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MSP Debuggers

This manual describes the use and the features of the debug probes for MSP430™ and SimpleLink™
MSP432™ microcontrollers (MCUSs). It includes information about the debugger probe hardware and
software. It documents frequently asked questions on how to enable and disable certain features. It shows
the differences between the debug probes and offers a guide on how to identify the specific version of the
debug probe hardware.
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1 Introduction
1.1 Related Documentation From Texas Instruments
MSP430™ Hardware Tools User's Guide
IAR Embedded Workbench™ IDE for MSP430™ MCUs User's Guide
Advanced Debugging Using the Enhanced Emulation Module (EEM) With Code Composer Studio™ IDE
MSP430™ Flash Device Bootloader (BSL) User's Guide
MSP430™ Programming With the JTAG Interface
1.2 Terms and Abbreviations
Term Definition
BSL Bootloader
CCs Code Composer Studio™ development tool for MSP430
CDC Communications device class
CPU Central processing unit
CRC Cyclic redundancy check
CTS Clear to send
FET Flash emulation tool
I’C Inter-Integrated Circuit 2-wire communication bus
IAR EW430 IAR Embedded Workbench® development tool for MSP430
JTAG Joint Test Action Group
JTAG 4-wire 4-wire JTAG protocol communication
MCLK Master clock
MSP Mixed signal processor
MSP-FET MSP debug probe
MSP-FET430 UIF MSP debug probe
Dynamic library (Windows®), shared object (Linux®), or dy library (OS X®) that offers functions to access and
MSPDebugStack debug MSP430 MCUs using an MSP debug probe
PC Personal computer
RTS Request to send
RX Receive data
SBW Spy-Bi-Wire (2-wire JTAG protocol) communication
X Transmit data
UART Universal asynchronous receiver/transmitter
UIF USB interface to debug and access MSP derivatives
usB Universal serial bus
1.3 If You Need Assistance
Support for the MSP microcontrollers and the 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
support forums for the MSP microcontrollers also provide open interaction and support from a community
of peer engineers, Tl engineers, and other experts. Additional device-specific information can be found on
the MSP430 website.
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2 MSP Debug Probe Overview

Table 1 is an overview of the capabilities and features for the available MSP debug probes.

CAUTION

Never disconnect the JTAG or emulator USB cable during an active debug
session. Make sure to perform a free-run before disconnecting the JTAG
connector to avoid current consumption or functionality issues. And always
terminate a running debug session properly, by clicking on the "Terminate"
icon, before disconnecting the target device.

Table 1. Debug Probes Features and Device Compatibility @®@®

Feature and MSP430 Device Support

LaunchPad (MSP-EXP430G2)

MSP-WDSxx Metawatch
MSP-EXP430FR5739
MSP-EXP430F5529
eZ-FET Emulation IP
eZ-FET Lite Emulation IP

eZ430-F2013
eZ430-RF2500
eZ430-RF2480
eZ430-RF2560
eZ430-Chronos

< | MSP-FET430PIF
< | MSP-FET430UIF

< | MSP-FET

Supports all programmable MSP430 and
CC430 devices

Supports only F20xx, G2x01, G2x11,
G2x21, G2x31

Supports F20xx, F21x2, F22xx, G2x01,
G2x11, G2x21, G2x31, G2x53

Supports F20xx, F21x2, F22xx, G2x01,
G2x11, G2x21, G2x31

Supports F5438, F5438A v
Supports BT5190, F5438A v v
Supports only F552x v
Supports FR57xx, F5638, F6638 v
Supports only CC430F613x v
Supports MSP432Pxx

Allows JTAG access protection
(fuse blow)®

Adjustable target supply voltage

\
<«

Fixed 2.8-V target supply voltage v

Fixed 3.3-V target supply voltage v v
Fixed 3.6-V target supply voltage v v v v v v v v v
4-wire JTAG v v
2-wire JTAG® v v v v v v v v v v
BSL tool or mode
Backchannel UART v v v v v v v v v v
Supported by CCS for Windows v v v v v v v v v v v v v
Supported by CCS for Linux v v v v

NENENENEN

@ The MSP-FET430PIF is for legacy device support only. This emulation tool does not support any devices released after 2011.
@ See Section 3.1 to identify the hardware.

