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Answer ANY FOUR questions. 
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All working must be shown.  A numerical 
solution to a question obtained by 
programming an electronic calculator 
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CANDIDATES REQUIRE: Extracts from the PIC18F452 data sheets 
is provided at the back of the paper. 
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Question 1 
 
a) Provide definition for the following design metric terms: 

• NRE Cost 
• Unit Cost 
• Time-to-prototype 

(6 marks) 
 

b) Convert the decimal number 234 to a 8-bits binary number and also show it in 
hexadecimal value. 

(4 marks) 
 

c) What does the abbreviation ICD means? 
(2 marks) 

 
d) Illustrate in a diagram the Harvard architecture and list what are the advantages 

and disadvantages of this architecture. 
(13 marks) 

 
 

Total 25 marks 
 

Question 2 
 
a) Show in a diagram the architecture of a General Purpose Microprocessor 

System. Explain what is volatile memory. 
(12 marks) 

 
b) Explain and illustrate with the aid of a diagram what is structure diagram in 

software engineering. 

(13 marks) 
 
 

Total 25 marks 
 
 

PLEASE TURN THE PAGE....  
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Question 3 
 
a) Determine the number of data and address pins for the EEPROM chip 28C256-

15, as shown in Table Q3.  

 
 

Table Q3: EEPROM Memory Organisation 
 

(5 marks) 
 

b) Depict in a diagram showing a simplified PIC Microcontroller Architecture. What 
is the total number of instructions in a PIC18 microcontroller. 

(20 marks) 
 

 
Total 25 marks 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

PLEASE TURN THE PAGE.... 
 
  



Page 4 of 11 
School of Engineering 
MSc Systems Engineering and Engineering Management 
Semester Two Examination 2021/2022 
Microprocessor Based Systems  
Module No. EEM7016 
 
Question 4 
 
A PIC microcontroller embedded system is connected 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 5 
LED 2  PORTB 6 
LED 3  PORTB 7 

 
The buttons and LEDs are connected as active high mode to the microcontroller. Take 
into consideration that 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 provided, 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 port used in 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 2 is ON and LED 1 and LED 3 is OFF. 
• Button 3 is pressed, LED 3 is ON and LED 1 and LED 2 is OFF. 

 
(10 marks) 

 

Total 25 marks 
 

PLEASE TURN THE PAGE.... 
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Question 5 
 
a) Define what does the term expression means in C programming and provide an 

example?  
(4 marks) 

 
b) Provide a simple C programming example of a switch case decision statement 

and also depict it in a flow chart. 
(8 marks) 

 
c) Illustrate in a diagram how a 4x4 matrix keypad can be connected to a 

PIC18F452 microcontroller. Identify and provide reasons on which 
microcontroller port the matrix keypad should be connected to. 

(13 marks) 
 

Total 25 marks 

Question 6 
 
a) The PIC18F452 consists of a 16-bit timer but the data bus is only 8-bits wide. 

Explain how a 16-bit timer read function is performed.  
(6 marks) 

 
b) What is the main difference in setting up the timer module as count or timer 

mode. 
(4 marks)  

 
c) In an industrial application, using a PIC18F452, Timer 0 is used to create a timed 

event using a timer interrupt. Determine the rate at which the interrupt will occur, 
based on the following timer module configurations for the microcontroller: 

• Fosc = 1.6 MHz 
• T0CON = 0xC3;           
• INTCON = 0xA0;        
• The timer module is pre-loaded with the count value of 6. 

(15 marks) 
 

Total 25 marks 

END OF QUESTIONS 
Data sheet information for the PIC18F452 Microcontroller over the page…. 

PLEASE TURN THE PAGE…. 
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Data Sheet Information for the PIC18F452 Microcontroller 
 

 
Figure 1: Timer0 Block Diagram 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE….  
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Figure 2: Timer0 Control Register 
 

 
 
 
 

PLEASE TURN THE PAGE….  
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Figure 3: INTCON register 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Figure 4: PIC18F452 Pinout 
 

 
Figure 5: ADC Block diagram 

 
 

PLEASE TURN THE PAGE…. 
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Figure 6: ADCON0 Register 
 
 
 
 
 
 
 
 

PLEASE TURN THE PAGE…. 
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Figure 7: ADCON1 Register 
 
 

END OF PAPER 
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