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Lecture: Timers — Periodic Interrupts



Periodic interrupts using Timers
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You will learn in this module
= Timer Aon the TI MSP432
* Clock input, prescale

* Counter

= Periodic interrupts
* Additional threads
* Priority
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Timer - A for input and output
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Timer A Features

= Pins
* Input capture
* Qutput compare

=  Precision
e 16-bits

= Resolution
» Clock period
* Prescale

| Timers — Periodic Interrupts

TAXCCRO

P7.3TA0.0
<«—»| P2.4TAO.1
«—>»| P2.5TA0.2 TAO
«—»| P2.6TAO0.3
P2.7TA0.4

P8.0TA1.0
| P7.7TA1.1
<> P7.6TA1.2 TA1
<« P7.5TA1.3
P7.4TA1.4

SMCLK = 48MHz/4 = 12 MHz, 83.33ns
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Timer - A registers
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15-10 9-8 7-6 5-4 3 2 1 0 Name
0.0000 | | TASSEL | ID | mc ] | TACLR | TAIE | TAIFG |TAOCTL
15-14 13-12 11 10 9 8 7-5 4 3 2 1 0
10.0002 CM |CCIS| SCs SCCI CAP | OUTMOD |CCIE | CCI| OUT | COV | CCIFG |TAOCCTLO
10.0004 CM |CCIS| SCS SCCI CAP | OUTMOD |CCIE | CCI| OUT | COV | CCIFG |TAOCCTL1
10.0006 CM |CCIS| SCSs SCCI CAP | OUTMOD |CCIE | CCI | OUT | COV | CCIFG |TAOCCTL2
10.0008 CM |CCIS| SCs SCCI CAP | OUTMOD |CCIE | CCI| OUT | COV | CCIFG |TAOCCTL3
10.000A CM |CCIS| SCs SCCI CAP | OUTMOD |CCIE | CCI | OUT | COV | CCIFG |TAOCCTL4
10.000C CM |CCIS| sCs SCCI CAP | OUTMOD |CCIE | CCI| OUT | COV | CCIFG |TAOCCTL5
10.000E CM |CCIS| SCs SCCI CAP | OUTMOD |CCIE | CCI| OUT | COV | CCIFG |TAOCCTL6
15-0
10.0010 16-bit counter TAOR
10.0012 16-bit Capture/Compare 0 Register TAOCCRO
10.0014 16-hit Capture/Compare 1 Register TAOCCR1
10.0016 16-bit Capture/Compare 2 Register TAOCCR2
10.0018 16-hit Capture/Compare 3 Register TAOCCR3
10.001A 16-bit Capture/Compare 4 Register TAOCCR4
10.001C 16-bit Capture/Compare 5 Register TAOCCR5
10.001E 16-bit Capture/Compare 6 Register TAOCCR6
15-3 2-0
0.0020 | TAIDEX | TAOEXO
15-0
0.002E | TAIV | TAOIV
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Clock and prescale
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Resolution = T * 2P * (TAIDEX+1)
Range = Precision * Resolution

| Timers — Periodic Interrupts

MSP432 prescale —— TACLK
SMCLK _| Timer Ax 16-bit Up/Down Counter
#AC)I(_(};LK— o | ...0XxFFFF, 0x0000,0x0001,...0xFFFF, 0x0000...
INCLK Flag A AT AT AT <> TAxy
TASSEL CCIFG 16-bit TAXCCRO
TAIDEX
TASSEL | Selected Clock ID Prescale
00 TAXCLK 00 /1
01 ACLK 01 /2
10 SMCLK 10 14
11 INCLK 11 /8
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Timer - A Modes
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MC
00
01
10

11

OUTMOD
000
001
010
011
100
101
110
111

| Timers — Periodic Interrupts

Mode control
Stop

Up mode: Timer counts up to TAXCCRO
Continuous mode: Timer counts up to OXFFFF

Up/down mode: Timer counts up to TAXCCRO then down to 0x0000

On match to TAXCCRy
OUT bit value

Set

Toggle

Set

Toggle

Reset

Toggle

Reset

On match to TAXCCRO

Reset
Reset

Set
Set
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Clock and prescale
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MSP432 prescale — <~ TACLK
SMCLK _ Timer Ax 16-bit Up/Down Counter
'-?-\E)I(_(I;(LK— < | ...0xFFFF, 0x0000,0x0001,...0xFFFF, 0x0000...
INCLK Flag A | < Taxy
TASSEL D Il [[cciF 16-bit TAXCCRO
TAIDEX

0) Halt the timer (MC=00),

1) Set the timer clock and prescale,

2) Set submodule 0 to compare, arm interrupt

3) Set the TAXCCRO to the interrupt period minus 1

4) Set the priority in the correct NVIC Priority register

5) Enable the interrupt in the NVIC Interrupt Enable register
6) Reset the timer and start it in up mode

