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Question 1 

(a) Configure the microcontroller for an interrupt routine which will interrupt the processor 
every 10ms when a 10MHZ crystal clock is used.  

Give the necessary configuration details for the relevant function registers using the 
data sheets in the appendix.       [8] 
 
 

(b) Using the configuration from part (a), create an interrupt routine (ISR) in C code that will 
count the minutes and hours for a digital clock with a 10MHZ internal clock. 

      Use in – line comments to explain the code given the following global variables have 
      already been declared and initialised: -                        

[6] 

 
int milli = 0, secs = 0, mins = 0, hrs = 10; 
 
 

(c) Create a typical state diagram that explains the alarm functions of a digital alarm clock. 
This will include: -        [8] 

             (i) Alarm time display 

 (ii) Alarm mins increment and decrement  

            (iii) Alarm hrs increment and decrement 

 (iv) Alarm set and cancel 

 (v) Alarm output on / off 

 

      (d) Create a C program that implements the state diagram from part (c). Include in the  
            code the necessary inputs, outputs, function prototypes and global variables given.  
 
           [12] 
             void LCD_Startup(); 
             void DisplayTime (int line); 
             void DisplayAlarmTime (int line); 
             void DisplaySetAlarmTime (int line); 
  

              int alarm, state, alarm_mins, alarm_hrs;      
     

[34 marks] 
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Question 2 

(a) A PIC microcontroller has many on – board peripherals, one of them is an ADC        
     (Analogue to Digital Converter). Use the data sheets provided in the appendix to configure  
     the special function registers (SFR’s] for the ADC to read four continuous analogue 
     signals from various sensors connected to analogue channels AN0, AN1, AN6, AN7.  
     The ADC is to be configured for 10 bit resolution with a conversion clock rate of    
     Fosc/32. 
     Use positive and negative reference voltages connected to RA2 and RA3 in the   
     configuration.         [9] 
 
         

(b) The measurements taken at the ADC channel AN0 are recorded in the table shown in  
       Figure Q2B. The temperature ranges between 00 and 120 C and the raw value 50 from     
       the ADC must be converted into 00. Explain why 52 elements must be used in the array  
       for the look up table and explain the look up table function.   [6] 
 
 
 
 
 

  

 

 

 

 

 

 

 

 

(c) Create an array in C code using the look up table in part (b).   [6] 

 
(d) If the look up table in part (c) has been declared as a global variable, write the main 
      function in C code that samples the ADC and displays the temperature.  
      Use the following function prototypes given below and include all configuration. 
           [13] 
      void LCD_Startup(); 
      void Display_LCD_Value (int line, int value); 
      void Delay (int t); 
 
          [34 marks] 

Temp ADC Value 
0 50 
1 54 
2 58 
3 62 
4 66 
5 72 
6 76 
7 80 
8 84 
9 90 
10 94 
11 98 
12 101 

MCU 

 

                         AN0 

 

 

5V 

0V 

Figure Q2B 
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Question 3 
 
(a) Using the system shown below in Figure Q3A as reference, explain how the MCU  
      reads the encoder pulses and how can this be tested. 
      Include all configurations and code snippets.     [14] 
 

 
 
 
 
(b) Create the C code for an optical encoder input at RC0 and display the measured value on  
      the LCD in RPM (Revolutions Per Minute). 
      The encoder gives 600ppr and the display should be updated every 100ms. 
      Use the function prototypes given and include all configurations.  [12] 
 
       DisplaySpeed (int line, int value); 
       LCD_Startup(); 
  
 

(c) Using the circuit in Figure Q3A, create a C program that will drive the DC motor using a 
      pulsed signal. Show all configurations and set duty cycle at 75% in 10-bit resolution   
      mode of operation. 
              [8] 
 

          [34 marks] 

Figure Q3A 
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Question 4  

(a) With reference to the circuit shown in Figure Q4A of a PIC microcontroller port D,    
explain using a diagram and snippets of C code how a 3 x 4 keypad encoder can be 
implemented. 

