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P Module 8. Timers: Theory and Practice

Topics %

* Intro to Interrupts

/
* Intro to Timers /,J__z% 77/'{% { .
“COIVT geLy on) Evecdeio

OF e ron taesrs
e A7

But first... what is a timer?

%éy{,: Cikcurr WJ/M/
CounrE Clock TapTickd  Toae
.
Wi

LZ//UA/C/ fa,)
: 0.0 0
[Ooo ( ]%‘ELK \]
paolo C,ﬁ_7
M k -/
/110 SR Rectyrie (5 z))
/7 1/ s /A/nﬂﬁﬂfr

Tese’ TIE Beroezs) crocx
Y 71743

}l,/,v,—-i JINE DETwEs /MTewn Py

Most microcontrollers have timers in some form. Timers can be used to generate interrupts at
particular intervals, generate PWM signals, measure frequency of input signals, and more! In

. this course, we will focus on the generation of timer interrupts, which tell the CPU that a certain
amount of time has passed.
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Fundamental timer counting modes

Most timers haye a number of counting modes:
Unidirectiopal mode (called "Up mode" on the MSP430)
Count from 0 to a programmer set maximum count value (which we call MAX CNT).

JAY -7

" (Mo )x,,

ij%%‘ " R X
f

Continuous mode AT
Count from 0 to full count of timer (8, 12, 16 bits, etc.) For a 16 bit timer, this means:

for A 16 Bir ppn & FETT
Wt .- 0271}

2O - 65535
1 T
I |
Up/Down Mode )‘; T
Counts from 0 to programmer set maximum count, then back down to zero
WS VRN AT

j/ju)" = (Z *k’-/"f/?X-cNT)/f;b&

N owr X

In each mode, most timers (like those on the MSP430) will trigger an interrupt when the count
transitions back to 0.

Most timer peripherals have two "operating modes", which control how they use the counter:
« Capture mode: Records the counter value when a certain input changes f

L7 FRESVECY  Coopyipé-

» Compare mode: Performs an operation when the counter value reaches a certain value

Za /V_AZL/M/V JNTPAIITS & WE wiL Do TS IpLAB
CatpATE  Frop S16pALS
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Interrupts

Interrupt: A signal sent to the CPU from a peripheral or external source

»  Typically, an interrupt is either a request for the CPU to do something or a notification
that the peripheral has something (ie, data) available for the CPU to use.

* The CPU can choose to accept (or to "service") the interrupt, or ignore it. Certain
interrupts, called "non-maskable interrupts" (NMlIs) cannot be ignored.

Interrupts on the CPU are handled by a special function called an Interrupt Service Routine
(ISR).

Note: Interrupts are not just for timers!
Many peripherals on the MSP430 can generate interrupts for different reasons:

— 7/N@'~£ (Perioose  Evens) —-.Q’xz,u- f,,,‘;/

— ADC. D s geAoy  OTA )M
4
’ Vit 4
bm %) [ (B o Pirg) 2 fl Réap
What does the CPU do when it receives interrupts? = me) e B

Arrival of interrupts is asynchronous to the program's execution.

—>
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How do interrupts work internally?

Peripherals that can trigger interrupts so do by issuing a request to the CPU’s interrupt
controller, often over a dedicated wire called an interrupt request line. The interrupt controller
decides how the CPU processes each interrupt:

-

W/
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—  Timers on the MSP430 |
The MSP430F5529 has a number of timer peripherals, as shown in the system block diagram:

XiN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA PB PC PD

A | | | i | | Plx, PZx, P3x,. Pdx, F5x, Péx. P7x. P8x DFDM,PUR
v vy v v v v ) x
A A k. A F 3 é
xzn—of SY8 ]
Unified [ ACLK & Pawer YO Ports [} WO Ports || VOPorts || VO Ports
Clack P1IP2 P3P PSIFS FIiPE Full-speed
XT20UT $4—1sysiem| p smoLk]  2ohe 2%BU0s || 2x8YO0s || 2x810s || 1xB1Os use
96KB || EKB:2KB Interrupt 1x310s
B84KB 4KB+2KB Port Map USB-PHY
Y 3IKB e LBO Contral & Wakeup
MCLK SVRISVS o) USBLDO
— AR By PA PB pC PO USB-PLL
y o T | w6u0s || 1xt6 KOs || 1xt6u0s || 1x11 vos

