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e Advanced Timer Functions

* Output Compare

 Sets a flag and/or creates an interrupt when the counter value
matches a value programmed into a separate register

* Input Capture
e Captures the counter value when a trigger event occurs
» Sets a flag and/or creates an interrupt

e Pulse Width Modulation (PWM)

* Creates an automated PWM signal
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e Advanced Timer Function

* Pulse Width Modulation (PWM)
* Create an output waveform based on two counter values
* Many variations

e Delay Counter —in Periodic Mode
e Count up or down - to or from — the Max Value

 Compare Register(s)
* Holds the value to compare with the counter value
* When matched — create a flag/interrupt
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e Advanced Timer Function

* PWM
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* MSP432 Timer A

LFXIN, LFXOUT,
HFXIN HFXOUT

PlxtoP10.x PJ.x

k

&

EE 2931

4 DCOR
"~ 7T Twssoean ~ :
w L 3 . - I -
| | Capacitive Touch 10 0,
| Capacitive Touch 10 1
|
cs | rTcc WOT A razfr:‘”p |
| ory IO Ports 11O Ports
Clock Real-Time Watchdog SRAM |
— System | || Clock Timer aKkg  |I| P1toP10 PJ
DMA I || 78v0s B1/0s
o oot I i 3 o R i A
Bus I I I I
f———— === | Control
I CPU | Logic
' | SRAM
. ROM
: ARM® Flash [g':dﬁf {Paripheral RSTCTL SYSCTL AESZ56
Cortex™-M4F || M Driver i
| o 256KB emory) Library) Reset System Ei“ﬂg"ﬂ CRC32
128KB Controller Controller ry o
| | B4KEB 20KB Decryption
| | 32KB
| MPU |
' |
| MNVIC, SysTick |
' |
| FPB, DWT | /
[ eUSCI_AD,
| | ADC 14 Comp_ED, TAQ, TA1, Timer32 eUSCI A1, Pty
ITM, TPIU | Comp E1 REF_A, TAZTAZ eUSCI_AZ, clec B2
| . - & | B2,
! 14 b, Voltage Timer_A . sUSCLA3 eUSCI_E3
| JTAG. SWD | 1 Msps, Analog Rt i 3 % 32-bit
| - SARA/D Comparator erence Timers (UART, :
| 5 CCR DA, SPY) (FC, SPI)
- - —
‘ ‘ 1 1
v
5

© tj



EE 2931

* MSP432 Timer A

ARM (AMBA Compliant) timer
4 — 16 bit timers
3 Timer Modes

 Continuous
* Up/Down

4 Capture/Compare Modes

Up
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* MSP432 Timer A
* 4 Timers - each with

5 capture/compare
blocks
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* MSP432 Timer A

* Timer - Up mode
* Max count value is 216
* TAXCCRO register — holds the upper limit for the count
e 2 Flags
e CCIFG —set when counter reaches TAXCCROvalue
* TAIFG — set when the counter wraps around to O

TAXCCRO value

\
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Flag
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count
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* MSP432 Timer A

e Timer - Continuous mode
e Countvalueis 216

* TAIFG — set when the counter wraps around to O

Count Value 216
\

count

TX FG T>| FG 'I;I FG

Flag ’ Flag Flag

EE 2931
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* MSP432 Timer A

* Timer - Up/Down mode
e Max count value is 216
* Allows for 2x period
* TAXCCRO register — holds the upper limit for the count
e 2 Flags
* CCIFG — set when counter reaches TAXCCROvalue
* TAIFG — set when the counter reaches O

TAXCCRO value

CCIFG —/
Flag |

CCIFG —/

count

EE 2931 T>\FG Flag TAIFG Flag
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* MSP432 Timer A

* Capture/Compare Block — Compare Mode/PWM Mode
* 5 Compare blocks in each timer

Desired Compare values stored in TAXCCRn (n = 0:6)
CCIFG flag is set

Internal signal EQUn is set — modifies output modes
Input signal CCl is latched into SCCI

Used to create periodic interrupts or PWM signals

11
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* MSP432 Timer A

* Timer Output Block

* Automatically create output signals
8 modes —set by OUTMODx bits

e Qutputs based on EQUO and EQUn signals (relative compare values)

