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Outline of today’s session

 \What have we learnt in the last session

« Agenda for this session
— Ultra-low Power Practices
— Lab2B: Applying Ultra Low Power (ULP) Principles

— Introduction to MSP430 Peripherals - |
 Watchdog timer (WDT)
 Real Time Clock (RTC)
 Timer_ A

— Lab3: Using the Timer_A module

 Wrap-Up
e Q&A

2/16/2012
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What have we learnt in the last session

e Using Code Composer Studio (CCS) for
programming MSP430

e Pin-multiplexing in MSP430
 Low Power Modes (LPM) in MSP430
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Ultra-low Power Activity Profile

Always-on

s | K
HMJWW‘ I, on demand
; CPU and peripherals
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Principles For ULP Applications

Maximize the time in LPM3

Use interrupts to control program flow
Replace software with peripherals

Power manage external devices

Configure unused pins properly

Efficient code makes a difference

Even wall powered devices can be “greener”

Every unnecessary instruction executed is a portion
wasted that will never return

of the battery

I
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Performance on Demand

G SLOP e i S
: . . : . . . B £ . :lgl.(l]ﬂl?llll
204ns
: @ =200RS
. Ch2 Freq
o 15.920MMH2Z
Interrupt ¢

CI12 EUUV M 100“5 A Ch1 A" 14UV

Immediate-stable clock start for quick reaction to events

Note: MCLK is provided by the Digitally Controlled Oscillator (DCO)
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Low Power Mode Clock Control

Active Off

CPU Off

DCO on <« DCO on — All
ACLKon |_S* ACLK on “Z_\ Clocks Off
ASpA 165pA <6us 0.1pA

LPMO T I E_Eiféﬂs_\: LPM4
---------------- « RAM/SFR retained

Stand-by

LPM3 DCO off
e RTC function ACLK on
o LCD driver

1.0pA

* RAM/SFR retained Specific values vary

by device
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Low Power Mode Configuration

Reserved \V |ScGi|scGo 8%(:3 gFF’g GIE| N 7
R2/SR :
Active Mode O0O00 ~ 25;[)uA
LPMO 1 0001 ~ 35UA
LPM3 1101 ~O0BuA
LPM4 11111 ~01uA

bis.w #CPUOFF,SR

; LPMO

10
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Low Power Modes In C

ltem1 i i i
e« sp }/md main( void )

WDTCTL = WDT_MDLY_32;
IE1 |= WDTIE;

P1DIR |= 0x01;
ltem1
ltem2 for (;;)
PC {
sr=0018 | ¢~ SP _BIS_SR(CPUOFF + GIE);
P1OUT A= 0x01;
ltem1 }
ltem2 }
_____ pc __1 #pragma vector=WDT_VECTOR
| _sr=oo08 |4 _ __Interrupt void watchdog_timer( void )
"""" B SN
o i L2 SR IRQIEPJORS, |
ltem2 «- SP }
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Low Power Modes In Assembly

ORG O0OFO0O0O0Oh
ltem1 RESET mov.w #300h,SP
ltem2 «- SP Mov.wW

#WDT_MDLY_32,&WDTCTL
bis.o #WDTIE,&IE1
bis.o #01h,&P1DIR

ltem1
ltem?2 Mainloop bis.w #CPUOFF+GIE,SR
PC xor.b #01h,&P1OUT
sr=0018 | ¢- SP Jmp Main|00p
tem ~WDT_ISR bicw #  CPUOFEO(SP)
ltem?2 //// refi
_____ pC__J1 .~
: SR=0008 r ORG OFFFEh
"""" [ DW RESET
— ORG OFFF4h
- «- SP DW  WDT ISR
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ULP Operation Best Practices

e Power drawn increases with...
- Vcc
— CPU clock speed (MCLK)
— Temperature

« Slowing MCLK reduces instantaneous power, but
usually increases active duty cycle
— Power savings can be nullified

— The ULP ‘sweet spot’ that maximizes performance for
the minimum current consumption per MIPS: 8 MHz
MCLK

» Full operating range (down to 1.8V)

13
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Terminate Unused Pins

 Digital input pins subject to shoot-through current

— Input voltages between VIL and VIH cause shoot-
through if input is allowed to “float” (left unconnected)

e Port I/Os should

— Driven as outputs
— Be driven at V_/ground by an external device
— Have a pull-up/down resistor

14
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Terminate Unused Pins

(Digital) CMOS Inverter

Mee Vi "4
Ve
M a \
: !
|
Vin ‘ ;_:_ | Vout .
— ¥ I
' -

 When P- and N- channels are on simultaneously,
result is “shoot-through current.”
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Short-Circuit Power (from Lecture-1)

Vdd
/
— Vin
Vln ° ll sC o o VOUtO
isc
- ___ C .
_| - e

Psc = tscvddlpeakf: Cscvzdd f

2/16/2012 16
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Move Software Functions to Peripherals

