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Key Features

e Ultra-low-power architecture
extends battery life:
- 0.1 pA RAM retention
- 0.8 pA real-time clock mode
- 250 pA/MIPS active

¢ High-performance analog ideal
for precise measurement

e Modern 16-bit RISC CPU
enables new applications at
a fraction of the code size

* In-system programmable Flash
permits flexible code changes,
field upgrades and data logging

e Complete integrated develop-
ment environment starting
at $49

 Device pricing as low as $0.49

Key Applications

o Utility metering

e Portable instrumentation
e Intelligent sensoring

MSP430 Architecture

A 16-bit RISC CPU, peripherals and
flexible clock system are combined by
using a von-Neumann common
memory address bus (MAB) and
memory data bus (MDB). Partnering
a modern CPU with modular memory-
mapped analog and digital peripherals,
the MSP430 offers solutions for
today’s and tomorrow’s mixed-signal
applications.

Memory Options

e Flash, ROM, OTP versions
(from 1 KB to 60 KB)

e RAM up to 10 KB

Analog Peripherals

e High-performance ADC

e Dual DACs

e Comparator

e LLCD driver

e Supply Voltage Supervisor (SVS)
e Operational amplifiers

Digital Peripherals

e USART/T’C

e Hardware multiplier

e 16-bit and 8-bit timers
e DMA controller

Modular Architecture
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MSP430 von-Neumann architecture — all program, data memory and peripherals share a
common bus structure. Consistent CPU instructions and addressing modes are used.

Modern 16-Bit RISC CPU MSP430 Modern Orthogonal 16-Bit
e Large register file eliminates RISC cPU
accumulator bottleneck MDB MAB
« Optimized for C and PO 0~
assembler programming RO/PC _ Program Counter _
e Compact core design reduces R1/SP._ Stack Pointer
power and cost R2/SR _ Status _
* Up to 8 MIPS of performance R3/CG _ Constant Generator _
available R4 General Purpose
The MSP430’s orthogonal archi- RS~ General Purpose
tecture provides the flexibility of R6 General Purpose
16 fully addressable, single-cycle R7 = General Purpose =
16-bit CPU registers and the power RS - General Purpose -
of a RISC. The modern design of the RO General E =
CPU offers versatility through o - T -
simplicity using only 27 easy-to- — —
understand instructions and seven ATl — General Purpose —
consistent-addressing modes. This R1i2 _  General Purpose
results in a 16-bit low-power CPU R13 _ General Purpose
that has more effective processing, R14 _  General Purpose
is smaller- sized, and more code- R15 General Purpose
efficient than other 8-/16-bit b 4
microcontrollers. Now it’s possible N \ \—/ N
16 16-Bit ALU 16 [
to develop new ultra-low-power,

high-performance applications at <):l

a fraction of the code size. -
The MSP430 CPU core with sixteen 16-bit

registers, 27 single-cycle instructions and seven
addressing modes results in higher processing
efficiency and code density.




Flexible Clock System

e Low-frequency auxiliary clock:
—Ultra-low-power stand-by mode

e High-speed master clock:
—High-performance processing

e Stability over time and temperature

The MSP430 clock system is designed
specifically for battery-powered
applications. Multiple oscillators are
utilized to support event-driven burst
activity. A low frequency Auxiliary
Clock (ACLK) is driven directly from
a common 32-kHz watch crystal—
with no additional external compo-
nents. The ACLK can be used for a
background real-time clock self wake-
up function. An integrated high-speed
Digitally Controlled Oscillator (DCO)
can source the master clock (MCLK)
used by the CPU and high-speed
peripherals. By design, the DCO is
active and stable in less than 6 ps.
MSP430-based solutions efficiently
use 16-bit RISC CPU high-perform-
ance in very short burst intervals.
This results in very high-performance
and ultra-low power consumption.

ADCs

Several high-performance ADCs are
available in the MSP430 family:

e 12-bit or 10-bit fast SAR ADCs

e 14-bit high-resolution SAR ADC

e 16-bit slope ADC

e 16-bit sigma delta ADC

DMA

A programmable DMA controller
available on all MSP430F16x/F15x
parts allows for data transfer without
CPU intervention which greatly
increases performance.

DACs
Two integrated 12-bit DACs are
provided on all MSP430F16x/F15x.