Table 17-2. Output Modes

OUTMODx Mode Description
000 Outout The output signal OUTn is defined by the OUT bit. The OUTn signal updates immediately
utpu when OUT is updated.
001 Set The output is set when the timer counts to the TAXCCRn value. It remains set until a reset
of the timer, or until another cutput mode is selected and affects the output.
010 Toaale/Reset The output is toggled when the timer counts to the TAXCCRn value. It is reset when the
99 timer counts to the TAxCCRO value.
011 Set/Reset The output is set when the timer counts to the TAXCCRn value. It is reset when the timer
elihese counts to the TAxCCRO value.
The output is toggled when the timer counts to the TAXCCRn value. The output period is
100 Toggle : :
double the timer period.
101 Reset The output is reset when the timer counts to the TAXCCRn value. It remains reset until
ese another output mode is selected and affects the output.
110 Toagale/Set The output is toggled when the timer counts to the TAXCCRn value. It is set when the timer
99 counts to the TAxCCRO value.
111 Reset/Set The output is reset when the timer counts to the TAxCCRn value. It is set when the timer

counts to the TAxCCRO value.

12
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* MISP432 Timer A

OFFFFh |
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' Output Mode 7: Resel/Set
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TAIEG Interrupt Events
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* MSP432 Timer A

Timer in
Continuous

Output Mode 1: Set

Output Mode 2: Toggle/Reset

Output Mode 3: Set/Reset

mode

COutput Mode 4: Toggle

Output Mode 5: Reset

TAIFG EQU1 EQUO TAIFG EQU1 EQUO
14
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Cutput Mode 6: Toggle/Set

Output Mode 7: Reset/Set

Interrupt Events
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* MSP432 Timer A
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* MSP432 Timer A

* Interrupts
* 2 interrupt vectors

* TAXCCRO vector
* Used for the CCIFG flag for TAXCCRO only

* TAXIV vector
* CCIFG flag set in capture mode on TAXCCRn
* CCIFG flag set in compare mode on TAXCCRn
* TAIFG flag

16

© tj



EE 2931

* MSP432 Timer A

* Interrupts

* TAXIV vector generator
* CCIFG and TAIFG flags are combined into a single interrupt vector

* The highest priority enabled interrupt generator is stored in the TAxIV
register

* (Can be evaluated or added to PC to execute the ISR

* Reading TAxIV clears the current interrupt flag and activates the next
highest pending interrupt

17
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* MSP432 Timer A

* Calculation examples
e Timer in UP mode
e Tclk = 12MHz
e Desire a 1KHz 50% duty cycle square wave

12MHz clk = 83.33ns/clk

1KHz = 1ms period

—12,000 12MHz clks / 1KHz period

for a square wave — 6000 12MHz clks low, 6000 12MHz clks high
12,000 clks is well within our 65,536 maximum limit

18
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* MSP432 Timer A

* Calculation examples
for a square wave — 6000 12MHz clks low, 6000 12MHz clks high

OFFFFh |

Choose set/reset mode ™xccre lF ———————

Max = 12,000 clks TMCHLT____
Target = 6000 clks

Uprnode | | Output Mode 3: Set/Reset
Fcounter = 12MHz
TAOCCRO =12000
TAOCCR1 = 6000

- 1KHz Square wave
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* MSP432 Timer A

* Calculation examples

* Timer in UP mode
e Tclk = 12MHz
e Desire a 1KHz 25% duty cycle square wave

Solution

EE 2931 20 0t



* MSP432 Timer A

* Calculation examples

* Timer in UP mode
e Tclk = 12MHz
* Desire a 100Hz 75% duty cycle square wave

Solution

EE 2931
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* MSP432 Timer A

* Timer A Registers

Table 17-3. Timer_A Registers

Offset Acronym Register Name Section
00h TAxCTL Timer_Ax Control Section 17.3.1
TAXCCTLO to Timer_Ax Capture/Compare Control 0 to Timer_Ax ,
02h to OEh TAXCCTL6 Capture/Compare Control 6 Section 17.3.3
10h TAXR Timer_Ax Counter Section 17.3.2
Timer_Ax Capture/Compare 0 to Timer_Ax ,
12hto 1Eh  TAxCCRO to TAXCCRS Capture/Compare 6 Section 17.3.4
2Eh TAXIV Timer_Ax Interrupt Vector Section 17.3.5
20h TAXEXO Timer_Ax Expansion 0 Section 17.3.6
EE 2931
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* MSP432 Timer A

e Control Register

Figure 17-15. TAxXCTL Register

15 14 13 12 11 10 9 8
Reserved | TASSEL
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
[ 6 5 4 3 2 1 0
] MC Reserved TACLR | TAIE TAIFG
rw-0 rw-0 rw-0 rw-0 rw-0 w-0 rw-0 rw-0