MCU

Py N
// Endless Loop I/ Setup output unit
for (;) CCTL1 =OUTMODO 1;
{ _BIS_SR(CPUOFF);
P1OUT |= 0x04; Il Set
delayl();
P10OUT &= ~0x04; // Reset
delay?2();
}
100% CPU Load Zero CPU Load
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Power Manage Internal Peripherals

®

Px.x

MSP430F20x1

CAON

i

P1.0
+
Ref P

|, Comparator_A
VCC MIN TYP  MAX | UNIT
22V 25 40
LA
3V 45 60

P1OUT |= 0x02;
CACTL1 = CARSEL + CAREF 2+ CAON:;  // Comp_A on
if (CAOUT & CACTL2)

P1OUT |= 0x01;

else

P10OUT &= ~0x01;
P10OUT &= ~0x02;

CACTL1 =0;

/I Power divider

/l Fault

/[ de-power divider
// Disable Comp_A

18
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Lab 2B Goals

 Create a new CCS project titled LAB2B (same
as LAB1)

Lab2A: Using shutdown mode (LPM4) to reduce
power consumption

Use source code lab2_interrupt.c
Configure switch S1 (P1.0) to accept an interrupt
Enable P1IE.O
Put device in LPM4 with global interrupt enabled
Toggle LED4 (P5.1) inside Port ISR
Measure power when JP3 (near LEDA4) is open

20
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Using Intrinsic Functions to Edit SR

* Intrinsic Functions:
__bic_SR_register(LPM3_hits);
__bic_SR register_on_exit(LPM3_bits);
__bis_SR_register(LPM3_bits + GIE);
__bis_SR_register_on_exit(unsigned short a);
__get_SR_regqister(void);
__get SR _register_on_exit(void);
__enable_interrupts( );
__disable_interrupts( );

e Other useful intrinsics:
___no_operation();
__delay_cycles(1000000);
__bcd_add_short( short, short );
__bcd_add _long( long, long );
__even_in_range( );

» Refer to “intrinsics.h” or compiler documentation

21
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Complete the Source Code

l.."WWﬁ'ﬂ'WWWﬁ'WWWﬁ'ﬂ'WWWﬁ'WWWﬁ'ﬂ'WWWﬁ'WWWﬁ'ﬂ'WWWﬁ'WWWﬁ'ﬂ'WWWﬁ'Wﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

#include <mspd30xGdex.h>
void BoardInit (void):;

void main(void)

{
WDTCTL = WDTPW+WDTHOLD; /¢ Stop WDT
B e R (A S0 = :
: P1IE |= ; // P1.0 Interrupt enabled Setup P1.0 for an interrupt on
: P1IES |= : /4 P1.0 hi/low edge — it
* P1IFG &= ~ ; /¢ P1.0 IFG Cleared : a HI/LOW transition
T PR }',f"L}?ﬁé';"é'ﬁéf;.'fé"JQEEELHIZEE'
N e o e R R Ei e AL EEREEEEEEESEEASEEEEEEEEEEEEEEEEEESESESESESRSESESESEEESEEESEESEEEEEEEEiTEE -+ Enter LPM4 with mterrupts
}

ff Port 1 interrupt service routine
#ipragma wvector=FPCORT1 WVECTOR
__interrupt wvoid Portl I3F (void)

enabled

et m s e e e e e e e A A A A R R AR R AR AR R AR A EE A EEEEEEEREEEREE R EE A

E PSOUT = /¢ P5.1 = toggle —'—> Toggle P5.1
PliFE;'.'s'—"f'vBITh ...................................... AR Rz A g e

}

Source file : lab2_interrupt.c

22
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Complete the Source Code

II."II."*ﬂ'ffﬂ'ffﬂ'ffﬂ'*ﬂ'ﬂ'**ﬂ'***ﬂ'*ffﬂ'ffﬂ'*ﬂ'*ﬂ'ﬂ'******ﬂ'*ffﬂ'ffﬂ'*ﬂ'*ﬂ'*ﬂ'*********************ﬂ"

#include <msSpd4i0xGd6x.h>
void EoardInit (void):

volid main(void)

{
WDTCTL = WDTPW+WDTHOLD: /¢ Stop WDT
B e o AT T =1 < )
i P1IE |- BITO; /¢ P1.0 Interrupt enshled = Setup P1.0 for an interrupt on
: P1IES |= BITO; /¢ P1.0 hi/low edge — it
* P1IFG &= ~BITO: /¢ P1.0 IFG Cleared : a HI/LOW transition
:"'bis SR register (LPM4 bits + GIEj:; /7 LEN4, ensble interrupts & o
e essmressamamssssssssrssnsnnannnnnnnnsnsnnnnnnnnnnnnnnnsnsnnnnnnnnnnnnnnnsnennnnnnnnnnineei > E=N{Qr LPM4 With interrupts
} enabled

¢ Port 1 interrupt service routine
#ipragma wvector=PORT1 VECTOR
__interrupt woid Porcl ISR (void)