©®  The eZ-FET Emulation IP and eZ-FET Lite Emulation IP are used as the onboard emulation for the MSP LaunchPad tools.

@  See Section 5.5 for more information.

®  The 2-wire JTAG debug interface is also referred to as Spy-Bi-Wire (SBW) interface.
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2.1

Table 1. Debug Probes Features and Device Compatibility@®@® (continued)

Feature and MSP430 Device Support

MSP-WDSxx Metawatch
LaunchPad (MSP-EXP430G2)

eZ430-F2013
eZ430-RF2500
eZ430-RF2480
eZ430-RF2560
eZ430-Chronos

MSP-EXP430FR5739
MSP-EXP430F5529
MSP-FET430PIF

Supported by CCS for OS X

Supported by IAR

IS
<
<
\
<
<
<

< | &N | MSP-FET430UIF
< | & | eZ-FET Lite Emulation IP

AN
\
I

EnergyTrace™ technology, EnergyTrace++

| SN | N\ |eZ-FET Emulation IP

<| < |« |MSP-FET

Known Limitations

A firmware update may fail when using a USB hub. Therefore, do not connect through a USB hub while
updating the firmware on the debug tools.

MSP Debuggers
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3 Hardware Identification

3.1 How to Determine If Your Hardware is Based on eZ-FET or eZ-FET Lite

¢ Check the installed tool drivers by using the Windows Device Manager. eZ-FET tools enumerate as
CDC "MSP Debug Interface” and CDC "MSP Application UART1" devices (see Figure 1).

¢ Check the Experimenter Board or LaunchPad emulation section to find out if it is based on an eZ-FET
tool. If it is based on an MSP430F5528 device, it is an eZ-FET tool.

¢ There is a small print on the silkscreen that indicates eZ-FET or eZ-FET Lite (see Figure 2 and
Figure 5).

47 Ports (COM & LPT)|

- ? Communications Port (COM1)
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Figure 3. eZ-FET Rev 1.4 Emulation IP
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Figure 5. eZ-FET Lite Emulation IP

3.2 How to Determine If Your Hardware is Based on eZ430

» Check the installed tool drivers by using the Windows Device Manager (see Figure 7). eZ430 tools
enumerate as HID (Debugger port) and CDC (Backchannel UART) devices.

e Check the Experimenter Board to find out if it is based on an 2430 tool (see Figure 6). If it is based
on an MSP430F1612 and a TUSB3410, it is an €Z430 tool.
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Figure 6. e2430 Emulation IP

USE Composite Device f Ready to use
MSP430 Application UART (COM205) f Ready to use
USE Input Device f Ready to use

Figure 7. e2430 Windows Enumeration

3.3 Signal Connections for In-System Programming and Debugging
For details about the hardware connections of all debug probes see the "Signal Connections for In-System

Programming and Debugging" section of the MSP430 Hardware Tools User's Guide.

3.4 Using the Power Supply Feature of the eZ-FET and eZ-FET Lite

The eZ-FET and the eZ-FET Lite only support a fixed voltage power supply. The maximum supply current
is 75 mA. For more details, see the specific LaunchPad kit or experimenter board user's guide.

NOTE: These debug probes do not support externally powering of the device while debugging — if
an external voltage is needed for stand-alone testing, the eZ-FET emulation section should
not be connected through USB. If both external power and the USB power are connected,
there could be a conflict that can damage the device.

Table 2. Power Supply of eZ-FET and eZ-FET Lite

SriLlEen Tl (Ma)lfi-{nﬁir:lcgittj?r/ent) (Meg(ri]r?l?)?rrldcb?rct)ent) e e
eZ-FET 1.x Y (75 mA) N N
eZ-FET 2.x Y (75 mA) Y (100 mA) Y
eZ-FET Lite N Y (100 mA) N
eZ430 N Y N
SLAU647N—July 2015—Revised March 2020 MSP Debuggers 9
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3.5

Using the Power Supply Feature of the MSP-FET430UIF and MSP-FET
All MSP debug probes can supply targets with up to 100 mA through pin 2 of the 14-pin JTAG connector.

NOTE: The target should not consume more than 60 mA at peak current, as it may violate the USB

specification. Details can found on www.usb.org.

Example: If the target board has a capacitor on the V. line with a capacity of more than 10 pF, it may
cause an inrush current during capacitor charging that may exceed 60 mA. In this case, the current should
be limited by the design of the target board, or an external power supply should be used.

