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Avamtuélako Xvotnua MSP430
Apxitektovikn-GPIOs

GPIO

CH3
XIN XOUT RST/NMI DVCC DVSS VCORE AVCC AVSS PA FB / PC PD
1t | | | | iy P2x, PRE#Fe.q B J‘}v BN DR DP.DM,PUR

Unified
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System
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Full-speed
uss
USB-PHY
USB-LDO
USB-PLL
v

cruxvz g as
warne| ¢ Fvos £ GP'O (R
reoistery A A 4 Independently programmable

4 Any combination of input, output,
e v v interrupt and peripheral is possible

¢ Each 1/0 has an individually

JTAG! TAD TA1
5w sz || mera || mimera || nmera || mimers || "rEa pro'grammable pull-up/pull-down
| 5CC 3 eC 3cc 7CC res|stor

Registers Registers Registers Registers

4 Many devices can lock pin values

‘F5529 block diagram during low-power modes
4 Some devices support touch-sense

capability built into the pins




Digital i/o

» DSP MSP430 devices have up to eight digital [/O ports implemented, P1 to P8. Each port has
eight I/0 pins.

» Every [/0 pin is individually configurable for input or output direction, and each I/0 line can be
individually read or written to.

® Ports P1 and P2 have interrupt capability.

- e digital [/O features include:

®» |ndependently programmable individual I/0s

® Any combination of input or output
® |ndependent input and output data registers

® [ndividually configurable pullup or pulldown resistors

® (OneZ430 board, RED LED is connected to P1.0




MSP430 GPIO (1/3)

» Board configuration

MSP430 GPIO Ports
¢ GPIO = General Purpose ~
~ BitlnputOutput  reor 110 20[[TP17 Gren
¢ 8-bitl/O ports | veel 2 19 me ":\Lq
- oot LT E 18| [LIP1.5 rod
o Eachpinisindvigualy  VSs I}4 17| [[IP14
controllable P27 5 16[[T]P1.3
¢ Input pins can generate P26 (] 6 15 ]]P1.2
i RSTNMIT] 7 14| [T P1.1
* gomtager ol e
. IN P21} 9 ~12 [[JP24 5
: 8|lijo P2.2[T] 10 1 [OP23 e veu p
+« REN . ord A il : 2y V.d
. SEL y R
P+7 P16 P15 P14 P13 P12 Pl1 P10\ = A in
I/OPort1| Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | Bit0




GPIO Block

S
All Rights
Reserved

INPUT/OUTPUT SCHEMATICS
Port P1, P1.0 to P1.7, Input/Output With Schmitt Trigger

P10UT.x I-L
P1SEL.x J
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MSP430 F5xx GPIO registers

The MSP430 family defines 11 1/0 ports, PO through P10, although no chip implements more than 10 of
them. PO is only implemented on the '3xx family. P7 through P10 are only implemented on the largest
members (and highest pin count versions) of the '4xx and '2xx families.

The pins are divided into 8-bit groups called "ports”, each of which is controlled by a number of 8-bit
registers. In some cases, the ports are arranged in pairs which can be accessed as 16-bit registers.

The newest '5xx and '6xx families has P1 through P11, and the control registers are reassigned to provide
more port pairs. Each port is controlled by the following registers.

ort x input. This is a read-only register, and reflects the current state of the port's pins.

T Portx output. The values written to this read /write register are driven out the corresponding pins
en they are configured to output.

PxDIR Portx data direction. Bits written as 1 configure the corresponding pin for output. Bits written as 0
configure the pin for input.

PxSEL Port x function select. Bits written as 1 configure the corresponding pin for use by the specialized
peripheral. Bits written as 0 configure the pin for general purpose 1/0. Port 0 ('3xx parts only) is not
multiplexed with other peripherals and does not have a POSEL register.

PxREN Port x resistor enable ('2xx & '5xx only). Bits set in this register enable weak pull-up or pull-down
resistors on the corresponding /0 pins even when they are configured as inputs. The direction of the pull is
set by the bit written to the PxOUT register.



MSP430 F5xx GPIO registers (1)

PxDS Portx drive strength ('5xx only). Bits set in this register enable high current outputs. This increases output power,
but may cause EMI.