E";;éﬁ,}";;"é;{i; -------------------------------------- I;;I--Eé--i--;-::-E:é:g-—{l;--------------E Toggle P5-1
\-pilrFGl-éél-H:BTTI:ll; ------------------------------------- ,-'F ,?.'Iji...lj.TFG..C]_:E.a.]’_':E.d ---------- L ]
h

Source file : lab2_interrupt_solution.c
23
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Build & Debug a CCS Project

CIC++ - switch.c - Code Composer Studio [Licensed)

File Edit Yiew MNavigate Prais arget  Tools

k1l

G RE®

Bg cjc++ Projects 52

=% Lab1
1% Lab2 [Activg
<> Binaries

_poll.c [Excluded from Build]
th_solution.c [Excluded fram Build]

SP430F G461 8, coxml [Active]
Ink_msp430fg4618.cmd

Click the “BUG” to build the
code & launch the debugger

EEd

Window  Help
22T B SRR

%’ #}?Debug |%C,I’C++ |

@ Flash_the_LED.c @ switch_solution.c x @ switch_pall.c &
15 |47 A1 | -
16 (/7 --0--|P1.0 P5.1|-->LED "B
174 W
18 |/

19 // Texas Instruments Inc.

z0 /4 Feb 7, 2011

21 ll."ll."*ﬂ‘**********1‘*************ﬂ‘*************#***1‘*************ﬁ******#************
22 #include <msp430xG46x.h>

23

24 woid main(void)

25 |{

26 WDTCTL = WDTPW4WDTHOLD: /4 Stop WDT

z7 FSDIR |= Ox00Z: /f P5.1 output

28 P1IE |= ——-—-: /f P1.0 Interrupt ensbled
29 F1IES |= ————; S/ PL.0 hi/low edge

30 P1IFG &= ~———- H /f P1.0 IFG Cleared

31

32 __bhis SR register|(--———---—-—-————- i /¢ LPHM4, enshle interrupts
33

34}

35

36

37 /4 Port 1 interrupt service routine

35 #pragma vector=PORT1_VECTOR

39 _ interrupt wvoid Portl ISR (woid)

40 |

41 FPEQOUT *= ————; ff P5.1 = toggle

42 P1IFG &= ~EITO: ff PL.0 IFG Cleared

43 )

44 B
45 v
El console i3 ® % |G BB ot B- 09 T O eroblems 52 Y -0

<terminated > LabZ [Project Debug Session] TI MSP430 USELMSP430 (1:15:20 PM) | 0 errors, O warnings, 0 infos

M3P430: Program loaded. Code Size - Text: 90 byt Description Resource Path

15 > 15 )

‘Writable Smart Insert: 311
24
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Current measurement with interrupts

RF
LED LED Interface
ON(mA) | OFF(mA)
BATT |3.6 0.89 ip
JP3 |2.728  |~0 MSP430FG4618 [NINERS

= R

e

Current consumed by device when usig
interrupts and LPM4

nnnnnnn

MSP430F2013

DDDDDD 1

EXPERINENTER'S BOARD

Touch Pad

JP3 C

Buzzer

I
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Terminating the unused ports to proper

values

f‘lf, ol o o o o o o ol el ol o el i o el el ol o e ol il el ol

Hinclude <wspd430xGE6x.h>
void BoardInit (void)

rvolid mwain(void)
{

WDTZCTL = WDTPW+WDTHOLD
PSDIE |= Ox002Z:

FP1IE |= EBITO:

FP1IE3 |= BITO:

P1IFG &= ~EBITO:
BoardIniti() ;
_ bis 3R regigter (LPM4 bits + GIE):

¢4 Port 1 interrupt =Skrvice routine
Hpragma vector=FPORT1 VECTOR
_ interrupt woid Portl IR (vroid)
{
FSOUT ~= BIT1:
P1IFG &= ~BITO:

rvoid EoardInit (void)

{

S Configure all IO as outputs,

F1D IR =
F1oUT =
FZDIER =
FzoOUT =
F3DIR =
P30UT =
F4DIE =
P40OUT =
FSDIE =
FPSOUT =
FeDIER =
FeoUT =
F7DIER =
F7OUT =
FSDIE =
F3OUT =
F3DIE =
F2OUT =
F1ODIER =
F1O000T =

[Oxff &£ ~(BEITO+BIT1)):
o
[Oxff
o;
(0xff & ~BITS): J/ P23
[EIT1 + EBITZ): £
Oxff;

o;

Oxff;

o

O=xff;

o

O=xff;

o

O=xff:

o

O=ff:

o

O=ff:

o

& ~BITS): // P2

lowr.
AfOP1.0,;

F1.1 input,

others outpuf

.5 must ke input

.5 must be high

'2013 could possibly tied these high

I
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Current measurement with interrupts, and
BoardInit( )

LED LED
ON(mA) | OFF(mA)

BATT |[3.6 0.89

JP3  |2728 |-~0

BATT |2.956 0.216
2.73

Current consumed by device when using mterrupts
LPM4 and proper termination of unused pins