Target V. is selectable in a range between 1.8 V and 3.6 V in steps of 0.1 V.

Alternatively, the target can be supplied externally. In this case, the external voltage should be connected
to pin 4 of the 14-pin JTAG connector. MSP-FET tools adjusts the level of the JTAG signals to
automatically match the external V.

NOTE: Only pin 2 (MSP-FET tool supplies target) or pin 4 (target is externally supplied) must be

connected. Both connections are not supported at the same time.

Even if an external supply powers the target device on the target socket module and any
user circuitry connected to the target socket module, the MSP-FET tool continues to be
powered from the PC through the USB interface.

NOTE: MSP-FET430PIF only

The PC parallel ports with a connected MSP-FET430PIF can source a maximum current of
25 mA. Because of the ultra-low-power requirement of the MSP430, a stand-alone MSP430
does not exceed the provided current. However, if additional circuits are added, the current
limit could be exceeded. In this case, the MSP430 must be supplied externally.

Table 3. Power Supply of MSP-FET430UIF and MSP-FET

Emulation Tool

ET Circuitry
(Maximum Current)

Onboard LDO
(Maximum Current)

Support to Switch
Between ET and LDO

MSP-FET v1.x

Y (100 mA)

N

N

MSP-FET v2.x

Y (100 mA)

Y (100 mA)

N

MSP-FET430UIF

N

Y

N

Hardware Installation

This section describes how to install the drivers for all MSP debug probes. The drivers are needed to
enable the IDE (integrated development environment) to use the debug probe that is connected to the
system. There are four different ways to install the drivers.

1. CCS desktop: During the CCS setup, all MSP debug probe drivers are installed for all supported

operation systems.

2. CCS cloud: The automatic driver installer is included in the Tl Cloud Agent application, which must be
downloaded when connecting a local MSP debug probe to CCS cloud.

3. Stand-alone driver installer: The stand-alone driver installer is available only for Windows. It installs all

MSP debug probe drivers.

4. Using another supported IDE such as IAR EW430 or the MSP-Flasher: During the setup, all MSP
debug probe drivers are installed.
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4.1 MSP-FET430PIF
The MSP-FET430PIF has the following system requirements:

It supports only Windows XP with IAR EW430 version 5.xx.x and Code Composer Studio version 5.x.x. No
new development is scheduled to support MSP-FET430PIF.

Follow these steps to install the hardware for the MSP-FET430PIF tool:

1. Use the 25-pin ribbon cable to connect the debugger interface module to the parallel port of the PC.
The necessary driver for accessing the PC parallel port is installed automatically during CCS or IAR
Embedded Workbench installation. Note that a restart is required after the CCS or IAR Embedded
Workbench installation.

2. Use the 14-pin ribbon cable to connect the parallel-port debug interface to a target board which
contains the target MSP430 MCU.

4.2 MSP-FET430UIF, MSP-FET, eZ-FET, and eZ-FET Lite

NOTE: The built-in DC-DC converter of the MSP-FET and eZ-FET emulators causes a load-
dependent amount of ripple on the output voltage (f;,,. = 1 kHz to 50 kHz, V¢ ipme = 5 MV to
50 mV), which might affect sensitive analog and RF circuits that are supplied by the
emulator. For such sensitive circuits, TI recommends temporarily increasing the amount of
power supply decoupling used during development, using an emulator with an integrated
linear regulator (MSP-FET430UIF or eZ-FET430), or using a separate bench supply.

eZ-FET 2.0 supports LDO mode and can be used for development purposes.

Installation steps for the MSP-FET430UIF, MSP-FET, eZ-FET or eZ-FET Lite:

1. Install the IDE (TI CCS or IAR EW430) before connecting the debug probe to the PC. During IDE
installation, the USB drivers for the debug probes are installed automatically. Make sure to use the
latest IDE version; older versions might install USB drivers that do not recognize the connected debug
probe.

2. Connect the debug probe to a USB port on the PC using the provided USB cable.
3. The following procedure applies to operation under Windows:

a. After connecting to the PC, the debug probe should be recognized automatically, as the USB
device driver has been already installed together with the IDE.

b. However, if the driver is not automatically detected, the "Found New Hardware wizard" starts.
Follow the instructions and point the wizard to the driver files.

