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Agenda
e Intro to MSP430 Architecture

e Intro to Tools and I/O
e Intro to Low-Power with the MSP430
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TlI Microcontroller Portfolio

DSP

16/32-bit

8-bit

$25B MICRO TAM

- - -High-Performance
158\%280 = Motor Control
= Digital Power Supply
TMS470 - — — Industry Standard
ARM7TDMI = Automotive
» General Purpose
MSP430 | ___ Measurement
Ultra-low Power = Utility Metering
= Portable Instrumentation
Performance
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MSP430 Products

Performance

Device c
_. : XX
(__ Production R
Sampling * 128-256 KB
__ Development * USB-Zigbee™
U Future
_+ Signal Chain on Chip L ;
2XX { Fa3x- F26""'"*"“‘§,,
* 16 MIPS E29%x
* 1-120KB =
- SOl F20XX =
Stand By S 0
: F13x- F16x
IxX Flzol™ @ @00 e 4xx-ASSP
N Y rcisyT 0 o e { FICG4BXX: + 8 MIPS
+ 1-60KB &\..n Fadx & Fxa3x @ * 4-120KB
-_ * LCD Driver
.& Fx42x
F42x0 P
CALX *annnnns=*’
F = Flash K
C = Custom ROM
>

Integration

Technology for Innovators®
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What Is The MSP4307?

Ultra-low Power
= 0.1uA power down
0.8uA standby mode Clock
250uA / IMIPS
<lus clock start-up
<50nA port leakage
= Zero-power BOR

Ultra-Flexible

= 1k-128kB ISP Flash

= 14-100 pin options

= USART,I2C, Timers

= 10/12/16-bit ADC

= DAC, OP Amp, LCD driver
= Embedded emulation

JTAG/Debug

ACLK 1 pigital
_|Peripheral

Analog
Peripheral
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Orthogonal Architecture

e Clear and consistent with no exceptions

« Compiler efficient
MSP430

Address
Modes _
Destination Instructions

>

Other

= Special instructions to learn
» Complicated and inefficient

© 2006 Texas Instruments Inc, Slide 6

Technology for Innovators” Wi TEXAS INSTRUMENTS




16'b|t RISC CPU 2N 15 0

RO/PC
e Single-cycle reqister file R1/SP
. R2/SR
= 4 special purpose =
R3/CG
= 12 general purpose —
= No accumulator bottleneck —
« RISC architecture R6
= 27 core instructions RY
= 24 emulated instructions R8
= 7 addressing modes RO
R10
 Memory-to-memory R11
atomic addressing R12
. R13
 Bit, byte and word =14
processing R15
S=la f % ﬂ % .16
16 ~
16-bit ALU

SN A
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Deep Register File RISC Advantage

mov #16,R15 ; Loop Counter

clr R14 ; O => RESULT MSD

clr R13 ; O => RESULT LSD
BIN1 rla R12 ; Binary MSB to carry

dadd R13,R13 ; RESULT x2 LSD

dadd R14,R14 ; MSD

dec R15 ; Through?

jnz BIN1 ; Not through

ret

 Access to many single-cycle registers
o Useful for calculation intensive functions
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Bvtes, Words And CPU Reqisters

; 16-bit addition Code/Cycles
5405 add.w R4,R5 ; 1/1
529202000202 add.w &0200,&0202 ; 3/6

, 8-bit addition

5445 add.b R4,R5 ; 1/1
52D202000202 add.b &0200,&0202 ; 3/6

 Use CPU registers for calculations and dedicated
variables

« Same code size for word or byte
 Use word operations when possible
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Do You Use A 10+ Bit ADC?

--9 10-bits

; Other MCU ; MSP430

movT ADCRESH, W mov ADC10MEM, RAM
movwf  RAMH

bst STATUS, 0x20

movT ADCRESL ,W

bct STATUS, 0x20

movwf  RAML

84 bits / 24 cycles 48 bits / 6 cycles
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Seven Addressing Modes

Register Mode mov.w R10,R11
Single cycle
Indexed Mode mov.w 2(R5),6(R6)
Table processing
Symbolic Mode mov.w EDE,TONI |
Easy to read code, PC relative = _
éfiomlc
Absolute Mode mov.w &EDE,&TONI ]
Directly access any memory location
Indirect Register Mode mov.w @R10,0(R11)
Access memory with pointers
Indirect Autoincrement mov.w @R10+,0(R11)
Table processing
Immediate Mode mov.w #45h,&TONI
Unrestricted constant values
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Atomic Addressing

B=B+A =« -
A

; Pure RISC - MSP430
push R5 add A,B
id RS, A
add RS,B
st B,R5
pop RS

 Non-interruptible memory-to-memory operations
 Useable with complete instruction set
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Write Less Code

. Other MCU

; moviw HIGH Tab
movwf PCLATH
movwf Dispval,W
call Tab
movwF PORTB
goto Continue

Tab addwf PCL,F
retlw B’00111111~°

retlw B~00000110’ ; MSP430

retlw B’01011011" ; mov.b Tab(DispVval),P10UT
retlw B’01001111" Tab DW 0063Fh

retlw B~01100110” DW O4F5Bh

retlw B’01101101" DW O6EG66Nh

retlw B’01111101~” DW 0077Ch

retlw B~00000111” DW 0677Eh

retlw B’01111111"

retlw B’01101111° 128 bits / 6 cycles

Continue

238 bits / 48 cycles
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Effect Of The Constant Generator
4314 mov - W #0002h,R4 > With CG |
40341234 mov - w #1234h ,R4 > Without CG