EE 2931
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* MSP432 Timer A
* Control Register

Table 17-4. TAXCTL Register Description

Bit

Field

Type

Reset

Description

1510

Reserved

RW

Oh

Reserved

TASSEL

RW

Oh

Timer_A clock source select
00b = TAxCLK

01b = ACLK

10b = SMCLK

11b = INCLK

[

RW

Oh

Input divider. These bits along with the TAIDEX bits select the divider for the
input clock.

00b =1 —

000 =11 Fclk = CLK
10b=i4

11b=/8

Src

/2ID / 2 TAIDEX

5-4

MC

RW

Oh

Mode control. Setfing MCx = D0h when Timer_A is not in use conserves power.
00b = Stop mode: Timer is halted

01b = Up mode: Timer counts up to TAXxCCRO

10b = Continuous mode: Timer counts up to OFFFFh

11b = Upfdown mode: Timer counts up to TAXCCRO then down to 0000h

Reserved

RW

Oh

Reserved

TACLR

RW

Oh

Timer_A clear. Setting this bit resets TAxR, the timer clock divider logic, and the
count direction. The TACLR bit is automatically reset and is always read as Zero.

TAIE

RW

Oh

Timer_A interrupt enable. This bit enables the TAIFG interrupt request.
0b = Interrupt disabled
1b = Interrupt enabled

TAIFG

RW

Oh

Timer_A interrupt flag
0b = No interrupt pending
b» = Interrupt pending

24
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* MSP432 Timer A
* Counter Register

Figure 17-16. TAXR Register

15 14 13 12 11 10 9 8
TAxXR
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
TAxR
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
Table 17-5. TAXR Register Description
Bit Field Type Reset Description
15-0 TAxR RW Oh Timer_A register. The TAxR register is the count of Timer_A.
EE 2931 )5 O t]
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* MSP432 Timer A
e Capture/Compare Control Register

4

Figure 17-17. TAXCCTLO to TAXCCTL6 Register

15 14

12

12 11 10 9 8

CM

CCIS

| SCS |  sccl | Reserved | CAP

rw-0 rw-0

rw-0 rw-0 r-0 r-0 rw-0

7 6

4 3 2 1 0

OUTMOD

CCIE | cCl | ouT | cov | ccFG

rw-0 rw-0

rw-0 r rw-0 rw-0 rw-0

4
Table 17-6. TAXCCTLO to TAXCCTL6 Register Description

Bit Field

Type

Reset

Description

15-14 CM

RW

Oh

Capture mode

00b = No capture

01b = Capture on rising edge

10b = Capture on falling edge

11b = Capture on bath rising and falling edges

1312 CCIS

RW

Oh

Capture/compare input select. These bits select the TAxCCRO input signal. See
the device-specific data sheet for specific signal connections.

00b = CCIxA
01b = CCIxB
10b = GND
11b =VCC

11 SCS

RW

Oh

Synchronize capture source. This bit is used to synchronize the capture input
signal with the timer clock.

0Ob = Asynchronous capture
1b = Synchronous capture

26
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* MSP432 Timer A

e Capture/Compare Control Register

10

5CCl

RW

Oh

Synchronized capture/compare input. The selected CCl input signal is latched
with the EQUx signal and can be read via this bit.

Reserved

R

Oh

Reserved. Reads as 0.

CAP

RW

Oh

Capture mode
Ob = Compare mode
1b = Capture mode

7-5

OuUTMQOD

RW

Oh

Output mode. Modes 2, 3, 6, and 7 are not useful for TAXxCCRO because EQUx
= EQuUO.

000b = QUT bit value
001b = Set

010b = Toggle/reset
011b = Set/reset
100b = Toggle

101b = Reset

110b = Toggle/set
111b = Reset/set

CCIE

RW

Oh

Capture/compare interrupt enable. This bit enables the interrupt request of the
corresponding CCIFG flag.