The default location for CCS is: c:\ti\ccsvb\ccs_base\emulation\drivers\msp430\USB_CDC.

The default location for IAR Embedded Workbench is: <Installation Root>\Embedded Workbench
x.x\430\drivers\<Win_0OS>.

4. The following procedure applies to operation under Linux:
* Installation as root
a. Ifinstalling TI CCS as root, make sure that the debug probe is not connected to the computer
during installation.
b. If you start installation with the debug probe connected to the computer, disconnect the probe
and reconnect after installation finishes.
« Installation as user

a. If installing TI CCS without root access, install the debug probe UDEV rules manually after the
CCS Tl installation has finished.

b. Make sure that the debug probe is disconnected from the computer during this step.
c. Open the shell and go to: <CSS installation directory>/ccsv7/install_scripts.sh
d. Execute msp430uif_install.sh as sudo.
e. Connect the debug probe and make sure that the debug probe is detected as other than
"modem". Use the dmseg command to check the system log.
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f. The debug probe is ready for use.

5. After connecting the debug probe to a PC, the probe performs a self-test. If the self-test passes, the
green LED stays on. For a complete list of LED signals, see the LED Signals section of each debug
probe in Section 5.6 through Section 5.8.

6. Connect the debug probe with the target board using the 14-pin ribbon cable.

7. When using a target socket board, make sure that the MSP430 MCU is properly inserted in the socket
and that pin 1 of the device (indicated with a circular indentation on the top surface) aligns with the "1"
mark on the PCB.

NOTE: To use the debug probe without an IDE, install the stand-alone driver package. The stand-
alone driver installer can be found at www.ti.com/mspds under the heading MSPDS-USB-

DRIVERS.
4.3 eZ430-Based Experimenter Boards and LaunchPad Kits
For driver installation on a Windows operating system, follow the steps in Section 4.2.
NOTE: eZ430-tools are not supported on USB3.0 ports. eZ2430 tools are supported on Windows
operating systems only—Linux and OS X are not supported.
4.4 Hardware Installation Using the MSP Flasher
MSP Flasher is an open-source shell-based interface for programming any MSP430 MCU through an
MSP debug stack and provides the most common functions on the command line. MSP Flasher can be
used to download binary files (.txt or .hex) directly to the MSP430 memory without the need for an IDE like
CCS or IAR. It can also be used to extract firmware directly from a device, set hardware breakpoints, and
lock JTAG access permanently.
MSP Flasher supports the following operating systems:
*  Windows 10 32-bit or 64-bit
*  Windows 8 32-bit or 64-bit
*  Windows 7 32-bit or 64-bit
*  Windows XP 32-bit or 64-bit
e Ubuntu™ 64-bit
* OS X 64-bit
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Installation steps for the MSP-FET430UIF, MSP-FET, eZ-FET or eZ-FET Lite:

1. After successfully downloading and executing the MSP Flasher installer, it prompts you to execute the
stand-alone driver installer for the MSP debug probes.

(& Setup e |

Important Information! ! E‘

USE drivers are required for all Flash Emulation Tools (FETs) supported by M5P430 Flasher,
If USBE FET tools are used for the first tirme on this machine and the drivers have not been

installed along with other software such as Code Composer Studic or IAR Embedded
Workbench, please download and install the USB FET drivers here:

Download USE FET drivers

< Back { Mext > || Cancel

Figure 8. MSP Flasher Driver Install Notification

2. Follow the steps given by the stand-alone driver installer for debug probe driver installation.

3. After successful driver installation, connect the debug probe to a USB port on the PC using the
provided USB cable.

4. After connecting the debug probe to a PC, it performs a self-test. If the self-test passes, the green LED
stays on. For a complete list of LED signals, see the LED Signals section of every debug probe in
Section 5.6 through Section 5.8.

5. Connect the debug probe with the target board using the 14-pin ribbon cable.
6. When using a target socket board, make sure that the MSP430 MCU is properly inserted in the socket

and that its pin 1 (indicated with a circular indentation on the top surface) aligns with the "1" mark on
the PCB.

45 Hardware Installation Using CCS Cloud

CCS Cloud is web-based IDE that allows you to create, edit, and build CCS and Energia projects. After a
project is successfully built, it can be downloaded and run on the connected LaunchPad or any other
debug probe. Basic debugging features, like setting breakpoints or viewing values of target variables are
now supported.

