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Question 1 
 

 
a) Fill in the missing entries, which are not shaded, in Table Q1b. Show all the 

steps that lead to the solution. 

Hexadecimal Binary Decimal 

 10011011 ?? 

 ?? 23 

CF ?? ?? 

Table Q1b 
 

(8 marks) 
b) Define the following terminology: 

(i) Data bus 
(ii) Volatile Memory 

(6 marks) 

 
c) PIC Microcontroller uses Harvard architecture. With the aid of a block diagram, 

explain the features of Harvard architecture, and list one advantage and one 
disadvantage for this architecture.  
 

(11 marks) 
 
 

Total 25 marks 
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Question 2 
 
a) A given memory chip has 12 address pins and 8 data pins, what is the memory 

organisation of this chip and the chip’s capacity? 
       (6 marks)  

 
b) What is the stack in a microcontroller? Explain how does the stack work with 

program counter during execution. 
 (8 marks) 

 
c) Analyse and explain the following assembly code and illustrate the contents in 

the file register RAM location after each ADDWF command, in hexadecimal 
values.  

MOVLW    0 
MOVWF    15H 
MOVLW     25H 
ADDWF     15H, F 
ADDWF     15H, F 
ADDWF     15H, F. 

(11 marks) 
 

Total 25 marks 
Please turn the page 
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Question 3 
 
a) Design a state diagram by applying state machines design techniques, showing 

a simple automated train ticket machine. Take into consideration the following 
requirements: 
• Only 1 person can buy a train journey ticket each time. 
• Each journey cost £5.00 and exact change is not needed. 
• Accepts only the following currencies:  

- Coins: £1, £2  
- Note: £5 and £10. 
- Refund of money from the machine is possible at any time. 

(15 marks) 
 

b) When the microcontroller powers up, it must start running its program from its 
beginning and explicit circuitry is built in to detect power-up and force the 
microcontroller to be initialised prior to the start of system operation. The below 
diagram presents a power-on reset circuit for the PIC18 microcontroller. 

 
Fig Q3b Power-on reset circuit for PIC18 microcontroller 

Explain the function of each component and how this circuit ensures a power-on 
reset.                                                                                                       (10 marks) 

 
 

Total 25 marks 
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Question 4 
 
An embedded system uses a PIC microcontroller to interface with two buttons and two 
LEDS. The components connects to the following PIC microcontroller pins: 
 

Button 1 PORTB 3 

Button 2 PORTB 4 

LED 1 PORTB 5 

LED 2 PORTB 6 

The buttons and LEDs are connected as active low mode to the microcontroller. The 
LEDs require a forward current of 22mA, and have a forward voltage of 2.1V. The 
microcontroller is supplied by a 5V voltage. 
 
Based on the above information, determine the following: 
 

a) Draw the circuit diagram required for this design. 
(5 marks) 

 
b) Determine the values of any components that are required for the design. 

(5 marks) 
 

c) Write a ‘C’ function code showing how to initialise the system. 
(5 marks) 

 
d) Write a ‘C’ function code to show how the LED is set or clear. 

(5 marks) 
 

e) Write a ‘C’ function code to read the button status. 
(5 marks) 

 

Total 25 marks 
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Question 5 
 
a) When working with a PIC microcontroller, you can select the oscillator mode in 

the configuration register to enable the microcontroller to operate in a timely 
manner. Your system requires a 12 MHz clock frequency, reference to the table 
below and explain which oscillator mode will you choose to meet the requirement.  
     

                                                                  (5 marks)   

 
Table Q5a Oscillator Mode in PIC 

                                                          
b) Illustrate how a quartz crystal can be interfaced with a PIC microcontroller and 

discuss the advantages of using a quartz crystal. What are the recommended 
electronic component values to meet the clock frequency requirement given in 
Q5a?  

(12  marks) 
 
 

c) The forever loop is always used in an embedded system, write the syntax of a 
while loop that works as a forever loop. Then differentiate the while loop and do-
while loop in terms of how the statements inside the loop body get executed.  
 

(8 marks) 
 

 
 

Total 25 marks 
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Question 6 

 
a) Explain what is switch bounce and why switch bounce needs to be considered 

when switches are connected to a microcontroller. Then write in C programming, 
a function code depicting how software can resolve the switch bounce issue 

 (13 marks) 
 

b) The following C code uses if-else chain to define different TaxBands and 
corresponding TaxRate, rewrite this piece of codes using a switch statement 
instead.  

(12 marks) 
Char TaxBand;  
Int TaxRate; 
 
if (TaxBand == ‘A’) 
 TaxRate = 0;  
else if (TaxBand == ‘B’) 
 TaxRate = 10;  
else if (TaxBand == ‘C’) 

TaxRate = 20; 
else if (TaxBand == ‘D’) 

TaxRate = 30; 
else if (TaxBand == ‘E’) 

TaxRate = 40; 

 else 
{ 

 TaxRate = 60;  
} 
 

Total 25 marks 
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Data Sheet Information for the PIC18F452 Microcontroller 

 

 
Figure 1: Timer0 Block Diagram 

 
 
 
 
 
 

 
 

Figure 2: Configuration Register 
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Figure 3: Timer0 Control Register 
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Figure 4: INTCON register 
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Figure 5: PIC18F452 Pinout 
 

 
Figure 6: ADC Block diagram 

Please turn the page 
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Figure 7: ADCON0 Register 
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Figure 8: ADCON1 Register 
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Figure 9: ADCON1 Register 
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