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Ultra-Low-Power MCUs




MSP430 Day 2008

» Peripherals

o MSP430x2xx/4xx
« MSP430x5xx
Tools and Software
Wireless

« Resources
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TI Microcontroller Portfolio

DSC

16/32-bit

8-bit

A

C2000™
150 MIPS

TMS470

ARM7TDMI

MSP430

Ultra-Low-Power

Performance

High Performance
 Motor Control
» Digital Power Supply

Industry Standard
* Industrial
* Heavy Equipment

Measurement
« Utility Metering
» Portable Instrumentation

13 TEXAS
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MSP430 Application Spaces

Medical and
Industrial Metering

* Glucose and cholesterol
meters, thermometer, EKG,
heart rate monitor,
pulse oxymeter

* Voltage, current, temperature,
pressure, pH...meters

Utility Metering | |
* Energy

* Water

* Gas

* Automated Meter Reading (AMR)

* Advanced Metering Infrastructure

* Heat Cost Allocation

Sensoring |

* Alarm system, smoke/
fire detector
» Home control and automation
* Wireless asset tracking
* Wireless sensors

Portable Consumer |

* Cell phone, digital camera, MP3
* Sportwatch and sensors

* Toothbrush, shaver

« Remote control

* Wireless keyboard and mouse

13 TEXAS
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Ultra-Low-Power + High Performance

e 0.1pA power down

* 0.8uA standby mode

e 250uA / 1MIPS

* <1us clock start-up

« Zero-power BOR

<50nA pin leakage

Modern 16-bit RISC CPU

1K to 128KB+ ISP Flash

14- to 100-pin options

* Intelligent peripherals boost
performance

« Embedded emulation

13 TEXAS
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Ultra-Low-Power Activity Profile

Active Active

250 pA Y e

Standby

TUA

=
w t
« Extended Ulira-Low-Power standby mode

« Minimum active duty cycle
* Interrupt driven performance on-demand
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Ultra-Low-Power Clock System

————————————————————————————

i I ACLK
] : - >
g low-power peripherals

0 s

CPU and peripherals

 Always-on low-frequency ACLK
* On-demand high-speed DCO
« DCO on and stable in <1us

13 TEXAS
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Performance On-Demand

ﬁ "": """""""" "v’""' """" """ """" """" & : 4 U u mv
: ;i : : : : : i@ 3.04V

----------

i s e A 204 NS .
: : y : : : : : § @2 e
Interrupt . : : : | : 1 ch2 Freg
15.92MHz

* Instant on CPU Clock

e e nls No Wait for MCLK
-ﬁﬁﬁﬁﬁﬁﬁﬁﬁ“ﬁswmmmmn

'i':i;l‘. H
|| Vi "r!ii'

i LR A e
H 1] :_ i H 1] k]
I sl i

I

Ch1  3.00V '- OV R oo A TR '1'.46'»'5
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Supply Supervision & Monitoring

« BOR/POR

— Always-on
— Zero-power

« SVS
— 10uA
— S/W enable/disable
— Internal or External Ref
— Fixed: 1.8V
— Programmable: 14 thresholds

« ADCs

— Support internal Vcc measurement
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Why Ultra-Low-Power |s Important

» Longer battery life

« Smaller products

« Simpler power supplies

» Less EMI simplifies PCB

* Permanent battery

» Environmental Stewardship
* Reduced Liability

13 TEXAS
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Ultra-Low-Power MICU Checklist

v Multiple operating modes
—0.1pA power down
—0.8uA standby
—250uA / MIPS

v Instant-on stable high-speed clock

v 1.8 - 3.6V single-supply operation

v Zero-power BOR

v <50nA pin leakage

v/ CPU that minimizes cycles per task

v Low-power intelligent peripherals

v Performance over required operating conditions
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Burst Processing: Time & Temp Example

A
& K
] 621UA 621uA*(744us +
580us)
301.1uA*(275us)
46.9uA*(40ms)
2uA*(0.9582)
| K 30TuA 4.93uA average
[lY
g
% 47uA 2UuA
r | «
I R 14
I Note: Drawing not to scale
N =
I L~ (M — - !
,, 0 Time (sec;) _ - - 1
650uA /" Active Active  \ a”’ .
e —ne— T « LCD Display
* Integrated RTC
- Standby « External I2C temp sensor
2.5uA \ / « >5 year CR2032 battery life
Time
i3 TEXAS
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16-bit Orthogonal RISC CPU