CCS Cloud can be used with the local debug probe connected to the PC through USB. To support this
configuration, install the "CCS Cloud browser extension”, and download and install the "TI Cloud Agent
Application". For more details, see the CCS cloud documentation at
processors.wiki.ti.com/index.php/Tl_Cloud_Agent.
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Tl Cloud Agent Installation

Hardware interaction requires additional one time set up. Please perform the actions listed below and try your operation again.(What's
this?)

o Step 1: ELEIVANEE browser extension
« Step 2: QIO NeJ:0l and install the Tl Cloud Agent Application

» Help. | already did this

FINISH

Figure 9. CCS Cloud Agent Installation

u+ Setup - X

Completing the Tl Cloud Agent Setup Wizard

Setup has finished installing Tl Cloud Agent on your
computer.

< Back

Cancel

Figure 10. Successful CCS Cloud Agent Installation

After the successful Agent installation, download the application by clicking the Flash or Debug button in
CCS Cloud.
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5 Debug Probes Hardware and Software
This section includes all specifications and features of all MSP debug probes. The debug probe hardware
and different debug mode configuration and setting are descried.
Figure 11 is an overview of the MSP ecosystem showing the relations between IDE and debug probe and

the MSP device itself.

"“.:tn 2uo®

MSP Flasher

donc:
/

MSPDebugStack

USB connection

-

JTAG,
SBW2

A
Low-Power
MCUs

MSP430

” TEXAS
INSTRUMENTS

Figure 11. MSP Ecosystem
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5.1

5.2

5.3

MSPDebugStack

The MSPDebugStack is the host side interface to all MSP debug probes. It is a library for controlling and
debugging Texas Instruments MSP ultra-low power microcontrollers during software development phase.

For this purpose the MSP microcontroller is controlled by the MSPDebugStack using the MSP device's
JTAG interface. The MSPDebugStack provides device control (for example, run and stop), memory
programming and debugging functionality (for example, breakpoints).

The MSPDebugStack supports these operating systems:

*  Windows 10 32-bit or 64-bit

*  Windows 8 32-bit or 64-bit

* Windows 7 32-bit or 64-bit

* Ubuntu 64-bit

» OS X 64-bit

The debug probe firmware for all field updatable tools is included in the MSPDebugStack. It automatically
detects if an update of the debug probe is required.

For more details and information see www.ti.com/mspds.

Ultra-Low-Power (ULP) Debug Support

ULP debug support enables users to debug in the low-power modes that are used in their application
software.

If this option is enabled during an active debug session in IAR EW430 or Code Composer studio, the
target MSP430 MCU enters the low-power modes. Wake-up times can be measured on F5xx, F6xXx,
FR5xx, and FR6xx devices. For some MSP430 MCUs, special debug features are disabled in this mode;
for example, setting breakpoints (hardware and software) while device is running in ULP mode.

NOTE: When debugging with EnergyTrace++ active, this mode must be used.

NOTE: Measured currents might be slightly higher than in stand-alone mode (EnergyTrace) due to
the active debugger connection.

For more details and information, see the MSP430 Ultra-Low-Power LPMx.5 Mode section of
the IAR Embedded Workbench IDE for MSP430 user's guide and Code Composer Studio
IDE for MSP430 user's guide.

EnergyTrace™ Technology

EnergyTrace technology is an energy-based code analysis tool that measures and displays the energy
profile of an application, which helps to optimize it for ultra-low power consumption.

MSP devices with built-in EnergyTrace+[CPU State]+[Peripheral States] (or in short EnergyTrace++)
technology allow real-time monitoring of many internal device states while user program code executes.
EnergyTrace++ technology is supported on selected MSP devices and debuggers (see Table 1).

EnergyTrace mode (without the "++") is a fundamental part of EnergyTrace technology and enables
analog energy measurement to determine the energy consumption of an application but does not correlate
it to internal device information. The EnergyTrace mode is available for all MSP devices with selected
debuggers, including CCS (see Table 1).

For more details about EnergyTrace technology, visit www.ti.com/tool/energytrace.

