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CSS332 Microcontrollers and

Applications Lab 7: AVR Interrupt Programming

Instructions: Answer the following exercises. During the lab class, please feel free to ask the instructor,
the TAs, or other students if there is a question. When finishing all of them, the students
can ask a TA to check the answers. The students submit this lab sheet with the answers to
the Google Classroom (no submission, no score). (In the Google Classroom, do not forget
to press the Confirm button to submit the work.)

Exercise 1: (Using Timer0 overflow interrupt). We have connected a circuit as shown below.
5V Arduino UNO
10K
PB1
PD4 PBO
LEDO \/LEDI
SW." """ > If press,
Ifnot presg, SW is closed. 330 330
SW isopen._|_

We would like to write an Assembly program to do the following tasks.

Q?fs";:m switch SW, LEDO is on; if we do not press the switch SW, LEDO is off.

{‘ e Taskl — The microcontroller monitors the status of the switch SW: if we press the
e Task2 — The microcontroller keeps turning on and off LED1, every 1 second.

s a result, the microcontroller do Taskl in the main program and do Task2 by using
the Timer0 overflow interrupt. TimerO\will be set up as follows:

e normal mode, pre-scaling number = 1024, the Timer0 overfl
every 5000 us.

interrupt happens

) WD 0008200 = 1 seand
As a result, we neeq_that every 200 Timer0 overflow interrupts will turn the LEDI1 on or
off. Answer the followtng questions.

What are the values of these TimerQ r

TCNTO = OxB2

TCCROA = OO0 = OxO

(25— A+1)x P
3

Seop = SS - x
[(\_—(2 - A+1) 1°“]*3) +2+14J x 00625 1

177.89
18
OxB82

Time delay(us) = [(" “ x 3) +2+ 14] x 0.0625
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TCCROB = 101 = OxOB
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b) To use the Timer0 overflow interrupt, what should be the value of the TIMSKO register?

TIMSKO = OxoN

¢) Complete the following Assembly program.

1 .ORG ox0
2 IMP MAIN

3 .ORG 0x20

=

6 ;Start the main program
% .ORG Bx1008

8> MAIN:  LDI R16, HIGH(RAMEND)

9 ouT SPH, Rle Tnitialize stack ponter

10 LDI R16, LOW(RAMEND)

11 ouT SPL, Rle

12
13 CALL PIN SETUP ;Set up pin modes

14 LDI R16, (1<<TOIE®)

15 % STS TxmMsko |, R16 ;Enable the Timer® overflow interrupt
16 — SEI ;Enable the global interrupt
17 CALL TIMER@_SETUP ;5et up Timer®

18 LDI R21, 260 ;A dummy variable used in ISR
19

20 LOOP: SBIC PIND, 4 ;Main task

21 RIMP L_OFF

22 RIMP L_ON

23 L OFF: CBI PORTB, @ ;Turn LED@ off

24 RIMP LOOP

25 L_OM: SBI PORTE, @ ;Turn LED@ on

26 RIMP LOOP

27 ;End of the main program

28

29 PIN_SETUP: ;Subroutine to set up pin modes

SBI DDRB, © ;Set the pin PB@® as the output -> LED®

31 CBI PORTB, © ;PBO=0

32 SBI DDRB, 1 ;Set the pin PBO® as the output -> LED1
33 CBI PORTB, 1 ;PB1=0

34 CBI DDRD, 4 ;Set the pin PD4 as the input

35 SBI PORTD, 4 ;Set pull-up resistor on PD4

36 RET ;Return to the main program

37
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38 TIMER©_SETUP: ;Subroutine to set up Timer®

39 LDI R20, | OxB2

40 ouT TCNT@, R2@ ;Set the initial value of Timer®
41 LDI R20, | Ox0O

42 ouT TCCR! :Set the normal mode,

43 LDI R20, | Ox0O5

44 ouT TCCROB, R20 ;Pre-scaling 1024 and start the clock
45 RET ;Return to the main program