 Inmediate values -1,0,1,2,4,8 generated in hardware

 Reduces code size and cycles

.Completely Automatic!
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24 Emulated Instructions

4130 ret ; Return (emulated)

4130 mov.w @SP+,PC : Core iInstruction

e Easier to understand - no code size or speed penalty
 Replaced by assembler with core instructions

.Completely Automatic!
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Three Instruction Formats

Op-Code S-Register Ad |B/W As D-Register

, Format 1 Source and Destination

5405 add.w R4,R5 ; R4+R5=R5 XXXX

5445 add.b R4,R5 ;. R4+R5=R5 00xx
Op-Code B/W As D/S-Register

; Format 11 Destination Only

6404 ric.w R4

6444 ric.b R4

Op-Code | Condition 10-bit PC offset
; Format 111 There are 8(Un)conditional Jumps
3C28 Jmp Loop 1 ; Goto Loop 1
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51 Total Instructions

Format | Format Il Format Il Support
Source, Destination | Single Operand | +/- 9bit Offset
add(.b) br Jjmp clrc
addc(.b) call JjcC setc
and(.b) swpb jnc clrz
bic(.-b) sxt jeq setz
bis(.b) push(.b) Jjne clrn
bit(.b) pop(.-b) jge setn
cmp(-b) rra(.b) jl dint
dadd(.b) rrc(.b) jn eint
mov(.b) inv(.b) nop
sub(.b) inc(.b) ret
subc(.b) incd(.b) reti
xor(.b) dec(-b)

decd(.b)

adc(.b)

sbc(.b)

clr(.b)

dadc(.b)

rla(.b)

ric(.b)

tst(.b)
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Unified Memory Map

* AbSOIUter no paging FRFF Interrupt Vectors
e Supports code agility
FLASH
* ISP Flash
= Self programming Main Segments
(x) 512B

= JTAG
= Bootloader

// Flash In System Programming

FCTL3 = FWKEY; // Unlock
FCTL1 = FWKEY | WRT; // Enable
*(unsigned 1Int *)OxFCO0 = 0x1234;

Info Segments

Boot Loader

RAM

0000 Peripherals
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Programming ‘F2131 8KB Flash?

* TerG = ?

* twoRD = ?

 Program word or byte = ?

Flash Memory

PARAMETER GDI\-J[[I)EI?';[{JNS VCC MIN  NOM MAX | UNIT

Veo(PaM/
ERASE) Frogram and Erase supply voltage 22 36 v
{=ye] Flash Timing Generator frequency 257 476 kHz
(§=TeT¥ Supply current from Vi o during program 2TNVI3E6 VY 2 3] ma
|ERASE Supply current from Ve o during erase 2TVI36V 3 7 ma
tepT Cumulative program time see Note 1 2TVI3E6V 4 ms
e MErase Cumulative mass erase time 2TVIa86 Y 20 ms

Frogram/Erase endurance 104 109 cycles
tRetention Data retention duration Ty=28°C 100 years
tord Word ar byte program time 30
tBlack. 0 Block program time for 15t byte or word 25
t_EiIc-ck. 1-63 Elock program time for each additional byte or word 12
tBlack. End Elock program end-sequence wait time see Note 2 5 tFTG
tMass Erase | Mass erase time 10583
tSeq Erase Segment erase time 4819

MOTES: 1. The cumulative program time must not be exceeded when writing to a 64-byte flash block. This parameter applies to all programming
methods: individual word/yte write and block write modes.
2. These values are hardwired into the Flash Controller's state machine (tete = 1fET030.
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Reset Conditions

« RST/NMI configured in the reset mode

* |/O pins are switched to input

 Watchdog timer powers up as active watchdog
e Other peripheral modules are disabled

o Status register (SR) is reset

 Program counter (PC) is loaded with (OFFFEN)

.Always refer to Family users guide
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ATC Board

+ Default jumper | |
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JAR Kickstart Tour

