LAB 4 documentation   Timers/ISR/Frequency measurements
1. .

2. ISR Interrupt Service Routine.

a. You need to have special c ode  in the following places:   Note: we will deal with the “high” ISR for now.

b. In .h file  ( void InterruptServiceHigh(void);  // it is a function so you need a prototype
c. In .c  a piece of code which tells the processor where the interrupt service routine can be found.

 Somewhere before main: 

 /** I N T E R R U P T S ***********************************************/

Function:  void interrupt Hight_Int_Event( void )  - must be in this format
{

    // Check to see what caused the interrupt

    // (Necessary when more than 1 interrupt)

    // Check for INT0 interrupt

    if (INTCONbits.INT0IF)

    {

        // clear (reset) flag

        INTCONbits.INT0IF = 0;

        // do some activity
        if (Direction == LEFT2RIGHT)

        {

            Direction = RIGHT2LEFT;     // change direction

        }

        else // (Direction == RIGHT2LEFT)

        {

            Direction = LEFT2RIGHT;     // change direction

        }

    }

    // Check for another interrupt, examples:

    // if (PIR1bits.TMR1IF)     // Timer 1

    // if (PIR1bits.ADIF)       // ADC

}  // return from high-priority interrupt

3. Set up  Signal Generator output  interrupts – external interrupt edge – this may require many individual set ups – you probably want to use PortB pins 0, or 1 or 2.  You should set them up as high priority. Set up the edge as rising. 
4. Note: If you are bored and want to see what else you can do here you can set up one of these pins as rising edge interrupt and one as falling edge interrupt – that way you could determine the duty cycle of the input.
5. You will need to set interrupts for timers: Here are some of the registers:
a. INTCON  - bit 7 is the one that enables all interrupts – read about it. – page 109
b. INTCON2: TMR0IP: TMR0 Overflow Interrupt Priority bit – this could be important
c. RCON:  IPEN: Interrupt Priority Enable bit   - you want this one to be 0
d. ANSELHbits.ANS12 = 0   - this one is for  selecting digital (not analog) input.

6. You will need to set up your timers:
a. T0CON: TIMER0 CONTROL REGISTER   - main control for this timer – prescaler, 8/16bits, but do not turn it on yet.
7. Turn on your timers and your global INT enable – get ready to receive an interrupt.
8. If you have set up your timer0 to be a 16 bit timer then:
a. TMR0H and TMR0L are the two bytes of timer count value, but you don’t actually read or write Timer 0 high byte 
b. Therefore you need to ALWAYS Write TMR0H first , TMR0L second, and read TMR0L first and TMR0H  second  -  page 157
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You have to watch to see if your timer overflows ( for 8 bit timer) this is 255(0 and for 16 bit timer it is 0x65535(0. This sets the flag ( INTCONbits.TMR0IF) which needs to be  cleared.  

Remember you can keep on counting without stopping the  counter. If at one edge  interrupt you read a value of 

0xFF06 and at the next one you read a value of  0x0018 and the interrupt flag is set than just do the math: to get the difference ( 0xFFFF-0xFF06) + 0x0018 will give you the number of (timer “ticks”)

Conversion  to Decimal:

Let’s say you read: Timer 0(     
Timer0LowByte   =TMR0L; 

Timer0HighByte   =TMR0H; 

Then you will put them into  a “long” CountNo  - you need to cast the bytes into long.

        CountNo = ((unsigned long) Timer0LowByte)  | ((unsigned long)Timer0HighByte)<<8;

We cannot do this:  1/1234    - you would need a floating point arithmentic

But  we can do this 1 * 1,000,000 / 1234  since 1234 is in micro seconds – this is correct

Create  a”long”  Million =  1,000,000

Then we have another “long” Frequency = Million / CountNo;

And then you need to do the conversion  to ASCII for display

Now theoretically  you are converting a “long”  which can be 0xFFFFFFFF  = 4,294,967,295 decimal ( 10 ASCII digits  - so you should make your buffer array  for  the “ultoa” function  10 +’\0’ = 11 long
char AsciiBuf[11];    // to hold the value of long conversion

….

ultoa (Frequency , AsciiBuf);  // convert to Ascii

Then you may need to insert a decimal point someplace – remember we need 5% accuracy so we need to display at least 3 digits – 1KHz, or 1.1Khz  is not enough!

If you are using the timer to calculate the time between 2 consecutive edges and to be able to do that at 100KHz – you need to have the Osc at 16MHz, and your ISR needs to be quite fast.  Latency into ISR is 8 instruction cycles. Assume the same returning. Don’t do any math in the ISR. For more accuracy try averaging (10 readings).