           [14] 

 
 

 
 
(b) The keypad encoder function is to input a set value which can be displayed on the LCD  
      display. This value is returned from a scan function which detects key press events. 
           [12] 
 
      Create a C program that handles this returned value and implement a constraint and a 
      reset for the value entered. Use in line comments to explain the code. 
 
      Use the following scan function that returns a key press value: 
 
       int ScanKeypad (); 
 
 
 
 
 
 

Figure Q4A 
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(c) If the keypad encoder has four key entries to be displayed on the LCD in units, tens, 
     hundreds and thousands units order, create a function that will handle the  
     four inputs and order the display. Use in line comments to explain the C code.  
 
     Use the function prototypes given:-      [8] 
 
      void DisplayValue(int line, int value); 
      void DisplayString(int line, char string); 
 
          [34 marks] 
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Question 1 

(a)            [8] 

Internal clk = 10 MHZ 

Fosc = 10MHZ / 4 = 2500000HZ per instruction 

Time period = 1 / instruction cycle time = I / 2500000 = 0.4us 

Timer increment = 0.4us * 256 [prescaler] = 102.4us 

For 10ms = 10ms / 102.4us = 98 

 

98 – 2 for errors = 96. 

Preload counter TMR0 = 256 – 96 = 160 

TMR0 = 160;   //in code for 10ms delay 

 

Configuration: 

INTCON = 10100000 

Bit 1 and 2 – unused 

Bit 3 – clear TOIF 

Bit 4 - unused 

Bit 6 – disable peripheral interrupts 

Bit 8 – global interrupt enable 

 

OPTION_REG = 00000111 

Bit 1 – 3 – prescaler 1:256 maximum 

Bit 4 – use prescaler enabled 

Bit 5 – not used 

Bit 6 – Tosc select internal clock 

Bit 7 and 8 – not used 

 

 

 

 



(b)           [6] 

Void interrupt ISR (void){  //no return value from function 

if (TOIF == 1){   //check if TMR0 has interrupted 

 TOIF = 0;   //reset interrupt 

 TMR0 = 160;   //preload register for 96 counts 

 milli ++;   //increment milliseconds 

  if (milli == 1000){   //check for 1 second 

 milli = 0;   //initialise milli  

 secs++;   //increment seconds 

  if (secs == 60){   //check for 1 minute 

 secs = 0;   //initialise seconds 

 mins++;   //increment minutes 

    if (mins == 60){   //check for 1 hour 

 mins = 0;   //initialise minutes 

 hrs++;    //increment hours 

      if (hrs == 24){   //check for 1 day 

 hrs = 0;   //initialise hours 

       }//end if hrs 

     }//end if mins 

   }//end if secs 

  }//end if milli 

 }//end if TOIF 

}//end ISR 

 

 

 

 

 

 

 

 

 

 



(c)           [8] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



(d)            [12] 

Void main (void){    //start of main program 
TRISA = 0B00011111;   //output for alarm and inputs for switches 
TRISB = 0b00000000;   //LCD output 
INTCON = 0b10100000;   //set up interrupt 
OPTION_REG  = 0b00000111;  //set up prescaler 1:256 
TMR0 = 160;     //preload TMR0 with 160 and count for 96 
LCD_Startup();    //power up LCD and initialise 
 
While (1){     //start super loop 
Case 0: DisplayTime (0);  //display normal time 
 if (RA1) state = 1;   //go to state 1 

 if (RA3 == 1){ 
  if (alarm  == 0){  //if alarm off 
   alarm = 1;  //set alarm 
   } 
  else{ 
   alarm = 0;  //alarm cancel 
   } 
 break; 
 

Case 1: DisplayAlarmTime (0); //alarm time line 0 
 if (RA1) state = 0;   //normal mode 
 if (RA2) state = 2;   //go to state 2 
 break;  
 

