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Using this information, we can write the register configuration:

Parameters we know, Relevant register field

Crock fouﬂcc‘i Actk TALCEL = |

Covpwrips leps : VF /e =)

~
\»)

«
QG

D)D"= DIV IDE BY

SN,y =27 A7 O

We can use this to write:

TA2CTL://7‘4££Z;L‘/ Z/‘ZC, }/’ /D‘O/

¢ | TA2CGRO = 327
TA2CCTLO = CC /L
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17.3.1 TAxCTL Register

-

Timer ontrol Register

H ©

Qs

Er Fon i AZ =2 TA2c7
Fig@;174 .TAx@L Regisfer ) @ I

0l 0

10 9 8
| Reserved \n | TASSEE ™~
rw-(0) rw-(0) rw-(0 rw-(0) rw-(0) rw-(0) ”“rvrro'r w
O [« |] G 9 ()
| ID | MC Reserved | TACLR | TAIE |  TAFG |
rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) w-(0) rw-(0) rw-(0)
Table 17-4. TAXCTL Register Description @/5 O }/ 0
¥y e
Bit Field Type S Description
Beget, AN q ) L
15-10 | Reserved RW oh Reserved / A L Ol
9-8 TASSEL RW Oh Timer_A clock source select
KW
01b = ACLK t@'} Zé F/
O I b 10b = SMCL Z //
- 11b = INCLK
7-6 ID RW Oh Input divider. These bits along with the TAIDEX bits select the divider for the
input clogk. ~
OO i00b=/1! o OFPTIONVAL 3 (ANMb
=/2
0 SLow I oowi/
11b =/8 qu'& w
5-4 MC RwW Oh Mode control. Setting MCx = 00h when Timer_A is not in use conserves power.
—— . .
00b = Stop mode: Timer is halted
N
1 FFFh
11b = Up/down mode: Timer counts up to TAXCCRO then down to 0000h
3 Reserved RwW Oh Reserved
2 TACLR RwW Oh Timer_A clear. Setting this bit clears TAR, the clock divider logic (the divider
setting remains unchanged), and the count direction. The TACLR bit is
automatically reset and is always read as zero.
1 TAIE RW Oh Timer_A interrupt enable. This bit enables the TAIFG interrupt request.
Ob = Interrupt disabled
1b = Interrupt enabled
0 TAIFG RW Oh Timer_A interrupt flag
Ob = No interrupt pending
1b = Interrupt pending

LLG e DLES FIPm MSPYID 4
o000 0

7AEH |

A -]

pocy oo O 000 | |90600
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17.3.3 TAxCCTLn Register

Timer_Ax Captlre/Compare Control n Register

Figure 17-18. TAXCCTLn Register

15 14 13 12 11 10 9 8
\ cM | ccis | SCS | sccl | Reserved | CAP |
rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) r-(0) r-(0) rw-(0)
7 6 5 4 3 2 1 0
\ OUTMOD |  cceE | ccl | our | cov | ccFe |
w-(0) rw-(0) w-(0) rw-(0) r rw-(0) w-(0) rw-(0)

Table 17-6. TAXCCTLn 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 both rising and falling edges

13-12 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

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

Ob = Asynchronous capture
1b = Synchronous capture

10 SCCl RW Oh Synchronized capture/compare input. The selected CCI input signal is latched
with the EQUx signal and can be read via this bit.

9 Reserved R Oh Reserved. Reads as 0.

8 CAP RW Oh Capture mode

Ob = Compare mode

1b = Capture mode

75 OUTMOD RW Oh Output mode. Modes 2, 3, 6, and 7 are not useful for TAXCCRO because EQUx
= EQUO.

000b = OUT bit value

001b = Set

010b = Toggle/reset

L 011b = Set/reset

/ﬂ/j oCLynf 1000 = Toggle \ ,
LN A e 5 REHVED)

— 11Tb = Reset/set
4 \, CCIE { RW Oh Capture/compare interrupt enablg. This bit enables the interrupt request of the

- nang
Ob = Interrupt disabled
1b = Interrupt enabled

3 CCl R Oh Capture/compare input. The selected input signal can be read by this bit.

2 ouT RW Oh Output. For output mode 0, this bit directly controls the state of the output.
Ob = Output low
1b = Output high
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17.3.4 TAxCCRn Register

Timer_A Capture/Compare n Register 770 ZCC&@

Figure 17-19. TAXCCRnN 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
w-(0) w-(0) w-(0) w-(0) w-(0) rw-(0) rw-(0) rw-(0)

Table 17-7. TAXCCRn 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 Register, TAR.
Capture mode: The Timer_A Register, 1\QR, is copied into the TAXCCRn register

when a capture is performed.