e Instructor-led
tour of Kickstart

Wi el

«[ o B e fie

o e

L S _
B 642011 Cap Touch Sense
@ LIFC Charge 2011 Demo - Debug
CIFmal
i1 [ mspd 302 _FiC Keys ¢
2 [ msp 32 _FiC_lab_tosting &
m [ mapdaiad_RC_TA_UART Shdor loc
3 O inactg
l [ FGA39_mage_keys_T1_board_ULPc
@ [ mapd30x2li_RC_TA_LIART 0-00.c
CIWorking
) mep430x20x1_RC Keys 1ac
i [ mepddi2ied_RC_TA_UART (02
2 [ mopd 20 _FiC_Ta_LIART 0-00 ¢
9 [} mspd it il _RiC_ULF_KEYS 001 o
O mup 30z _RC_ULP_KEYS 002 ¢
8 B mspa302x)_RC Keys 2
@ 3 Qutput
& Flelnw
CiFnal
DI mepdIn2ix]_R0 Keys 1.c
3 ) mepd 10201 _R0)_lal_tassng OSC e
1 0 s 302 el _Fl_liay_tvstng o
m [ msp it _RO_TA_LART Shees 1e.c
Clmnectre
[T mepa3twzin_MNPH 0407 ¢
1 [ mep43020x3_te_uart2400.2
4 ) Working
8 [l mep 43020 _RO_TA_UART -I0c
i ) mepd It i _R0_TA_UART 001 ¢
b8 [ msp it i _Fe0l_TA_UART 002
- O mspdiie i _RO_TA_UART (H13c
B [ mspd302ix1_FR0_TA_UART (-4
& [) mspaingivl_FO_TA_UART 0-05.¢
{8 [ msp430x20i_RO_TA_UART 0-06.c
i [ mep430:20x1_RO_TA_UART 007
i L] mapddi0ad_RO_TA_UART 0-08.
8 ) msp 32 i _R0_TA_UART 009 ¢
b8 [ msp it i _F0_TA_UART 010 ¢

11 Damo - Db

= [ mspa30e2 e _RO_TA_LIART Shder 1.c
& [ mspdd02iel_FO_TA_LIART Shder Tac
& [ mep430x20x1_RO_TA_UART Slider 1b e
{0 [ men430x201 RO ULP KEYS (H1.c

‘Massages

x
X Slwoid initialize (vold); #
i 92vold mesmsure count (vodd): 4
1l 93 vold TX_Dyte (unsigned char Ti_DATAI:
= S void pulse LED(veid):
L
86 /¢ Main Function
97 void main (void)
981 volatile unsigned int 1,3;
99
100 UBTCTL = UDTPY + VDTHOLD:
101 DCHCTLL = CALDCL 1GMMI:
10X DCOCTL = CALDCO 16HHE:
103 BCBCTLL = DIVA_1;
104 BCECTLI |= LFETIS 2"
105 TEI |= UDTIE:
106
107 PLOUT = Ox00; L
108 FIDIR = OxFF o
109 PROOT = Ox00: ’7
T 110 PIDIR = BULZ + LED Z:
111 PISEL = Ox00;
112
113 _EWT();:
114
115 measure_count (1:

Uptsons for node "Relaation Dec 2011 Dema™ x|

Tonget | Ousgn | Libsimy Cordiuantion | Lty Opsons | Stachviens | 4]

I Foson isperdent code
(o4

™ Asembler-onk piosct

owed |

Confagure modules & control Registess j
Meanures ssch capac

Teansmita bytes
LED gradient routine

aisng -
r demo only)

/¢ Etep watchdog times

Eet DCO to 1, 8, 13 or 16MHs

A ACLES (011,228,214, 8:8)

TIATY = VL

/ enable WOT intecrupt

Fl.x =0
Pl.x = output

P2.6, P2.7 = outputa

/F Wo XTAL

#F Enable intercupts

// Eatablish an initial basaline capacitance

Nepeat and average base meaaurement

111422

Reset position
Assume 0o keéys are pressed

Measure all sensors

ne(1): // Calowlate delta: ¢ change

| File_ | Lino:

Technology for Innovators®
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Getting Started Labl: Blinky

* Blink the LED with assembly code
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Labl: Flash The LED First Program

#include ''msp430x20x3.h”

ORG

RESET mov .
mov .
bis.

Mainloop Xxor.
Delay dec.

=0T U= =

OF800h Program start
#280h,SP ; Stack
#WDTPW+WDTHOLD,&WDTCTL ; Stop watchdog
#01h,&P1DIR

#01h,&P10UT
R15

Delay
Mainloop

OFFFEhA - RESET vector
RESET
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Labl: Step-by-Step

« Connect the FET interface to the PC USB port

« Connect the JTAG cable to the ‘2013 JTAG port on
the board

« Connect the BATT jumper on your board
 Launch IAR

 Create new workspace
* File - New — Workspace

 Create new project
» Project — Create new project — Click “OK” on dialogue pop-up
= Name the project (Labl) and click “Save”
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Labl: Step-by-Step (cont.)

e Configure the project
* Project — Options

— Select MSP430F2013 from “Device” drop down menu (DDM)
— Click “Assembler Only” project
— Highlight “Debugger” in the Category list
— Select “FET Debugger” from the “Driver” DDM
— Highlight “FET Debugger” in the Category list
— Select the “TI USB” in the “Connection” section
— Click OK

 Create the source file
= File - New — File
= Type source from slide
= Click save, name it, and save it
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Labl: Step-by-Step (cont.)

