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Instructions:  

Answer in ink, diagrams may be drawn in pencil. This question paper contains a total of 17 pages. 

There are three sections: 
Section A (20%) Answer on MCQ sheet in pencil – Indicate student number and seat number 
Section B (40%) Answer in a separate book (Book 1) that is clearly marked “Section B” on the cover 
Section C (40%) Answer in a separate book (Book 2) that is clearly marked “Section C” on the cover 

Please provide clear and concise answers.  
The correct and effective use of comments is encouraged. 
Please plan your solution and write legibly. A neat answer indicates clear thinking. 
Note: ATmega32 datasheet excerpt appended to this paper.  

SECTION A – GENERAL MULTIPLE CHOICE 

There are 20 MCQ questions based on the AVR family of microcontrollers. Please answer all these questions. 
Each question is worth 1 mark and there is no negative marking. Please follow the instructions on the MCQ answer 
sheet. 

1. In AVR architecture, why does the LPM instruction use byte addresses instead of word addresses?
a) SRAM is byte-addressable
b) EEPROM uses bytes only
c) General-purpose registers are 8-bit
d) Program memory is 16-bit wide, but LPM reads only one byte
e) The stack stores bytes only

2. Consider the AVR instruction ADD R18, R19 where R18 = 0x8F and R19 = 0x91. Which Status Register
(SREG) flag will definitely be set after execution?

a) Z
b) C
c) H
d) T
e) I

3. The AVR instruction RJMP LOOP is assembled at address 0x0120, while label LOOP is located at
address 0x0115. What is the relative offset k used by the instruction?

a) -0x0A
b) -0x0B
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c) -0x0C 
d) +0x0B 
e) +0x0A 

 
4. Which instruction sequence correctly configures the lower nibble of Port C as outputs and the upper nibble 

as inputs?  
a) LDI R16,0xF0 → OUT DDRC,R16 
b) LDI R16,0x0F → OUT DDRC,R16 
c) LDI R16,0xFF → OUT PORTC,R16 
d) LDI R16,0xF0 → OUT PORTC,R16 
e) LDI R16,0x00 → OUT DDRC,R16 

 
5. The AVR stack pointer initially contains 0x08FF. After executing two PUSH instructions, what is the new 

Stack Pointer value? 
a) 0x0901 
b) 0x0900 
c) 0x08FD 
d) 0x08FE 
e) 0x08FC 

 
6. The AVR uses a 2-stage pipeline (Fetch/Execute). If the CPU is executing a SUB instruction while 

simultaneously fetching a BREQ instruction, and the SUB instruction results in a Zero flag (Z), how many 
total clock cycles will it take to complete the BREQ instruction execution from the moment it was fetched? 

a) 1 cycle 
b) 2 cycles 
c) 3 cycles 
d) 4 cycles 
e) None of these 

 
7. The AVR microcontroller executes an RCALL subroutine instruction while the Program Counter (PC) is 

at address 0x0200 and the Stack Pointer (SP) is at 0x08FF. The subroutine is located at address 0x0250. 
What will be the new values of the PC and SP after the RCALL instruction executes? 

a) PC = 0x0250, SP = 0x08FD 
b) PC = 0x0251, SP = 0x08FE 
c) PC = 0x0250, SP = 0x0901 
d) PC = 0x0201, SP = 0x08FD 
e) PC = 0x0251, SP = 0x08FD 

 
8. Assume a CSEG table is defined at program memory location 0x0040, and the table contains the following 

sequence of bytes (values: .db 0x10, 0x20, 0x30, 0x40, 0x50). To load the value 0x40 into register R17 
using the LPM instruction, what must be the value of the Z-pointer (ZH:ZL) before the instruction 
executes? 

a) 0x0040 
b) 0x0080 
c) 0x0082 
d) 0x0083 
e) 0x0084 

 
9. The AVR Watchdog Timer resets the processor when:  

a) Timer1 overflows 
b) The WDE bit is cleared 
c) WDR executes repeatedly 
d) The watchdog timeout expires without a WDR instruction 
e) OCR1A matches TCNT1 
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10. A programmer executes the following AVR assembly sequence on an ATmega32 device where the initial 
Stack Pointer points to valid SRAM: ldi r16,0x55 → push r16 → pop r17 → clr r17 → lds r18,0x085E. 
Assume address 0x085E corresponds to the previous stack location used during the PUSH instruction 
and no other stack operations occurred. What will be the final value loaded into R18? 

a) 0x00 
b) 0xFF 
c) 0x55 
d) 0xAA 
e) Undefined because POP clears SRAM 

 
11. Which of the following is not true for a pull up resistor? 

a) Removes the full output drive on the output pin. 
b) Gives only a feeble current through the pull-up to resistor. 
c) Sets a microcontroller pin to a logic low. 
d) Can be internal or external to the microcontroller. 