RF
Interface

Buzzer

MSP430FG4618 [

'-Illllil1'|ll'|lli||'||IH1l! 1! ! i

(5 B
an Rﬂ DI..IT-! 3
R @

Microphone

0
xh 4
HSP43BFG481x/F28xx
cooo@BRee
——————0———
X XXX

s @
Tk o : %% 900048858

Ay mspm3e

EXPERINENTER'S BOARD

Prototype
Area

Touch F’ad
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Lab 2 Check List

Learn about GPIOs and interrupts
Use active mode and poll interrupt flag to check for switch interrupt
Use interrupt driven mode to check for switch interrupt

Applied ULP Principles to understand the difference between using
Interrupt Driven & Flag Polling methods

Compare the measured power numbers for active and shutdown
modes

P

28
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Introduction to MSP430 Peripherals - |
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555 Timer in Astable mode

\V4
\V4
-l N
(o
3 g
e
Control
Flip-Flop .
- [
I
[
_+ \V/
- ]
 J

{I} TEXAS
INSTRUMENTS




555 Timer Astable mode waveforms

44aaa

1 15 \




Introduction

 Timers: Essential to almost any embedded application

— Generate fixed-period events
— Periodic wakeup
— Count edges

— Replacing delay loops with timer calls allows CPU to sleep, consuming
much less power

* Five types of MSP430 timer modules
— Basic timer
— RTC Module
— Watchdog Timer (WDT)
— Timer A/B

e Different tasks/ clock sources call for different timers.

32

I3 TEXAS
INSTRUMENTS




13 TEXAS
INSTRUMENTS




Software watchdog
or re-configurable as
Interval timer

Four software
selectable intervals

Any access to
WDTCTL must
include 05A00h
password

Module defaults to
active watchdog on
power-up

WOTCTL
. | o MDE
. « 0—p .
- WDTGR ] Q38
L. v - E— .
1 Fag ' N PREIE —* B
4 : 0— “—
< T 1 Q15
1 - 16-bit ’ Paszsword <
FPulss Counter 1 > Compare <
Generator A
=
. 0 —m ‘-
PUC E Clear 1T —» — 16-hit
A EQU
Write Enable
EQU Low Byte —
‘_CC AW
P I
SMCLK = T WOTHOLD
ACLK I 1 WOTHNMIES
— L WDTNMI
1A EM
WDTTMSEL
WDOTCMNTCL
WODTSSEL
WDOTEE
WOTISD LSB
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WDTCTL oy
ry s | MSB MDE
.‘—
i woran | |2 G:: ::
« Software watchdog “Lr= I3 N DL . b
or re-configurable as «—9 1 e
Interval timer [Fue s Caunter |5 _ypf Compare g
« Four software L o i
H Clear 1T —» e 16-bit
selectable intervals UG >3 > o o ke =
* Any access to | Write Enable
WDTCTL must MCLK > Fail-safe EQEC SUEE ] W
ogic - = 1 —
include 05A00h | I
password SMCLK T WDTHOLD
« Module defaults to AoLK g i F”VD'NM'ES
. — L WDTNMI
active watchdog on —[2 =
WOTTMSEL
power-up WODTCNTCL
» Clock fail-safe WDTSSEL
feature in WDT+ bl
WDTISO LSE
AV

|
Note: In 4xx family, MSP430x42x,MSP430FE42x,MSP430FG461x, andMSP430F47x devices only
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Watchdog timer control registers

12.3 Watchdog Timer Registers

The watchdog timer module registers are listed in Table 12-1.

Table 12-1. Watchdog Timer Registers

Register Short Form Register Type Address Initial State
Watchdog timer control register WDTCTL Read/write 0120h 06900h with PUC
SFR interrupt enable register 1 IE1 Read/write 0000h Reset with PUC
SFR interrupt flag register 1 IFG1 Read/write 0002h Reset with PUCT

T WDTIFG is reset with POR

36
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Watchdog timer control register (1)

WDTCTL, Watchdog Timer Control Register

13 14 13 12 1 10 9 8

WDTPW
Readsz az 065h
Must be written as 05Ah

7 B 5 4 3 2 1 0
WDTHOLD | WDTNMIES WDTNMI |WDTTMSEL | WDTCNTCL | WDTSSEL WDTISx
rw-0 rw-0 rw-0 re-0 rC{wy) rw-0 rw-0 rw-0
37
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Watchdog timer control register (2)

WDTPW Bits Watchdog timer password. Always read as 069h. Must be written as 05Ah, or
15-8 a PUC is generated.

WDTHOLD Bit7 Watchdog timer hold. This bit stops the watchdog timer. Setting
WDTHOLD = 1 when the WDT is not in use conserves power.
0 Watchdog timer is not stopped
1 Watchdog timer is stopped

WDTNMIES Bit6 Watchdog timer NMI edge select. This bit selects the interrupt edge for the
NMI interrupt when WDTNMI = 1. Modifying this bit can trigger an NMI. Modify
this bit when WDTNMI = 0 to avoid triggering an accidental NMI.