Case 2: DisplaySetAlarmTime (0); //Display set alarm time on line 0 
 if (RA1) state = 1;  //check alarm time 
 if (RA2) state = 3;  //go to state 3 
  if (RA3){ 
   alarm_hrs ++;}  //increment alarm hours 
  if (RA4){ 
   alarm_hrs --;}   //decrement alarm hours 
 break;  
 
Case 3: DisplaySetAlarmTime (0); //Display set alarm time on line 0 
 if (RA1) state = 1;  //check alar time 
 if (RA2) state = 0;  //normal mode 
  if (RA3){ 
   alarm_mins ++;} //increment alarm mins 
  if (RA4){ 
   alarm_mins --;} //decrement alarm mins 
 break; 
 }//end while 
       }/end main 
 
 
          [34 marks] 
 
 
 
 



Question 2 
 
(a)   
           [9] 
AN0 = RA0 
AN1 = RA1 
AN6 = RE1 
AN7 = RE2 
 
TRISA = 00000011   //RA0 and RA1 set as inputs 
TRISE = 00000110   //RE1 and RE2 set as inputs 
ADCON0 = 10000001  //Fosc\32 set, chan 0 selected and ADC enabled 
ADCON1 = 10001000  //Bit 7 right justified, 6 channels enabled 
     //RA2 and RA3 VREF –ve and +ve 
 
ADCON0 channel select bits are 5:3 CHS2, CHS1, CHS0 
Select channel AN0 – 000 
  AN1 – 001 
  AN6 – 110 
  AN7 – 111 
 
 
(b)            [6] 
 
Total number of raw values to be stored within  LUT  = ((101 – 50) + 1) = 52 elements 
 
The look up table LUT enables the values to be manipulated or set against the raw values 
from the ADC. This means that the device can be made to look more linear if needed. 
This is because more than one raw value can represent a unit value. 
 
(c)            [6] 
 
int LUT [52] = {0,0,0,0,1,1,1,1,2,2,2,2,3,3,3,3,4,4,4,4,4,4,5,5,5,5,6,6,6,6,7,7,7,7,8,8,8,8,8,8, 
     9,9,9,9,10,10,10,10, 11,11,11,12}; 
 
 
 
 
 
 
 
 
 
 
 
 



(d)           [13] 
 
Void main (void){ 
int index, temp, ADC_Value; 
TRISA = 0b00000011; 
TRISE = 0b00000110; 
ADCON0 = 0b10000001; 
ADCON1 = 0b10001000; 
 
LCD_Startup (); 
while (1){ 
 GODONE = 1;      //check ADC data 
 while (GODONE ==1); 
 Delay (100); 
 ADC_Value = (int) ADRESL + (int) ADRESH <<8; //2 x 8 bit regs configured    
      //for 10 bits 

//shift 8 places for 10 bit  
         //resolution  
Index = ADC_Value – 50;      //take 50 from initial  
         //value for 0 marker 
temp = LUT [index];       //temp = element value 
 
Display_LCD_Value (1, temp);     //display value on line 1 
 }//end while 
}//end main 
 
          [34 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Question 3 
 
(a)  [14] 
 
INTCON1 = 0b11100000 –   Bit 8 is global interrupt enable GIE 
    Bit 7 is PEIE peripheral Int enable where 1 = all enabled 
    Bit 6 is TOIE – timer 0 overflow Int bit 
    Bit 2 is TOIF – timer 0 overflow Int flag 
     1 – TMR0 has overflowed  
     0 – TMR0 did not overflow 
 
PEIE = 0b00000011 – bit 0 timer 1 enabled 
   Bit 1 timer 2 enable (not used here) 
 
OPTION_REG = 0b10000111 – bit 2:0 prescaler bits for TMR0 rate 
         111 is set for 1:256  
 
T1CON = 0b00000111  - this sets up the TMR1 in event mode with TMR0 Int 
         Bit 2 – do not sync with internal clk 
         Bit 1 – use external clk from RC0 pin on rising edge 
         Bit 0 – enable timer 1 
 