0Ob = Interrupt disabled
1b = Interrupt enabled

CCl

Oh

Capture/compare input. The selected input signal can be read by this bit.

ouT

RW

Oh

Output. For output mode 0, this bit directly controls the state of the output.
Ob = Output low
1b = Cutput high

27
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* MSP432 Timer A
e Capture/Compare Control Register

Bit

Field

Type

Reset

Description

cov

RW

Oh

Capture overflow. This bit indicates a capture overflow occurred. COV must be
reset with software.

Ub = No capture overflow occurred
1b = Capture overflow occurred

CCIFG

RW

Oh

Capture/compare interrupt flag
Ob = No interrupt pending
1b = Interrupt pending

EE 2931
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* MSP432 Timer A
e Capture/Compare Register

4
Figure 17-18. TAXCCRO to TAXCCRG6 Register
15 14 13 12 11 10 9 8
TAxCCRn
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
7 6 5 4 3 2 1 0
TAxCCRn
rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0 rw-0
4 - - -
Table 17-7. TAXCCRO to TAXCCR6 Register Description
Bit Field Type Reset Description
15-0 TAXCCRO RW Oh Compare mode: TAxCCRn holds the data for the comparison to the timer value
in the Timer_A Reqister, TAxR.
Capture mode: The Timer_A Register, TAxR, is copied into the TAxCCRn
register when a capture is performed.
EE 2931
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* MSP432 Timer A
* Interrupt Register

Figure 17-19. TAxIV Register

15 14 13 12 11 10 9 8
TAIV
r0 r0 r0 r0 r0 r0 r0
7 6 5 4 3 2 1 0
TAIV
r0 r0 0 r0 r-0 r-0 r-0 r0
Table 17-8. TAXIV Register Description
Bit Field Type Reset Description
15-0 TAIV R Oh Timer_A interrupt vector value

Priority: Lowest

00h = No interrupt pending

02h = Interrupt Source: Capture/compare 1; Interrupt Flag: TAxCCR1 CCIFG;
Interrupt Prionty: Highest

04h = Interrupt Source: Capture/compare 2; Interrupt Flag: TAxCCR2 CCIFG
06h = Interrupt Source: Capture/compare 3; Interrupt Flag: TAxCCR3 CCIFG
08h = Interrupt Source: Capture/compare 4; Interrupt Flag: TAXxCCR4 CCIFG
-OAR—=Interrupt Seurce—GCapture/compare-5—Interrupt HagTAxCCR5- CCIFG—
-0Ch—=Interrupt-Source=-Capture/compare & tnterrupt Hag-TAXCCRE6-CCIFG—

0Eh = Interrupt Source: Timer overflow; Interrupt Flag: TAxCTL TAIFG; Interrupt

3V
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* MSP432 Timer A

* Clock Divider Register

Figure 17-20. TAXEXO Register

15 14 13 12 11 10 9 8
Reserved
0 0 1] 0 0 0 i} r0
7 6 b 4 3 2 1 0
Reserved TAIDEX'™
r0 0 1] rQ 0 rw-0 w-0 rw-0

" After programming TAIDEX bits and configuration of the timer, set TACLR bit to ensure proper reset of the timer divider logic.

Table 17-9. TAXEXO0 Register Description

EE 2€

Bit Field Type Reset Description
15-3 Reserved R Oh Reserved. Reads as 0.
20 TAIDEX RW Oh

Input divider expansion. These bits along with the 1D bits select the divider for
the input clock.

000b = Divide by 1

001b = Divide by 2

010b = Divide by 3

011b = Divide by 4 Fclk = CLK,, / 2'0 / 2TAIDEX
100b = Divide by 5

101b = Divide by 6

110b = Divide by 7

111b = Divide by 8

31
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* MSP432 Timer A

TAOCCTLO.CCIFG
TAOCCTLx.CCIFG (x = 1 through 4), TAOCTL.TAIFG
TA1CCTLO.CCIFG
TA1CCTLx.CCIFG (x = 1 through 4), TAICTL.TAIFG
TA2CCTLO.CCIFG
TA2CCTLX.CCIFG (x = 1 through 4), TA2CTL.TAIFG
TA3CCTLO.CCIFG