 Add source file to the project
* Project — Add Files
» Select “Assembler Files” from “Files Of Type” DDM
= Select your file and click Open

* Click the “Debug” button in IAR: | &3]

« Name and save workspace when prompted

e Click “OK” about the Stack Plug-in

» Click “Go” in IAR:. 12

» Your done! Click “Stop Debugging” button: | #]
* Pull the power jumper
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Labl: For Future Reference

2.2.2 Creating a Project from Scratch

The following section presents step-by-step instructions to create an
assembler or C project from scratch, and to download and run the
application on the MSP430. Refer to Project Settings above. Also, the
MSP430 AR Embedded Workbench IDE User Guide presents a more
comprehensive overview of the process.

e Previous instructions summarized section 2.2.2 of
FET User’s Guide (navigate from START menu)
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Agenda
e Intro to MSP430 Architecture

e Intro to Tools and I/O
e Intro to Low-Power with the MSP430
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Embedded Emulation

e Debug real time in system ] MAB
= No application resources used '," JTAG
= Full speed / Address MDB
= Breakpoint ;  CPU JTAG T
. ; Data
= Single step ; —
= Complex trigger 0 4—| Breakpoints
= Trace '.': Instruction
_ : TMS - Decode
e Security Fuse R : o e
Geﬁ:e(:;(ion > ': TDI
R TDO =
T '

1
RISC!
CPUI
16-bif
1

Digital
Peripherial
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MSP-FET430

USB FET Interface:

MSP430 USB-Debug-interface

&
ll’ +
MSP-FET430UIF o
| use Target

JTAG Interface

TEXAS
INSTRUMENTS

e

Part Number

Product Family

Price

MSP-FET430U28

MSP430x11x1A, MSP430x12Xx/x1xx2

$149.00

MSP-FET430U64

MSP430x13x/x14x/x15x/x16x

$149.00

MSP-FET430U80

80-pin MSP430x43x/MSP430x44x

$149.00

MSP-FET430U100

MSP430FG43x, MSP430x43x

$149.00

Interface only without target board:

Part Number

Product Family

Price

MSP-FET430UIF

MSP430

$99.00

Technology for Innovators®
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MSP-FET430

Parallel FET Interface:

u JTAC?' Alnterface Target Board

\
|
|
¥
=
-

i
| \||'
i |"| I
“M
“ | |
m
sEa2l 8
1352
s35E
8
vy ot o
(wLr) sowepy
|

‘\ Il
| ‘

i

A PG Parase Port
~

Caa)

v

Part Number Product Family Price
MSP-FET430P120 | MSP430x11x1A, MSP430x12x/x1xx2 $99.00
MSP-FET430P140 | MSP430x13x/x14x/x15x/x16x $99.00
MSP-FET430P410 | MSP430x41x, MSP430FE42x, MSP430FW42x | $99.00
MSP-FET430P430 | MSP430FG43x, MSP430x43x $99.00
MSP-FET430P440 | MSP430F43x/44x $99.00

Interface only without target board:

Part Number Product Family Price

MSP-FET430PIF | MSP430 $49.00
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eZ430-F2013

Spy Bi-Wire All target pins accessible
Interface ‘Z

LED

MSP430F2013

Y " Removable
Emulator Target Board
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187  int min[5]:
188 int max: SpeederSun : urigred k

& = || 175 Data(PH] - Ox400; Al U mepd3ldxh
| 180y P Period
181/ P Max
a2 =2 o P
183 52 # MIN_SPEED
e ' A sy iiedf)
- & A pleray it
185void Fuzzylnference(int X1, int 52, int ) 4 SetSpeed : rsigred rt
186 ¢ &
a

« MSP-FET430 IDE

fSpaecien : usigned rt
RS Speedem : urigred ri(]
Info | C/cs+ muikd sl
1 ’ Bulders dEnee  long
= Assembler/linker | — b e
&::‘;‘;::“ Plaformi [TTMSP430 Praogram = )
Dby Progertios | Gonfiguration; [Debug =] tanege.. || ?}:ﬁ]

- Errce[Binary Parsers L
. Project Rafarances 1~ Corffiguration settings —
C O I I I p I er [5 7 Ciascomner  Commend: [ "c:\Program Fles|CCEssentiabogtockib|c 30, exe”

8 Geowral Options: Al cptions: [ inchade_pt"c progam =
1 Symbok Debug Cptions: FlesiCCEssentals\cotooksiinclude” ~symdsbug:
Parser Optiors: dwarf
| | Fassex Preprocessing Options: © InferenceTable : const unsh
Pasér Ditnyrussties Cptions: | © GutputFune : conet signed (

Bl Rurtine Modsl Optices: TrikSystemived) : vold
Fuzzficationdirt, Kt} okt
Fuzryinference(nt®, n®, o
Defurzfication(nt*) it
Wek_ISRvod) ivod  —
Timerhd_IS{void) ; vod
Timerhi_I5R{void) : vod

COUUCEUEUP PRARBREEEEEEEEER
IAREE

ResioraDefaks | Rosly 7 > =n)

~heap_size-00 --search_pach="c:\Frogiam Tiles Ialatcatoolat [i6” - T
-search_path=*c:)Program Files\CCEssentials\cgtools)include® --atack size=80 - ||
-uarn_sections --output_fileFuzzylogic.out fuzzy control CCE.ob)
-1="ink_map430£148. crd” ~1="rta430. 1h" |
<Linking>

‘Pinished building: FuszyLogic.out® |
Build finished for project Fuzzy Logic.

Please check the Problems window for m complete list of compilation errors and |
waznings.