» Ports 0-2 can produce interrupts when inputs change. Additional registers configure this ability:

» PxIES Portxinterrupt edge select. Selects the edge which will cause the PxIFG bit to be set. When the input bit changes
from matching the PxIES state to not matching it (i.e. whenever a bit in PXIES XOR PxIN changes from clear to set), the
corresponding PxIFG bit is set.

PXIE /Port x interrupt enable. When this bit and the corresponding PxIFG bit are both set, an interrupt is generated.

G Portxinterrupt flag. Set whenever the corresponding pin makes the state change requested by PxIES. Can be
eared only by software. (Can also be set by software.)

PxIV  Port x interrupt vector ('5xx only). This 16-bit register is a priority encoder which can be used to handle pin-
change interrupts. If n is the lowest-numbered interrupt bit which is pending in PXIFG and enabled in PxIE, this register
reads as 2n+2. If there is no such bit, it reads as 0. The scale factor of 2 allows direct use as an offset into a branch table.
Reading this register also clears the reported PxIFG flag.

Some pins have special purposes either as inputs or outputs. (For example, timer pins can be configured as capture inputs
or PWM outputs.) In this case, the PxDIR bit controls which of the two functions the pin performs when the PxSEL bit is
set. If there is only one special function, then PxDIR is generally ignored. The PxIN register is still readable if the PxSEL bit
is set, but interrupt generation is disabled. If PXSEL is clear, the special function's input is frozen and disconnected from
the external pin. Also, configuring a pin for general purpose output does not disable interrupt generation.



MEMORY MAP

In-System Prog (ISP)

+ Write using: User
program, JTAG, BSL

+ Byte, word, long-word

+ Erase one (or all)
segments at a time

Main Flash

+ 512 byte segments

+ Start address moves
according to RAM

Info Memory

+ Use for your own
calibration data, etc.

+ 4 segments (A-D)

+ 128 byte segments

Boot Loader (Bsy)

+ Program Flash/RAM
with serial (slau319)

+ Password protected
+ 512 byte segments

Flash

OXFFFF

OxFF80 INT Vectors
/]
RAM

0x2400
'~ Info Memory
Boot Loader

MSP430

Apxitektovikn-Mvnun

‘F5529 Memory Map

Peripherals

0x0000

Bytes

128K

80

MSP430 Me

+ Unified

RAM

+ Always a contig. block

+ If enabled, USB port
uses first 2K

+ RAM segments can be
powered down

Device Descriptors (TLV)

+ Factory calibration
data, periph support,...

+ Found in peripherals
(at 0x1A00)




MSP430 GPIO memory map

'SEx—-"6XX & "0xx families
PxIN PxOUT | PxDIR PxREN | PxDS PxSEL Px1V |PxIES PxIE @ PxIFG

P1 | Ox200  0Ox202 | Ox204 | Ox206 | Ox208 | Ox20A  Ox20E | Ox218 | Ox21A | Ox21C
PA
P2 | Ox201 | Ox203 | Ox205 | Ox207 | 0x209 | Ox20B | Ox21E | O0x219 | Ox21B | Ox21D

P3 | Ox220 | Ox222 | Ox224 | Ox226 | 0x228 | Ox22A
FE P4 | Ox221 | Ox223 | Ox225 | Ox227 | Ox229 | Ox22B
PS5 | Ox240 | 0Ox242 | Ox244 | Ox246 | 0x248 | Ox24A
re P&  Ox241 | Ox243 | Ox245 | Ox247 | 0x249 | Ox24B
P7 | Ox260 | 0Ox262 | Ox264 | Ox266 | Ox268 | Ox26A
°P P8  Ox261 | Ox263 | Ox265 | Ox267 | Ox269 | Ox26B
- P9 | Ox280  0Ox282 | Ox284 | Ox286 | 0x288 | Ox28A

P10 | Ox281 | Ox283 | Ox285 | Ox287 | Ox289  0x26B
P11 Ox2A0 | Ox2AZ2 | Ox2A4 | Ox2A6 | Ox2A8 | Ox2AA
PJ 0x320 | 0x322 | O0x324 | Ox326 | Ox328 4 bits only; shared with JTAG pins.