Multiple Oscillator Clock System

ACLK 32 kHz

> L1 L

Low-Power Peripherals

32,768 Hz |

fCrystal

Control
MCLK 100 kHz - 8 MHz

JUTUBEJUUuBE

CPU and Peripherals

Digitally

Controlled DeoctK

Oscillator

Ultra-Low-Power Activity Profile

/ Active Active

—- —

4

250 pA

Stand-By

1uA

Ultra-fast 6-us DCO start-up allows MSP430 systems to remain in low-power modes for the
longest possible interval—extending battery life. The DCO is fully user programmable.

High-Performance Analog

FLASH, RAM,
Peripheral

DMA Controller

Signal Chain-on-Chip

Customers tackling the toughest low-power design challenges benefit greatly from the
MSP430’s Signal Chain-on-Chip (SCoC) solution. The integration of high-performance analog
makes the MSP430 family ideal for power, space and cost-sensitive applications.



MSP430 New Product Selection Guide

Basic Timer_A Timer_B

(C) ROM LCD Watchdog Timer 16-Blt 16-Bit Brown-Out
(F) Flash Program SRAM 1/0 DMA Seg 16-Bit (2)8-Bit  No.of C/C'  No. of C/C! USART 12C SVS Reset MPY
Flash/ROM-Based Fi1xx Family V¢ 1.8-3.6 V
MSP430F1101A 1KB 128 14 — — v — 3 — — — — — —
MSP430C1101 1KB 128 14 — — v — 3 — — — — — —
MSP430F1111A 2 KB 128 14 — — v — 3 — — — — — —
MSP430C1111 2 KB 128 14 — — v — 3 — — — — — —
MSP430F1121A 4 KB 256 14 — — v — 3 — — — — — —
MSP430C1121 4 KB 256 14 — — v — 3 — — — — — —
MSP430F1122 4 KB 256 14 — — v — 3 — — — — v —
MSP430C1122° 4KB 256 14 — — v — 3 — — — — v —
MSP430F1132 8 KB 256 14 — — v — 3 — — — — v —
MSP430C1132° 8 KB 256 14 — — v — 3 — — — — v —
MSP430F122 4 KB 256 22 — — v — 3 — 1 — — — —
MSP430F123 8 KB 256 22 — — v — 3 — 1 — — — —
MSP430F1222 4 KB 256 22 — — v — 3 — 1 — — v —
MSP430F1232 8 KB 256 22 — — v — 3 — 1 — — v —
MSP430F133 8 KB 256 48 — — v — 3 3 1 — — — —
MSP430C1331 8 KB 256 48 — — v — 3 3 1 — — — —
MSP430F135 16 KB 512 48 — — v — 3 3 1 — — — —
MSP430C1351 16 KB 512 48 — — v — 3 3 1 — — — —
MSP430F147 32 KB 1024 48 — — v — 3 7 2 — — — v
MSP430F1471 32 KB 1024 48 — — v — 3 7 2 — — — v
MSP430F148 438 KB 2048 48 — — v — 3 7 2 — — — v
MSP430F1481 48 KB 2048 48 — — v — 3 7 2 — — — v
MSP430F149 60 KB 2048 48 — — v — 3 7 2 — v
MSP430F1491 60 KB 2048 48 — — v — 3 7 2 — — — v
MSP430F155 16 KB 512 48 (%4 — v — 3 3 1 v v v —
MSP430F156 24 KB 1024 48 (%4 — v — 3 3 1 v v v —
MSP430F157 32 KB 1024 48 (%4 — v — 3 3 1 v v v —
MSP430F167 32 KB 1024 48 v — v — 3 7 2 4 4 v v
MSP430F168 48 KB 2048 48 (%4 — v — 3 7 2 v v v v
MSP430F169 60 KB 2048 48 (%4 — v — 3 7 2 v v v v
MSP430F1610° 32 KB 5120 48 (%4 — v — 3 7 2 v 4 v v
MSP430F1611° 48 KB 10240 48 (%4 — v — 3 7 2 v v v v
MSP430F1612° 55 KB 5120 48 (%4 — v — 3 7 2 v v v v
v