0 NMI on rising edge
1 NMI on falling edge

WDTNMI Bit5 Watchdog timer NMI select. This bit selects the function for the RST/NMI pin.
0] Reset function
1 NMI function

WDTTMSEL Bit 4 Watchdog timer mode select
0 Watchdog mode
1 Interval timer mode

WDTCNTCL Bit 3 Watchdog timer counter clear. Setting WDTCNTCL = 1 clears the count value

to 0000h. WDTCNTCL is automatically reset.
0 Noaction Say for SMCLK = 1MHz
1 WDTOCNT = 0000h .

Period of 1 clock cycle = 1us

WDTSSEL Bit2 Watchdog timer clock source select Maximum interval = 32768us 32ms

0 SMCLK . .
1 ACLK WDT_MDLY 32 in header file
WDTISx Bits Watchdog timer interval select. These bits select the er interval
1-0 to set the WDTIFG flag and/or generate a P

00 Watchdog clock source [ 32768
01 Watchdog clock source [ 8192
10 Watchdog clock source [ 512
11 Watchdog clock source / 64 33
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IEL

IE1, Interrupt Enable Register 1

7 5 4 3 2 1 0
NMIIE WDTIE
rw-0 rw-0
Bits These bits may be used by other modules. See device-specific data sheet.
7-5
NMIIE Bit 4 NMI interrupt enable. This bit enables the NMI interrupt. Because other bits
in IE1 may be used for other modules, it is recommended to set or clear this
bit using BIS.B or BIC.B instructions, rather than MOV.B or CLR.B
instructions.
0 Interrupt not enabled
1 Interrupt enabled
Bits These bits may be used by other modules. See device-specific data sheet.
3-1
WDTIE Bit 0 Watchdog timer interrupt enable. This bit enables the WDTIFG interrupt for

interval timer mode. It is not necessary to set this bit for watchdog mode.
Because other bits in IE1 may be used for other modules, it is recommended
to set or clear this bit using BIS.B or BIC.B instructions, rather than Mov. B
or CLR.B instructions.

0 Interrupt not enabled

1 Interrupt enabled

39
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IFG1

IFG1, Interrupt Flag Register 1

7 5 4 3 2 1 0
NMIIFG WDTIFG
rw-(0) rw-(0)

Bits These bits may be used by other modules. See device-specific data sheet.
7-5
NMIIFG Bit 4 NMI interrupt flag. NMIIFG must be reset by software. Because other bits in
IFG1 may be used for other modules, it is recommended to clear NMIIFG by
using BIS.B or BIC.B instructions, rather than MOV .B or CLR. B instructions.
0 No interrupt pending
1 Interrupt pending
Bits These bits may be used by other modules. See device-specific data sheet.
3-1
WDTIFG Bit 0 Watchdog timer interrupt flag. In watchdog mode, WDTIFG remains set until

reset by software. In interval mode, WDTIFG is reset automatically by
servicing the interrupt, or it can be reset by software. Because other bits in
IFG1 may be used for other modules, it is recommended to clear WDTIFG by
using BIS.B or BIC.B instructions, rather than MOV . B or CLR. B instructions.
0 No interrupt pending

1 Interrupt pending

40
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Real time clock (RTC)

* 32-bit counter mode with s — o
selectable clock sources SMCLKS% 10

11

e Calendar and clock

RTCMODEXx
mode ATCBCD RTCHOLD R
e Automatic counting of BCD Mods
i a4 .. 24 23 . 16 15 .. 8 7 .. 0
seconds, minutes, o e e e ||
hours, day of week, day
8-bit overflow / minute changed
Of month’ month and ‘IS—bilc:wnrerﬂc:\.r\r.-‘hourc:halnge;I Set RTCFG
24-bit overflow / RTCHOUR = Midnight
year in Calendar mode 32-bit overflow / RTCHOUR = Noon
Set BTIFG
e Interrupt capability = — | BT
Calendar
* SeleCtable BCD forma‘t RTCYEARHH RTCYEARL RTCMON < RTCDAY < Midnight

Note: Most RTC module registers have no initial condition. These registers must be
configured by user software before use 42
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Timer_A Module: Overview

Timer Block
) The most V.ers.atlle TACLK . 16-bit Timer
* Async 16-bit timer/counter ACLK Divider TAR | Count
_ _ _ SMCLK 1121418 Clear  RC |« Mode
 Four input clocks, including > | Select
externally-sourced TACLR —u Set TAIFG
 Selectable count mode — = === - — = R
 Extensive interrupt capability CCR2
— Capture
« Up to three capture/compare o Mode > TACCR?
registers (CCR) generate events | enp — L Complirator 2
when value reached VDD —
13 ” “ ” Set
o “Capture” or “Compare” mode }TACCRZ
. CCIFG
« Output not only interrupts, but
also “output signals” Qutptl ! Latch |—>oyr;
« Extensive connections to other
mOdU|eS OUTMODXx