The Int is set up for 1 second by configuring TMR0 for 10ms by pre-loading the timer with a 
pre-calculated value. This value ensures the overflow occurs every 10ms. 
This is extended using C code to make a 1 second Int. 
 
miliseconds += 10; 
if (milliseconds == 1000)  - 100 x 10ms  = 1 sec 
 
The number of pulses at RC0 input are counted using the event of 1s on TMR0. The value is 
stored 2 x 8 bit registers TMR1L and TMR1H. These 2 registers make up a 10 bit register by 
using a shift right configuration. 
 
The value is then saved to a variable.  
A calculation is created in the C program to convert the number of pulses per second i.e. 
frequency to RPM for motor speed. 
 
Speed = (int) ((TMR1L + TMR1H * 256) * 60) / 600); 
 
Where the conversion = frequency * 60 (mins) / 600(ppr) 
 
This can be tested using frequency inputs from a generator at RC0 on MCU and using 
variable frequencies. 
 
 
 



i/p HZ 600 ppr to RPM 
100 10 
500 50 
1000 100 
5000 500 
10000 1000 
20000 2000 

 
 
(b)          [12] 
 
Void Interrupt ISR (void){ 
 if (TOIF == 1){ 
  TOIF = 0; 
  TMR0 160;   //Int every 10ms 
  milliseconds += 10; 
  if (millseconds == 100){ //extend interrupt to 100ms 
  
  speed_low_byte = TMR1L; 
  speed_high_byet = TMR1H; 
  TMR1L = 0; 
  TMR1H = 0; 
  milliseconds = 0;  
  } 
        } 
 if (TMR1F == 1){    //Timer 1 flag is set 
  TMR1F = 0;   //clear flag  
 } 
         }//end ISR 
 
Void main (void){ 
TRISA = 0xff;     //all inputs  
TRISB = 0x00;    //all outputs for LCD 
TRISC = 0x01;    //input RC0 used for count on TMR1 
 
LCD_Startup (); 
 
PIE1 = 0b00000011;    //peripheral interrupts enable for TMR1 and 
      //TMR2 
INTCON1 = 0b11100000;   //setup TMR0 
OPTIONS_REG = 0b10000111;   
T1CON = 0b00000111;   //set up timer 1in event mode from RC0 
 
While (1){ 
 Speed = (int) ((speed_low_byte + speed_high_byte + 256) * 6) / 60);  
 DisplaySpeed (0, speed); 
 }//end while 
         }//end main   
 
 
 
 
 



(c)           [8] 
 
Void Interrupt ISR (void){ 
 if (TMR2IF == 1){  
  TMR2IF = 0;   //clear Int flag of timer 2for PWM 
 } 
          }//end ISR 
 
Void main (void){ 
 TRISC = 0x01;   //output RC2 used for PWM with TMR2  PR2 = 255;
    //max for PWM time period register 
 CCPR1L = 0;    //0% duty cycle initialise 
 T2CON = 0b00000111;  //set up TMR2 in PWM mode 
      //TMR2 enable and prescale = 16 
 CCP1CON = 0b00001100;  ///set the extra 2 LSB bits for PWM 10 bit mode 
 
While (1){ 
 CCPR1L = (1024 / 100) * 75;  //75% duty cyclePWM 
 }//end while 
        }//end main 
 
 
 
          [34 marks] 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Question 4  
 

(a)  [14] 
 
The keypad encoder show below is connected to the microcontroller using port D. C1 to C3 
are the columns and are connected to RD0 to RD2. The rows RA to RD are connected to 
RD4 to RD7.  This encoder uses 7 of the 8 bits of the port. 

 

 

 
The columns are energised in turn and the program scans the rows for a key press. When a 
key is pressed the junction with the corresponding column goes high. The identity of the key 
pressed is recognised by the program and the function returns the value as an integer. 
 