16 |

15
RO/PC

R1/SP
R2/SR
R3/CG
R4

R5

R6

R7

R8

R9
R10
R11
R12
R13
R14
R15

16-bit ALU

0

16

C-compiler friendly
No accumulator bottleneck
RISC architecture

— 27 core instructions
— 24 emulated instructions
— 7 addressing modes
— Constant generator

Single-cycle register operations

Memory-to-memory
atomic addressing

Bit, byte and word processing

13 TEXAS
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MSP430X Implementation

20-bit Address

R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15

RO/PC (Program Counter)

R1/SP (Stack Pointer)
R2/CG1
R3/CG2

R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14

R15

16-bit Data

« C-compiler friendly
 Memory address increased to 1MB
« CPU reqisters increased to 20-bits

» Address word instructions
— Direct 20-bit CPU register access

« Code compatible with MSP430
« Cycle count optimization

» Extension word allows all instructions
— Direct access to 1MB address space
— Bit, byte, word and address-word data
— Repeat instruction function

13 TEXAS
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Embedded Emulati

« Real-time, in-system debug =T F AT el e

= [t varsbles 22 [greabzans| = 7| sasosrbly i wegiters 3 | Cli=
R =R R D& RO T =) il
. . = g Bl 1L L) - 1L ML) sk M) [regect kg Sesoen] || Name Taiue || eme [awe [ =
— No application resources used I
1=y Taresd |main] (Suspendec) 0P Minz w L) 344 Special_Functon
7 P Sees G i A2C1Z
“.Z= Largs_main{) stargs_main i a 84 3asic_Timer_ATC
L gl 11 WSEGE LI MS340 (2105 M) w
— Full speed execution ;
1) 5
;
[g] Fots1e_RmTC.e B =21 4 syoter_Clods,_FLL+
e I S oA
IcD_A E Rl dtglier

My 247456

— H/W breakpoints

LCORCTL = LCOOM + LCD9MUX + LCDFEE( 1287 <7158
LCDALPCTLC — OxTE: Jesasy
. . PRSKL = (el Dx7450
— Single steppin
243000
W RS %8004
i a slean ¢ suMET 1effFf
. . LR J St Doalird Amuiiie
— Complex triggering
120 wmale (1) 8 oo 34
21 i B ot 5 6
IFG2 / w5l anrt_s 8
[ IEZ | ¢ Enable o il 2ort 3 10
— Trace capability
AT ST RWANE, nelA CRUOIT | ma-power mone 3
__bis_CR_register (LEK3_bits + GIE);
_ disable interrup:z(): B
IEz s- ~BTIE: [o]
B ds bl s mode
. il J3T1 B 13C Mue
, 1) B3 sear i |
B ronaie 5[ Tasks LaGB[#B-F5-7F

FR46 S RTC: [Project nehi.c Seescn] T1 MSFAT1|ISFMS2%30 (70503 2M)
HOE430: Program loaded. Code Gize - Test: 1252 bytes Dasa: 70 by

. Spy Bi-Wire

— 2-wire debug interface =
— No pin function impact \:S)
TAG

MSP430
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Code Size (Bytes)

Compiler Friendly

Code Size in Bytes
7000

6000 -
5000 -
4000
3000

1000 -+

MSP430FG4619 MSP430F249 PIC24FJ128GA. PIC18F242 8051 H8/300H MaxQ20 ARM7TDM HCS12

(Thumb)

* Instruction set and register orthogonality
 Direct stack addressing for passing parameters
* Application report SLAA205

AT Mega 8
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Flash Emulation Tools

« Compatible with ALL devices

» Universal USB JTAG interface
» Package specific target boards
e Starting at $99 USD

* Free IDEs included

13 TEXAS
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MSP430 Day 2008

« MSP430 Overview

o MSP430x2xx/4xx
« MSP430x5xx
Tools and Software
Wireless

« Resources
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Peripheral Overview

« ADC10/ADC12
« SD16/SD16_A
« Comparator A+
e Op-Amp

« DAC12

« SVS

« ESP430

« Scan IF

« LCD/LCD_A

« DMA

« Hardware Multiplier
« Timer A/Timer B

« USART

« USCI

« USI

13 TEXAS
INSTRUMENTS




Fast Flexible ADC10

* 10-bit ADC
» 200ksps+
» Autoscan
 Single
Sequence
Repeat-single
Repeat-sequence
* Int/ext ref