EEM | w;'::;"‘ z‘”‘e’f' y - 7' ~:‘? B e & L gy o
(L: 8+2) - T3 b 4 T Y Ty T v L & L A Y v Y-

UsCln, 1 ADCI2 A
E 1280t
J;é\gz TAR TAt ™2 T8 uzﬁ,R o L - EONER
MEYIZ || Timer A || Tmesa || Timer A f| Twmers [[| RFCA || orets ||| SARE
s¢C ice Ico TCe 16 Channels 12 Channels
» USCH_Bx: (1: exﬁ’zmm;
SBI 2 i i
s s 4 L
. ;ﬁ— =

MSP430s have two main types of timers, Timer A, and Tuner B; both types function in very
similar ways, but have some subtle differences. Each Chlp can have multiple Timer A's and B's,
as shown in the block diagram.

The MSP430F5529 has the following timers: ﬁ ﬁ veet
Timer B: Has 7 capture/compare units, can generate PWM signals
Timer A0; Muitiple capture compare modules, can generate PWM | _~ Lo
Timer Al: Functionally the same as A0 |
Timer A2 3 capture compare registers
WOE 1Ll VSN Flle W pn
Additionally, the MSP430F5529 has the following other peripherals that contain timers:
« A Basic Timer, which has some real-time clock features
o The Watchdog timer (WDT)
o When the WDT is on, it must continuously have its count reset within the program
o If'the count reaches zero, it resets the MSP430!
Why does the WDT exist? To prevent your program from getting stuck in some kind of
unrecoverable state. We don't want to deal with the WDT in your labs, which is why the first
line of every program we write is:
. | WDTCTL = ‘WDTPW + WDTHOLD; // Stop watchdog timer |

ThiSdisables the watchdog timer. If you wait too long to stop the watchdog timer, your program
/will reset only a few milliseconds after startup!
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~ Configuring timers on the MSP430
Like the UCS module, timers are highly configurable!
We will stick to the basic configurations and only add complexity when we need it! This is a
good design practice, and also makes our lives easier!

Timer A has the following registers:
www.ti.com Timer_A Registers

17.3 Timer_A Registers

Timer_A registers are listed in Table 17-3 for the largest configuration available. The base address can be
found in the device-specific data sheet.

’BQQ. cTL Table 17-3. Timer_A Registers

_ Offset  Acronym " Register Name Type Access Reset  Section
"'"fﬁeh IAxCTL Timer_Ax Control Readfwrite  Word 0000h Section 17.3.1
Y 02h TAxCGTLﬂ Timer_Ax Capture/Compare Conirol 0 Read/write  Word 0000h  Section 17.3.3
04h TAXCCTL1 Timer_Ax Capture/Compare Conirol 1 Readiwrite  Word 0000h  Section 17.3.3
06h TAXCCTL2 Timer_Ax Capture/Compare Conirol 2 Readiwrite  Word 0000h  Section 17.3.3
08h TAxCCTL3 Timer_Ax Capture/Compare Conirol 3 Read/iwrite  Word 0000h Section 17.3.3
0Ah TAXCCTLA Timer_Ax Capture/Compare Control 4 Read/write ~ Word 0000h  Section 17.3.3
0Ch TAXCCTL5 Timer_Ax Capture/Compare Conirol 5 Read/write  Word 0000h Section 17.3.3
OEh TAxCCTLS Timer_Ax Capture/Compare Conirol 6 Read/write  Word 0000h Section 17.3.3
= 10h TAxR Timer_Ax Counter Read/write  Word 0000h Section 17.3.2
N ™1 2h TAxCCRO Timer_Ax Capture/Compare 0 Read/write ~ Word 0000h Section 17.3.4
14h TAxXCCR1 Timer_Ax Capture/Compare 1 Read/write ~ Word 0000h  Section 17.3.4
16h TAxCCR2 Timer_Ax Capture/Compare 2 Read/write ~ Word 0000h Section 17.3.4
18h TAXCCR3 Timer_Ax Capture/Compare 3 Read/write  Word 0000h Section 17.3.4
1Ah TAXCCR4 Timer_Ax Capture/Compare 4 Readfwrite  Word 0000h  Section 17.3.4
1Ch TAxCCR5 Timer_Ax Capture/Compare 5 Readfwrite  Word 0000h  Section 17.3.4
L 1Eh TAxCCR6 Timer_Ax Capture/Compare 6 Read/write  Word 0000h Section 17.3.4
2Eh TAxIV Timer_Ax Interrupt Vector Read only Word 0000h Section 17.3.5
20h TAXEX0 Timer_Ax Expansion 0 Read/write  Word 0000h Section 17.3.6