See the vindow you are eeading new for linker errors, |

arikable Smactlncat | 2701

* Tixas

INSTRUMENTS

MSP430 USB-Debugdnterface
MSP-FET430UIF
uss Target

oTm e

Ce

.
INSTRULENTS
MSP430 USB-Debug-interface
W SP-FETU430IF

iy
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Which IDE Do | Use?

e IAR Embedded workbench

e TI Code Composer Essentials
* Rowley, Quadravox, Image Craft, GCC, Others

. Check Third-Party website for complete list

 Most have 30-day trials
.Check the Yahoo! user group for recommendations
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www.ti.com/msp43 e tan o

User’'s Guide

MSP430C11x1, MSP430F11x14

D ataS h e ets MIXED SIGNAL MICROCONTROLLER

& LowSupply Voltage Range 1.8V - 26V ® Family Members ncluds:
® Ultralow-Power Consumplion MSPA30CT101: TKE ROM, 1288 RAM

— Active Mode: 160pA al 1 MHz, 22V MSPA30C1111: 2KB ROM, 1258 RAM
~ Standby Moede: 0.7 pa MSPA30C1121: AKE ROM, 2568 RAM
MSPA30F11014; 1KE + 1238 Flash Memary

- -
~ O Mode (RAM Retention): 0.1 uh s
p p I a I O re p O r S ek =Ny Mod Il e MSPAOFI11A: 2KB + 256 Flash Memary
C I l <Dl DIGR Arehitastur 195 ne ZEEc.on

« 500+ Code examples T o

8BS TRAC T

COMpUDET OOMMUNCINon  Sy@es ana aspeclly the nmemes are playrg 3 ragaly
N of

L -
/# MSP-FET430p120 Demo - Software Toggle smer
=

74
/# Descriptions Toggle P1.0 by xox'ing P1.0 inside of & software locp.
// ACLK = nfa, MCLK = SMCLK = default DCO ~ 80Ok e
7/ wman
E r r at a /7 ¥SP430FI23 (2) =

. A R i
' FARY| XIN| - ducts
/7 151 | m
s/ --IRST XOUT| -
' 1 |
7 | P1.0|-->LED
/f

// M. Bucecini

// Texas Instruments, Inc

// November 2002

/# Built with IAR Embedded Workbench Version: 1.251

g T P P P P PP P

#include <msp430x1Zx.h>

void main{void)
{

WDTCTL = WDTPW + WDTHOLD; /f Stop watchdog timer
PIDIR |= Ox01; // Set P1.0 to output direction
for (;;)

f
unsigned int 1;

P1OUT *= 0x01; // Toggle P1.0 using exclusive-OR
1 = 50000; // belay

do (i--);

while (1 = 0);
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Code Examples

[ mep430x20x1_ca 03¢ - Hatepad

Ll

Fie Bde Pormat Vew  Help
eaduce development time D

// MSP430F20x1 Demo - Comp_A, Simple 2.2V Low Battery Detect

Description: Two comparator_A reference generators 0.25"Voc and ~D.55V

are compared for a_simple battery check of 2.2v. In the subroutine

Batt_check, a small capacitor between P2.3 and Vss is first charged

to 0.25%Vee and then compared te ~0,55v. If 0.25%cc,

is above ~0.55V, P1.0 is toggled, e o S

chould be called infrequently to sa

ACLK = nfa, MCLK = sMcLk = default o ©F .":' cHlgrles

Over 1000 free examples

There is a tolerance of the Comp_a Jf MWSP4IDFI0x2/] Deed - UST S°T Isterfacs nith HO195/104 Shift Registars
device specific datasheet. In most //
referance generater is more than ac o I'.l-:‘-:--:r1|.ll:‘-:-1. nw METraNE USL 18 Twi-wdy 5P1 *!Cldll para are raad from
A and ata writhes back to the HI
MSP430F20x1 g .l-l.'LI\. - rn'l Ill:LIC = QALK = default OCO. UGICLE = "i'l:l.r:_l"‘
----------------- A AFtsanTe control Birs are e differane sen’s from ather wsrsin’ 500

Provided in C / assembler

XIM|- )
il | i YL Tt
---|RsT XOUT |- )
Hmmmes Pl.l/cal PL.O|-->LED £f
===, Juf } I

e e e o e e e e e e e e e e e

Use standalone

:m\-.\-.h-.x.xaxam\.\\mx«ﬁh\xamaxaaa
o

void Batt Check(vmd).
unsigned int 1;

e Use as a template for i A i el e

pespripion; & continugus singla-snded camnle iz wade on al+ UEirg tRTerpal
WEat Unipolsr cutput foreat uned.
Ifside of SDIE ISR, &f Al = :Il""-lul' .5y, PL.O 381, wlos radel.

.
Ol l r I lext ro e‘ t ACLE & Rfl, WOLE = sk = soléoik = defaiilt ooo 7} Stop WOT
WP $50F20x1
XKLH|=
.._.._..rl_ IrEY & USTMST + USTOD: S Port, SPT Paster
S couner frrerrupt, Flag ramaing ser
i /T BHCLE
N UST relmsazsd for opsration
Pl "'I"'\H ¢ imibeTosd countar
W, muccind {) Leap
Teean rm.: e on s,
dctoher 2 i oelay
Built mith 12K Eebadded workibench werdie: 3.4 e e 1 courter claaer

= 41 Latch data 1nts " HILES

dold maingashdy £f mead data are feady to be eriToes

WOTLTL = .lI'lTP.- + AOTHOLDG [ Gtop watckdeg Tiwmer

S S8t F1.0 to ostput dirsection

¢ LEW pal. WOLK

oale=

FRGSE8, umipalar, interrupt srabls
v

SDIEMERTA 4+ TDIGSSEL_LE
*:nlé-ur L = splsince ]
SDLECCTLA = ER1GURT + SRLETE;
SDLEAL = SOLGALZ;

SOLECCTLY = 5018501

; _ATS_SRILPMO_bien + GTE);

FOTAINY CdEsrar = RIS _WESTRE
ioterrupt woed SOMGTSER(wald)

Fl.1 AL+, Al: =
S6T BT To STRFL Cofod 31060

I CSDLEMEMD « DaTeEe]) i/ seltuesd = 0,397, Clawrs 7o
PIDIT d= ~0xdl;

alue
FLOUT |= 6D
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Why Use Standard Definitions?

