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Instructions:

Answer in ink, diagrams may be drawn in pencil. This question paper contains a total of 15 pages

There are three sections:

Section A (20%) Answer on MCQ sheet — indicate student number and seat number
Section B (40%) Answer in a separate book that is clearly marked “Section B” on the cover
Section C (40%) Answer in a separate book 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 instructions on the MCQ answer
sheet.

1. Which of the following reserves and defines a byte of memory? Choose one.
a) .db b) .byte c) .dw d) none of these
2. Which of the following is an assembler directive and not an instruction? Choose one.
a) .db b) .dw c) .byte d) .set e) all of these
3. Which of the following instructions cannot have arguments?
a) com b) out C) nop d) Ipm e) none of these
4. What flag or flags can the BREQ instruction set?
a) Z b)C c)S d)Zand S e) none
5. Which one of the following 4 options is used to reduce the size of the program in CSEG?

a) Macros b) Callable subprograms c) Interrupts d) none of these
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6. The PUSH instruction...

i) decrements SP, ii) deletes/removes data from a register
iit) copies register data to the stack, iv) increments SP and v) modifies a general register

Which of the above are true?
a) i, ii &iii by i, iii & v c) iii, iv&v d) i &iii e)iii & iv
7. The RET instruction...
a) increments SP b) increments SP twice c) decrements SP
d) decrements SP twice e) does not modify SP
8.  Which of the following will clear the upper nibble in r16 and preserve the iower nibble?
a) andi r16, 15 b) andi r16, 0b11110000 ¢) Idi r16, 0b00001111
d) ori r16, $OF e)ori  r16, $FO
9. What is the correct representation of the number -5 in 4-bit 2's complement?
a) 11111011 b) 11110110 c) 1011 d) 00000101 e) 1010
10. In the ATMega32, the RIMP is able to jump from any location to any other location in CSEG.
a) True b) False
11. How should you configure Port X pin n (PORTX.n ) as input.
a) Write a zero on PORTX.n b) Write a one on PORTX.n
¢) Write a zero on DDRX.n d) Write a one on DDRX.n
12. Which one is not true about LCD'’s with regard to interfacing to ATMEGA32
(a) can use the four bit mode (b) can use the eight bit mode
(c) used only in the two lines mode (d) most LCD’s contains an on chip hardware driver interface
13. Which Port X pin n (PORTX.n ) is used as an external clock for TMRO
a) PORTD.1 b) PORTB.0
c) PORTDA4 d) none of the above
14. Which interrupt has the lowest priority among the interrupts below?
(a) SPI STC (b) INT2 {c) TIMERO OVF (d) INTO
15. Which one will not make an ATmega32 microcontroller to reset?
a) Brown out b) Power on

¢} Logiconeonping d) Watchdog time expiry
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16. In serial communication, if there is no data transfer, the high line is called

a) Space b) Mark c) Start d) None of the above
17. Context saving is saving..

(a) only the status register before a new task (b) pushing the return address to the stack

(c) all important registers before a new task (d) popping the return address from the stack
18. Which of the following would you least use for counting events using ATmega32?

(a) Input capture mode (b) Connection to T0O pin (c) Using INTO (d) Connection to INT1
19. Which one is an external interrupt

(a) USART TXC (b) INT1 (c) TIMERO OVF (d) TIMER1 COMPB
20. What would happen if Reti is replaced by Ret in an interrupt service routine?

(a) The return address would not be popped from stack (b) The GIE would not be set

(¢) The GIE would be set (d) The return address would be pushed to the stack

(98]
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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: (2]

Write a complete assembly program for the ATMega32 that does the following:

1. Read in 4 bytes from Port C
2. Then write the 4 bytes to Port D in reverse order
3. Repeat from step 1

The program must run as fast as possible. Do not use timers or delay loops.

Mark breakdown: Code setup phase [6], main loop [4], comments [2]

QUESTION B2: [20]
Assume that port C of an ATMega32 is connected to 8 LEDs arranged in a ring as follows:
C.0
C.7 C.1
C.6 co
Cs5 c3
Instructions: c4

Write an ATmega3?2 program that displays a circular running light. Only one LED may be on at any time.

The LEDs are all connected in an active high fashion.

The sequence must be stored in an 8-byte lookup table in CSEG.

The light starts at C.4 and rotates clockwise. Before writing the code, carefully determine the 8

sequential table values. These must be represented in hexadecimal. Draw 8 of the above diagrams,

one for each stage. At each stage, colour in the single LED that is on, and show what HEX value should
be stored in the table.

5. The code must use timer O overflow interrupt to control the sequence speed. After each overflow, the
sequence should advance to the next table value. When the last value has been displayed, the process
must repeat.