46

47 .ORG ©x200

48 TB_OV_{EB: ;ISR of the Timer® overflow interrupt

49 DEC R21

50 BRNE HERE

51 LDI CEgEZ:EEE) ;200 loops needed for delay 1 second
52 IN R17, PORTB ;Read PORTB

53 LDI R18, (1<<1) ;R18=0b00GABA10

54 EOR R17, R18

55 ouTt PORT ;Toggle PB1

56  HERE: LDI R18, | OxB2

57 outT TCNT®, R18 ;Set up Timer® initial value
58 RETT ;Return to the main program

d) Upload your assembly program to your Arduino UNO board. Take a video to demonstrate
your result. Name it “Ex1” and submit to the Google Classroom.
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The progrom oviomatically juwps to To_ov_1sR
to execvie Task 2

TIMSKD is configuved o enalde The Timero overflow intewupt

.ORG 0x0 ; Set the origin for the reset vector
2 JMP MAIN ; Jump to the main program
4 .ORG 0x20 ; Interrupt Vector Table for Timer® Overflow Interrupt
5 JMP TO_OV_ISR ; Jump to the Timer® Overflow Interrupt Service Routine
6
.ORG 0x100 ; Start of the main program
8 MAIN:
9 LDI R16, HIGH(RAMEND) ; Load high byte of RAMEND into R16
10 OUT SPH, R16 ; Set the high byte of the stack pointer
11 LDI R16, LOW(RAMEND) ; Load low byte of RAMEND into R16
12 OUT SPL, R16 ; Set the low byte of the stack pointer
13
14 QéLL PIN_SETUP ; Call subroutine to set up pins
15
DI R16, (1<<TOIE®) ; Enable Timer® overflow interrupt
TS TIMSKO, R16 ; Store in Timer Interrupt Mask Register

SEI Enable global interrupts

CALL TIMER@_SETUP H
DI R21, 200

Call subroutine to set up Timer®

- Subroutine to configure I/0 pins
PIN_SETUP:

SBI DDRB, © ; Set PBO as output (LED®)

CBI PORTB, © ; Ensure LED® is off initially
SBI DDRB, 1 ; Set PB1 as output (LED1)

CBI PORTB, 1 ; Ensure LED1 is off initially
CBI DDRD, 4 ; Set PD4 as input (Switch)

SBI PORTD, 4 ; Enable pull-up resistor on PD4

ET ; Return from subroutine

; Subroutine to configure Timer®

MERO_SETUP:
8 LDI R20, ©xB2 ; Load initial value for Timer@
OUT TCNTO, R20 ; Set Timer® initial value
5 LDI R20, ©x00 ; Set normal mode (TCCROA = @)
51 OUT TCCROA, R20 ; Store in Timer Control Register A
52 LDI R20, 0x05 ; Set pre-scaler to 1024 and start Timer® (TCCR@OB = 0x05)

Sex (set 5\e'bal eraupt enable) olous intevrupts to MWV

Load 200 into R21 (Counter for 1-second toggling)

SBIC PIND, 4 ; Skip next instruction if bit 4 of PIND is clear (swjtch pressed)
RIMP L_OFF ; If switch is not pressed, jump to turn LED® off
RIMP L_ON ; Otherwise, turn LED® on
L_OFF:
CBI PORTB, © ; Clear bit @ of PORTB (Turn LED® off)
RIMP LOOP ; Loop back
L_ON:
SBI PORTB, © ; Set bit @ of PORTB (Turn LED® on)
RIMP LOOP ; Loop back

PBO (LEDO) and PR1
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53 OUT TCCROB, R20 ; Store in Timer Control Register B
54 ET ; Return from subroutine

55

56 .ORG 0x200 ; Start of Timer® Overflow Interrupt Service Routine
57 TOyR:

58 /TEE;R21 ; Decrement overflow counter

59 BRNE HERE ; If not zero, skip the toggling part
60 Vq§§v5 LDI R21, 200 ; Reset counter to 200 (1-second cycle)
61 Al IN R17, PORTB ; Read current PORTB state

62 3 LDI R18, (1<<1) ; Load mask for PB1 (LED1) —7019009003310
63 EOR R17, R18 ; Toggle PB1 state using XOR

64 OUT PORTB, R17 ; Output new state to PORTB

65

66 HERE:

67 LDI R18, 0xB2 ; Reload initial Timer®@ value

68 OUT TCNTO, R18 ; Store in Timer®@ counter register

69 RETI ; Return from interrupt
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