44
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Timer_A: Capture Mode

 Measure time before a signal event
oCCurs

 Why not just use a CPU interrupt anc
have CPU fetch timer value?
— Extra cycles expire
— Dependent on interrupts being enabled

* Input signal from:
— External pin
— Internal signal (i.e., Comp_A)

Clear Bit COV
— Vcc/GND in Register TACGTLX

 Edge direction — programmable

o Applications:
— Analog signal rising to Comp_A threshold
— Slope ADC
— Frequency measurement
— Vcc threshold detect (via voltage divider)

No
Capture
Taken

{/q\lldle

f \ Capture Read

Capture

Taken

Capture -
.
—_— ‘*_____Capture Read and No Capture

|
| Capture

Second

Capture | Idle
Taken >
Ccov=1 A&

\ .l'|

N/ Capture

45
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Timer_A: Compare Mode

e Cause an event after a defined period (exact opposite of
capture mode)

 What kind of event?

— CPU interrupt
— Modules tied internally to timer output (DMA, start ADC/DAC conversion)

— External components Timer CCRXx
L. _ EQUx =0
 Applications: 0x3480 F—| o0x3482
— PWM generation
- RTC
. Timer CCRx
— Timer_A UART EQUx =0
0x3481 ::’I 0x3482
Timer CCRx EQUx =1

46
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Timer_A: Count Modes

e Determines pattern of counter direction

— What will it do when it rolls over?

Does it always count up? Maybe down?

— What is the maximum value?

e The modes:

Continuous: Up to FFFF, rolls over to 0000, back up to FFFF, etc.
Up: Up to value specified by CCRO, rolls over to 0000, back up to CCRO value, etc.

Up/down: Up to value specified by CCRO, count down to 0000, back up to CCRO
value, etc.

47
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Timer_A: Count Modes

Up

OFFFFh Up to CCRO, rolls
TACCRO over to 0000, back up
to CCRO, etc.

Up to value in
OFFFFh CCRO, count

ACCRO down to 0000,
U p/ back up to

Down value in CCRO,

etc.

OFFFFh Up to maximum

: value FFFF, rolls
Continuous over to 0000, back
up to FFFF value,
etc.
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Timer_A: CCR Output Mode

« Each CCR generates an output signal, available externally

 This is a separate and different type of output compared to
Interrupts

* Operate continuously while CPU sleeps

e Output modes determine how the timer pattern translates
to output signal

* Note that CCRO plays a role in CCR1-2 output signals

« For different combinations of count modes, output modes,
and CCR values, a multitude of outputs and behaviors
possible

o Useful for HW PWM generation with no SW intervention
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Timer_A: Count Modes

OFFFFh

TACCRO

TACCR1

g
_______ Output Mode 1: Set
““““ — Output Mode 2: Toggle/Reset
““““ Output Mode 3: Set/Reset
_______ [ 1 71 T OutputMode 4: Toggle
_______ Output Mode 5: Reset
_______ B Output Mode 6: Toggle/Set
_______ Output Mode 7: Reset/Set
EODEUI B EQUIEQUS OV ELY.  Interrupt Events
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Example waveform - 1

CLK

Compare
output

P1.1/TAL:

Set CCR1!
IFG

Set CCRO! T T
IFG : : : 1 1 1 1 1 1 I : : \
Set TAIFG| R T T

TACCRO = 0x80h Timer in Set/Reset mode
TACCR1 = 0x12h
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Example waveform - 2

CLK

Compare
output

P1.1/TAL:

Set CCR1!

IFG

Set CCRO:

IFG

Set TAIFG|

I

ats
‘

b

TACCRO = 0x80h

TACCR1 = 0x11h

Timer in Set/Reset mode

52
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Computing the Timer Interval

 Consider a use case where the timer expiry needs
to be set to 500ms

* Avalilable Clock = F = 32768 Hz (external crystal)
e 1 timer count =1/32768 = 30.517us
 Required interval =t (secs) =500 * 103

 To generate an interrupt every ‘t’ seconds; the
count to be loaded is given by

TACCRO =t*F = 16384 counts

 Note: The number of timer counts in the period is TACCRO+1. Hence always
load one less than the calculated value to get an accurately timed interrupt
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Interrupt Sources and Flags

Source Interrupt Vector
High
I raccro ceiFe » TIMERAO VECTOR
Py TACCR1 CCIFG ]
§ TACCR2 CCIFG —{TAIV | TIMERA1 VECTOR
TAIFG t

Low
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Interrupt Vector Generator TAIV

---------------------------------

0| O O 0| O 0 O] 0| O 0 Oj x | X X X 0

15 *enmmmsnsnnnnns ;. .............. O

sSource TAIV Contents

No interrupt pending 0

TACCR1 CCIFG 02h

TACCR2 CCIFG 04h

Reserved 06h

Reserved 08h

TAIFG OAh

Reserved 0Ch

Reserved OEh

o Shared interrupt vector for CC1/2 IFGs / overflow
« Fast decoding reduces code size / CPU load
* |n assembly, add TAIV to PC!
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Lab 3 Goals