7) Enable interrupts (in the main program after all devices initialized)

| Timers — Periodic Interrupts
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Interrupt Vectors, numbers, names, and priority
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Vector
0x0000002C
0x00000038
0x0000003C
0x00000060
0x00000064
0x00000068
0x0000006C
0x00000070
0x00000074
0x00000078
0x0000007C
0x00000080
0x00000084
0x00000088
0x0000008C
0x00000090
0x00000094
0x00000098
0x0000009C
0x000000CC
0x000000D0
0x000000D4
0x000000D8
0x000000DC
0x000000EO

Number
11
14
15
24
25
26
27
28
29

IRQ
5
2
-1
8
9
10
11
12

ISR name
SVC_Handler
PendSV_Handler
SysTick Handler
TAO_O_IRQHandler
TAO_N_IRQHandler
TA1l_O0_IRQHandler
TA1l N IRQHandler

NVIC priority Priority
SCB_SHPR2 31-29
SCB_SHPR3 23-21
SCB_SHPR3 31-29
NVIC_IPR2 7-5

NVIC_IPR2 15-13
NVIC_IPR2 23-21
NVIC_IPR2 31-29

TA2_0_IRQHandler NVIC_IPR3 7-5
TA2_N_IRQHand1erW\ 1|19
TA3_0_IRQHandler NVIC_ I

TA3_N_IRQHandler
EUSCIAO_IRQHandler
EUSCIAl_IRQHandler
EUSCIA2 IRQHandler
EUSCIA3_IRQHandler
EUSCIBO_IRQHandler
EUSCIB1_IRQHandler
EUSCIB2_ IRQHandler
EUSCIB3_IRQHandler
PORT1_IRQHandler
PORT2_IRQHandler
PORT3_IRQHandler
PORT4_IRQHandler
PORT5_IRQHandler
PORT6_IRQHandler

void TA2 0 IRQHandler (void) {

NVIC IPR3

NVIC IPR4 TIMER A2->CCTL[0] &= ~0x0001; // ack
NVIC_IPR4 // body
NVIC_IPR4

NVIC_IPR4 }
NVIC_IPR5

NVIC_IPRS I5="13
NVIC_IPR5 23-21
NVIC_IPR5 31-29
NVIC_IPRS 31-29
NVIC_IPR9 7-5
NVIC_IPRO 15-13
NVIC IPR9 23-21
NVIC_TPRO €= 31 g
NVIC_IPR10 7-5

| Timers — Periodic Interrupts

Look for interruptVectors]]

in the file startup_msp432p401r_ccs.c
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Periodic Interrupt

void (*TimerA2Task) (void) ; // user function

void TimerA2 Init(void(*task) (void), uintlé_t period) { Hﬂewupﬁ;enaUedinthernam
TimerA2Task = task; J EEaE ErmEElern program after all devices initialized
// bits9-8=10, clock source to SMCLK

// bits7-6=10, input clock divider /4
// bits5-4=00, stop mode

// bit2=0, set this bit to clear

// bitl=0, no interrupt on timer T * 21D * (TAIDEX+1)(TAXCCRO+1)

TIMER;A2—>CTL = 0x0280; ==2ps*peﬂod

// bits15-14=00, no capture mode

// bit8=0, compare mode

// bit4=1, enable capture/compare errupt on CCIFG

// bit2=0, output this value in _g#Utput mode 0 void TA2 0 IRQHandler (void) {

// bit0=0, clear capture/comp#fre interrupt pending TIMER XZ:5CCTL[0] &= ~0x0001;
TIMER A2->CCTL[0] = 0x0010; *TimerA2Task () ;

TIMER A2->CCR[0] = (period - 1); // compare match value }

TIMER A2->EX0 = 0x0005; / /ffonfigure for input clock divider™7/®
NVIC->IP[3] = (NVIC->IP[3]&0xFFFFFF00) |0x00000040; // priority 2
NVIC->ISER[0] = 0x00001000; // enable interrupt 12 in NVIC

TIMER A2->CTL |= 0x0014; // reset and grt Timer A in up mode

NVIC->IP[2]= (NVIC->IP[2]&0xFFOOFFFF)|0x00400000;

NVIC->ISER[0] = 0x00000400; // enable interrupt 10 in NVIC

10 | Timers — Periodic Interrupts
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Summary
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Timer overview

= Clock input
= Prescale
=  Counter

Periodic interrupts
= Additional threads
»  Priority

| Timers — Periodic Interrupts

SMCLK

MSP432

TACLK

prescale — =
Timer Ax 16-bit Up/Down Counter

>| ---OxFFFF, 0x0000,0x0001,...0xFFFF, 0x0000...

