS12  CS11  CS10  Descri

0 0 0 | Noclock source (Timer/Counter stopped).
0 0 1| clkyg/t (No prescaling)

0 1 0 | clkyo/8 (From prescaler)

0 1 1| cliyo/64 (From prescaler)

1 0 0 | clkyo/256 (From prescaler)

1 0 1| clky/1024 (From prescaler)

1 1 0 | Extemal clock source on T1 pin. Clock on falling edge.
1 1 1 Extemal clock source on T1 pin. Clock on rising edge.

Table 16-2.  Compare Output Mode, Fast PWM '/
COMIA1/COMIBI  COM1AO/COM1BO  Description
) 0 Normal port operation, OC1A/OC1B disconnected.

WGM13:0 = 14 or 15: Toggle OC1A on Compare
Match, OC1B disconnected (normal port operation).

OC1A/OC1B at BOTTOM (inverting mode)

0 1 For all other WGM1 settings, normal port operation,
OC1AIOCB disconnected.

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

g q Set OC1A/OC1B on Compare Match, clear

TCCR1B
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16.11.4 TCNT1H and TCNTIL - Timer/Counter1
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16.11.5 OCR1AH and OCR1AL - Output Compare Register 1 A
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16.11.7 ICR1H and ICR1L - Input Capture Register 1

st 7 s 5 4 3 2 1 o
(0x87) ICR1[15:8] ICR1H
(0x86) ICR1[7:0) ICRIL.
ReadWite W mW  RW RW RW AW RW AW
Inial Vaue o o o o o o o o

16.11.8 TIMSK1 — Timer/Counter1 Interrupt Mask Register
st 7 5 5 4 3 2 1 o
(©6F) [ [ oer [ - T - [ocikis [ oCElA | TOET | TiMski
ReadWite 2 3 T 3 3 W AW AW

Initial Value 0 0 0 0 0 0 0 0
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Servo Support from Fast PWM Mode 14 on Timer 1*

System Clock | 16000000 counts per second
Clock Select 8 prescaler
Scaled Clock | 2000000 counts per second
counts/ms 2000
20 ms 40000 Full Period ICR1 (TOP)
1ms 2000 5% Duty (0 degrees) OCR1A
2ms 4000 10% Duty (180 degrees) OCR1A

*added 2024 05 11 for 23/24 ICS3U-E Register-Level Servo Support
Handout: RegisterLevel ServoPWM.docx
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