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1. Interrupt



How to Handle Hardware Events

Polling

- CPU (Program) steadily checks whether event occurs
- Not hardware mechanism

Interrupt

- Devices notice the CPU when event occurs
- Hardware mechanism



Polling

CPU Device
(timer)

Status Bit

while (1) {
if (status_bit) {

handle_timer()
}

}

0

check device’s 
status bit repeatedly

counter decreased



Polling

CPU

Status Bit

while (1) {
if (status_bit) {

handle_timer()
}

}

1

handle timer event set status bit
when counter reaches 0

Device
(timer)



Polling Example

CPU checks the status of the switch periodically



Interrupt

counter decreased

perform other tasks

CPU

Status Bit

void handler() {
// handle events
…

}
int main () {

while (1) {
…

}
}

0

Device
(timer)

no interaction

x



CPU

Status Bit

void handler() {
// handle events
…

}
int main () {

while (1) {
…

}
}

1

Device
(timer)

handle timer event

set status bit
when counter reaches 0

notify CPU

reply that you received the 
interrupt well

(AWK)

Interrupt



Interrupt Handling

main routine

int main () {
int a, b = 0
while (1) {

a = 1
b += 1

}
}

void handler() {
// handle events
…

}

interrupt handling routine

when interrupt occurs while executing a= 1,
save main routine’s state and jump to the handler



Interrupt Handling

main routine

int main () {
int a, b = 0
while (1) {

a = 1
b += 1

}
}

void handler() {
// handle events
…

}

interrupt handling routine

after executing handler, 
go back to the location previously executed



Interrupt Vector (Cortex-M)

0x0000 0000
(Not Always) Stack Pointer

Reset Handler
…

Systick Handler
…

Timer Handler
…

Interrupt Vector

main routine

int main () {
int a, b = 0
while (1) {

a = 1
b += 1

}
}

void handler() {
// handle events
…

}

interrupt handling routine

reference 
vector table

jump to handler



Interrupt Vector (Cortex-M)

startup_msp432p401r_ccs.c, line 112



2. Timer Interrupt



MSP432 Timer A

MSP432 Timer A consists of

- 4 Timers TA0, TA1, TA2, TA3
- Each timer has 7 submodules



Timer A Registers



Timer A Register – CTL



Timer A Register – CCTL



Timer A Register – TAxEX0



Timer Interrupt Initialization

-> TIMER_A2->CTL = 0b 0000 0010 1000 0000

7~6 bit : 1/4 input divider

TIMER_A2->CTL = 0x0280

9~8 bit : timer clock source, SMCLK = 12MHz



Timer Interrupt Initialization

-> TIMER_A2->CCTL = 0b 0000 0000 0001 0000

8 bit : compare mode

TIMER_A2->CCTL = 0x0010

4 bit : enable compare interrupt



Timer Interrupt Initialization

TIMER_A2->CCR[0] : compare match value
when the counter meets CCR[0], interrupt occurs

TIMER_A2->EX0 : input divider 2



Timer Interrupt Initialization

-> TIMER_A2->CTL |= 0b 0000 0000 0001 0100

TIMER_A2->CTL |= 0x0014

5~4 bit : up mode, increment counter

2 bit : clear TA0R register



Timer Interrupt Initialization

TIMER_A2->TA0R

TIMER_A2->CCR[0]

Interrupt Occurs

Resolution =  
1

Clock Source
 ∗ input divider ∗ EX0 + 1

=  
1

12MHz
 ∗ 4 ∗ 5 + 1 = 2us  

period = 50,000 
-> 0.1s



Timer Interrupt Handler

-> send ack to the timer
TIMER_A2->CCTL[0] &= ~0x0001;

-> If the timer does not receive an ack, 
the timer continuously send an interrupt



- Tachometer -



1. Tachomter



What is Tachometer?

Definition

“ A tachometer is an instrument measuring the rotation of a shaft or disk”

What can we do with a tachometer?

- We can measure RPM (rotations per minute) of the robot



TI-RSLK Tachometer



TI-RSLK Tachometer



Timer A Input Capture

TIMER_A3->TA0R

TIMER_A3->CCR[0]

Interrupt Occurs

Output Compare

TIMER_A3->TA0R

MAX

When an external event occurs,
TIMER_A3->CCR[0] = TIMER_A3->TA0R &
Timer interrupt occurs

Input Capture

When an event occurs, the counter value is stored in the CCR!



Tachometer & Timer’s Input Capture 

motor

1°

Timer Interrupt Occurs

CCR = TA0R

Period 
= Previous CCR – Current CCR

Timer Interrupt Handler



2. Implementation



Initialization

alternative mode

setup timer & 
input capture mode

configure interrupts



Interrupt Handler



Measure RPM

°
°



180° Wheel Rotation



3. Activity
Please Upload LMS



Robot Spec

d = 7cm
w = 14cm



1. Go Straight 30cm

30cm



2. Rotate 30°(Assignments)

30°