®» P10UT =0x01; -> Goto to address 0x202 and write bits 00000001

®» Symbolic mapping: https://e2e.ti.com/cfs-file/__key/communityserver-discussions-components-
files/166/msp430f5529.h




MSP430 GPIO S/W Configuration

S
All Rights
Reserved

PxDIR (Pin Direction): Input or Output

-
-

“1"

P1IN

P1OUT
P1DIR 1
¢ PxDIR.y: 0=input ¢ Register example:
1 = output P1DIR &= Ox81;

¢ MSP430ware example:
#include <driverlib.h>

GPIO_setAsOutputPin( GPIO_PORT_Pl, GPIO_PINO + GPIO_PIN7 );




MSP430 GPIO programming




Launchpad =2 F5529 FR4133 FR5969 LED Color
Red LED

LED1 P1.0 P1.0 P4.6 (with Jumper)

LED2 P4.7 P4.0 P1.0 Green LED

Button 1 P2.1 P1.2 P4.5

Button 2 P1.1 P2.6 P1.1

P MSP430

-a;

Button/Switch 1 (S1)

. .
- ‘[
Button/Switch 2 (S2)

LED1 LED2




HELLO WORLD

WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
P1DIR |= 0x01; // Set P1.0 to output direction
for (;;)

volatile unsigned inti; // volatile to prevent optimization

P10UT "= 0x01; // Toggle P1.0 using exclusive-OR - Red Blinks
i=10000; // SW Delay

do i--;

while (i != 0);

}




Bit manipulations

Launchpad =2 F5529 F
® Port Initialization (8-bit access):
LED1 P1.0
®» Set P1.0 as output P1DIR=0x01; (0b00000001) then
Ay LED2 P4.7
e T (other initializations) then
_ Button 1 P2.1
Set P1.1 as input P1DIR=0x00; (0b00000000)
Button 2 P1.1
®» Problem P1.0=0! MT
» We need to change bit 1 of P1DIR Button/Switch 1 (S1)
WITHOUT affecting bit 0 LED1




Bit (Boolean) operations

AXyeBpa Boole (1° E€ap.!!)
= AND: C=A&B; &1 A%E
A&1=A, 0]
A&0=0 110 0
1|1 1
(b) AND A|B|A|B
OR: C=A|B; o0
=4 L{o] 1
= (T[] 1
{a) OR
A|B|AAB
= XOR: C=A"B; 0]0] 0
Ar=IA, 01| 1
AN0=A 1oL
1|1 0

Table 2.7: XOR Truth Table
®» Source http://www.glitovsky.com/Tutorialv0_4.pdf



Byte Boolean operations

Operations with masks

®» AND: C=A&B;
|Bit7 |Bit6 |Bit7 |Bit4 |Bit3 |Bit2 [Bit1 |Bit0 _
A 0 0 0 0 1 0 1 0
B 0 1 0 0 0 1 1 0
A&B 0 0 0 0 0 0 1 0

®» Changebit3 of Ato 0

____|Bit7 |Bit6 |Bit7 |Bit4 |Bit3 |Bit2 |Bitl |Bit0
A 0 0 0 0 1 0 1 0

B X X X X 0 X 1 X
Result 0 0 0 0 0 0 1 0




Byte Boolean operations

Operations with masks

®» AND: C=A&B;
|Bit7 |Bit6 |Bit7 |Bit4 |Bit3 |Bit2 [Bit1 |Bit0 _
A 0 0 0 0 1 0 1 0
B 0 1 0 0 0 1 1 0
A&B 0 0 0 0 0 0 1 0

®» Changebit3 of Ato 0

____|Bit7 |Bit6 |Bit7 |Bit4 |Bit3 |Bit2 |Bitl |Bit0
A 0 0 0 0 1 0 1 0

B X X X X 0 X 1 X
Result 0 0 0 0 0 0 1 0




Set P1DIR bit to zero

Operations with masks

®» Set P1.0 as output P1DIR=0x01; (0b00000001) then
D .., Set P1.1 as input P1DIR=0x00; (0b00000000)

®» Problem P1.0=0!

b
. |Bit7 |Bit6 |[Bit7 |Bit4 |Bit3 |Bit2 |Bitl |Bit0 |
PIDIR 0(X) O0X) 0X) 0X) 0X) 0X) 0oX) 11X

MASK
(OP)

Result X X X X X X 0 1(X)