6. The timer clock source must run at system clock speed.

7. Please comment effectively.

hoON =

Mark breakdown: Table description [4], setup and main loop code [8], ISR [6], comments [2]

QUESTION B3: 8]
) . Syntax: Operands: Program Counter:
mainloop: 0} RIMP k 2K <k<2K PC« PC+k+1
nop
rjmp mainloop 16-bit Opcode:
i 1100 | KKKk | ik | kkkk |

What is the opcode for the above statement? Clearly describe how k and the opcode are determined [4 marks].
Show all working [4 marks].
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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.

QUESTION C1 [20]

a) Assume you have a temporary register “Temp” already defined in the header file. Write instructions for the

ATmega 32 to do the following: [10]

i) Clear TOVO flag (2]
ii) Stops TMRO [2]
iii) Make INTO falling edge triggered [2]
iv) Enable master SPI communication with clock frequency scaled by 16 [2]
v) Enables the microcontroller to record the value of TCNT1 in normal mode at the rising edge of a signal

on ICP1 without a prescaler. [2]

b) A system consists of an ATmega32 connected to a computer through the USART serial port. The computer
is running HyperTerminal. You are required to write a polling based assembler program for the system that
continuously sends a text message, “TESTING” to the PC. For clock frequency of 8MHz, baud rate of

1200bps in normal mode, data framing of 1 start bit, 8 bits, odd parity, two stop bits and LSB first; [10]

) Determine the hexadecimal value to be loaded in the UCSRB [2]

i Determine the hexadecimal value to be loaded in the UCSRC [2]
jif} Determine the hexadecimal value to be loaded in the UBRRH and UBRRL [2]

iv) Write the subroutine “TRANSMIT” that sends each of the letters in the text message “TESTING” to
the computer stored in a defined temporary file “Temp”. An additional mark will be awarded for well
commented code. (4]

QUESTION C2 [20]

It is intended to design an intrusion alert system. You are equipped with the following:

e A4 MHz clocked ATmega32. Note, datasheet excerpt appended to this paper
¢ Anintrusion sensor fed to PORTD.3 that sends a high to low pulse when activated
s A piezo speaker sounded for 5 seconds by putting a 100 Hz square wave signal on PORTB.3

You are required to use TimerQ in CTC for the square wave generation and Timer1 overflow interrupt for the 5
seconds delay. Assume a prescaler setting of 1024.

a) Determine the following: [10]
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i) The best way to interface the sensor to the microcontroller and the configuration registers with their
hexadecimal values for your sensor interface. [3]
i) The configuration registers and their hexadecimal values for Timer1 to generate a 5 seconds delay in
the normal overflow mode. (5]
i) The configuration registers and their hexadecimal values for Timer0Q to generate a 100 Hz square wave
in the CTC mode on PORTB.3. [2]
b) Write the assembler code to implement this system. [10]
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Table 18. Reset and Interrupt Veciors
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Table 35, interrupt O Sense Control

1IsSCot 1ISCO0 Description
o o The low level of INTO generates an interrupt request.
O 1 Arvy logical change oy INTO generates an irderrupt request.
1 O The falling edge of INTO generates an interrupt request
1 % The dsing edge of INTO generates an interrupt reguest.

*Interrupt Sense control for INT 1 is same as the table above except, ISC01> ISC11, ISC00>ISC10
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wuhial Value ] o o £ 2 b [+ &
it 7 L 5 &4 3 2 1 o
[ T wamieo ] E§um [ COMoc T WGMo1 | CSo2 | Cso1 [ _CSoc ] TccRo
Roaa Wt 2 HAaw B How W HAN RN B
nitinl Vales o b G & o e & o
it 7 & ) 3 1
——Wm— TIMSK
HaadWnte R =W RW RN BAN
nitial Valus & e 3 o & z 3
Bit
%—uﬁm-mm— TIFR
ReadWrils W W W R
indal Valse by & 3 [ iy a3 o
it 7 3 2
TCNT1H
TONT1L
HogdiWrie 8w R =] B
Indial Yalus 0 o s 8 o ] a a
8 7 &l 2 3 3 2 1 a
lﬁ?-mﬁd i Co-u‘hi@ i Cﬁiﬂiai ; {2(:“180 ; FOC1a I FOOo18 i W‘{iﬂii l WErLO l TLORYA .
FasdWrite HAW HAY W R w w =R P
initial Value ¢} 3 & s O 3] e b’
i 7 £ 5 3 £+
ICNC1 | ICEST | =] waGMia | Mu [_csii CS10 ] rccme
RoadWrite = AN = T Ry W BwW
i Wakhes o e} g 4] & ok ) o
Table 38. Wavelorm Generation Mode Bit Description'?’
WGMOt WGMOO Timer/Counter Mode Update of TOVG Flag
Mode {CTCO) {PWHAIO)Y of Operation TOP OCRO Set-on
L] o O Morrmal OxFE frmymediate BA AN
3 (83 1 PWEA. Phase Correct OnFF TOP BOTTOM
2 1 G LO% § 1 CHORO Immediate MAX
3 b ] h Fast P O FF BOTTOM AKX
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Table 39. Compare Output Mode, non-PWM Mode

CORMOo1 COMOG Description
O 3] Mormal port operation, OO0 disconnected.
< 4 Toggle OO0 on compare match
1 O Chear 00 on compare match
1 1 Set OO0 on compars match

Table 40. Compare Output Mods, Fast PWHA Mode' ™!

