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ia T Preface
III\EI)S(’?FS{UMENTS Read This First

How to Use This Manual

Read and follow the instructions in Chapter 1. This chapter provides instructions on installing the software, and
describes how to run the demonstration programs. After you see how quick and easy it is to use the
development tools, Tl recommends that you read all of this manual.

This manual describes only the setup and basic operation of the software development environment, but it does
not fully describe the MSP430 microcontrollers or the complete development software and hardware systems.

For details of these items, see the appropriate Tl and IAR™ documents listed in Section Related Documentation

From Texas Instruments.
This manual applies to the use of the TI MSP-FET, TI MSP-FET430UIF, and eZ430 development tools series.

These tools contain the most up-to-date materials available at the time of packaging. For the latest materials
(including data sheets, user's guides, software, and application information), visit the TI MSP430 website or
contact your local Tl sales office.

Information About Cautions and Warnings

This book may contain cautions and warnings.

CAUTION
This is an example of a caution statement.

A caution statement describes a situation that could potentially damage your software or equipment.

WARNING

This is an example of a warning statement.

A warning statement describes a situation that could potentially cause harm to you.

The information in a caution or a warning is provided for your protection. Read each caution and warning
carefully.

Related Documentation From Texas Instruments
MSP430 development tools documentation:

MSP430 Hardware Tools User's Guide

eZ430-F2013 Development Tool User's Guide
eZ430-RF2480 User's Guide

€Z430-RF2500 Development Tool User's Guide
€Z430-RF2500-SEH Development Tool User's Guide
€Z430-Chronos Development Tool User's Guide

MSP Debugger's User's Guide
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MSP430 device documentation:

MSP430F1xx Family User's Guide

MSP430F2xx Family User's Guide

MSP430F3xx Family User's Guide

MSP430F4xx Family User's Guide

MSP430F5xx and MSP430F6xx Family User's Guide
MSP430FR57xx Family User's Guide
MSP430FR58xx, MSP430FR59xx, and MSP430FR6xx User's Guide
CC430 device documentation:

CC430 Family User's Guide

If You Need Assistance

Support for the MSP430 devices and the FET development tools is provided by the Tl Product Information
Center (PIC). Contact information for the PIC can be found on the Tl website. The TI E2E™ Community for the
MSP430 is available to provide open interaction with peer engineers, Tl engineers, and other experts. Additional
device-specific information can be found on the MSP430 website.

Trademarks

MSP430™, E2E™, EnergyTrace™, EnergyTrace++™, and are trademarks of Texas Instruments.
Motorola™ is a trademark of Motorola Corporation.

ThinkPad™ is a trademark of IBM.

IAR Embedded Workbench® is a registered trademark of IAR Systems.

Intel® is a registered trademark of Intel Corporation.

All trademarks are the property of their respective owners.
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i Chapter 1
INSTRUMENTS Get Started Now!

This chapter provides instruction on installing the software, and shows how to run the demonstration programs.
1.1 Software Installation

Follow the instructions on the supplied READ ME FIRST document to install the IAR Embedded Workbench™.
Read the file <Installation Root>\Embedded Workbenchx.x\common\doc\EW_QuickReference_LMS2.ENU.pdf
from IAR for the latest information about the Workbench.

To install and run IAR Embedded Workbench, you need the following:

* A Pentium-compatible PC with Microsoft Windows Vista (SP2), Windows 7, Windows 8, Windows 8.1, or
Windows 10. Both 32- and 64-bit variants of Windows are supported.

* Internet Explorer 7 or higher

* Atleast 2GB of RAM and 10GB of free disk space

» Adobe Acrobat Reader to access the product documentation

Note
If the MSP-FET or eZ-FET debugger driver install fails:

Under certain conditions (depending on the hardware and operating system that is used), the MSP-
FET or eZ-FET driver install may fail on the first attempt. This can lead to unresponsive behavior on
IDEs. To resolve this issue, disconnect the MSP-FET or eZ-FET and then plug it again, or plug it in to
a different USB port, and restart the IDE.

1.2 Flashing the LED

This section demonstrates on the FET the equivalent of the C-language "Hello World!" introductory program. An
application that flashes the LED is developed and downloaded to the FET, and then run.

1. Start the Workbench (Start — Programs — IAR Systems — IAR Embedded Workbench for MSP430 Vxx
— IAR Embedded Workbench).

2. Click File — Open Workspace to open the file at: <Installation Root>\Embedded Workbench x.x
\430\examples\Flashing the LED\Flashing the LED.eww. The workspace window opens.