» P1DIR=P1DIR & 0xFC; (0x11111101)




Set P1DIR bit to one

Operations with masks

®» P1DIR is 0 upon reset (thus P1.1 is input)
However, P1.x might be set as input somewhere in the code (previously)

®» Set P1.0 as output P1DIR=0x01; (0bXXXXXXX1) WITHOUT affecting the other
bits

b
. |Bit7 |Bit6 |[Bit7 |Bit4 |Bit3 |Bit2 |Bitl |Bit0 |
PIDIR 0(X) O0X) O0X) 0X 0X 0X) 0X) 00X

MASK
(OP)

Result X X X X X X X 1(X)

= P1DIR= P1DIR | 0x01; -> P1DIR |= 0x01;




Bit toggle

Blink the LED

® Each time the loop is executed
» [f(P1.0 =0) then P1.0 =1; (?!7)

-

P10UT

MASK
(OP)

Result X X X X X X X IX

» P10UT=



EMBEDDED SYSTEMS LAB projects




WORKFLOW

Learn the CCS IDE / Use the MSP board
MSP board on loan (home project)

Execute simple programs (Hello world)
Assign mid-term project (timed execution)

Decompose into exercises:

» Use GPIO (blink led / read button)

®» Use timers (timed events)
®» Use interrupts (timers / read button)

® Achieve low power execution (use LP modes)

®» Mid-term project+presentation -> Grade



Sources and Material

https://training.ti.com/msp430-workshop-series

MSP_Design_workshop.pdf
http://www.glitovsky.com /Tutorialv0_4.pdf

Download CCS
http://software-dl.ti.com/ccs/esd/documents/ccs downloads.html

®» (CCS 10.x.x (win 64)
= (CCS 8.3.1 (win 32)

Various options:
®» Download support for MSP430 only
® No need for driverlib, Energia,...

OR
https://dev.ti.com/ (CCScloud, requires TI account)



https://training.ti.com/msp430-workshop-series
http://software-dl.ti.com/ccs/esd/documents/ccs_downloads.html
https://dev.ti.com/

Mid-Term Project

S
All Rights
Reserved

Design algorithm (using GPIO and Timers):

1. Blink the RED LED every 2 secs and the Green LED every sec.
2. Start/Stop the blink process via the button

Double-click switches GREEN LED between hi/lo frequency

(i.e. high freq=1Hz, low freq=2Hz)
4. Read the on-board temperature and/or voltage via the on-chip ADC

®» Each step is a separate project (with potentially common code)



HELLO WORLD

WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer
P1DIR |= 0x01; // Set P1.0 to output direction
for (;;)

volatile unsigned inti; // volatile to prevent optimization

P10UT "= 0x01; // Toggle P1.0 using exclusive-OR - Red Blinks
i=10000; // SW Delay

do i--;

while (i != 0);

}




» Hello world (LED blink)

® Exercises:

®» Reduce blink Frequency

» Blink RED/Green (alternating)

® Blink Green twice as fast

AXKHEH (Project - I)



Replace Software With Hardware

) CCR1 ' CCR1 . CCR1
"\ MSP430 |

L3
. TA1/P1.2
L A e
" | ' i
> > >
: CCRO CCRO CCRO

Zero CPU
overhead

nxl—"f.‘

100% CPU
overhead




Elcaywyn otoug Xpovioteg/MeTtpnTEg

®» O ypovioteg (Timers) elval KUKAWUATA TWV HUIKPOEAEYKTWYV TA OTIOLX
«Slvouv» puOuo oTH VTIOAOLTTIO KUKAWUOT

» Acv UTTAPXEL LOVO EVOC XPOVIOTNG OXAAX TIEPLOCOTEPOL WOTE VX
UTIAPXOVV SLOAPOPETIKES ETIIAOYES «PUOUOV» AVAAOYX LLE TNV
EQAPUOY

» (L Yp1)0T TWV XPOVIOTWV UTOPEL va BEATIOTOTONOEL TNV KATAVAAWOT)
NG EVEPYELNG EVOS EVOWUATWHUEVOUG CUOTHUATOG. Na unv
OTIATAAWVTOL TTOPOL O€ TIEPIMTWON TIOV JEV YpetalovTol