We will use a subset of these registers:
« TA2CTL: Control register for Timer A2

CHWF 16ULE  TIMOl  Trock
+  TA2CCTLx: Control register for a capture/compare block C‘”fm

> lovrer opr  cAPrves /CopIRE  Lving TeHS
+ TA2CCRx: Capture/compare?eglster (d'éc‘:t reglste{ Reges

Ly ~CMT Y-Te
/Y CESE WaG ﬁ?AfA REG sraves

We will discuss how to use these registers in detail using an exam
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7 Timer configuration example: A stopwatch

Example: Implement a stopwatch that measures seconds and hundredths of seconds on our

development board. w
4

First, how do we measure the passage of 0.01 seconds? By counting clock ticks. We will do this

by configuring a timer for the job. But how do art?
ReSoudTion) OF ovne Tiner

In our labs, we can break any problem involving timers into a set of steps:

1. Select a timer to use: How about Timer A2?

O™ 6y MY one Cllogy
T pz!

2. Map desired behavior to an operating mode (Up, Continuous, Up/Down)

e ese

o~ 4/}4‘“& ST Flek  Up mode

Coopr fhom O3 ppx- i
CawD vsd LPfpown) ftave /F v Ydwr A LAREHL

3. Select a clock source and configure registers appropriately

ATERAC,
Koy (Pps-cnr #1 ) Koor
0.0p = (M=) )
\ o SACK ok (nax
/1/57:27 70 CNOOSE C(Clack. O-(2"/
L/6A4 C -

MLk 32760 w3050 0%
4 '7
ek [0S/ e Sk

- ELY 0.0/
et/ Ak 15 FVE.
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O.0lp = ‘)‘{A>(~CA/7”*J’/
3776 & U .
_ i /75“‘%!%@@
MAK- CMT +] = D27 Zédy; 77CKS /K/ -
= ol
___ﬁ‘:‘.l/f%/ RY:
MAY- CAT | = 328 JickS CAN oty fave
. AV 7 gEn
MAK- VT T 327 kS o s
- N gene oF

Y

Clock T7¢KS

227 - &2.00857.. - A
Z
eres A= 6.0l TS wrie B&

I o7, A7 Lo/
e 7Ack Apor y,
787 ‘/Ccl/&;(c/ '
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Using this information, we can write the register configuration:

8-9

Parameters we know

Relevant register field

Ceow  Soveets /-/4 CLk.

JASSEL =/

Covwrivé Mooe, (//7 Mope™

Mc =/

_p/ Vipere - /1

(D= O

JINK = cnr = 327

stkr IV TALCLRO

We can use this to write:

TA2CTL = 7//4[51-:(_-—/ *+ D0 4 MC-/ /

TA2CCRO = }ZZ

S

TA2CCTLO = t’c/g/'
7
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17.3.1 TAXCTL Register
Timer_Ax Control Register Q) 3
@ l\ Q) O Figure 916. TAxCTL Register® O ‘
1 14 13 12 1 10 9 8
| Reserved [ TASSEL |
w-(0 rw-(0) w-(0) rw-(0) rw-(0 r@O) W rgo)
A e R S S : 8
| ID | MC | Reseved | TACLR [ TAE | TAFG |
rw-(0) w-(0) w-(0) w-(0) rw-(0) w-(0) rw-(0) w-(0)
@ O O Table 17-‘4. TAxCTL Register Description
Bit Field Type Reset Description
1510 |Reserved RW oOh Résarved
9-8 TASSEL RwW Oh Timer_A clock source select
00b = TAXCle
= Q | b 01b =€CLK§ &
10b = SMCLK
: 11b = INCLK
76 b RW Oh Input divider. These bits along with the TAIDEX bits select tlz? divider for the
inputglagk e OPTioWpt’ PN L
00h BRsR™ (LoTh $rempL NY THIS VALV, B
~ e ¥ 10b = /4 LNl 1S OSERUL [F  ypo WANT A Staer
=8 Tmar  (RepueEl fow N EGUATION)
5-4 MG RwW Oh Mode control. Setting MCx = 00h when Timer_A is ndt in use conserves power.