COMOY COMAOO Description
O O Bormal port operation, 000 disconmected.
O 3 Resorved
1 s Clear OO0 on compare match. set OO0 at BOTTOM,

{rsireirmverting mode}

Set OO0 on compare match, clear OCO at BOTTOM,
Grwverting rmodde)

Table 41. Compare Oulput Mode, Phase Correct PWM Maode' ¥

%

COMOt | COMOO | Description
O &) Mormal port operation, OCO disconnected.
O 1 Reserved
k o Clear OCO on compare match when up-counting. Set OCO on compare

match when downocounting.

Set OCO on compare malch when up-counting. Clear OCO on compare
match when downcounting.

Table 42. Ciock Select Bit Description

CSo2 TS0 CSo0 Description
0 O O Mo clock source {Timer/Counter stopped).
O O 1 Ol /I No prescaling)
O 1 O Gl ~/8 {From prescaler)
O 1 1 CHK /B4 (From prescaler)
1 8] o CiK 256 {(From prescaler)
1 O 1 CHK, -/ 1024 {From prescaler}
1 1 o External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.

Table 44. Compare Output Mode, non-PWM

COMIAVCOMIBY COM A0/COMIBO Description

¥ 8 Mormal port opsration, OC1A/OCHE
disconnected.

O 1 Toggle OCTA/OC 1B on compare match

1 & Clear OC1A/0OC18 on compare maich (Set
ouput to low level)

1 1 Set OC1A/OCIE on compare match {Set
catput 1o high level)

12
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Table 45. Compars QOuiput Mode, Fast PWRSY

OEPErAtior ).

COM1 ATACOMIB CTOME AOFCOMIBO Description
8] o Mormasd port operation, THI 1A/ S 18
disconmneactec
o 1 WGHM13:0 = 15 Toggle OIC1A on Compare

Match, OO0 18 disconnmected {normald port

For all other WOEGM1T 3:0 settings, normal port
operatior, ORI AT B discormected.

2

Clear M2 1A/ 18 on compare match, sat
OO AT at BOTTOM,

irvon-irreerting mode)

Beat O ASOTTEB on compare match, olear
CHTIAMMIIE at BOTTOM,
{irvwertirug rmeocke)

Table 468. Compare Output Mode, Phase Correct and Phase and Freguenoy Correct PWHN

COME AV OMIBY

O 00O BO

Description

(2

o

disconnected,

Mormal port operation, LXI1A/0CHB

8

ot operation).

WGMIE3O0 = 8 or 14 Toggle OC1A on
Compare Maich, OCH1EB disconnected (normad

For all other WGMI3:0 settings, normal port
operation, THC1A/00 18 discornmected.

Clear OC1A/OCHE on compare madtch when
wp-countitgg. Set OO1AMMC1E on compare
match when downcounting.

Set OOC1A/C1B aon compare match when up-
courting. Tlear OC1A/OCHTE on compare
match when dowrnocounting.

Table 47. Wavelorm Generation Mode Bit Description ™

13

WGM12 | WGM11 | WGM1D | Timer/Counter Mode of Update of | TOV1 Flag Set
Mode | WGM13 | (CTC1) | (PWM11} | (PWM1D) | Operation TOoP OCR1x on

0 o g O 4] Hasreral OuFFFF | immediate MaX

1 o g o 1 Poasd, Phase Corrent, 8-bit OxOOFF | TOP BOTTOM
2 Y O 1 ¢ PWHA. Phase Coneat, 8-bit GxOTFF | TOR BOTTOM
3 o o 1 1 PR, Phase Correst, 10-bi OxO3FF | TOR BOTIOM
4 o 1 o & oTC DURIA | tmmadiate Max

5 ] 1 iy 3 Fast PWM, B-bit GxQOFF | BOTTOM TOR

& 4 1 1 3 Fast PV, 5-bit OxCIFF | BOTTOM TOR

7 4] 1 1 1 Fast PWM, 10-bit OxGBFF | BOTTOM TOR

8 1 G & 8] PR, Phase and Frequency Conect | ICP1Y BOTTOM BOTTOM
@ k1 i¢] & H PO, Phase and Frequency Comest | OCR1A | BOTTOM BOTTOM
10 1 o 1 o PWEL, Phase Correct oM TOR BOTTOM
11 1 o 1 1 FNRL, Phase Corpsnt OCR1A | TOP BOTTOM
12 1 1 e e CIC Het immadiate kax