AAAAAAAAAAAAAAAA

Fag TTTTTTTTTTTTITATT |<—TAxy
16-bit TAXCCRO

void TAO_O_TIRQHandler (void) { Km
TIMER AO->CCTL[0] &= ~0x0001;

// ack
// body
}

void TAl 0 IRQHandler (void) { Km

TIMER Al1->CCTL[0] &= ~0x0001;

// ack
// body
}

void TA2 0_IRQHandler (void) { Km

TIMER A2->CCTL[0] &= ~0x0001;

// ack
// body
}
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Module 13

Lecture: Timers — Pulse Width Modulation



PWM using Timers

You will learn in this module
= Timer Aon the TI MSP432
* Clock input, prescale

* Counter

= PWM output
* Adjust power to motors
* Two independent outputs

Period Period

- € >
\ High |Low| High Low

13 Timers — Pulse Width Modulation
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Interface circuit using TI-RSLK chassis board

+3.3V=R3V3
P5.0 ro—
210k
P5.1 o— :: +7.2=VSW
P52 r&— - T
Texas Instrtuments DRVES838
P33 DIRL 6 1
P54 = PH VM
PWML 5
e nSLPL 7 8
P5.6 rE&— AnSLEEP vccC
P5.7 i
432-Port5 2 2 +
sy oD £ o =—0T
P23 FiCo—
P24 rio— o
PWM on — . L
P2.6, P2.7 g;.g : oD
) l 10k resistors and DRV8838 drivers on Interface board +3.3V=R3V3

MSP432Z-Port2

{ Liok +7.2=VSW
: <
.Texas Instruments DRVEE838
DIRR 6 1
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. NSLPR T 8
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MSP432 Input/Output

CortexM4 Systick
SystemBusinterface NVIC
A
GPIOPort1 PPN GPIOPort6

P1.7/UCBOSCL P6.7/TA2.4/UCB3SCL
P1.6/UCBOSDA > P6.6/TA2.3/UCB3SDA
P1.5/UCBOCLK P6.5/UCB1SCL
P1.4/UCBOSTE eusClI <> <> | cusc P6.4/UCB1SDA
P1.3/UCAOTXD P6.3/UCB1CLK
P1.2/UCAORXD P6.2/UCB1STE
P1.1/UCAOCLK «> [ Aocia | P6.1/A14
P1.0/UCAOSTE ADCIIE P6.0/A15

GPIOPort7

P7.7/TA1.1/C0.2
P7.6/TA1.2/C0.3
P7.5/TA1.3/C0.4
P7.4/TA1.4/C0.5
P7.3/TA0.0
P7.2/C1OUT/TA1CLK
P7.1/COOUT/TAOCLK
P7.0/SMCLK/DMAEO

Lab code
Starter code

TimerA

P2.3/UCA1TXD
P2.2/UCA1RXD
P2.1/UCA1CLK

P2.0/UCA1STE

>
TimerA
>

eUSCI

GPIOPort8

P8.7/A18
P8.6/A19
P8.5/A20
P8.4/A21
P8.3/TA3CLK/A22

P3.7/UCB2SCL
P3.6/UCB2SDA
P3.5/UCB2CLK
P3.4/UCB2STE
P3.3/UCA2TXD

ADC14

eUSCI <>

P3.2/UCAZRXD limer P8.2/TA3.2/A23
P3.1/UCA2CLK o] P8.1/UCB3CLK/T A2.0
P3.0/UCA2STE P8.0/UCB3STE/TA1.0

GPIOPort9

P9.7/UCA3TXD
eUSCI P9.6/UCA3RXD
P9.5/UCA3CLK
P9.4/UCA3STE
[ > i P9.3/TA3.4

TimerA P9.2/TA3.3

P9.1/A16
P9.0/A17

P4.3/RTCCLK/A10
P4.2/TA2CLK/A11

GPIOPort5

P10.5/TA3.1/C0.6
P10.4/TA3.0/C0.7
P10.3/UCB3SCL
eUSCI P10.2/UCB3SDA

P10.1/UCB3CLK
<>

P10.0/UCB3STE
PeripheralBus "( >
menesmmsmemmemesR 0DOtiCS System Learning Kit: The Maze Edition
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Using Timer - A for Two PWM Outputs

TAOCCR2 TAOCCRO

Driver

You will convert it to

TA0.4/P2.7
TA0.3/P2.6

MSP432 - Duty cycle =
| [ ] | @ TAOCCR?
TA0.2/P2.5 — > TAOCCRO
TAOCCR1 TAOCCRO
" Duty cycle =
TN NT (o) TR
— > TAOCCRO
TAO0.1/P2.4
'%Add + 3 Remove ~ \g' =~ Done 2015/08/04 15:16:40.007 Position: 10.18 us  Name: [
£ ?2 Iameﬁri = % S— = 4096 Samples at 100 MHz / 10 ns Zoom: 2.00 X lue
1! P2'4 ?l I 1 | 1 1 1 1 1 1 1
P25 Y 4 X
6 us 2 us 2us Sus