WDTCTL = Ox5A80;
WDTCTL = OxA580;
WDTCTL = OxA540; // Hold watchdog

WDTCTL = WDTPW + WDTHOLD; // Hold watchdog

 Which code line holds the watchdog?

© 2006 Texas Instruments Inc, Slide 38

Technology for Innovators” Wi TEXAS INSTRUMENTS




Getting Started Lab2: I/O Overview

e Configure Portl and Port2 of the MSP430FG4619

= P1.0 as input with interrupt enabled
= P1.0 interrupt on H-L transition
= P2.1 as output to turn on LED

e Inside of P1ISR

» Clear pending interrupt flag
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Port GPIO

O

XOUT/P2.7/CA7 [T
XIN/P2.6/CAS [T
RST/NMI[T]
P2.0/ACLK/CAZ [T

P2 1/INCLK/CA3[T]

P2 2/CAQUTITAOICAA [T

O o -~ O o= W N =

—_
<

1 P1.7TAITDOTDI
L P1.6/TATTDITCLK
1 P1.5/TAOITMS

| P1.4/SMCLKITCK

1] P1.3/TA2

1] P1.2/TA1

bis.b #010h,&P1DIR
bis.b #010h,&P1SEL

_ iy,

L P1.1/TAD

1] P1.OTACLK =
1] P2.4ITAZICA1

1] P2.3TA1ICAD

Input Register PxIN

Output Register PxOUT

Direction Register PxDIR

Function Select PxSEL

Technology for Innovators®

bis.b #001h,&P1DIR
bis.b #001h,&P10UT

P1 and P2 only
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Lab2: Step-by-Step

* Move JTAG cable to ‘4619 and connect BATT jumper
 Launch IAR
 Open previous workspace when prompted

 Create new project as before
» Project — Create new project — Click “OK” on dialogue pop-up
= Name the project (Lab2) and click “Save”

e Configure the project
* Project — Options
— Select MSP430FG4619 from “Device” drop down menu (DDM)
— Highlight “Debugger” in the Category list
— Select “FET Debugger” from the “Driver” DDM
— Highlight “FET Debugger” in the Category list
— Select the “TI USB” in the “Connection” section

— Click OK © 2006 Texas Instruments Inc, Slide 41
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Lab2: Step-by-Step (cont.)

 Add source file to the project
* Project — Add Files
= Select “Getting_Started Lab2.c” and click Open

« Complete the code

e Click the “Debug” button in IAR: | €3

+ Click “Go” in IAR: . % 7]

 Test and debug your code

 When done, click “Stop Debugging” button: @
 Pull the power jumper
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Getting Started Lab2: I/O

void main(void)

{
WDTCTL = WDTPW + WDTHOLD; // Stop WDT
FLL CTLO |= XCAP1l4PF; // Configure load caps
P2DIR = ; // Set P2.1 to output direction
PLIES = ; // H-L transition
P1IE = ; // Enable i1ntererupt
_EINTQ); // Enable interrupts
while (1);
+

// Pl interrupt service routine
#pragma vector=PORT1 VECTOR
__Interrupt void P1lISR (void)

-

PLIFG &= ~ ; // Clear P1IFG

© 2006 Texas Instruments Inc, Slide 43

Technology for Innovators” Wi TEXAS INSTRUMENTS




Getting Started Lab2 — Solution

void main(void)

{
WDTCTL = WDTPW + WDTHOLD; // Stop WDT
FLL CTLO |= XCAP1l4PF; // Configure load caps
P2DIR = BIT]1,; // Set P2.1 to output direction
P1IES = BITO; // H-L transition
P1IE = BITO; // Enable i1nterrupt
_EINTQ); // Enable interrupts
while (1);
+

// Pl interrupt service routine
#pragma vector=PORT1 VECTOR
__Interrupt void P1lISR (void)

e

P1IFG &= ~BITO; // Clear P1IFG
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Agenda
e Intro to MSP430 Architecture

e Intro to Tools and I/O
e Intro to Low-Power with the MSP430
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Ultra-low Power Activity Profile

250uA

1uA

s B,
EMJ“W L, on demand
: CPU and peripherals
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Performance on Demand

o 400my
: ll-lll;gl-glqullll
204ns
" =2 00As
Ch2 Freq
15.92MH2z
Interrupt

’ i i '|E: ; |

’ ; ; il . -" i I v R
. ) ) i il i Lol t. | S O R
: . . N i

M1ﬂﬂn5 A ChI L 140\-"

