LAB 5 documentation - Analog to Digital Conversion, Pulse Width Modulation, PID controllers 
Physical set up:  New Schematic – Rev 7.0
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Components: Thermistor – resistor, whose resistance varies with temperature at about 23℃ it is about 1000 Ω. 

But we will be running at a bit higher temperatures – between 35-60℃ so the resistance will be around 340 Ω when hot to 650 Ω when cold.

The voltages then will be between  (340/(470 + 340)) 3.3V  = 1.38 V  when “hot”
The voltages then will be between  (650/(470 + 650)) 3.3V  = 1.92 V  when “cold” so will be converting this to digital – we need the full 10 bits since if we use only 8 bits we would have arrange of 256 /3.3 *(1.92-1.38) = 42 bits – not enough with 10 bits we will have 4 times more resolution – or about 160 bits.
The Fan is hooked up  to 12 volts – it is controlled by the PWM pin ( RC1)  since the fan utilizes 12 v we need to have a transistor to control it from the PIC ucontroller. NPN transistor acts as a on/off switch.  No heat sinking of the transistor is needed. The fan takes only .5W.  Use the 30V, 3A output on the power supply to power.

We have one more component – the power resistor – it supplies HEAT and will get HOT  - so be careful. It will dissipate somewhere around 10W so use the 6V/2A power supply output.
1. Analog to Digital Convertor:

a.  13 inputs – we have had problems with these before.

b.  Choose an analog input   - Pin RE0:     TRISE = 0b001; // RE0 is an input for analog input

      ANSELbits.ANS5 = 1; //  analog input on RE0

c. The sequence is:

1. Configure Port:

• Disable pin output driver (See TRIS register)

• Configure pin as analog  -   just the opposite of what we have been doing

2. Configure the ADC module:

• Select ADC conversion clock   - I suggest you use FOSC  -16 MHz,  FOSC/16( ADCON2bits.ADCS = 0b101 ( 1usec • Configure voltage reference   -use internal    (  ADCON1 = 0;   // uses VDD and Vss as voltage references

• Select ADC input channel  - ANS5

• Select result format  - 10 bits    - see FIGURE 19-2:  - select ADFM = 1   An we need the full 10 bits (see above)
• Select acquisition delay   - let ACQT bits equal 0b100  ( 8 Tads

• Turn on ADC module

3. Configure ADC interrupt (optional):

• Clear ADC interrupt flag

• Enable ADC interrupt

• Enable peripheral interrupt

• Enable global interrupt(1)

4. Wait the required acquisition time(2).

5. Start conversion by setting the GO/DONE bit.

6. Wait for ADC conversion to complete by one of

the following:

• Polling the GO/DONE bit

• Waiting for the ADC interrupt (interrupts

enabled)

7. Read ADC Result

8. Clear the ADC interrupt flag (required if interrupt

is enabled).

1. PWM set up:

a.  2 units CCP1 and CCP2 – we’ll use CCP2 –> output CCP2 is on RC1.  
The following steps should be taken when configuring

the CCP module for PWM operation:

1. Disable the PWM pin (CCPx) output drivers by  - this is only a precaution so no motor starts turning

setting the associated TRIS bit.

2. Set the PWM period by loading the PR2 register. – in our case 0xFF

4. Configure the CCP module for the PWM mode

by loading the CCPxCON register with the            -  0x0F

appropriate values.

5. Set the PWM duty cycle by loading the CCPRxL – we’ll do this when it is needed by the controller
register and CCPx bits of the CCPxCON register.   – keep these 0 – we don’t need the resolution
6. Configure and start Timer2:

• Clear the TMR2IF interrupt flag bit of the

PIR1 register.

• Set the Timer2 prescale value by loading the  -   1:1 prescaler
T2CKPS bits of the T2CON register.

• Enable Timer2 by setting the TMR2ON bit of

the T2CON register.

7. Enable PWM output 

• Enable the CCPx pin output driver by

clearing the associated TRIS bit.
Here is little bit of code:
For the Proportional and integrating part of the controller:

PropoError = ReadTemperature - SetPoint;   // positive number, too cold - run fan less
      IntError += PropoError;   //accumulative error
      if (ReadTemperature - SetPoint == 0)  IntError = 0;  // zero out interror if it crosses the set point
      DutyCycle = (60 - 5*PropoError) - IntError;   //Addition  of 1) offset + proportional error + integration error
      if (DutyCycle < 6) DutyCycle = 5;  // set limits for PWM
      if (DutyCycle >254)DutyCycle =255;
      CCPR2L = (unsigned char)DutyCycle;  // Sent to the PWM register

Integration  error – add later after you have the system working 
60 – an offset to get the system to stabilize faster – doesn’t have to be there  - try it without it