3. Click on the tab at the bottom of the workspace window that corresponds to the MSP430 device
(MSP430xxxx) and desired language (assembler or C) to set a project active (see Figure 1-1).
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Workspace x
Debug -
Files oo B
= @ msp430ird1x (C) - Debug

[ mspd30ird1e_fet 1.c
B Output

Overview msp430fl2wlC] || mepd30fd 1 xx [C)

sp43Dfl41Hx[asm]| mspd3053== [C] | ms| 4 |+

Figure 1-1. Activate Project

Alternatively, right-click to activate a project in the Workspace Overview tab (see Figure 1-2).
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Workspace w 0 X
| msp430fi2ix [C) - Debug -
Files x O

B CIFlashing the LED
® msp430fr2xx (C) - Debug
@ rmsp30frd 1 (C) - Debug
@ rspd30frd 1 (asmm) - Debug
e (e
{

L Jrnspd30fE 3 |
@ rmsp30frEOxe
@ mzpd30i2a (s

@ mspa30i2x (C Make

@ rspd 30T xx (4 Compile
@O spd30x10 (G Rebuild Al
W mspd3idoc (&
® mspd 3o (&
@ mspd302(C ¢ GTAT Static Analysis »
@ rmispd30x2ex (C

@ mspd30xdex (a Stop Build

@ mepa30xd (C

@ mzpd30xec (= Add 8
@ mspd3lEoc(a

@ rispd3lE (Q REmove

@ rmisp a0 (O Rename...

@ mspd 3o (3 )

® rspd30xBe (2 Version Control System »
@ rmispd30xEex (C
@ mispd30xE (C
@ 1430 (C) - D File Properties...

Set as Active

Options...

Clean

Open Containing Folder...

iii(((&(((i(i((((((i!(((

Owerview  mspd30fr2es [E]l mepd30frd 1 xx [C]l mepd30frd1 [asm]| mepd 30fr59Rs| [ .

Figure 1-2. Activate Project in Workspace Overview
4. Click Project — Options — Debugger — Setup — FET-Debugger
5. Click Project — Rebuild All to build and link the source code. You can view the source code by double-
clicking on the project, and then double-clicking on the displayed source file.

6. Click Project — Download and Debug (CTRL+D) to start the C-SPY debugger. C-SPY erases the device
flash and then downloads the application object file to the device flash.
See FAQ 1 if C-SPY is unable to communicate with the device.

7. Click Debug — Go to start the application. The LED should flash.

8. Click Debug — Stop Debugging to stop debugging, to exit C-SPY, and to return to the Workbench.

9. Click File — Exit to exit the Workbench.

Congratulations, you have just built and tested an MSP430 application!
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. Chapter 2

I ’{II\EI)S(’?PS{UMENTS Development Flow

This chapter describes how to use IAR EW430 to develop application software and how to use C-SPY to debug
it.
2.1 Overview

Applications are developed in assembler or C using the Workbench, and they are debugged using C-SPY. C-
SPY is seamlessly integrated into the Workbench. However, it is more convenient to make the distinction
between the code development environment (Workbench) and the debugger (C-SPY). C-SPY can be configured
to operate with the FET (that is, an actual MSP430 device) or with a software simulator of the device. IAR
EWA430 refers to the Workbench and C-SPY collectively.

Documentation for the MSP430 family and IAR EW430 is extensive. The MSP430 home page is another source
of MSP430 information.

The components of IAR EW430 (IDE, debugger, assembler, compiler, linker) are fully documented in
<Installation Root>\Embedded Workbench x.x\common\doc and <Installation Root>\Embedded Workbench
\430\doc.

.htm files located throughout the EW430 directory tree contain the most up-to-date information and supplement
the PDF files. In addition, EW430 documentation is available online through Help.

Tool User's Guide
IDE EW430_IDEGuide.pdf
Assembler EW430_AssemblerReference.pdf
Compiler EW430_CompilerReference.pdf
C library clib.pdf
Linker and Librarian xlink.ENU.pdf
Debugging EW430_DebuggingGuide.pdf
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2.2 Project Settings

The settings required to configure the Workbench and C-SPY are numerous and detailed. Read and thoroughly
understand the documentation supplied by IAR when dealing with project settings. Review the project settings of
the supplied assembler and C examples (the project settings are accessed using Project — Options with the
project name selected). Use these project settings as templates when developing your own projects. Note that if
the project name is not selected when settings are made, the settings are applied to the selected file (not to the
project).

The following project settings are recommended or required:

» Specify the target device (General Options — Target — Device).