13 1 1 ¢ 1 Reserved - - -

14 H 1 1 0 Fast PV G BOTTOM TOPR
B ] 1 1 t FastPiy ) OCH1A | BOTTOM TOR
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Table 48. Clock Select Bit Description

C512 CS811 CS10 Description
O & £ Mo clock source { TimerCounter stopped).
O O 1 clk, /1 {MNo prescaling)
< 1 O Clky /8 {From prescaler)
e g 1 ok /64 (From prescalern;
1 0 O Tk, /256 {From prescalern
1 £ 1 clk /1024 {(From prescaler)
1 1 O External clock source on T1 pin. Clock on falling edge.
1 1 ki External clock source on T1 pin. Clock on rising edge.
g 7 g 5 4 Z 2 3 &
DORD | WSTH | CPOL | CPHA | SPh1 SPCR
ReadWrite HAN 8% R oW AN B B R
vt Walus o & a G Z o o o
B 7 & 5 4 3 Z 1 o
W [~ T T —— T ——T1 —— T six] sesn
HaadWrite M = H B ¥ R B B
initiat WValue 8] o O o o o 3 o
Table 8. =0LFurwoalty Table 58, Astationship Between SCK and the Osolialor Frequency
GO0 adakin Traling Edge 3PIX SPRY SPRO SCK Frequency
0 Reing Falm ¢ a g fafd
1 i F : N
e ot
% e 2 | o {754
Tabbe 57, £ PHE Pundhora iy g 1 ! fadtos
s s m . # 8
P lewing Eege Ty it ! . LA |
1 3 1 ful®
Sange L 3 3 1792
g Sarch i 1 1 {054
Biv 7 5 5 4 <3 = 3 o
| AXC T IXC | ODRE | FE ] DOR T PE ] U2X ]| MPCM UCSRA
Foad Writs =3 T = =3 =1 =7 PPy T
s Waoles b L5 3 [t (s £ 2 &
2i 7 2 5 4 3 b 1 G
I RBRXCIE I TACIE [ VDRIE ; HXEM i TXEMN ] [¥ el ¥4 I RXE8 f TXBs l uCsag
s - I even -
Faad e o W AN o AN = [=1 R
Initiad Walue < £ a i o o 2 < &
i 7 2 5 % 3 2 % £
PHG_ USBS T UCEIT T OEEZ5 TUCPOL] ucsAc
ReadWiee HwW (=5 R B AW B AN HwW
frutial Valus 1 o & 2 & £} 1 o
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= r’%;‘glu i - ] - ] 2-;3 13'9_3"3{11;3? - UBRRH
i _ UBRRI7:0] uBRAL
7 3 ] <% 3 2 % [l
HoadWrte e = = (= R o g R
AN =15 4 = AN oy R oy B
Yrutegd W alue s % D O & £ £ £
Table 63, UNGEL Bt etirgs Table 85, USBS Bit Seftings
000U
UMSEL Mo Uses Stop Bits)
J Asynehronais Operfion i i
i Synchmnots Operafon i 2ot
Tahle 64. UPM Bits Settings Table67. UCPOL Bit Setings
L ] -
UPh UPMo Parity Mode Trancmitied Data Changed Reeived Data Sampled
0 0 Disabled UGROL | (Output of T4D Pin) (Input on RxD Fin)
’ " Rasened 0 | RisigiCKEdge Fallng K Ede
i 0 Erabled, Even Parfy o T
y y Erabed, Odd Pty 1| Fallng XCK Edge Fising ACK Edge

Table 66, UCSZ Bits Setlings

uCsZ2 UCsZ1 UCsZo Character Size
O O O 5-bit
0 O 1 &-bit
o 1 O 7-bit
0 1 1 &-biit
1 O o Heserved
1 3] 1 Reserved
1 1 O Heserved
1 1 1 S-bit

Table 80. Equations for

Calculating

Baud Rale Register Selting

Eqguation for

Equation for Calculating Calculating UBRR
Operating Mode Baud Rate' Value
Asynohronous MNormal Mode o 7
F e . _ FEREL - - LEC
(UzX =0} BAUD = sgvrE <1 | VB8R = 15540 !
Asynchronous Double Speed Mods o 7
. T T = S o = Josc
2X=1 BAUD = gvprr~1) | L2RR = ggaip !
Synchronous Master Mode . .

BavD = —Josc | pppr = Josc_

2{UBRR + 1} 2BAUD
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