®» Yyuvovdlovtal pe Aettovpyies yaunAng toxvogs (Low Power Modes -
LPM) yia mepetaipw pelwon TS KATtavaAwong



Elcaywyn otoug Xpovioteg/MeTtpnTEg

WDTCTL = WDTPW + WDTHOLD:; // Stop watchdog
timer

P1DIR |= Ox01; J/ Set P1.0 to output
direction

for (;;)

{

volatile unsigned inti; // volatile to prevent optimization

P1OUT ~= 0x01; // Toggle P1.0 using exclusive-OR
- Red Blinks

i = 10000; // SW Delay

do i--;

while (i 1= 0);
by



| A

Elcaywyn otoug Xpovioteg/MeTtpnTEg

i

Clock

N

Unified ™ ACLK

System |- SMCLK

L

CPUXV2
and
Working
|[Reqgisters)

R

EEM
(L: 8+2)

JTAG/
sSBW
Interface

MSP430F552

SYS
Power 11O F@E /O Ports IHoP
- IManagemgnf P1/P2 P3/P4 P5/
128KB || 8KB+2KB Watchdog 111,105 || 2xawos || 2xs1i
96K B 6KB+2KB Interrupt
64KB 4KB+2KB LDO PortMap 1k \wakeup
32KB ! Control
SVM/SV (P4)
Brownoyt PA PBE P
Flash RAM 1x16 110s || 1x16 110s || 1x161
MAB
MDB }
TAD TA1 TA2 TBO
\
MPY32 i 2 Timer_A Timer_A Timer_B RTC_A CR
3CC 3CC T CC
Registers Registers Registers

QI TA

O

D

6

; OQut-TAOn

Int TAO CCIn A

H‘;

i



| A

—> SYS
Unified F™ ACLK Power 1/0 Ports /O Ports IIoP
Clock fManagement] | ya, P1/P2 P3/P4 P5/
128KB 8KB+2KB atchdog
“ System | SMCLK 96KB 6KB+2KB Ii:grl:l?pst 2x8 1/0s 2x8 1/
64KB 4KB+2KB LDO Port Map & Wak
12KB SVM/SVS Control akesup
MCLK Brownout (P4) PA PB P
Flash RAM 1x16 /0s || 1x16 vos || 1x161
Timer_A/B Nomenclature E
Timer_An: Where n = # of CCR’s
TAx: Instance of Timer_A

Therefore: I
TAO is the first instance of Timer_A5
JTAG/ TAOD TA1 TA2 TBO
In?e?f?ce MPY32 Timer_A Timer_A Timer_A Timer_B RTC_A CR
5CC 3CC 3CC 7CC
Registers Registers Registers Registers
MSP430F552 :
TAOICLK 15 ‘ 13 | 13 ‘ 17

Out: TAO.n
In: TAO0.CCInA




XpovioTteG/MeTpnTEC

Asgttovpyia

®» Flexible clock sources & distribution:

® 5 clocks from 7 sources (2 external, 5 internal)

®» Selections suitable for high-speed & low-power operations
» Wide range of operating frequency

= 10kHz to 48 MHz

® Fine intermediate steps with dividers & tuning

®» Configurable & robust system:
» Run-time lockable configuration

» Failsafe mechanism with interrupts for external sources




¢ Overview of MSP430 Timers

¢ Timer Basics: How timers work ‘

¢ Counter
¢ Capture
¢ Compare

¢ Timer Detalls: Configuring TIMER_A

¢ 1. Counter: TIMER_A configure...()

¢ 2. Capture: TIMER_A initCapture()
Compare: TIMER_A initCompare()

¢ 3. Clear Interrupt Flags and TIMER_A_startTimer()
¢ 4. Interrupt Code (Vector & ISR)

¢ Differences between Timer's A and B

¢ Lab Exercise

w3 TEXAS INSTRUMENTS




Timer/Counter Basics

5 TAR .

Counter 8(\)/:?1}&/\1 Action
C'&E'é k|nput | Register T+ Interrupt (TAIFG)
+ GPIO Pin (TACLK) - :

Input J Counter [J Action

Notes
+ Timers are often called “Timer/Counters” as a counter is the essential element
+ “Timing” is based on counting inputs from a known clock rate

What fhappens on each clock input?