 
12. Which of the following is true about switch debouncing? 

a) Switch debouncing can be done by hardware. 
b) Switch debouncing can be done by software. 
c) Switch debouncing can be polling or delay based. 
d) All of the above. 

 
13. Which logic are the DDRx registers of all ports on microcontroller reset? 

a) 0 
b) 1 
c) None of the mentioned 
d) 0 & 1 

 
14. Which one of the following is not true about LCD programming in AVR? 

a) LCD can operate in 8 bit  
b) LCD’ can operate in 4 bit data. 
c) LCD’’s can operate in 16 bit mode. 
d) All of the above. 

 
15. Which out of the following is the main function of a Watchdog timer? 

a) control the compare mode. 
b) control the capture mode. 
c) protection from failures to the system. 
d) all of the mentioned. 

 
16. Which of the following parameters should the transmitter and the receiver agree upon before starting a 

serial transmission? 
a) baud rate. 
b) frame size. 
c) stop bit. 
d) all of the mentioned. 

 
17. Which of the following will generate the maximum time delay? 

a) f/32. 
b) f/16. 
c) f/4. 
d) f/2. 

 
18. Which is not true about RETI? 

a) Enables other interrupts to occur. 
b) set the global interrupt enable bit in SREG. 
c) pop the return address from the stack. 
d) Returns the values of the status register.  
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19. What is the default trigger of INT0-INT2 in AVR microcontrollers? 
a) level triggered 
b) edge triggered 
c) all of the mentioned 
d) none of the mentioned 

 
20. Which one of the following is not true for two interrupts in the AVR?  

a) If simultaneous the higher priority interrupt will be executed first. 
b) If one is being execute by default it will complete first. 
c) Two interrupts can be executed simultaneously. 
d) The GIE can be reset for nested interrupts. 
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SECTION B – AVR CORE AND ASSEMBLY 

Please answer this section in a separate book that is titled “Section B” on the front cover. All questions in this 
section are compulsory. This section is worth 40 marks. 

 
QUESTION B1 [20] 

B1.1) Given the following assembly code, complete the missing instructions within the code from question 1(a) to 
1(e). Assume that push button SW0 is connected to PIND.0 as an active-low input and LEDs are connected to 
PORTC. Each time the push button is pressed, the next value stored in the CSEG table must be read and 
displayed on PORTC. 
.cseg 
.org 0x0000 
reset: rjmp start 
.org 0x0060 
;CSEG table values = 0x44, 0x69, 0x67, 0x69, 0x74, 0x61, 0x6C, and 0x20 
ctable: *** question 1(a) - missing instruction/s *** 
endctable: 
.org 0x0080 
start: 
    ;configure PORTC as output 
    ldi r16, 0xFF 
    out DDRC, r16 
    ;configure PD0 as input 
    *** question 1(b) - missing instruction/s *** 
    ;setup Z-pointer for ctable 
    *** question 1(c) - missing instruction/s *** 
    ;counter variable 
    clr r17 
    ldi r18, 8 
main: 
    ;check if push button is pressed 
    *** question 1(d) - missing instruction/s *** 
    ;read value from CSEG and display on PORTC 
    *** question 1(e) - missing instruction/s *** 
    inc r17 
    cpse r17, r18 
    rjmp main 
    rjmp start [5] 
 
B1.2) Assume that we have defined a CSEG table with eight values, input switches in PORTC, and both Z-pointer 
and PORTC are initialized already. Write a macro called SUBIO that reads the first value from an input port and 
the second value from the CSEG table and subtract the two values before storing it in DSEG location 0x01BA.  
Usage example: SUBIO 0x01BA, PIND, Z+  
 
 [7] 
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B1.3) Consider the AVR assembly code below. Determine the opcode for the final rjmp start instruction. Clearly 
describe how k is determined. Show all reasoning. Show all working. 