16 Timers — Pulse Width Modulation
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Using Timer - A for Two PWM Outputs Dutycycle= 9% _High
High+Low Period
' Peri
PWM Mode Period eriod
= Up/down count - .
- Up to CCRO (10) High Low| High Low
* DowntoO
= P2.4=1 when timer equals TAOCCR1 (7) on way down
= P2.4=0 when timer equals TAOCCR1 (7) on way up
\
/ \
TAOR 456789A9876543210123456789A9876543
Y
P24TAO1 |  Resst | } | Reset |
Toggle Toggle Toggle Toggle

T = Prescale/12MHz

17 Timers — Pulse Width Modulation

Period = 2*T*CCRO
DutyCycle = CCR1/CCRO
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PWM Outputs on P2.4 and P2.5

// SMCLK = 48MHz/4 = 12 MHz, 83.33ns
// Counter counts up to TAOCCRO and back down

// Let Timerclock period T = 8/12MHz = 666.7ns You will convert it to
// Period of P2.4 is period*1l.333us, duty cycle is dutyl/period TA0.4/P2.7
// Period of P2.5 is period*1.333us, duty cycle is duty2/period TA0.3/P2.6

void PWM Initl2(uintlé_t period, uintl6_t dutyl, uintlé_t duty2) {

P2->DIR |= 0x30; // P2.4, P2.5 output

P2->SELO |= 0x30; // P2.4, P2.5 TimerOA functions

P2->SEL1 &= ~0x30; // P2.4, P2.5 TimerOA functions

TIMER AO->CCTL[0] = 0x0080; // CCIO toggle

TIMER AO0->CCR[0] = period; // Period is 2*period*8*83.33ns is 1.333*period

TIMER_AO->EX0 = 0x0000; // divide by 1

TIMER AO->CCTL[1] = 0x0040; // CCR1l toggle/reset

TIMER AO->CCR[1] = dutyl; // CCR1l duty cycle is dutyl/period

TIMER AO->CCTL[2] = 0x0040; // CCR2 toggle/reset

TIMER AO->CCR[2] = duty2; // CCR2 duty cycle is duty2/period

TIMER AO0->CTL = 0x02F0; // SMCLK=12MHz, divide by 8, up-down mode
// bit mode

// 9-8 10 TASSEL, SMCLK=12MHz
//

7-6 11 ID, divide by 8
' T = 8/12MHz
5-4 11 MC, -d d _
x 2 0 TAng z:ncr;:ai Period = 2*T*15000 = 10ms
// 1 0 TAIE, no interrupt DutyCycle = CCR1/15000
// 0 TAIFG

}

18 Timers — Pulse Width Modulation Texas Instruments Robotics System Learning Kit: The Maze Edition
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PWM Outputs on P2.4 and P2.5

You will convert it to

TA0.4/P2.7
TA0.3/P2.6

//***************************PWM Dutyl*******************************

// change duty cycle of PWM output on P2.4
// Inputs: dutyl
// Outputs: none
// period of P2.4 is 2*period*666.7ns, duty cycle is dutyl/period
void PWM Dutyl (uintl6é_t dutyl) {

TIMER AO->CCR[1] = dutyl; // CCR1l duty cycle is dutyl/period
}

//***************************PWM Dutyz*******************************

// change duty cycle of PWM output on P2.5
// Inputs: duty2
// Outputs: none// period of P2.5 is 2*period*666.7ns, duty cycle is duty2/period
void PWM Duty2 (uintl6é_t duty2) {
TIMER AO0->CCR[2] = duty2; // CCR2 duty cycle is duty2/period
}

DutyCycle
»  Precision 14999 alternatives (0 to 14998)

« Range 0to 99.99%
* Resolution 0.0067%

. . . Texas Instruments Robotics System Learning Kit: The Maze Edition
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Summary

20

PWM output
= Adjust power to motors
= Two independent outputs

Timers — Pulse Width Modulation

MSP432 prescale — —1 TACLK
SMCLK Timer Ax 16-bit Up/Down Counter
ACLK
TAXCLK ~»| -..0XFFFF, 0x0000,0x0001,...0xFFFF, 0x0000...
INCLK Flag TTTTTTTTTITOITIATT |<——=TAxy
TASSEL D Il llcciFe 16-bit TAXCCRO
TAIDEX ——
Period Period
High Low| High Low

456789A987654321

123456789 A9817

P24/TAO1 | Reset |
Toggle Toggle

| Reset

6 543

Toggle

Toggle

Texas Instruments Robotics System Learning Kit: The Maze Edition
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