Timer/Counter Basics

15 TAR 0
| Counter i Counter
| ) j Overflow Action
.C'é’lf)'é('"p“t ’ Register - %%« Interrupt (TAIFG)
+ GPIO Pin (TACLK) il
i — { 'Interrupt occurs when
i : timer overflows back
i FFFE|§ to zero
| FFFD
Each pl_JIse -, =
of clock input
. : 03
increments the |
counter register | 02
| 01 [o1

Notes
+ Timers are often called “Timer/Counters” as a counter is the essential element
+ “Timing” is based on counting inputs from a known clock rate

» Actions don’t occur when writing value to counter ' ' ,
. Can | 'capture' a count/time value?



Capture Basics

15 TAR 0
| Counter i Counter
Clock Input | Register % Overflow Action
+ Clock —_—> > | + Interrupt (TAIFG)

« GPIO Pin (TACLK)

Notes
» Capture time (i.e. count value) when Capture Input signal occurs

AIternativer, use CCR for compare...



Capture Basics

15 TAR 0
| Counter i Counter
Clock Input | Register % Overflow Action
+ Clock —_—> > | + Interrupt (TAIFG)

« GPIO Pin (TACLK)

Capture Input signal triggers
transfer:
Counter — Capture

Capture/Compare Register (CCR,)

Notes
» Capture time (i.e. count value) when Capture Input signal occurs
+ When capture is trlggered count value is placed in CCR and an interrupt is generated

AIternatlver use CCR for compare.



Capture Basics

15 TAR 0
, Counter | gounftler -
Clock Input | . : verflow Action
+ Clock —_—> RegISter | « Interrupt (TAIFG)

« GPIO Pin (TACLK)

Capture Input signal triggers
transfer:
Counter — Capture

| Capture Actions
Capture/Compare Register (CCR ) _9 + Interrupt (CCIFGn)

Capture Input

+ CCInA + Signal peripheral
+ CCInB + Modify pin (TAx.n)
+ Software

Notes

» Capture time (i.e. count value) when Capture Input signal occurs
+ When capture is triggered, count value is placed in CCR and an interrupt is generated

+ Capture Overflow (COV): indicates 2"d capture to C(Alternatively use CCVR for compare



XpovioTteG/MeTpnTEC
[Tpoypoppuatiopog

Timer Setup Code

Configure Timer/Counter (TACTL)
= #Clocking Fa

5 ¢ Which Count Mode
¢ Interrupt on TAR rollover?
< —

Timer_ A Ctrl Reg (TACTL)

16-bit Counter (TAR)

CCRO Ctrl Reg (TACCTLO)

CCRO (TACCRO)

CCR6 Ctrl Reg (TACCTL6)

CCR6 (TACCR6)

2. Setup Capture and/or Compare Registers
¢ Capture (TACCTL):
«/ Input -

S Interrupt on Capture?
Compare JTACCTL, TACCR):
—* Compare-to Value

N + Output mode (How output signal
changes at compare (EQU) events)

+ Interrupt on Compare?

3. Clear interrupt Flags & Start Timer




XpovioTteG/MeTpnTEC

4
[Ipoypappatiopnog

#include "msp430.h"
volatile unsigned int time_tick=0;
int main(void)
{

WDTCTL = WDTPW + WDTHOLD; [/ Stop watchdog timer

TAOCCTLO = CCIE; // CCRO interrupt enabled

TAOCTL = TASSEL_2 | MC_1 | ID_3; // SMCLK/8, upmode

TAOCCRO = 40000; // Blink the LEDs every ~1sec
_BIS_SR(GIE); // Enter w/ interrupt

#pragma vector=TIMERO_AO_VECTOR
__interrupt void Timer_AO0 (void)

{

time_tick=1; // Signal timer event

¥




XpovioTteG/MeTpnTEC

[Ipooknvio - Ilapacknvio

. System Initialization

maln() { ¢ The beginning part of main() is usually dedicated
//Init to setting up your system (Chapters 3 and 4)
initPMM() ;
initClocks (),

Background

¢ Most systems have an endless loop that runs
‘forever’ in the background

¢ In this case, ‘Background’ implies that it runs at a

while (1) { lower priority than ‘Foreground’

background ¢ In MSP430 systems, the background loop often

or LPMx contains a Low Power Mode (LPMx) command —
} this sleeps the CPU/System until an interrupt

event wakes it up
ISR1 Foreground
¢ Interrupt Service Routine (ISR) runs in response

get data to enabled hardware interrupt

process ¢ These events may change modes in Background -

such as waking the CPU out of low-power mode
ISR’s, by default, are not interruptible