                                                                                           
.include "m32def.inc" 
.cseg 
.org 0x0000 
rvec: rjmp start 
.org 0x0028 
start:ldi r16, 0x0A 
      out DDRC, r16 
      clr r17 
loop: inc r17 
      out PORTC, r17 
      dec r16 
      brne loop 
      rjmp start 
  
 [8]

 
QUESTION B2 [20] 

Write an AVR assembly language program for the ATmega32 microcontroller that reads seven-segment decoder 
values from a table stored in CSEG and displays them on a seven-segment display connected to PORTB. Create 
a CSEG lookup table containing the seven-segment decoder values required to display the decimal digits 0 to 9 
(i.e., 0x3F, 0x06, 0x5B, 0x4F, 0x66, 0x6D, 0x7D, 0x07, 0x7F, 0x6F). Use any of the compare instruction to 
implement a check condition for the end of the sequence and branch accordingly. 
 
The program must: 

• Display the values from 0 to 9 in the forward direction every second, 
• then display the values from 9 back to 0 in the reverse direction, 
• and repeat this sequence continuously forever. 

 
The following additional requirements apply: 

1. Use Timer1 in Normal Mode to generate an approximate 1 second delay between each displayed value. 
2. Configure Timer1 using: 

a. Normal Mode 
b. Prescaled system clock with a prescaler value of 64 
c. Polling of the Timer1 Overflow Flag (TOV1) 
d. A callable delay subprogram 

3. Assume the system clock frequency is 1 MHz. 
4. Explicitly configure all required I/O registers and timer control registers. Assume all bit values are 

initially incorrect. 
5. Structure the program clearly into logical code blocks and comment each block appropriately. 
6. Comment every code block – indicating the purpose of the code. 

.include "m32def.inc" 

.cseg 

.org 0x0000 
    rjmp setup 
.org 0x0010 
table: 
    ; seven-segment decoder values for digits 0 to 9 
.org 0x0050 
setup:
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SECTION C – AVR PERIPHERAL SYSTEMS 

 
Please answer this section in a separate book that is titled “Section C” on the front cover. This section is worth 
40 marks. If a value for a particular parameter, e.g. prescaler, is not given, choose yours and indicate it. In all 
cases show your working. 
 
QUESTION C1                              [20]  

 
a)  Assume you have a temporary register “Temp1” and “Temp2” already defined in the header file. Write 

instructions for the ATmega 32 to do the following:                     [10] 
 
 

i) Clear TOV1 flag.                [2] 
 

ii) Make INT0 falling edge triggered.                          [2] 
 

iii) Sets TCNT1 CTC with a 1024 prescaler.                         [3] 
 

iv) Enable the microcontroller to record the value of TCNT1 in normal mode at the rising edge of a signal 
on ICP1 without a prescaler.                            [3] 
 

 
 
b) Assuming a XTAL = 8MHz, write a piece of code to enable and configure the AVR USART for asynchronous 

operating mode, 8 data bits, no parity, 1 stop bit and baud rate of 1200bps.                               [10]
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QUESTION C2                     [20] 
 

It is intended to design a traffic light system for eThekwini municipality to cycle through different states on a 

pedestrian crossing. You are equipped with the following: 

 

 A 4 MHz clocked AVR ATmega32, prescaler setting 1024. Note, datasheet excerpt appended to this 

paper. 

 Common cathode LED’s L0 to L7 Connected to PORTB.0 to PORTB.7 of the ATMEGA 32 as shown in 

the table below with additional LED’s for error diagnostics. 

 

 

 

 

 

 

The system should work according to the sequence dependent on the state as in the table below 

 

STATE PEDESTRIAN  CARS  ERROR 

0 Green Red Off  

1 Green Orange  Off  

2 Red Green Off 

3 Orange Orange Off  

4 Off  Off  On  

 

There should be a delay of ten seconds between state transitions. 

    
Answer the following questions: 

 
a) Determine the correct combination, in hexadecimal, to send to PORTB for each state.                    [3] 

 
b) Write a ten seconds delay subroutine based on TCNT1 in the normal mode. Explain the errors in your 

delays.                        [6] 
 

c) Write a program that checks the state and lights the LED’s appropriately.                           [8] 
  

d) Describe how you would increase the brightness of the LEDS.                              [3] 
 

  

PEDESTRIAN  CARS  ERROR 

Red Orange Green Red Orange Green Red Red 

L7 L6 L5 L4 L3 L2 L1 L0 

PORTB.7 PORTB.6 PORTB.5 PORTB.4 PORTB.3 PORTB.2 PORTB.1 PORTB.0 
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*Interrupt Sense control for INT 1 is same as the table above except, ISC01 ISC11, ISC00ISC10 
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