» Enable the generation of an executable output file (General Options — Output — Output file —
Executable).

» To most easily debug a C project, disable optimization [C/C++ Compiler — Optimizations — Size — None
(Best debug support)].

» Enable the generation of debug information in the compiler output (C/C++ Compiler — Output — Generate
debug information).

» Specify the search path for the C preprocessor (C/C++ Compiler — Preprocessor — Include Paths).

* Enable the generation of debug information in the assembler output (Assembler — Output — Generate
Debug Info).

» Specify the search path for the assembler preprocessor (Assembler — Preprocessor — Include Paths).

» To debug the project using C-SPY, specify a compatible format [Linker — Output — Format — Debug
information for C-SPY (with runtime control modules or with I1/O emulation modules)].

» Specify the search path for any used libraries (Linker — Config — Search paths).

» Specify the C-SPY driver. Select Project — Options — Debugger — Setup — Driver — FET Debugger to
debug on the FET (that is, MSP430 device). Select Simulator to debug on the simulator. If FET Debugger is
selected, use Project — Options — FET Debugger — Setup — Connection to select the appropriate port:
Texas Instruments USB-IF for the USB Interface (MSP-FET430UIF) or for the eZ430.

» Enable the Device Description file. This file makes C-SPY "aware" of the specifics of the device it is
debugging. This file corresponds to the specified target device (Debugger — Setup — Device description
file — Override default).

* Enable the erasure of the Main and Information memories before object code download (FET Debugger —
Download — Erase main and Information memory).

» To maximize system performance during debug, disable Virtual Breakpoints (FET Debugger — Breakpoints
— Use virtual breakpoints) and disable all System Breakpoints (FET Debugger — Breakpoints — System
breakpoints on).

Note
Use Factory Settings to quickly configure a project.

Use the Factory Settings button to quickly configure a project to a usable state.

The following steps can be used to quickly configure a project. Note that the General Options tab does not have
a Factory Settings button.

1. Specify the target device (General Options — Target — Device).
2. Enable the generation of an executable output file (General Options — Output — Output file —
Executable).

Accept the factory settings for the compiler (C/C++ Compiler — Factory Settings).
Accept the factory settings for the assembler (Assembler — Factory Settings).
Accept the factory settings for the linker (Linker — Factory Settings).

Accept the factory settings for C-SPY (Debugger — Factory Settings).
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7. Debug on the hardware (Debugger — Setup — Driver — FET Debugger).
8. Specify the USB port (FET Debugger — Setup — Connection — Texas Instruments USB-IF).

Note
Avoid the use of absolute path names when referencing files.

Instead, use the relative pathname keywords $TOOLKIT_DIR$ and $PROJ_DIRS. See the IAR
documentation for a description of these keywords. The use of relative path names permits projects to
be moved easily, and projects do not require modification when IAR systems are upgraded (for
example, from Limited or Baseline to Full).

2.3 Using Math Library for MSP430 (MSPMathlib) in IAR EW430 5.60.1 and Newer

TI's MSPMathlib is part of EW430 5.60.1 and newer releases. This optimized library provides up to 26x better
performance in applications that use floating point scalar math. For details, see the MSPMathlib web page.

MSPMathlib may be enabled for new and existing projects on all supported devices. Enable or disable
MSPMathlib in the project options (General Options — Library Configuration — Use Tl MathLib).

2.4 Additional Project Settings for MSP430L092 and MSP430C092

The MSP430L092 can operate in two different modes: L092 mode and C092 emulation mode. The purpose of
the C092 emulation mode is to behave like a C092 with up to 1920 bytes of code at its final destination for mask
generation.

The operation mode is determined by EW430 before starting the debugger. Two radio buttons are available for
the mode selection. By default the L092 mode is selected (see Figure 2-1 and Figure 2-2).

CJC++ compiler

Assembler

Custom Build Taiget | Output | Libraty Configuation |

Build Actions

Linker Devi

> Debugger e
FET Debugger MSP430L092 EI
Simulator
RAM
L0%2
(" L092 mode
(" C092 emulation mode
TIROM
Load User Code (Like a boot
during Device startup load
into RAM for execution oader)
Save User Code into
external SPI memory
External SPI|
Memory |~
FET Debugger [ Allow erase/write access to BSL flash memory
Simulator

[V Extemal code download

Flash erase

(¥ Erase main memory

" Erase main and Information memory
" Retain unchanged memory

Figure 2-1. L092 Mode
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General Options
CJC++ compiler
Assembler
Custom Build Target | Output | Library Configuration |
Build Actions
% Linker Dev
Debugger i
FET Debugger MSP430L032 o
A Simulator
Application RAM
L0%2
' L032 mode
NONE (¥ C032 emulation mode