00b = Stop mode: Timer is halted
<0 i b 01b %Ug—n& imer counts up to TAXCCRO &
: 10b ="Continuous mode: Timer counts up to OFFFFh
: 11b = Up/down mode: Timer counts up to TAXCCRO then down to 0000h

3 Reserved RW Oh Reserved

2 TACLR RW 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.
= Interrupt disabled
1b = Interrupt enabled

0 TAIFG RW Oh Timer_A interrupt flag
Ob = No interrupt pending
= Interrupt pending

/ .
/. L/ TII% . . Bur 7RIS @&j@; BE D

W‘ | 7 - 2 ¥
s ZCT,L @V-O ) fbﬂf@ﬂ‘@ Lﬁ@f .

s AD  CANV Z,}f ,‘4‘%&»;?(,;;&/‘:@ el Fot EAcll FIELD I MEPY 20 f:@w B
JRSTEAD /’\ ID_0 PC _@/ <
/}'ZA’LCTL Y TASSEL - [ | 1D- ¥ A

‘\ - + é

T < Fon AL BIB OF b

A@;éw YALves Fon ALZ oL )
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Mc - | oo o Oooeco 05@ 0600
deSEL-I/MC-I eoe o0 o0dpl] oé,@ 0000

~OR = FpS8EC~ | +MC-]
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17.3.3 TAxCCTLn Register

Timer_Ax Capture/Compare Control n Register

15 14

13

Figure 17-18. TAXCCTLn Register
12 11 10 9 8

cM |

ccis | scs | sccl | Reseved | CAP |

w-(0) w-(0)
7 6

w-(0)

rw-(0) w-(0) -(0) r-(0) w-(0)
5 4 3 2 1 0

| OUTMOD

|  cceE ] cel | our | cov | ccrFc |

w-(0) w-(0)

rw-(0)

w-(0) f rw-(0) rw-(0) w-(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 RwW

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.
Ob = Asynchronous capture

1b = Synchronous capture

SCCl RwW

Oh Synchronized capture/compare input. The selected CCI input signal is latched

with the EQUx signal and can be read via this bit.

Reserved R

Oh Reserved. Reads as 0.

8 CAP RwW

Oh Capture

Ob ={Compare mode
1b = Capture mode

7-5 QUTMOD RwW

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

011b = Set/reset

100b = Toggle

101b = Reset

110b = Toggle/set

111b = Reset/set

CCIE RwW

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

= rrupt disable: )

1b = Interrupt enabled §

CCl R

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

out RwW

Oh Output. For output mode 0, this bit directly controls the state of the output.
[} B

0b = Cutput low s

1b = Output high {fi ’

= !
’{’,OJ-CLTL% e

480 Timer A
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17.3.4 TAxCCRn Register
Timer_A Capture/Compare n Register
Figure 17-19. TAXCCRn Register
15 14 13 12 11 10 9 8
f TAXCCRn |
w-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) w-(0) rw-(0)
7 6 5 4 3 2 1 0
| TAXCCRn |
w-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) rw-(0) w-(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
A the Tim &r_A Register, TAR.