MSP430F412 4 KB 256 48 — 96 v v 3 — — — 4 v —
MSP430C412 4KB 256 48 — 96 (4 4 3 — — — v v —
MSP430F413 8 KB 256 48 = 96 v v 3 = — — 4 v —
MSP430C413 8 KB 256 48 — 96 v v 3 — — — v v —
MSP430FE412° 4KB 256 14 — 128 (4 4 3 — — — 4 v (4
MSP430FE413° 8 KB 256 14 — 128 v v 3 — — — v v v
MSP430F415 16 KB 512 48 — 96 v v 3,5 — — — 4 v —
MSP430F417 32 KB 1024 48 — 96 v v 3,5 — — — v v —
MSP430FW423 8 KB 256 48 — 96 v v 3,5 — — — 4 v —
MSP430FW425 16 KB 512 48 — 96 v v 3,5 — — — v v —
MSP430FW427 32 KB 1024 48 — 96 (4 4 3,5 — — — 4 v —
MSP430F423 8 KB 256 14 — 128 v v 3 — 1 — v v —
MSP430F425 16 KB 512 14 — 128 v v 3 — 1 — 4 v —
MSP430F427 32KB 1024 14 — 128 v 4 3 — 1 — v v —
MSP430FE423 8 KB 256 14 — 128 v v 3 — 1 — 4 v —
MSP430FE425 16 KB 512 14 — 128 v v 3 — 1 — v v —
MSP430FE427 32KB 1024 14 — 128 (4 4 3 — 1 — 4 v —
MSP430F435 16 KB 512 48 —  128/160 v v 3 3 1 — v v —
MSP430F436 24 KB 1024 48 —  128/160 v v 3 3 1 — 4 v —
MSP430F437 32KB 1024 48 —  128/160 v 4 3 3 1 — v v —
MSP430FG437 32 KB 1024 48 4 128 v v 3 3 1 — 4 v —
MSP430FG438 48 KB 2048 48 4 128 v v 3 3 1 — v v —
MSP430FG439 60 KB 2048 48 4 128 (4 4 3 3 1 — 4 v =
MSP430F447 32KB 1024 48 — 160 v v 3 7 2 — v v v
MSP430F448 48 KB 2048 48 = 160 v 4 3 7 2 = 4 v v
MSP430F449 60 KB 2048 48 — 160 v v 3 1 2 — v v v

1C/C = Capture/Compares

2Suggested 1,000 unit resale price in U.S. dollars.
3Product Preview

All production parts support industrial temperature range.
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ADC

slope
slope
slope
slope
slope
slope
5-ch ADC10
5-ch ADC10
5-ch ADC10
5-ch ADC10
slope
slope
8-ch ADC10
8-ch ADC10
8-ch ADC12
slope
8-ch ADC12
slope
8-ch ADC12
slope
8-ch ADC12
slope
8-ch ADC12
slope
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12

slope
slope
slope
slope
(2) SD16
(2) SD16
slope
slope
slope
slope
slope
(3) SD16
(3) SD16
(3) SD16
(3) SD16
(3) SD16
(3) SD16
8-ch ADC12
8-ch ADC12
8-ch ADC12
12-ch ADC12
12-ch ADC12
12-ch ADC12
8-ch ADC12
8-ch ADC12
8-ch ADC12

Additional
Analog

(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12
(2) DAC12

Flow-meter
Flow-meter
Flow-meter

E meter
E meter
E meter

(2) DAC12, (3) OPAMP
(2) DAC12, (3) OPAMP
(2) DAC12, (3) OPAMP

Pins/Pkg

20 DGV, DW, PW, 24 RGE
20 DW, PW, 24 RGE®
20 DGV, DW, PW, 24 RGE
20 DW, PW, 24 RGE®
20 DGV, DW, PW, 24 RGE
20 DW, PW, 24 RGE®
20 DW,PW, 32 RHB?
20 DW,PW
20 DW,PW, 32 RHB?
20 DW,PW
28 DW,PW, 32 RHB
28 DW,PW, 32 RHB
28 DW,PW, 32 RHB
28 DW,PW, 32 RHB
64 PM, RTD®, PAG
64 PM, RTD?

64 PM, RTD?, PAG
64 PM, RTD®
64 PM, RTD®, PAG
64 PM, RTD?

64 PM, RTD®, PAG
64 PM, RTD?

64 PM, RTD?, PAG
64 PM, RTD®
64 PM
64 PM
64 PM
64 PM
64 PM
64 PM
64 PM
64 PM
64 PM

64 PM, RTD
64 PM, RTD?
64 PM, RTD?
64 PM, RTD®

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM

64 PM
80 PN, 100 PZ
80 PN, 100 PZ
80 PN, 100 PZ

80 PN

80 PN

80 PN

100 PZ

100 PZ

100 PZ

Price?