Memory swap:
The RAM is
mapped to the
ROM location for
Romcode
development
propose

Figure 2-2. C092 Emulation Mode

2.4.1 MSP430L092 Loader Code

The Loader Code in the MSP430L092 is a ROM-code from Tl that provides a series of services. It enables
customers to build autonomous applications without needing to develop a ROM mask. Such an application
consists of an MSP430 device containing the loader (for example, MSP430L092) and an SPI memory device (for
example, '95512 or '25AA40); these and similar devices are available from various manufacturers.

Most use cases for an application with a loader device and external SPI memory for native 0.9-V supply voltage
are late development, prototyping, and small series production.

Figure 2-1 shows the selection for loading the application into the external SPI memory.
2.4.2 Password Protection of MSP430C092

The MSP430C092 is a customer-specific ROM device that is protected by a password. To start a debug session,
the password must be provided to EW430. Figure 2-3 shows how to provide a HEX password in EW430.

General Options

C/C++ compiler

Assembler

Custom Buid Torget | Output | Libery Configuraion

Build Actions

Linker Devi

Debugger bt

FET Debugger [TZe o a—
Simulator
Application RAM
P
@
NONE
E%J [ Allow erase/write access to BSL flash memory
Hz
Flash
Customer ROM e
code (¥ Erase main memory
(protected by " Erase main and Information memory
Password) " Retain unchanged memory
JTAG password:
|oxaBCDEF
Figure 2-3. C092 Password
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2.5 Creating a Project From Scratch

This 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 (see also Section 2.2, Project Settings). The MSP430 IAR
Embedded Workbench IDE User's Guide presents a more comprehensive overview of the process.

1. Start the Workbench (Start — Programs — IAR Systems — IAR Embedded Workbench for MSP430 —
IAR Embedded Workbench).

2. Create a new text file (File — New — File).

3. Enter the program text into the file.

Note
Use .h files to simplify your code development.

IAR EW430 is supplied with files that define the device registers and the bit names for each device.
These files can greatly simplify the task of developing your program. The files are located in
<Installation Root>\Embedded Workbench x.x\430\inc. Include the .h file corresponding to your
target device in your text file (#include "msp430xyyy.h"). Additionally, files io430xxxx.h are provided
and are optimized to be included by C source files.

4. Save the program text file (File — Save).

It is recommended that assembler text files be saved with a file-type suffix of ".s43" and that C text files be
saved with a file-type suffix of ".c".

5. Create a new workspace (File — New — Workspace).

6. Create a new project (Project — Create New Project). Select Tool chain: MSP430, Project Templates:
Empty project and click OK. Specify a project name and click Save.

7. Add the program text file to the project (Project — Add Files). Select the program text file and click Open.
Alternatively, double-click on the file to add it to the project.

Note
How to add assembler source files to your project

The default file type presented in the Add Files window is C/C++ Files. To view assembler files
(.s43), select Assembiler Files in the Files of type drop-down menu.

8. Save the workspace (File — Save Workspace). Specify a workspace name and click Save.

9. Configure the project options (Project — Options). For each of the subcategories (General Options, C/C++
Compiler, Assembler, Linker, Debugger), accept the default Factory Settings with the following exceptions:
» Specify the target device (General Options — Target — Device).

» Enable the generation of an executable output file (General Options — Output — Output file —
Executable).

» To debug on the FET (that is, the MSP430), click Debugger — Setup — Driver — FET Debugger.
» Specify the active port used to interface to the FET (FET Debugger — Setup — Connection).
10.Build the project (Project — Rebuild All).

11.Debug the application using C-SPY (Project — Debug). This starts C-SPY, and C-SPY takes control of the
target, erases the target memory, programs the target memory with the application, and resets the target.

See FAQ 1 if C-SPY is unable to communicate with the device.
12.Click Debug — Go to start the application.
13.Click Debug — Stop Debugging to stop the application, to exit C-SPY, and to return to the Workbench.
14.Click File — Exit to exit the Workbench.
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2.6 Additional Project Settings for Ultra-Low-Power Mode (LPMx.5) Debugging
2.6.1 What is LPMx.5

LPMx.5 is an ultra-low-power mode in which the entry and exit is handled differently than the other low-power
modes.

