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sheets is provided at the back of the 
paper. 
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Question 1 
 
a) Provide the definition of the following listed design metrics: 

• Flexibility 
• Time-to-market 
• Maintainability 

(6 marks) 
 

b) What is the suffix that is commonly used to represent binary and hexadecimal 
number when writing software on MPLAB X? Show how the decimal number 
140 will be presented in binary and hexadecimal number format in MPLAB X. 

 
(6 marks) 

 
c) Illustrate with the aid of a diagram showing a general purpose microprocessor 

system and specify what the term nibble is.  
(13 marks)  

 
Total 25 marks 

 
 
Question 2 
 
a) A  memory chip has a capacity of 1024K and consists of 8 data pins, determine 

what is the memory organisation and the number of address pins for this chip. 
(6 marks) 

 
b) Explain and illustrate with the aid of a diagram the von-neumann architecture. 

(15 marks) 
 

c) How many one-word (16-bit) and two-words (32-bit) instructions can be found in 
the instruction set for a PIC18F452 microcontroller?  

(4 marks) 
 
 

Total 25 marks 
 

Please turn the page... 
 



 
Question 3 
 
a) Design a state machine diagram, illustrating how a simple automated train ticket 

machine functions. 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. 
• The machine is able to refund the user’s money at any time. 
• Only the following currencies are accepted:  

– Coins: £1, £2  
– Note: £5 and £10. 

(15 marks) 
 

b) Which oscillator modes can be operated with the ceramic resonator? 
 (4 marks) 

 
c) How can the micro-controller wake up from sleep mode? 

(6 marks) 

 
Total 25 marks 

 
 
Question 4 
 
a) What are the stages that is involved in building a C program and state text 

substitution occurs at which stage. 
(10 marks) 

 
b) Write a C programming example of a forever loop. 

(5 marks) 
 

c) Design a simple C program that uses structures and typedef, include how this 
functions with the main part of the program. 

 (10 marks) 
 

Total 25 marks 
 
 

Please turn the page… 
 

Question 5 
 
An embedded system uses a PIC microcontroller to interface to three buttons and 
three LEDS. The components connects to the following PIC microcontroller pins: 
 

Button 1 PORTB 0 
Button 2 PORTB 1 



 
Button 3 PORTB 2 
LED 1  PORTB 4 
LED 2  PORTB 5 
LED 3  PORTB 6 

 
The buttons and LEDs are connected as active high 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. 

   (6 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. 

(4 marks) 
 

d) Write a ‘C’ code to show that when: 
• Button 1 is pressed, LED 1 is ON and LED 2 and LED 3 is OFF. 
• Button 2 is pressed, LED 1 and LED 2 is ON, LED 3 is OFF. 
• Button 3 is pressed, LED 1, LED 2 and LED 3 are ON. 

 (10 marks) 

 
 

Total 25 marks 
 
 
 
 

Please turn the page over. 



 
Question 6 
 
a) List two types of interrupts that is supported by the PIC microcontroller. 

(4 marks) 
 

b) In an industrial application, using a PIC18F452, a packaging machine counts 
boxes and packages in packs of 100 boxes. Whenever a box passes by a sensor 
connected to the RA4/T0CK1 pin of the microcontroller, the sensor will produce 
a High logic pulse. 
 

(i) Explain how the Timer0 module will be configured to count the boxes 
applying the polling method. The block diagram of the Timer0 module 
can be found in Figure 1 of the datasheet information provided. 

(5 marks) 
 

(ii) Elaborate in details how using an interrupt, using pseudocode examples, 
can allow the microcontroller program to detect the 100th box that was 
counted, which then reset the machine to enable it to count and package 
the next batches of 100 boxes. 

(16 marks) 
 
 

Total 25 marks 
 

 
 
 
 
 
 
 

END OF QUESTIONS 
 

Data Sheet Extracts follow on the next pages 
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Data Sheet Information for the PIC18F452 Microcontroller 

 



 

 
 

Figure 1: Timer0 Block Diagram 
 

 
 

Figure 2: Timer0 Control Register 
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Figure 3: Interrupt Control register (INTCON) 
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Figure 4: PIC18F452 Pinout 

 

 
 

Figure 5: ADC Block diagram 
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Figure 6: ADCON0 Register 
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Figure 7: ADCON1 Register 
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