Capture mode: The Timer_A Reé'\ster, TAR, is copied into the TAXCCRn register

17.3.5 TAxIV Register
Timer_Ax Interrupt Vector Register

when a capture is performed.
,.\\) MAK- CNT Gorx
Nene|

Figure 17-20. TAxIV Register

15 14 13 12 11 10 9 8
[ TAIV ]
10 0 0 0 0 r0 o 10
7 6 5 4 3 2 1 0
[ TAIV ]
10 0 10 0 r-(0) -(0) r-(0) 10
Table 17-8. TAxIV Register Description
Bit Field Type Reset Deseription
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
OAh = Interrupt Source: Capture/compare 5; Interrupt Flag: TAXCCR5 CCIFG
OCh = Interrupt Source: Capture/compare 6; Interrupt Flag: TAXCCRG CCIFG

OEh = Interrupt Source: Timer overflow; Interrupt Flag: TAXCTL TAIFG; Interrupt
Priority: Lowest

482 Timer_A
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Step 4: Write Interrupt Service Routine (ISR) and enable interrupts

... how do we write interrupts in our code, anyway?

An ISR for Timer A2 looks like this:

// Example syntax for TimerA?2 IS% aADOJ TS Fﬂﬂ‘-’/ﬂﬂ.}

#pragma vector=TIMER2 A0 VECTOR

[ __interrupt void TIMER A2 ISR(void) TO  NTOR VT VeTrone

{
// Do something 7;/3[.‘7 FW- 77’10(«‘/4(’
/1l

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

// Using pre-defined macros in msp430.h

_BIS SR(GIE); // Global interrupt enable
/] ... OB wx s
__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?

Each interrupt means that the timer has reached MAX_ CNT, meaning that 328 ticks of ACLK

~=0.01s have elapsed.
5 )4}”7 L2 O. 0/0"

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

// Global count of clock ticks
uns.igned long int timer = 0; é‘—‘" @‘7" CaunTene “’6‘ /MZ%I//QJ

» . ,;. =
#pragma vector=TIMER2 A0 VECTOR o Xur 7 AT pAve
__interrupt void TIMER A2 ISR (void) [L/d,p.fz_w‘
{

~ 7/ -~

TIMELS ¥ £y nER: 134
} \, ///
NS

Important note: ALWAYS keep your ISRs short. Why? / 2.3¢ SeCodps

What happens if your ISR hasn't completed before the next ISR arrives?

> ~DuaoLve Missep!

In general, NEVER do any of the following in an ISR:

e Write to the display A}£XT ar- L-)/é“' pe
o Flush the display 6/472’5/

e Do floating point math , ne /szd /
 Call expensive functions like sin () or sprintf () = 7;4?(6 77

TB TUPS o GiW DB

— Counrsrs
— ) F STArnm enf

- ?/6/7./"-' /A

~ St/ cuspne FAUL
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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 iw% since floating point is slow
and we eventually want to put this information on the display.

UNSjbpsn oMb Tip™ 28 Z’
. .
\/W/”fb”' e JWrEmspes

[S15. N Ste | OF 7B s

. T T e BT
| N INTEp " JART JWE  LLAPSED SINCE
..j;,ur’ ¢ Oliis 7147~ Srapg

iy TIPS @ s tee) ) 1S

—__—_/

fyw-= 7ope-SEL/60 + /] O
sec = yoTpL-SEC 69"y 28
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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 = 3.05¢-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 (AP _cANT=EO
#pragma vector=TIMER2 A0 VECTOR
___interrupt void TIMER A2 ISR(void)
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When using leap counting, we can use the following general rule:
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In our example, is our leap counting solution perfect? For how long will it be accurate to 0.01
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Configure Timer A2 for 0.5 sec resolution. Do you need to use leap counting?
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What if you wanted 0.0001 second resolttion? What do o HOWS
T ACLK = 3274¢ fp/
o~ O.006 (% Y MAXCNT '
Jwr = L1t ’
Shuk [ovpse filly
K
L= O.006, = 29 M -cvrt]
3z27¢F
24/ =
s~ CpT - 12-27_( sz AHE ? s
MR oF Aclk
& ,@U,UO —OF F ,
JWSTEAP TRY  tHClk /4 AMoek /

Ooo/ = W
S oYESTE 77“57 T

TG/ couryg ! MAg - cvr = JOf

TA2LETL = rass L+ (D=0 +fe-(
TA2ccro 7 [0F &JNCL/& r\/wﬁ///ﬂffk

TArCcud = CC/Ef

VP N oP -