Some processing may be done in ISR, but it’s
usually best to keep them short

ISR2
set a flag

L R




XpovioTteG/MeTpnTEC

[Ipooknvio - Ilapacknvio

Foreground ISR1 ISR2 ISR2
(higher priority)

Background main() main()
(lower priority)




XpovioTteG/MeTpnTEC
[Tpoypopuatiopnog

volatile unsigned time_tick =0; // Flag (semaphore) between main and ISR
for (;;)
{

if (time_tick==1) {
time_tick=0; //clear the flag, to permit next “interrupt”™
P1OUT ~=0x01; // toggle RED LED(every ~1 sec)

¥ [ /end if (time_tick)

+ //end for
return 0;
¥ //end main

Fpragma vector=TIMERO_A0 _VECTOR
__interrupt void Timer_A0 (void)

time_tick=1; // Signal timer event




XpovioTteG/MeTpnTEC

[Ipoypoapuatiopog
launchpad &  F5529  FR4133  FR5969 | LED Color
LED1 P1.0 P1.0 P4.6 (wﬁﬁﬂuﬂ;&r)
LED2 P4.7 P4.0 P1.0 | Green LED
Button 1 P2.1 P1.2 P4.5
Button 2 P1.1 P2.6 P1.1

MSP430
o

i

Button/Switch 1 (S1) Button/Switch 2 (S2)

LED1 LED2




Asynchronous 16-Bit timer/counter

Continuous,
up-down,
up count modes

Multiple capture/compare registers
PWM outputs

Interrupt vector register for fast
decoding

Can trigger DMA transfer
On all MSP430s

XpovioTteG/MeTpnTEC
MSP430 - Timer_A

TACLK 16-bit Timer ] Count
ACLK TAR <4—1 Mode
SMCLK
INCLK y SEt
TAIFG
L o _ __ __CCRro
L o ___ __Ccry
CCR2
CCI2A Capture
CCI2B Mode I i TACCRZ2
GND 7
vVCC | —>| Compararator 2
CClI
A
sccl =Y i
CCIFG2

3=

Output
Unit2 >




Stop/Halt

Timer is halted

XpovioTteG/MeTpnTEC

Up
Timer counts between 0 and CCRO
OFFFFh

OFFFFh

MSP430 - Timer_ A

Continuous
Timer continuously counts up

Oh

OFFFFh

CCRO

CCRO

Up/Down

Timer counts between 0 and CCR0O and O

UP/DOWN Mode

Oh

Oh

CCR - Count Compare Register



Your code must
contain a handler to
determine which
Timer_Al

interrupt triggered

XpovioTteG/MeTpnTEC
MSP430 - Timer_A Interrupts

The Timer_A Capture/Comparison Register O Interrupt Flag
(TACCRO) generates a single interrupt vector:

TACCRO CCIFG » TIMERAO_VECTOR

No handler required

TACCR1, 2 and TA interrupt flags are prioritized and combined
using the Timer_A Interrupt Vector Register (TAIV) into another
interrupt vector

TACCR1 CCIFG ]  TIMERA1 VECTOR
TACCR2 CCIFG

TAIFG



XpovioTteG/MeTpnTEC
MSP430 - Timer_A Interrupts

TAIV Sou_rce _ TAIV Contents
No interrupt pending 0
OJOJO|OJO|OJOIO0|O|O|O X IX |x|x 10 TACCR1 CCIFG 02h
15 0 TACCR2 CCIFG 04h
Reserved 06h
Reserved 08h
TAIFG OAh
> Reserved 0Ch
Reserved OEh
IAR C code
#pragma vector = TIMERAl VECTOR 0xF814 add.w &TAIV,PC Assembly
__interrupt void TIMERAl ISR (void) OxF818 reti code
{ OxF81A Jmp 0xF824
switch(_ even in range (TAIV,10)) O0xF81C Jjmp OxF82A
{ OxF81lE reti
case 2 : // TACCR1l CCIFG 0xF820 reti
P1OUT ~= 0x04; break; 0xF822 Jmp 0xF830
case 4 : // TACCR2 CCIFG 0xF824 xor.b #0x4,&P10UT
P1OUT “~= 0x02; break; 0xF828 reti
case 10 : // TAIFG OxF82A xor.b #0x2,&P10OUT
P1OUT “= 0x01l; break; OxXF82E reti
} 0xF830 xor.b #0x1,&P10UT