. Immediate-stable clock start for reaction to events
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Ultra-low Power Clock Control

— e mm e e e

CPU Off
DCO on
ACLK on

35UA

LPMO

LPM3
= RTC function
= LCD driver
= RAM/SFR

m EE Em Em Em EE o EE o EE EE o EE R EE EE O EE EE EE EE R EE EE EE Em Em Em Em o Em

retained \

Active
DCO on
ACLK on

250UA

Stand-by
DCO off
ACLK on

0.8UA

o o o o

e - - o o o o o o - e

Technology for Innovators®

Off
All
Clocks Off

0.1uA

LPM4

= RAM/SFR
retained
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MSP430x11x/12x Basic Clock

Oosc | cpu
1
Reserved V [SCG1{SCGO OEE | OFF GIE| N Z C
R2/SR
LFXT1CLK
® >
OSCOFF ACLK
= 12pF \, F T CPUOFF
T 12pF
.
LFXT1 Oscillator MCLK
VCC
SCGO
I SCG1
— } DCO
DCOCLK SMCLK

Digitally Controlled
Osciallator
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‘Ixx Basic Clock XTAL Options

XOUT XOUT
XIN ~ 100K XIN
: | ROSC
ll/ \\
|
,  32768Hz ' 1- 8MHz
! I
|
| HU}— XOUT : UP— XOUT
|
: XIN | XIN
|
| LT T
|
1\\ //,

————————————————————

 Most MSP430 applications use a 32768 XTAL

© 2006 Texas Instruments Inc, Slide 50

Technology for Innovators” Wi TEXAS INSTRUMENTS




‘I1xx Basic Clock DCO Control

DCOCLK
10MHz | RSELXx
7 s
_,_:—’_’_’_’_’_ J AQg o
! J LI C}G/V/
\‘3‘3
4 4 ?‘/
4
iz U UL

?_’_’_’—’_'_’_’_ //

7
100kHz 71 0.33%/C ¢ =

0 1 2 3

4 5 6 7 DCOx MODx

n
RSELx H DCOx
n+1

>
DCOCLK

Technology for Innovators®
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Does the DCO Have Jitter?

MODXx

.

DCOCLK

l What are the benefits of mixing two frequencies?

| ]
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‘Ixx DCO Calibration

4096Hz —— // Partial SW FLL Code
1T (488 < Compare ) // DCO too fast
ACLK DCOCTL--;
renneeaes » else DCOCTL++;

// DCO too slow

DCOR

RSELx H DCOxrltD—?—b 2MHz
= i i DCOCLK

e Periodic loop can adjust DCO
If Rosc = 100k then DCOCLK ~ 2MHz

© 2006 Texas Instruments Inc, Slide 53

Technology for Innovators” Wi TEXAS INSTRUMENTS




‘Axx FLL

D > ACLK
Peripherials
Pal
1 |
LF XT

= | \utomatic DCO
j(l LIS+ - -
Frequency|  Otabilization
Integrator
AMUN e MCLK
X CPU
DG DCO
Generator | | Modulator

o—1 /1../8

SMCLK
Peripherials

e OSCfault fail-safe for LFXT1, DCO and XT2
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Low Power Mode Configuration

Reserved Vv |sceisceol 2E 1 X |GIE| N | Z | C
R2/SR _ _
Active Mode 0 0 0 0 i ~ 250uA
LPMO 0 0 0 1 i ~ 35uA
LPM3 1 1 0 1 ! ~ 0.8uA
LPM4 1 1 1 1 i ~ 0.1uA

bis.w  #CPUOFF,SR ; LPMO I
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Interrupt Vectors — 'F11x1 |

SOURCE FLAG INTERRUPT ADDRESS | PRIORITY
Power-up WDTIFG | Reset OFFFEh 15, highest
ext. Reset
Watchdog
NMI NMIIFG (non)-maskable | OFFFCh 14
Osc. Fault OFIFG (non)-maskable
Flash violation ACCVIFG | (non)-maskable
OFFFAh 13
OFFF8h 12
Comparator_ A CAIFG maskable OFFF6h 11
Watchdog timer WDTIFG | maskable OFFF4h 10
Timer A CCIFGO maskable OFFF2h 9
Timer A CCIFGXx maskable OFFFOh 8
OFFEEh 7
OFFECh 6
OFFEAh 5
OFFE8h 4
I/O Port P2 P2IFGx maskable OFFEG6h 3
I/O Port P1 PLIFGx maskable OFFE4h 2
OFFEZ2h 1
OFFEOh 0, lowest

Interrupt Vectors| |

FLASH

(x) 512B
Segments

(2) 128B

Boot Loader

RAM

16-bit Peripherals

8-bit Peripherals

Technology for Innovators®
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Interrupt Processing

ltem1 PI’iOF tO ISR

ltem?2 «-SP

ISR hardware - automatically

= PC pushed
— * SR pushed
oG = |nterrupt vector moved to PC
SR «-SP » GIE, CPUOFF, OSCOFF and SCG1 cleared
» |FG flag cleared on single source flags
ltem1 -
ent_ . op reti automa_mtycally
* SR popped - original
* PC popped
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Low Power Modes In Assembler

lteml1l

ltem2 «- SP

Iteml

Item2
PC
sr=0018 | ¢- SP

lteml
ltem2 e
,/
A==--PC__1 -
'\ SR=0008 I
lteml
ltem2 «- SP

ORG
RESET mov .w
mov .w
bis.b
bis.b

Mainloop bis.w
Xor.b

OFO0O0Nh

#300h, SP
#WDT_MDLY_32,&WDTCTL
#WDTIE,&IEL
#01h,&P1DIR

#CPUOFF+GIE, SR
#01h,&P10UT
Mainloop

OFFFEh
RESET
OFFF4h
WDT ISR
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Low Power Modes In C

ltem1 1 1 1
<. SP ¥0|d main(void)