« TA SOC triggers

1.5V or 2.5V

Auto

N W O

VR- VR+
» S/H 10-bit SAR

it

A

|~ S |

ADC10SC
TA1
TAO
TA2

—— e — —

Batt Temp:/
« Data Transfer Controller i S Bl Ram Fiash
1 Data i ’ ’
(DTC) : Transfer Peripherals
[ Controller
i3 TEXAS
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Autoscan + DTC Performance Boost

o 8 N Data2
-2 " | Data
'-3| Data0

Data2
/// Software // Autoscan + DTC
Res[pRes++] = ADC10MEM; _BIS SR(CPUOFF) ;

ADC10CTLO &= ~ENC;
if (pRes < NR_CONV)

{CurrINCH++; Fully Automatic

if (CurrINCH == 3)
CurrINCH = O;

ADC10CTL1 &= ~INCH_3;

ADC10CTL1 |= CurrINCH;

ADC10CTLO |= ENC+ADC1l0SC;

70 Cycles / Sample

13 TEXAS
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ADC12

« 200ksps+

 Single
Sequence
Repeat-single
Repeat-sequence

* Int/ext reference

« TA/TB SOC triggers

 Configuration
memory/buffer

« DMA enabled

1]

\ |

/

1.5V or 2.5V
AVCC
Avss \ / ADC120SC

Hold

Samp V. +
» and K 12-bit SAR

4

Batt Temp

ACLK
MCLK
SMCLK

ADC12SC
/4 ../1024 TA1

TBO

TB1

16 x 8
5 16 x 12 Memory
: Memory Control
i Buffer
v
|
i3 TEXAS
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High-Precision SD16

« 16-bit Sigma Delta ADC  Vrer
« Differential inputs
* 4.096ksps

« 85dB SINAD

« 32x PGA

SD16MEMO

* 18ppm 1.2V ref
 Temp sensor
« Battery input

e

i3 TEXAS
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DAC12

« 12-bit monotonic
« 8/12-bit voltage output

* Programmable settling
time versus power

* Int/ext reference
 Binary or 2’'s compliment
 Self-calibration

« Group sync load

 DMA enabled

ADC12 1.5V /2.5V Reference

TA1T —
TB2 —

N A
VSS
[ / l ¢
~ Ve, Ve,
GND — DAC12_0
TAT— ||
TB2 —
.~
Group Load
\ AVSS
Sy
~ Ve, Ve,
GND — DAC12_1

13 TEXAS
INSTRUMENTS




Intelligent Peripheral Performance

Memory,

. _DMA
[ Data |*-»| >> [--2{ DAC o0 Cintorrupt brivery
100% = cPU loading External
required to generate AC
a 3kHz, 16pt sine
. N 75% — wavel
* Increased system flexibility |
: : | 137
« No code execution required  so% — 7 e
I
Lc?wer power N | / _-
- Higher efficiency . A
| 1.2% DAC12 + DMA
I/ - ---eemenone >
] | [ [
2 4 6 g8 10 kHz
i3 Texas
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Comparator A+

« Expanded input multiplexer

« Reference generator
« Low-pass filter
 Battery detect

* Interrupt source

* Timer_A capture

« Multiplexer short for
sample-and-hold

CAO0 —
CA1—

CA2 —

CA1—
CA2 —
CA3 —
CA4 —
CA5 —
CAG —
CA7 —

=

— 0.5xVCC
— 0.25xVCC
— ~0.55V
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USCI
USCI_A

IrDA Encoder '

« UART with IrDA/LIN
B support or SPI
« Baud-rate generator with
auto-baud rate detect

USCLA Transmit Buffer
UCOTXBUF
Y
| Transmit Shift Register
UART ?
Baudrate Gen:
Si | Receiv eShftRegste
e Bu ff UCORXBUF

IrDA Decoder

Double buffered TX/RX

USCI_B

USCI_B

12C

Transmit Buffer
UC1TXBUF

| Transmit Sh ft Register

ﬁ

Bitclock Gen

12C Bus
Interface

SPI

#

| Receive Shift Register

[ |

ID— UCBO0SIMO

12C master/slave up to
400kHz or SPI
* Bit clock generator

UCBOSOMI

|Reoe ve Bu ffer UC1RXBUF

T
=4

 Double buffered TX/RXs

i3 TEXAS
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USI

« SPI and 12C mode support
« Timing managed in

SDO

hardware

<>

Programmable data Iength —| 8/16-Bit Shift Register SDI

SDA\

Interrupt Driven
Reduces CPU load —
Provides efficient Ut

START
STOP
Detect

SCL\

combination of cost &
function for a software-
friendly serial interface

< scLk
SCL Hold
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INSTRUMENTS




MCU Development Checklist

Ultra-Low-Power MCU Checklist v Ultra-Low-Power

- i v Orthogonal Architecture
v Irzszfz;}:?—;ﬂl:able high-speed clock L Easy to Use