} OxF834 reti




XpovioTteG/MeTpnTEC
MSP430 - Timer_A PWM

CCR2 CCR2 CCR2

MSP430F11x1

CCR1 CCR1 CCR1

CCRO CCRO CCRO

®» (Completely automatic

®» [ndependent frequencies with different duty cycles can be generated
for each CCR

®» (Code examples on the MSP430 website




XpovioTteG/MeTpnTEC
MSP430 - Timer_A Hardware control

Example: ADC12 65536 — 10R
TACCR1 = 557
O_ >

< >

TAIFG: ' = M !
Reference & ADCon e /

TACCRI1: » —
Ref delay / ADC trigger
ADC12IFG: §§
Process ADC result - CPU Active Mode

Ref/ADC Off UART .
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MSP430 - Timer A Hardware control

Found on all MSP430 devices

Two modes
» Watchdog

® [nterval timer
Access password protected

Separate interrupt vectors for POR and interval
timer

Sourced by ACLK or SMCLK
Controls RST/NMI pin mode
WDT+ adds failsafe /protected clock

]

$ 444

16-Bit
Counter

(]
[}
(]
[}
(]
[}
[}
[}
[}
[}
Password '
[}
[}
[}
[}
[}
(]
[}
(]
(]

EQU
«—(_

Compare
EQU : : :
'
' —
‘R/W

Control
Register

AN




» [f ACLK / SMCLK fail, clock
source = MCLK
(WDT+ fail safe feature)

» [f MCLK is sourced from a
crystal, and the crystal fails,
MCLK =DCO
(XTAL fail safe feature)

XpovioTteG/MeTpnTEC
MSP430 - Watchdog Timer Failsafe

16-bit

Counter

SMCLK—,

ACLK—

WDTSSEL——

——WDTHOLD  WDT clock source ...




WDT: Common Design Issues

® Program keeps resetting itself!
®» Program acting wacky - how did execution get to that place?

® Try setting interrupt near beginning of main() to see if code is re-starting
®» (CPU seems to freeze before even getting to first instruction

® |s this a C program with a lot of initialized memory?

® (Generally can occur only with very large-memory versions of the device

® Solution: Use _low_level_init() function, stop watchdog there

void main (void)

{
WDTCTL = WDTPW+WDTHOLD ; // Stop the dog




AYKHXH (Project - II)

» Hello world (LED blink with Timer IRQ)

® Exercises:

®» Reduce blink Frequency

» Blink RED/Green (alternating)

® Blink Green twice as fast




TIMER SETUP

#include "msp430.h"

volatile unsigned int time_stuck=0;

int main(void)

{
WDTCTL = WDTPW + WDTHOLD; // Stop watchdog timer

AOCCTLO = CCIE; // CCRO interrupt enabled
TAOCTL = TASSEL_2 | MC_1 | ID_3; // SMCLK/8, upmode
TAOCCRO =40000; // Blink the LEDs every ~1sec

_BIS_SR(GIE); // Enter w/ interrupt



TIMER IRQ

#pragma vector=TIMERO_AO_VECTOR

__interrupt void Timer_AO (void)

time_stuck=1; // Signal timer event

}




TIMER LED BLINK

volatile unsigned int d_freq=0;
volatile unsigned int i=0;

volatile unsigned int time_count=0;
volatile unsigned int cycle_count=0;
for (;;)

{

if (time_stuck==1) {

time_stuck=0; //clear the flag, to permit next “interrupt”

cycle_count++; //this partis for the “double frequency” feature

if (d_freq) { //ifin double frequency toggle GREEN LED

P40UT "=0x80;}
if (cycle_count==2) {
cycle_count=0;
P10UT *=0x01; // toggle RED LED(every ~1 sec)
if (!d_freq) P4AOUT ~=0x80;
}
} //end if (time_stuck)
} //end for

return 0;

}