The C code below shows a function prototype that performs this process by energising the 
columns and scanning each column in turn. The delay provides stability. As can be seen the 3 
columns RD0 to RD3 are energised and turned of sequentially as part of the scanning 
process. The rows are detected by the program during the scan. 
 
int ScanKeypad(void) 
{ 
 int key=-1; 
 
 RD0 = 1;      //scan column 1 
 Delay(1); 
 if(RD4 == 1) key = 1;    //wait for keypress event on RD4 for key = 1 
 if(RD5 == 1) key = 4;    //wait for keypress event on RD5 for key = 4  
 if(RD6 == 1) key = 7;    //wait for keypress event on RD6 for key = 7  
 if(RD7 == 1) key = '*';    //wait for keypress event on RD7 for 
key = *  
 RD0 = 0;      //disable column 1 
  
 RD1 = 1;      //scan column 2 
 Delay(1); 
 if(RD4 == 1) key = 2;    //wait for key = 2 
 if(RD5 == 1) key = 5;    //wait for key = 5  



 if(RD6 == 1) key = 8;    //wait for key = 8  
 if(RD7 == 1) key = 0;    //wait for key = 0 
 RD1 = 0;      //disable column 2 
 
 RD2 = 1;      //scan column 3 
 Delay(1); 
 if(RD4 == 1) key = 3;   
 if(RD5 == 1) key = 6;   
 if(RD6 == 1) key = 9;   
 if(RD7 == 1) key = '#';    //wait for key = # which is used for reset
  
 RD2 = 0;      //disable column 3 
  
 return key;     //return the value of the key pressed to  
       //the main program function call 
} 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



(b)           [12] 
 
#include <pic.h> 
 
int ScanKeypad (void);   
int key_value=0;    //0 for first key press for position 1 which is units 
 
 
void main(void) 
{ 
 int enable_keypad=1, key; 
 
 TRISD = 0b11110000;  //keypad rows input and columns output on  
     //PORT D 
               
while(1)      //super loop 
 { 
   

key = ScanKeypad();    //scan keypad function call 
 

if((key!=-1) && (enable_keypad==1))   //cannot use <0 and >0 because we  
                   // need zero 

              //therefore we have to use != -1  and == -1 
                        //enable_keypad stops the debounce count 
effect 
       //and latches keypress 
 
 {  
 Key_value = key_value * 10 + key; //key entries move over 1 space (x10) each key          
     // press for 10’s, 100’s, 1000’s and key_value is 0 at first press for 
units 
 

enable_keypad=0;   //latch key press to distinguish from the next press 
 } 
  
 if(key=='#')   //# key will reset the value to 0 
  { 
   Key_value = 0; 
  } 
  
  if(key==-1) enable_keypad=1;   //keeps the keypad active 
        // and resets the latch               
        // enable for next press 
   
 
  if(key_value>2000) key_value = 2000;  //key_value = 2000 if 
         // greater than 2000 
 

if(key_value<0) key_value = 0;  //key_value < 0 then key_value = 0 
   
    
 }//end while 
 
 
 
 
 
 



(c)            [8] 
 
void DisplayValues (int line, int value)    //function start 
{ 
 int units, tens, hunds, thous;    //local variable declaration 
 unsigned char string[4];     //4 element array declared locally 
 
 
 thous = value /1000;     //thousand units sort value  
 hunds = value %1000/100;     //hundreds value sort 
 tens  = value %1000%100/10;    //tens value sort 
 units = value %1000%100%10;    //units value sort  
 
 string[0] = thous + 48;     //store the digit values in the  
 string[1] = hunds + 48;     //array elements 0 – 3 followed 
 string[2] = tens + 48;     //by asci 0 to end each line 
 string[3] = units + 48; 
 
 DisplayString(line, string); //send string data to function in LCD.main to print  
    //on LCD line 0 or 1 
}//end DisplayValue function 
 
 
           [34 marks] 
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