¥ rmeaaron TP cRemter v High-Performance

E T — v Integrated, Smart Analog
7 Parfommanca over requed operating condiions Peripherals

v Powerful, In-system
Debugging

v Broad Portfolio

v Environmental Stewardship

13 TEXAS
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MSP430 Day 2008

« MSP430 Overview
» Peripherals

« MSP430x5xx

* Tools and Software
* Wireless

« Resources
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MSP430 Roadmap

Device
Production
Sampling
Development
() Future (2 Foatx 7+ Up to 256KB
foren  2XX-Catalog e F5 - LCD, USB and RF
@ | c=rom - 16MPS G -USE
c + 1-120KB ( F23x0 =
g + 500nA Standby ( F22xx -
E F21x2 TN
( F21x1 . »
o | ! |
o -  F15%-F16x _
. Fl2oc Ve Farx? = °
Ixx-Catalog = 11 ( a8 mek_/ * 4-120KB
* 8 MIPS N ( Fxd2x T * LCD Driver
+1-60KB (; Fxd?x0 inzﬂ/~
(_ Ficalx

Integration
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F2xx Key Features

“3 TeExASs
INSTRUME

* <1uA standby LPM3
e <1pus 0-16MHz

 Failsafe oscillator

« Enhanced watchdog
 Pull-up / down resistors
« Hack proof boot loader
« 2.2V Flash ISP

« Extended temp 105°C
« Same instruction set

architecture 8 @0 =

MSP430x2xx Family

13 TEXAS
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New F2xx General-Purpose Devices

Device Pins Flash/RAM Timers Communication Features Peri‘;;\.e,m‘ Cheat *
14 2KB / 128B A2 Comp_A+ Sheet... :
uUsl
14 2KB / 128B A2 uUslI ADC10 . T2C & SPI
14 2KB / 128B A2 uslI SD16
USCI_A
20 8KB / 256B A3 Comp_A+ . UART/LIN, \
* IrDA & SPL ‘_
28/32 8KB/512B A2,A3 USCI Comp_A+, ADC10 .
38/40 32KB / 1KB A3,B3 USCI ADC10 USCI_B [
38/40 | 32KB/1KB | A3,B3 uscl ADC10, (2)OPA e o
e e g P
40 32KB / 2KB A3,B3 USCI Comp_A+, MPY
64 16KB / 2KB A3,B3 USCI Comp_A+, MPY, ADC12
64 60 KB/ 4 KB A3, B7 (2)USCI Comp_A+, MPY, ADC12
64/80 120KB / 8KB A3,B7 (2)USCI Comp_A+, MPY, ADC12
64/80 120KB / 8KB A3,B7 (2)USCI Comp_A+, MPY, ADC12, (2)DAC12, (3)DMA
All devices include enhanced watchdog timer (WDT+) and enhanced basic clock system (BCS+)
* In development

 Perfect choice for new projects
« Pin compatible upgrade path for 1xx designs
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F2xx Flexible Clock System

* Very-Low-Power Oscillator (VLO) VLO

— Embedded 12kHz
— 500nA standby Min. Puls ‘ | ACLK

o CryStal OSCi”atOr Filter Peripherals
— Programmable capacitors

— Failsafe OSC_FauIt OSC_Fault MCLK
— Minimum pulse filter = - b :D_'CPU
 Improved DCO