$0.99
$0.60
$1.35
$1.10
$1.70
$1.35
$2.00
$1.50
$2.25
$1.70
$2.15
$2.30
$2.40
$2.50
$3.00
$2.00
$3.60
$2.30
$5.05
$4.60
$5.75
$5.30
$6.05
$5.60
$4.95
$5.55
$5.85
$6.75
$7.45
$7.95
$8.25
$8.65
$8.95

$2.60
$1.90
$2.95
$2.10
$3.50
$3.95
$3.40
$3.90
$3.75
$4.05
$4.45
$4.50
$4.95
$5.40
$4.85
$5.45
$5.95
$4.45
$4.70
$4.90
$6.50
$7.35
$7.95
$5.75
$6.50
$7.05

Selected Package Options for MSP430 Devices

20-pin DGV
(TVSOP)

" (6,60)

20-pin DW
(SOP)

(10,65)
TWHBBDODREE__¥

28-pin DW
(SoP)

32-pin RHB
(QFN)

- (50) [+

(50)

64-pin PM, PAG
(LQFP/TQFP)

}* (12,20)

100-pin PZ
(LQFP)

F (16,20) ﬁ

(16,20)

All dimensions in millimeters.

20-pin PW
(TSSOP)

*‘ (6,60) [«

(6,60)

24-pin RGE
(QFN)

—» (4,[]) [«

0

28-pin PW
(TSSOP)

(9,80) *‘T

(6,60)

64-pin RTD
(QFN)

80-pin PN
(LQFP)

|+ (14,20) 4|




How To Get Started:

Product Selection: If you are not sure which MSP430 device best fits the performance, cost and power needs of your applica-
tion, please refer to the selection guide on the previous page or visit the MSP430 home page at: www.ti.com/msp430

Development Tool Selection:

TI IDE
MSP-FET430P120
MSP-FET430P140
MSP-FET430P410
MSP-FET430P430
MSP-FET430P440
MSP-GANG430

Product Family

MSP430x11x1A, MSP430x12x/x1xx2

MSP430x13x/x14x/x15x/x16x

MSP430x41x, MSP430FE42x, MSP430F\W42x

MSP430FG43x, MSP430x43x
MSP430x43x/x44x
MSP430F1xx, MSP430F4xx

TPrice per unit in U.S. dollars. Zpvailable in 80-pin package version only.

Volume Production Programming:

MSP-GANG430 Programmer
The MSP-GANG430 is a universal
Flash device programmer, which can
program up to eight targets simultane-
ously with speeds up to 60 KB in 12
seconds. The MSP-GANG430 can
operate stand-alone or connected to
the host PC via a standard RS232
serial connection. Devices are
programmed as either stand-alone or
in-system using a JTAG connection.
The MSP-GANG430 Programmer is
available from a Tl authorized distribu-
tor for $199.

In-System Production
Programming

JTAG: Programming through JTAG

is supported with all MSP430 Flash,
OTP or UV devices. A security fuse can
be blown to sever JTAG access and
prevent reverse engineering.
Customers can use the MSP-GANG430
or build their own interface.

Bootstrap Loader: On all MSP430 Flash
devices, the bootstrap loader (BSL), is
part of factory-masked ROM and can
be implemented via a software UART.
Single devices are programmed either
stand-alone or in-system. Program,
verify, read out and segment erase are
password protected.

For further information on JTAG and Bootstrap Loader,

go to www.ti. msp430app and d load
Application Notes SLAA149, SLAA089a and SLAA096D.

Price’
$99
$99
$99
$99
$99
$199

ROM

For high-volume OEM customers,
masked ROM devices can be ordered
(applicable to ROM devices listed on
pages 4-5). The ROM process takes
approximately 10-12 weeks from the
receipt of a customer’s code to the
production of the first silicon. A
customer-specific coded part number
will be released.

Third Party Production
Programmers

MSP430 devices may also be pro-
grammed by manual and automated
production programming systems from
third party vendors such as SoftBaugh,
BP Microsystems, Data 1/0 and others.
www.softhaugh.com

www.bpmicro.com

www.dataio.com

Third Party Integrated Development Environments:

OIAR
SYSTEMS

Baseline and full C-Compiler
versions are available from
IAR as enhancements to the
4-KB C-compiler included
with TT's MSP430 tools.

www.iar.com

The new third party
unlimited C-compiler for
only $395 enables
customers to develop
and debug software.

www.quadravox.com/AQ430.htm

RA

Learn more about
CrossWorks, Rowley's
complete MSP430
development solution,
which includes an optimized
C-compiler and assembler at:

www.rowley.co.uk

(it |

Standard C development
tool available at $199.
Bundled standard tool
with NoICE430 debugger
available for $299.
Download a free 30-day
demo at:

www.imagecraft.com




MSP-FET430 Flash

Emulation Tool

e JTAG based real-time in-system
emulation

e Target board, interface box,
cable and samples

e CD-ROM includes Kickstart IDE,
assembler, linker, simulator and
4-KB C-compiler

The Flash Emulation Tool (FET)
supports complete in-system
development and is available for
all MSP430F1xx and MSP430F4xx
Flash devices. Programming,
assembler/C-source level debug,
single stepping, multiple hardware
breakpoints, full-speed operation
and peripheral access are all fully
supported in-system using JTAG.
The FET comes complete with

everything required to complete an
entire project.