LPMx.5 gives the lowest power consumption available on a device. To achieve this, entry to LPMx.5 disables the
LDO of the PMM module, which removes the supply voltage from the core and the JTAG module of the device.
Because the supply voltage is removed from the core, all register contents and SRAM contents are lost. Exit
from LPMx.5 causes a BOR event, which forces a complete reset of the system.

2.6.2 Debugging LPMx.5 Mode on MSP430 Devices That Support the Ultra-Low-Power Debug Mode

To enable the ultra-low-power debug mode feature, enable the Enable ULP / LPMx.5 debug checkbox by
clicking FET Debugger — Setup — Enable ULP / LPMx.5 debug (see Figure 2-4). When the ultra-low power
debug mode is enabled a notification is displayed in the Debugger log every time the target device enters and
leaves LPMx.5 mode (see Figure 2-5).

Press the Halt or Reset button in Embedded Workbench to wake up the target device from LPMx.5. Execution of
the code is halted at the start of the program. All breakpoints that had been active before LPMx.5 are restored
and reactivated automatically.

Options for node "fr39699" 2
Category: Factory Settings
General Options

C/C++ Compiler
Assembler
Custom Build Setup | Download | Ereakpuints|
Build Actions )
Linker Connection .%tag speed
TI ULP Advisar [Tea:as Instrumert USE-IF v] Automatic E] () Fast
Deb i@ Medium
cougger Parallel port 1 - -
© Slow
Simulator
Debug protocol Tanget VCC
i@ Automatic selection Civeride default D
(71 Manual selection
Spy-Bi-Wire -
i@ 4-Wire JTAG
- - Settling time (in ms): 0
[7] Attach to running tanget
[7] Dizable memarny cache Enable ULP/LP M5 debug
] ] [ Cancel
Figure 2-4. Enable Ultra-Low-Power Debug Mode
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Log

Thu Jun 05, 2074 12:48:56: Device : MEP430FRE36E4
Thu Jun 05, 2014 12:48:56: External voltage : 0.0
Thu Jun 05, 2014 12:48:56: VCCwoltage : 3.7 W

Thu Jun 05, 2014 12:45:59: Download complete.

Thu Jun 05, 2014 12:45:59: Loaded debugee: Chtestiar
Thu Jun 05, 2014 12:49:00: Target reset

€39 Thu Jun 05, 2014 12:49:25: Device is in LPM5 mode
Thu Jun 05, 2014 12:50:00: LFM5 mode Dewvice walkeup

Cebug Log

Debug Log | Build

Figure 2-5. LPMx.5 Notifications

2.6.2.1 Limitations

When a target device is in LPMx.5 mode, it is not possible to set or remove advanced conditional or software
breakpoints. It is, however, possible to set hardware breakpoints. Only hardware breakpoints that were set
during LPMx.5 can be removed in the LPMx.5 mode. Attach to running target is not possible in combination with
LPMx.5 mode debugging, as this results in a device reset.

2.6.3 Debugging LPMx.5 Mode on MSP430 Devices That Do Not Support the Ultra-Low-Power Debug
Mode

On MSP430 devices that do not support the ultra-low-power mode, the LPMx.5 low-power mode can be
debugged using the RELEASE JTAG ON GO option. This configuration provides the absolute current and
energy consumption of MSP430 LPMx.5 low-power mode.

2.6.3.1 Limitations
Using this configuration presents some limitations:

1. Breakpoint
a. Setting or erasing any kind of breakpoint is not possible when the device is in LPMx.5.
2. Device State
a. There are no notifications about the current device state. From the perspective of the IDE, the device is
running.
3. Pause
a. The pause button might not work reliably when the device is in LPMx.5 mode. The device might not leave
LPMx.5 mode when the pause button is pressed. In this case, the debug session must be restarted.
During debugging, an option is to trap the device in active mode after wake-up from LPMx.5, so that the
device can be paused or suspend reliably when it is in a known power mode other than LPMx.5.
4. Debugger connection
a. To make sure that the debugger can always connect and synchronize to the MSP430 device.
i. Do not enter LPMx.5 directly after code start. A 500-ms delay is required between code start and
LPMx.5 entry to ensure reliable debugger synchronization.
ii. If 4-wire JTAG shows connection and synchronization errors, use 2-wire SBW instead of the 4-wire
JTAG protocol.
iii. Make sure that the code removes the lock I/O setting for all MSP430 port pins.
5. Release JTAG on Go
a. When using the "Release JTAG on Go" option in combination with LPMx.5 mode, the target device does
not resume code execution after LPMx.5 wakeup. In this case, suspend the debug session by clicking the
"Halt" button, and then resume the session by clicking the "Go" button.
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