— <1us 0-to-16MHz

o 16MHz SMCLK
— £ 3% tolerance DCO *~ Peripherals
— Factory calibration in Flash

13 TEXAS
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MSP430F261x/241x

-
. = =
* Most Integrated 2xx famil sce3 3pEE
- 4ZTIF 0Ex x
é i _Q{'-iv'—'l:&ExilE(ﬁh—i@ I R R
ZEzPPERPEPPrr e RE
Y | N N N N N N
X X OBD TE78TT 7875 T4 7372 71 70 69 88 67 66 85 64 63 82 61
D eace 1 a0 P76
= Paama [] 2 s [] P75
al I ” IeS Pe.4ias [] 3 s [ Pra
PE.AIAS 4 57 P73
n P& EBJAG g 56 P72
- MSP430X architecture g
Viagrs T 54 P70
XIN a8 53 DWgez
« 120KB Flash / 8KB RAM o [1
. 80-pin = = = =
Vi " 10 P 1 PS5 TTBOUTHSYSOU
as -\.rem 1 GHERCHAGE 50 [ s éu'.f-C.LK .
er VB (TOP VIEW) = =
. P OTACLK/CAOUT 12 28 P5.SSMCLE
« 12-bit 200ksps ADC 1 o O peane
P1.2/TA1 P5AJCBICLE/UCAISTE
P1.3TA2 P52 CB1SOMIUCB1SC
. F14IEMCLE P 1UCB1SIMOIUCE1SDA
o (2) 1 2—b|t DA‘ ; P1.5TAD P5.OUCBISTEUCAICLK
P1.8/TAT P4 TITBCLE
P1.TITA2 P4 GTEG
- (2) USCI, DMA, MPY
b) L] 21 22 i 2 20 30 31 32 33 34 36 28 37
C A I I 1 11 10 10 1 1 [ 1 [ 1 [ L1 11 1
] — oy W e % ot QS0osSgx ]
33E¥835 5533z
° — Uctober 2555955822208 88acqas
dtoopoeoB88sszs=giass
ZEaIERrR=222298498
{ENE poalEEE=z=23
H EQea g p=052000
° =3 2 FEAFEEEE
& a 2493535958
Sdgfizzgas
Cogippgp
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MSP430F21x2

« ADC10

« Comp_ A+
 Timer_A3/A2

« USCI_A0/BO

« 8KB Flash/512B RAM

« Target Applications
— Smoke detectors
— Battery chargers
— Wireless security systems
— Wireless sensors

13 TEXAS
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F4xx Key Features

‘1‘ TEXAS
INSTRUMENTS

e <1UA Standby LPM3 MSP430x4xx Family
e <1us 0-16MHz

e Built-in LCD Driver

« Zero-power BOR

 Pull-up / down resistors

« 2.7V Flash ISP

» Same instruction set
architecture 7 T

{i; TEXAS
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F4xx Application Specific Devices

Peripheral Cheal

. . . . Sheet... ,
Device Pins Flash/RAM Timers Communication LCD Features {
uUsl
64 32KB / 1KB BT,A3 96 Comp_A . T2C & SPT
48 32KB /512B | BT,A3 56A SD16, DAC12
USCI_A
64 32KB / 1KB BT,A3 USART 128 SD16, MPY 5 UART/L]‘_N,
64 32KB / 1KB BT,A3 USART 128 MPY, ESP430, E-meter IrDA & SPT '
64 32KB / 1KB BT,A3,A5 96 Comp_A, Flow Meter ' '
USCI_B
80 32KB / 1KB BT,A3,B3 USART 128 Comp_A, ADC12 . T2C & SPL /
100 60KB / 2KB BT,A3,B7 USART 160 Comp_A, ADC12, MPY it
80 60KB / 2KB BT,A3,B3 USART 128 Comp_A, ADC12, (3)OA, (2)DAC12, DMA
48 32KB / 512B BT, A3 56 SD16, (2)OA, DAC12
80 32KB / 1KB BT,A3,B3 USART 128 COMP_A
100 | 120KB / 8KB BT,A3,B7 USCI, USART 160A | ADC12, (3)OA, (2)DAC12, (3)DMA, MPY
100 60KB /2.5KB | BT,A3,B3 (2)UscCl 160A | Comp_A, (4)SD16, MPY32, 16MHz
All devices include a watchdog timer (WDT/WDT+) and enhanced frequency locked loop (FLL+) clock system

* |deal for portable instrumentation and metering
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MSP430F47xx

« High Performance SoC

« 60KB Flash / 2.5KB RAM
« 16MHz CPU

¢ 32x32 MPY

- (4) SD16

« (2) USCI_A &B

« 2.2v Flash ISP

* Integrated pull
up/down resistors

« 160 Segments Integrated
LCD Driver

13 TEXAS
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MSP430 Day 2008

« MSP430 Overview
» Peripherals
o MSP430x2xx/4xx
e MSPASOSXK
* Tools and Software
* Wireless
« Resources
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MSP430F5xx: The Next Generation

« Next generation MSP430 family

« Advanced ultra-low-power features SV L R 3%
Ultra-Low-Power MCUs

* Increased performance,
functionality and ease-of-use

- Easy migration from other i3 Texas
MSP43O familieS INSTRUMENTS
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5xx: Advanced Ultra-Low-Power
Performance