TIMER A Info Sheet
n=3:0 x=4:0
TIMER_An -> CTL Timer Control
CCTL[x] Capture/Compare Control
R Counter
CCR[x] Capture/Compare
EXO Clock Divider
IV Interrupt Vector
TAO_O_IRQHandler INTISR[8] Timer_AO
TAO_N_IRQHandler INTISR[9] Timer_AO
TA1_0_IRQHandler INTISR[10] Timer_Al
TA1_N_IRQHandler INTISR[11]  Timer Al
TA2_0_IRQHandler INTISR[12] Timer_A2
TA2_N_IRQHandler INTISR[13] Timer_A2
TA3_0_IRQHandler INTISR[14]  Timer_ A3
TA3_N_IRQHandler INTISR[15]  Timer_ A3

32

TA3CCTLx.CCIFG (x = 1 through 4), TA3CTL.TAIFG
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* MSP432 Timer A

PORT DIR  PSEL[1:0]  PORT DIR PSEL[1:0]
P7.3 TAO O CCIOA ™ 1™ o1 P8.1 TA2 0 CCl 0 A e (e~
out'0 A i A+ 01 out'0 A 1 3[R
P2.4 Taol1| |cal1|a vl 01 P5.6 TA2 1 CCl 1A 0 {[ 12 01
out’1 A TR G Oout'1 A ™MF | 01
P2.5 TA0 (2| | cal2|a oa @l Y U1 P5.7 TA2 2 cCl 2 A iy
out2 A g ol B (i) out’2 A 1 [Ldbi
P2.6 TAO 3 CCI3A oy f U Plal P6.6 TA2 3 CCl 3 A 0. | B0t
Out’3 A BN Out'3 A 1 [l
P2.7 TAO 4 CCl4A ot | Wil J oy P6.7 TA2 4 CCl 4 A 0. [ .01
Out 4 A 11 U0 ) el Out 4 A a§ " o4
P7.1 TAO CLK Oh b 401 P4.2 TA2 CLK @ | 10
P8.0 TA1 0 CCIOA ol WG P10.4  TA3 0 CCl 0 A d4/! " 0L
out'0 A ad 1l Mod out’0 A A 4% o1
P7.7 TAT (1] | ccl1]a 0o | o1 P10.5  TA3 1 cCl 1A o o
out'1 A TNe——()] out'1 A i O
P7.6 TAD( 2] | cail2]a o | o1 P8.2 TA3 2 cCl 2 A o'l o1
out2 A I I i out’2 A T L
P7.5 TA1 3 CCI3A W' B o1 P9.2 TA3 3 CCl 3 A T A PG
out’3 A 15 B “o1 Out'3 A 1 [FeRG
P7.4 TAL1 4 CCl4A o B&T o1 P9.3 TA3 4 CCl 4 A o [ o1
Out 4 A 1" B o1 Out 4 A 1} a[ St
P7.2 TA1 CLK 0, BN o1 P8.3 TA3 CLK 0, [Soe

EE 2931
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* MSP432 Timer A

* Examples — 10KHz square wave on TA2-OUT3A (P6.6)
* assume 48MHz clock > SMCLK = 12MHz

10KHz = 100us period 12MHz - 83.33ns period
—1200 12MHz clocks in each 10KHz period
or 600 12MHz clocks in each half period of 10KHz

50% duty cycle = 600 clocks high, 600 clocks low
— CCRx =600, CCRO = 1200 in RESET/SET mode

34
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* MSP432 Timer A
* Examples — 10KHz square wave on TA2-OUT3A (P6.6)

// setup pin P6.6 for use as TA2-0UT3

P6->SELO |= 0x40;
P6->SEL1 &= ~Ox10
P6->DIR |= 0x40;

//

// setup timer A2 for 10KHz square wave

//

// note P6.6 is TimerA2-0UT3
// SMCLK is 12MHz with a 48MHz HSMCLK

//

// 10KHz square wave requires TA2-CCR2=600, TA2-CCR0=1200

1
// SMCLK
// XXXX Xx10

//
// no_cap asyn
// 00 XX (%]

.
)

/1 Up
00 01
TIMER_A2->CTL = 0x0210;

comp

XX ©

X0

TIMER_A2->CCTL[3] = OX0OE®;

//
TIMER_A2->CCR[0]
TIMER_A2->CCR[3]

1200;
600;

35

r/s

no_int
0

no_int
alalil 0
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