Embedded Emulation With the

MSP430

e Development is in-system and
subject to the exact same char-
acteristics of the final application

e Non-obtrusive in portable and
high-pin count situations

e Common user software and
physical interface

Today’s applications operating at
lower voltages, with tighter pack-
aging and higher-precision analog,
benefit greatly from the MSP430’s
in-system emulation approach. The
MSP430’s dedicated embedded
emulation logic resides on the
actual device itself and is accessed
via industry standard JTAG using
no additional system resources.
From the first day of development,
firmware engineers can now unob-
trusively develop and debug their

embedded code with full-speed
execution, breakpoints, and single
steps in an application.

Embedded emulation becomes
even more important with high-
performance mixed-signal systems
that must maintain the integrity of
microvolt analog signals. Signal
integrity is virtually impossible with
cumbersome in-circuit emulators
that are sensitive to cabling
crosstalk. And, unlike abstract back-
ground debuggers, no time-sharing
of system serial communication
resources is required with embed-
ded emulation on the MSP430.

By combining the flexibility of
in-system programmable Flash
memory, unobtrusive embedded
emulation, and a common user
interface, development time is
reduced. And, should the situation
arise, last minute code updates as
well as remote scheduled and
unscheduled upgrades can also
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Tl Worldwide Technical Support

Internet

Tl Semiconductor Product Information Center

Home Page
support.ti.com

Tl Semiconductor KnowledgeBase Home Page
support.ti.com/sc/knowledgebase

Product Information Centers

Americas
Phone

Fax
Internet/Email

+1(972) 644-5580
+1(972) 927-6377
support.ti.com/sc/pic/americas.htm

Europe, Middle East, and Africa

Phone
Belgium (English)
Finland (English)
France
Germany
Israel (English)
Italy

Netherlands (English)

Spain

Sweden (English)

United Kingdom
Fax

+32 (0) 27 4555 32
+358 (0) 9 25173948
+33(0) 1307011 64
+49 (0) 8161 80 33 11
1800 949 0107
80079 11 37

+31(0) 546 87 95 45
+34 902 35 40 28
+46 (0) 8587 555 22
+44 (0) 1604 66 33 99
+(49) (0) 8161 80 2045

Internet support.ti.com/sc/pic/euro.htm
Japan
Fax International +81-3-3344-5317

Domestic

0120-81-0036

Internet/Email International support.ti.com/sc/pic/japan.htm

Domestic

www.ti}.co.jp/pic

Asia
Phone

International

+886-2-23786800

Domestic Toll-Free Number
Australia 1-800-999-084
China 800-820-8682
Hong Kong 800-96-5941
Indonesia 001-803-8861-1006
Korea 080-551-2804
Malaysia 1-800-80-3973
New Zealand 0800-446-934
Philippines 1-800-765-7404
Singapore 800-886-1028
Taiwan 0800-006800
Thailand 001-800-886-0010

Fax 886-2-2378-6808
Email HENEL@I iy

Internet

ti-china@ti.com
support.ti.com/sc/pic/asia.htm
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Incorporated and its subsidiaries described herein are sold subject to Tl's
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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.

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.

TI 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 Tl 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 Tl 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 TI 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.

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

Products Applications

Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive

DSP dsp.ti.com Broadband www.ti.com/broadband

Interface interface.ti.com Digital Control www.ti.com/digitalcontrol

Logic logic.ti.com Military www.ti.com/military

Power Mgmt power.ti.com Optical Networking www.ti.com/opticalnetwork

Microcontrollers microcontroller.ti.com Security www.ti.com/security
Telephony www.ti.com/telephony
Video & Imaging www.ti.com/video
Wireless www.ti.com/wireless

Mailing Address: Texas Instruments
Post Office Box 655303 Dallas, Texas 75265

Copyright © 2004, Texas Instruments Incorporated
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