* Lowest active current/MHz:
— <200uA/MHz

» Less than 2uA LPMS mode for MSP430F5xx
large memory device
— LDO, BOR, WDT+, RTC,
Full-State Retention
» Significantly longer A
b att ery ||fe INSTRUMENTS
— 12MHz @ 1.8V
— 1.8V Flash erase and write

Ultra-Low-Power MCUs

13 TEXAS
INSTRUMENTS




5xx: Increased Performance,
Functionality and Ease-of-Use

* Increased performance
— Up to 25MHz
— 12MHz @ 1.8V

MSP430F5xx

Ultra-Low-Power MCUs

* Increased functionality

— More design options (USB, encryption,
RF, improved analog peripherals)

— Large memory devices
— ISP Flash to 1.8V _

_ . . 13 TEXAS
Read during erase operation et ME

* Increased ease of use

— Fail-safe & flexible clocking system
(UCS)

— Fail-safe Flash timing
— User defined Boot Strap Loader (BSL)
— Integrated voltage reference

13 TEXAS
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5xx: Advanced ULP Features

« Power Management Module (PMM)
— Advanced capabilities to the user MSP430F5xx
— Integrated low power voltage regulator

— Programmable dual supply voltage
management and supervision
(SVM/SVS) .
I3 TEXAS

— Dual power domains INSTRUMENTS

— Adjustable core voltage for power
optimization

Ultra-Low-Power MCUs

13 TEXAS
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oxX: Ease of Migration

« Same instruction set
« CPUX

« Compatible peripherals with
enhancements

— ADC12 with lower power &
improved voltage reference accuracy

— Enhanced 32x32 Multiplier
« Same tools suite

« Major product announcement
June 9t 2008

MSP430F5xx

Ultra-Low-Power MCUs

-

I3 TEXAS
INSTRUMENTS
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Advanced Technical Conference

* Don’t miss out on the premier

training event for the MSP430 MCU

community!

« Experience the newest 5xx MSP430

Ultra-Low-Power MCUs through
hands-on labs

— 5xx Full Multi-Day Track
— 5xx Multi-Day Lab
 Collaborate with MSP430 MCU

technology experts and third parties
« Master MSP430 MCUs through new

and challenging labs and technical
lectures

* Register Today!
www.ti.com/atc

i3 TEXAS

INSTRUMENTS

 Locations and Dates

- Sonthofen, Germany
- Dallas, Texas
- Taipei, Taiwan
- Bangalore, India
- Pune, India
- Tokyo, Japan
- Shanghai, China

Jun 9-12

Jun 23-26
Jul 28-29

Aug 20-22
Aug 25-27
Aug 27-28
Sep 10-11

i3 TEXAS
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MSP430 Day 2008

« MSP430 Overview
» Peripherals

o MSP430x2xx/4xx
« MSP430x5xx

 Wireless
« Resources
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Code Composer Essentials 3.0

Real-time IDE supporting
all Flash MSP430 devices

3.0 Coming April 30, 2008
Free for applications <16KB
Updated C-code intrinsics

— Support most existing code
examples & libraries

Built on the Eclipse 3.2

open-source framework
New high-speed TI| debugger

for faster development
$499 USD

iebug - FGAR1R_RTC.r - Code Compaser Fssent
Cle Cdit Refactor Mavigete

Is

=arch  Project Targs:

Scops Run Window eb

B Fallffd|zaz2|c %%t -0 &9 |G-

‘

=ini x|
P e 5 | 4 ebug e cic++

= 5| e vavisbles 5 | wreshpeints | = O || pisamserbly % Registers 52 =0
R I o] & %% ==
1 g r54612 RTC [Debug] - TTMSF40 J50,M3P420 [Projecs Dekug Szesicn] || Hame | value || mere [vae | +]
E-78 pevies A rrs "8 it Core Recisters
1=l The R Mins W &5 Special Fuincfion
e Sace e } ACC12
args_meir( at 2rgs_nan o 4 0x020 1 i [ [ i Dssic_Tmer__RTC
i3] TIMEP430 USEMSP3 (2:05:05PM) i Canuaalur
"ol 11 MsPEsU USEMSPA30: CIO (20T HY) [l RS
al -1 &% Miltpiier
ey 07458
Bt ez 07158
0x745E
O0X7458
OxhNAC
teE00C
08004
POR-like atart P
wnile 11} // repeat roraver
IECZ &- -BTITG:
ICZ |= DTIE;
i T T AvEnr, e P in [ i Tine AZ
_ kis SR registar(LEM3 bits + GIE); B AR mer s/
Sooie SoEaEEls [ A1) LSCI_AD_UART Mode
IE2 &- ~BTIE; // Disable BT inlerrupl #4 LoCl_AD_SIT_Mode
5 Coneals 5% | Tashe| ] | =&k B-r7-70
FiG-4519 RTC [Profect Debuc Session] TI M5P40 LSBMEP430 [2:05:03 PM)
MSP4AN: Brogram lnaded. Nnds Size - Text: 1237 hymes Deta: T3 hyres 2|
4 _'l_I
[ e |
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—