17.3.5 TAxIV Register ~ /I{ A M~ [Aﬂ/

Timer_Ax Interrupt Vector Register

15 14 13 12 11 10 9

\ TAIV |
r0 r0 r0 r0 r0 r0 r0 r0
7 6 5 4 3 2 1 0

\ TAIV |
r0 r0 r0 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
00h = No interrupt pending
02h = Interrupt Source: Capture/compare 1; Interrupt Flag: TAXCCR1 CCIFG;
Interrupt Priority: 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: TAXCCR4 CCIFG
0Ah = Interrupt Source: Capture/compare 5; Interrupt Flag: TAXCCR5 CCIFG
0Ch = Interrupt Source: Capture/compare 6; Interrupt Flag: TAXCCR6 CCIFG
OEh = Interrupt Source: Timer overflow; Interrupt Flag: TAXCTL TAIFG; Interrupt
Priority: Lowest
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Step 4: Write Interrupt Service Routine (ISR) and enable interrupts
... how do we write interrupts in our code, anyway? //Ui/ = f % /LETZQ,/\/

/ -
An ISR for Timer A2 looks like this: éﬂﬂg

// Example syntax for TimerA2 ISR (I/§ﬂ7

#pragma vectorzTIMER2_AO_VECTORé—/‘/4061(’ m/f ]‘[)/l)cn’g,«)
__interrupt void TIMER A2 ISR(void)
FO TP yrcrit RBLE

// Do someéh'
Jore Tt AT

In addition, in your main () you must enable interrupts to tell the CPU to handle them:

// Using pre-defined macros in msp430.h
w

_BIS SR(GIE); // Global interrupt enable

// ... OR ...

__enable interrupt();

(The above macros are equivalent. You will see both of them in example code and notes in this class.)
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Back to the example: what does it mean when we get an interrupt from Timer A2?
What should the ISR do?

o T )1 HEAR FAUT B WS FLAPSED
Each interrupt means that the timer has reached MAX CNT, meaning that 328 ticks of ACLK
~=0.01s have elapsed.

Thus, the ISR should count how many interrupts have occurred... and do nothing else:

A Cowrin. MIMBEA OF
#p]l:agma VectorfTIMERZ_AO_VECTOR . /1///2274%44.5 QF _7{7)03— 77074//-
{_lnterrupt void TIMER A2 ISR(void) MUA. [LAPI@
7)MEE +4) Db, g 23]
) X~ O.0h
Important note: ALWAYS keep your ISRs short. Why? (/‘Z‘? / 71CKC )( 0.0 %& P )
What happens if your ISR hasn't completed before the next ISR arrives? _
= 2.3/ ¢ec
In general, NEVER do any of the following in an ISR: J ELAXED
» —Wiite to the display 1P )
o Flush the display [.(021) \} ,_fﬁ[
« D ing point math
« Call expensive functions like sin () or sprintf ():j ‘r//\_/— \Z
= J
T C Ly G DO 2 0.0k
— /A
~ CoI7 = p@oo LIVE  MICG ﬁp/
— /P StarreniX _NERT ISR Ll
— P& AL 70 /9//1% ke LATE]

= SE/cteamn FLsl. — JAKES Time Awk/
From MAIN ()
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Examples: Using the timer variable

Stopwatch

Now that our ISR is properly configured, what does the variable timer represent? How do you
use it to actually display the time?

The timer represents the number of 0.01 second intervals that have elapsed since Timer A2 was
started. To use it, we need to convert this to minutes and seconds in order to display it.

How do we do this? Note that we want to do it using integer math, since floating point is slow
and we eventually want to put this information on the display.

WS LoV TN-T 2877
o 0o e it OF
Yoo -Cl— AR 2y e

- A ity Al %F
/S AN Nz 7T
L NAVE EAPIED,

= RO

— _ /3/£_7/ __(’//V(C’ m%
I LT Lt /ZJ/ZJ/ Ldc  CIRETZD.

AT VL S T 100] )2 &

MV - JorpL - S¢C J50 1 o
ST porRL e S 60 g) 26

[MT 7T Fele = Toper A 79" 1)) 7
TEWINS = 7oA FRAC/ 19" ) ]
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Timer accuracy

How accurate will our stopwatch be? Is that accuracy acceptable?
The duration of one ACLK tick = 1/32768 Hz = 3.05e-5 seconds
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~—  Since our stopwatch will run slow, how long until it is off by 0.01 second?
Here is how we can add a leap count for this example:

2 (P _cNT=O
#pragma vector=TIMER2 A0 VECTOR
__interrupt void TIMER A2 ISR(void)

{ //(L,;/P, cn? L lot Y}é

77Mert Y
LERP-cnT? )

Z
CLIES .
77142,
4y LEAL-cpT =01

}

When using leap counting, we can use the following general rule:

JF Tomee 15 St ) /R SNwp DB Prponyy

IF gt S BT 13R SHd SEIZ A conr

In our example, is our leap counting solution perfect? For how long will it be accurate to 0.01

sec? 5 -
2 5 sap omn = poze g}oc/ijj?m T
TINERT] = )0t3 (ro13)). o000ty )
OV PERT prsip e, 1023555, >
AOD AV gy oy Ve
ﬁngL: /foLs l
o Lapp COORTIVET (1024 )(91 00075y, )

— Z ,'7?”,”/1,,( 7O 687 Lrporl 2. Z70. Z{Ooao}(/&

breprere TNAY 0.0t ZVFF =  zps
07 pr
O, -

Ok B oK STepiurex, ce AUK oy
DISPAY 15 Orey F57 =7 Zowt prezo 0 COURECT moké.




ks
ECE2049-E21 > TAzccTLo = ZC/£/' 8-16 /W/{
TAZ2cckho = 7&F /6363’
~ Configuration example ~ 742¢7Ls 7ASSEL-1 +)p_o 4 Nne.t’

Configure Timer A2 for 0.5 sec resolution. Do you need to use leap counting? / —
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_ P DY /94 327¢¢
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Reclsrane ol /g » [ —— -2 -

Another configuration example| MAY¥~, EyATLY
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