Create a new CCS project titled LAB3

Attach the source code lab3_timer.c to the
project
Fill in the blanks at the indicated locations

To complete the lab:

Load the register TACCRO with the appropriate value to
generate a 1 second interrupt (see slide 62)

Configure the timer to be sourced from ACLK (refer F4xx
User’'s Guide)

Set the Timer to UP mode (Refer F4xx User’'s Guide)

Set the device to LPM3 while waiting for the timer
Interrupt

Monitor LED4 (P5.1) to observe 1 second interrupts

57

I3 TEXAS
INSTRUMENTS




Timer Chapter: TACTL Register

TACTL, Timer_A Gontrol Register

15 14 13 12 1 10 ] 2
Unused TASSELx
rw-(0) rw-{0) rw-{0) rw-(0) rw-(0) rw-(0) rw-{0) rw-{0)
T 5] 5 4 3 2 1 0
IDx MCx Unused TACLR TAIE TAIFG
rw-{0) rw-(0) rw-(0} w—{0) rw-(0) w-(0) rw—(0) rw-(0)
Unuzed Bits Unused
15-10
TASSELx Bits Timer_A clock source select
o8 00 TACLK 1, Use ACLK
01 ACLK
10 SMCLK
11 Invertad TACLK
1Dx Bits Input divider. These bits select the divider for the input clock.
7-6 oo N
01 j2
10 M4
1 /8
MCx Bits Mode control. Setting MCx = 00h when Timer_A is not in use conserves
5-4 power.

00  Stop mode: the timer is halted
01 Up mode: the timer counts up to TACCRO
10 Continuous mode; the timer counts up to OFFFFh

11 Up/down mode: the timer counts up to TACCRO then down to 0000h

_» Use UP mode
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Create a CCS Project

* File > New > CCS Project

* Project Name: LAB3

* Project Type: MSP430
» Additional Project Settings: <None>

% New CCS Project
CCS Project

Create a new CCS Project.

® New CCS Project

Select a type of project

Select the platform and configurations you wish to deploy on

Project name: | Flash_the_LED

§C/C++

Code Composer Studio (Licensed)
View Mavigate Project Target Tools Window Help
New File... [cd] Standard Make Project
Open File... [&4 RTSC Configuration Project
(% Folder
|£¢1 Source File
|1’ Header File
[ File
& Class
[# Target Configuration File
233 DSP/BIOS v5.xx¢ Configuration File

=N Edit

Move... &Y RTSC Configuration File
Rename... F2 ¥ Other...

Refrash F5

Convert Line Delimiters To 4

Switch Workspace...

£2g Import...

£ Export...
Properties Alt+Enter

Exit

¥ New CCS Project
Additional Project Settings

Define the inter-project dependencies, if any.

Use default location

Location: | C:/Documents and Settings/a0187430/Desktop/MSP430 Stelaris 1

3

2 Bac Hext = ] { Finish

IL 4

Project Type: |MSPa30

= Projects |Cjc++ Indexer

Configurations:

Referenced Projects

% Debug
4% Release

[[Ishow All Project Types
[[Ishow All Configurations

- <sack || mea> |[ Fmish

[ 4 @ <Back || mea> |[ mmsn ||

Cancel
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Add a File to the CCS Project

He R rojecks =8 . 1 1 1 I
B cic mods X ) e * Right click project and “Add Files...”
LT |_J|> -
bﬁ Lab1 1; ;i i NaV|gate to
=41 o2 [Active -Debug] = ini
s B Desktop\MSP430Training\Labs\Lab3
3  And select lab3 timer.c
Cpen in Mew YWindow T
157 Set as Active Project l:i
Rebuild Index e
Active Build Configuration 4
Convert Ta,.. =
Clean Project B
Build Project 1
Febuild Project
TL
|35 Copy R
[ Pasts _
¥ Delete EL
Refactar L =ity
o Refresh "
Close Project
Diebug As »
Team kL
Compare With 4
Restore Ffrom Local History, .. [Pt
Link Files ko Project... P-e
Add Files ko Project. ..
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Complete the Source Code

ll."lll"ﬁ'ﬁ'ﬁﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'Wﬁ'ﬁ'Wﬁ'ﬁ'Wﬁ'ﬁﬁ'ﬁ'ﬁﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'Wﬁ'ﬁ'Wﬁ'ﬁ'ﬁ'ﬁ'ﬁﬁ'ﬁ'ﬁﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'ﬁ'Wﬁ'ﬁ'Wﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

#include <mspd30xGIox.h

vold main(void)

i

volatile un=signed int i;

WDTCTL = WDTPW 4+WDTHOLD: A4 Stop WDT

FLL CTLO |= HCAP14PF; A/ Configure load caps

F/ Wait for xtal to stabilize

do

i

IFG1 &= ~0OFIFG; fAf Clear O3CFault flag

for (i = Ox47FF; i » 0; i--): f¢4 Time for flag to set

¥

while ((IFGL & OFIFG)): // OSCFault flag still set?