THLERELEEEERIEEEIRN

SIAR
Rowley CrossWorks
GCC Toolchain — Free
— http://mspgcc.sourceforge.net e

3rd Party Development Tools Overview
|JAR Embedded Workbench SYSTEMS
— www.iar.com
— Complete solution, High code density, Simulator A
— www.rowley.co.uk
— ANSI C Compiler, Easy to use IDE
— www.imagecraft.com T
— GNU C Compiler, Assembler / Linker, GDB Debugger
— Windows, Linux, Unix

« Quadravox

— http://www.quadravox.com
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Emulator Evolution

In-Circuit Emulator

* 1996

« $1,000-10,000+

- Nondeterministic ==
* Slow |

€Z430-RF2500

» 2007

- $49

« Complete wireless
development kit

Easy of Use

vvvvvvvvvvvvvvvv

eZ430-F2013

Flash Emulation Tool | ° 2006

* 2001 - $20
. $99 - Lowest cost

- Real-time, in-system | * Convenient
programming

v

Integration
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MSP430 Experimenter’s Board

 Highly integrated
MSP430FG4618 + F2013

Supports Low Power RF
Wireless modules

Perfect for prototyping

Complete software libraries and
RF stacks available

« $99

Mic

'MSP=30hé 0

EXPERINENTER'S BOARD

FG4618 / F2013 Experimenter Board
(MSP-EXP430FG4618)
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eZ430-RF2500 Teardown

Spy Bi-Wire &
UART Interface Button 2x LEDs

Chip
USB MSP430F2274 .
Powered MCU pins Antenna
accessible
~ NS Y,
e ~
Emulation Removable

Target Board
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eZ430-RF Emulator

» Supports all MSP430
Spy Bi-Wire devices

— Compatible with original eZ430-F2013
and -T2012 target boards

- MSP430 Application UART

— Allows communications from PC Virtual
COM port to MSP430 target

— Available in or out of a debug session

13 TEXAS
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Detachable Target Board

« Separate emulator to
debug remotely

* Includes 2xAAA batteries
and expansion board
for instant deployment

» Easy interface to external
sensors and projects

» Separate target boards
orderable by 3Q 2008
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Wireless Out Of The Box

« SimpliciTl:
free, proprietary, low power
RF network stack

* Low Cost:
uses <8K FLASH, <1K RAM

 Flexible:
simple star or p2p topology -

« Simple: -
utilizes a basic API

* Low-Power:
Average current ~1uA*

Occupancy

i3 TEXAS
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MSP430 Day 2008

« MSP430 Overview
Peripherals
MSP430x2xx/4xx
MSP430x5xx
Tools and Software

« Resources

% TEXAS
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MSP430 + LPW for Applications

A perfect fit for low power
wireless solutions
— Designed for low power
— Simple connection through SPI

« Compatible with ALL
MSP430 devices

« Standard based protocols
(ZigBee / 802.15.4) and
proprietary stacks available

Suggested Devices @ Cost Efficient General Purpose High End
F22xx F241x FG461x
MSP430 F41x F23x/F24x F261x
Low Power <1GHz CC1xxx (CC, 1100, 1150*, CC1101)
Wireless 2.4GHz CC2xxx (CC2420, CC2500, 2520, 2550%)

*transmitter only
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MSP430 Goes Wireless

* Free RF libraries and stacks

« MSP430 + Low-Power RF
Hardware Abstraction Layer
(HAL) Library

« TIMAC — IEEE 802.15.4 Medium
Access Control (MAC)

« /Z-Stack — Free ZigBee Stack

— Out of the box support for
EXP430FG4618 + CC2420EMK

— Compliant with 2006 ZigBee™ spec
— www.ti.com/zigbee

« SmartRF® Studio

— Automatically generates register values

Point-to-Point
(MSP430 + RF HAL)