WDTCTL = WDT_MDLY_ 32;
IEL |= WDTIE;
PIDIR |= Ox01;

Iteml

ltem?2 for (; ;)
PC {
sr=0018 | ¢~ SP _BIS_SR(CPUOFF + GIE);
P10OUT ~= 0Ox01;

ltem1 }

ltem?2 }
A---PC__1 #pragma vector=WDT_ VECTOR
' _SR=0008 f4 __Interrupt void watchdog_timer(void)

lteml
ltem2
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Interrupts Control Program Flow

9600 baud _

// Polling UART Receilve // UART Receive Interrupt
for () #pragma vector=UART_ VECTOR
{ __Interrupt void rx (void)
while (Y(IFG2&URXIFGO)); {
TXBUFO = RXBUFO; TXBUFO = RXBUFO;
+ }

100% CPU Load 0.1% CPU Load
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Software Functions >> Peripherals

// Endless Loop // Setup output unit
for (;3) CCTL1 = OUTMODO_1;
{ _BIS_SR(CPUOFF);

P1OUT |= Ox04; // Set

delayl();

P1OUT &= ~0x04; // Reset

delay2();

}

100% CPU Load Zero CPU Load
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Power Manage External Devices

TLV2760 MCU "1uA OPA" MCU

Di—P ADC _ D { ADC

...... \I¥ e
0.01uA = Shutdown 1uA = Quiescent
20uA = Active 1uA = Active
0.06uA = Average 1uA = Average

.OPA with shutdown can be 20x lower total power
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Power Manage Internal Peripherals

MSP430F20x1

Comparator_A

vce MIN  TYP_ MAX | UNIT
22V 25 40
LA
3V 45 60
P1OUT |= 0x02; // Power divider

CACTL1 = CARSEL + CAREF 2 + CAON; // Comp_ A on
if (CAOUT & CACTL2)

P1OUT |= 0xO01; // Fault
else

P1OUT &= ~0xO01;
P10OUT &= ~0x02; // de-power divider
CACTL1 = O; // Disable Comp A
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How To Terminate Unused Pins?

 Unused port pins Px.0 — Px.7?

= Set as output direction avoids floating gate current.

e« XT2IN, XT20UT?

* Please see last page of chapter 2 in user’s guide.
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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

Every unnecessary instruction executed Is a portion
of the battery wasted that will never return.

Technology for Innovators®
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Getting Started Lab3: Low-Power

e Lab2 has been converted to use LPM3 instead of the
while(1) wait loop

 Open IAR and create a new project as before

Add the file “Getting_Started Lab3.c” to the project
Download the code as before

Disconnect the JTAG interface

Measure the current through the PWR1 jumper
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Getting Started Lab3 — Solution

while(1)
{
—Pp BIS SR(LPM3 bits); // Enter LPM3
iIT ((P1IN & Ox01) == 0)
P20UT ~= 0x02; // Toggle P2.1 using exclusive-0R
+

// Pl interrupt service routine
#pragma vector=PORT1 VECTOR
__Interrupt void P1lISR (void)
{
unsigned volatile Int 1;
for (1=10000; 1>0; 1--); // Debounce delay
P1IFG &= ~BITO; // Clear P1lIFG
—p BIC SR _IRQ(LPM3 bits); // Clear LPM3 bits from O(SR)

}
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Lab3: Low-Power Questions

 What is the current through the PWR1 jumper?
« Why were the I/Os configured as they were?
e Why was LPM3 used?

 Look in the header file to see how LPM3 bits Is
defined

 What further low-power improvements could be
made”?

© 2006 Texas Instruments Inc, Slide 68

Technology for Innovators” Wi TEXAS INSTRUMENTS




Lab3: Low-Power Answers

 What is the current through the PWR1 jumper?
= About 1.4 uA

 Why were the I/Os configured as they were?

» Unused I/O must be configured as outputs, otherwise, floating gate
current will be seen. The outputs were then set to values so as not to
contend with other on-board circuitry

e Why was LPM3 used?

»= No clocks are needed. LPM3 leaves on the 32768Hz running and shuts
down all other clocks.

 Look in the header file to see how LPM3 bits is
defined
* SCG1+SCGO+CPUOFF

 What further low-power improvements could be
made?
= |LPM4 could be used. A timer could be employed for the debaURGEE aments inc. siide 69
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Lab3: Going Further

e Convert the code to use LPM4 and re-measure the
current. What is it now?
= Should be about .3 UA
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service
voids all express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers Audio ww Ircom/audid
Data Converters Automotive [vww i.com/automotivg
DSP fisp t.con] Broadband [Www it.com/broadband
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