FLL CTLO |= XCAP14FF; A Conficure load caps

FPEDIR |= 0Ox0Z2; Af Zet PE.1 to output direction
e 1 B 23R F A 0 o3 S 12 o o4 =3 oEo B
: TACCRO = —---——- : - Setup timer count, ACLK
. TLCOTL = ———————- : LCLE d >
e T e L B 28 1002, eveei . @nd UP mode

bis 3R register|-------- 1 /4 Enter LPM3 w/ 1nterrupb » Enter LPM3 with
....?.............................................................................................
interrupts enabled

A4 Timer A0 interrupt Zervice routine
#pragma wvector=TIMERLO VECTOR
__inrterrupt void Timer A4 (roid)

PEOUT *= ————v : /4 Toggle PE.1 using exclusive- OF, X G Togg|e P5.1

R L e e e e e e e e e e e L e L L T L L O L e e L L e TP LR EPLCEL I

) : i3 TEXAS
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Complete Source Code

ll."lll"ﬁﬁﬁﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬁﬁﬁﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬁﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬁ'ﬂ'ﬂ'ﬁ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬂ'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ

#include <wzpd30xGdex.h>

void main(void)

{
volatile unsigned int i:;
WDTCTL = WDTEW +WDTHOLD:
FLL CTLO |= XCAP14PF:
FF Wait for =xtal to stabilize
do
i
IFGz1 &= ~0OFIFG:
for (i = 0Ox47FF; i > 0O; i--);
}
while [((IFZ1 & OFIFG));
FLL CTLO |= ZCAP14FPF;
FSDIE |= 0Ox0E;

TACCTLO = CCIE:
TACCEO = 32763-1;
TLCTL = TAS3EL 1 + MC 1:

A4 Timer AD interrupt service routine

#ipragma wvector=TIMERAO VECTOR
___interrupt woid Timer & (wvoid)

£
£

L
£

£
£

L
£

£

Stop WDT
Configure load caps

Clear OSCFault flag
Time for flag to set

OaCFault flag still setc?
Configure load caps

Det P5.1 to output direction
TLCCEO interrupt enabled

Setup timer count, ACLK
i and UP mode

LCLE, up mode

biz SR register (LPM3 bitz + GIE):;

A4 Enter LPM3 w/f 1nter1:1.11:|1:_> Enter LPM3 with

T T e e R e e e e e P e T e T e e P PP LR R PR PR

interrupts enabled

e

. FSOUT *= Ox0Z;
L |

L

Toggle P5.1 using exclusive-CR _> Toggle P5.1

Source: lab3_timer_solution.c
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uild & Debug a CCS Project

C++ - timer_solution.c - Code Composer Studio [Licensed)

File Edit WYiew HMavigasbe Project Target Tools

S| & ®

% CfiC++ Projecks  £3

=% Lah1

Q[ labgfinterrupt.c [Excluded From Build]
@ |5l _poll_solution.c

== Debug
1] timer_salution.c [Excluded from Build]
3] E]Hma&

[T MSP430FG4618, coxml [Active]

g Ink_msp430fg4618. crnd

Click the “BUG” to build the
code & launch the debugger

Window  Help

22 #include <msSpd30xG26x.h>

23

Z24=vwvoid wain(void)

25 |{

26 volatile unsigned int i;
27

28 WDTCTL = WDTPW +WDTHCOLD:
29 FLL CTLO |= HXCAFP14FF;

30

31 /¢ Wait for xtal to stshilize
32 do

33 {

34 IFGl &= ~QFIFG;

55 for (i = Ox47FF; i » 0: i--):

ia i

37 while ((IFGl & OFIFG)]):
35 FLL_CTLO |= ZCAP14FF:
39

40 PSDIE |= 0Ox0Z;

41 TACCTLO = CCIE:;

42 TACCRO = 32765-1:

43 TACTL = TAFZEL_1 + HC 1:

44

45 __his_ 3R _register (LFM3_bhits + GIE);
46

47

45 // Timer AD interrupt sService routine
19 #ipragma vector=TINERAD VECTOR

50%_ interrupt void Timer & (void)
51 {
52 FEOUT *= 0Ox0Z;

£
£

b
g

£
£

£
£

£

£

4

Stop WDT
Configure load caps

Clear OaCFault flag
Time for flag to set

OSCFault flag still set?
Configure load caps

et P5.1 to output direction
TACCRO interrupt ensbled

LCLE, up mode

Enter LPM3 w/ interrupt

Togople P5.1 using exclusive-OoR
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Lab 3 Check List

Learn about the timer and various modes

Calculate the timer counts needed for a 1 sec interrupt
Use the Timer CCRO interrupt vector

Toggle the LED every one second in the Timer ISR
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Wrap-Up

Ultra-Low Power (ULP) best practices
Watchdog timer

Real-Time Clock (RTC)

Timer_A

222222222
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