Star Network
(IEEE 802.15.4)

O

Mesh Network
(ZigBee)

i A
i S~
' Sso
’ ~s
i A
, S
I Q \\\Q
'
’
'
1
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eZ430-RF2480

 ZigBee Certified Network
Processor solution

- MSP4302274 + CCZACC

— Communicates over SPI or
UART
« Easy to Use: SimpleAPI
— 10 API Calls
— Device configuration
— Binding of devices
— Sending and receiving data

« Orderable for all 430 Day
Attendees
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MSP430 Day 2008

« MSP430 Overview
» Peripherals

o MSP430x2xx/4xx
« MSP430x5xx

* Tools and Software
* Wireless

% TEXAS
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www.ti.com/msp430

« User's Guides

« Datasheets

« Code Libraries

« 100+ Application Reports
* 1000+ Code Examples

* Product Brochure

» Latest Tool Software
 3rd Party Listing

» Silicon Errata

MSP430x 1x0c Family

MSP430C11x1, MSP430F11x1A
MIXED SIGNAL MICROCONTROLLER

5LAS24T  SEFTENEE 1560 - MEVISED MANCH 2003

# LowSupply Voltage Range 1.8 - 36 ¥
& Ultralcw-Power Consumphon
— Active Mode: 160 A al 1 MHz, 2.2V
\

®  Family Members Include:

MSPAI0CT101: 1KE RON, 1288 RAM
MSP430C1111: 2KB RO, 1258 RAM
MSP4I0C1121: dKE RON, 2568 RAM
SP430FI101A; KB + 1258 Flash Memary

1258 RAM
e EE NP New HOD SP430FI111A: ZKE + 2558 Flash Memory

A M R ¢

ol
S HEP4IDEI0NZ (3 Oweno = UST SPT Iat

ff Deseripcion] peKnstrate Us 1s AP oo TS
an WCIGE, and mame data eritoes

Gf ALK = nfa MOLE_ = QALK = detan

W usaRTe cntre] Bits are dn df

i A MSP4AI0 Ulira-Low-Powaer
W . Microconitrollers

A HaBceing
V§ Tecas Irmgruesats, Inc

4§ Octoher 2008

A BulTr with Tam oebedded worktas |

sinclude arapdiDezi=d b o —

wotd mainanddy
WOTCTL = wOTFa + aDTROLD:

FIOUT & &1
PIAT = Deld;
PIDIR |= De02;
USICTLO |= USIPE? + USIFES 4 USIPE
USICTLL |= USICEFH 4 USILED
UETERCTL = IRIBETW_] + WRESEEL_D;
USTCTLO L= -LST Sl H

USICHT = B;

while 013

fimd 12
e TR N TR
WS € ORTEES 4 WRICTLITY
PIOUT &= 0wl
PlOUT = De02

Maodern 16-8it
RISC CPU

Emboddod Controllor=s
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App Specific Resources

« Wireless, Metering,
Medical, Industrial
— Application notes
— Block diagrams
— Links to Free software downloads
— Links to recommended EVMs
— Recommended devices
— Reference designs
— Code libraries S
— www.ti.com/msp430 €|tz roducs

exas Instruments
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B Teooas Insmrunasras Technology for Innovators™

MSP430 Ultra-Low-Power
Microcontroliors

Daolgning with the world's
lowasd pwar WCU st gt

avan :
sy Fa o nign Wil e
[ e
e e

it gy
ks 1 g gy

Maodern 16-Bit
RISC cPU

Embedded Controllers

ew contoat ke Sonibolen, Garneny e 32
NomastMSP.0 Gopartin - 500 T v

| Taipsi Tataen 220
Bangiors indis_ huguer a0z
etk sapants st Burd « Hardo On MEP£20 Labs i e

. A parica Joomt
e Master MSB430 MGUS thouch Sclutiorn Tokyo, Japin gt 2728
. e and chasnging Isba ard « Low- P n e

— el abog ‘Shunghsi, Ghins_ Geptember-

«Ferus and Peuntatisn

Register Today! www.ti.com/atc

S R

13 TEXAS
INSTRUMENTS




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.

Tl 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 Tl 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 TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI 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 Tl under the patents or other intellectual property of TI.

Reproduction of Tl 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. Information of third parties may be subject to additional
restrictions.

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 TI 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, TI 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 Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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