16

MSP Debuggers SLAU647N-July 2015—-Revised March 2020

Submit Documentation Feedback
Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N
http://www.ti.com/tool/mspds
http://www.ti.com/mspds
http://www.ti.com/lit/pdf/slau138
http://www.ti.com/lit/pdf/slau157
http://www.ti.com/lit/pdf/slau157
http://www.ti.com/tool/energytrace

I

www.ti.com

TEXAS

INSTRUMENTS

Debug Probes Hardware and Software

5.4 Unlimited Software Breakpoints in Flash, FRAM, and RAM
All MSP430 debug tools support the use of software breakpoints in Flash, FRAM, and RAM. Software
breakpoints let the user set an unlimited number of breakpoints during an active debug session.
Without software breakpoints enabled, the number of breakpoints that can be set is limited to the number
of hardware breakpoints available by the specific MSP MCU. All MSP debug tools prefer the use of
hardware breakpoints as much as possible. However, if the MSP breakpoint logic runs out of hardware
breakpoints, software breakpoints are used automatically (if enabled in the IDE).
NOTE: When the debug session is closed, all software breakpoints are erased and the original
memory content is restored.
For more details about the software breakpoints and their IDE-specific use, see the
Breakpoint Types section in IAR Embedded Workbench IDE for MSP430 user's guide and
Code Composer Studio IDE for MSP430 user's guide.
For a practical example of different breakpoint types, see Advanced debugging using the
enhanced emulation module (EEM) with Code Composer Studio IDE.
5.5 JTAG Access Protection (Fuse Blow)
Different MSP430 MCUs implement different methods to prevent JTAG debug access to the MSP430
target device.
NOTE: Only the MSP-FET and the MSP-FET430UIF support JTAG access protection to disable
JTAG access.
For more details how the JTAG access protection mechanism is implemented see the "JTAG
Access Protection” section in MSP430 programming with the JTAG interface.
JTAG fuse
» Available on 1xx, 2xx, and 4xx families (except FRxx and 120xx devices)
* Applying a high voltage to test the TEST pin of the MSP430 target device blows an actual physical
polyfuse and disables the JTAG interface.
JTAG lock without password (eFuse/"soft" fuse)
» Available on 5xx, 6xx, and FRxx families
e A certain lock pattern is written into the MSP430 target memory to disable the JTAG interface.
JTAG lock with password
» Available only FRxx families
» A user-defined password can disable JTAG access to the MSP430 target device.
e Using CCS, EW430, or the MSP Flasher, applying the configured password to the MSP430 target
restores JTAG access
Memory protection by custom startup code (SUC)
« Available on only the i20xx family (for example, the MSP430i2040 device)
» Custom startup code can enable or disable JTAG access to the MSP430i20xx target device.
DAP (Debug Access Port) lock
* Available on MSP432P401x family — Locks JTAG/SWD connection to MSP432P401x device
» Execute a Factory Reset to unlock the Debug Access port.
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5.6

5.6.1

MSP-FET Stand-Alone Debug Probe

The MSP-FET (see Figure 12 and Figure 13) is a powerful debug probe for application development
supporting all MSP430 microcontrollers.

The MSP-FET provides a USB interface to program and debug the MSP430 MCUs in-system through the
JTAG interface or the pin-saving Spy-Bi-Wire (2-wire JTAG) protocol. Furthermore, the USB interface can
be used for Backchannel UART and MSP target BSL communication. UART BSL and I°C BSL
communication modes are supported.

The MSP-FET development tool supports development with all MSP430 MCUs and is designed for use
with PCBs that contain MSP430 MCUSs; for example, the MSP430 target socket boards.

CEUCT  1401004F8 =TS

ToOTDI 2 vec_TooL
TowPP 4 VCC_TARGET
™S

6 nC
©TeK 8 TESTVPP
GND 9 10 UART_CTS/SPI_CLI/I2C_SCL
RST 11 M2 UART_TXO/SPI_SOMIN2C_SDA
UART_RTS 13 M4 UART_RXDISPI_SIMO

TeExAs

INSTRUMENTS
MSP-FET Flash Emulation Tool

Figure 12. MSP-FET Top View Figure 13. MSP-FET Bottom View

General Features

The MSP-FET debug probe includes the following features:
» MSP-FET first generation (v1.2):
— Has no CE sticker or label on the case, and no W at the end of the version number
— Is supported since:
e CCSVv6.0.0
e |AR EW430 v5.60.7 and IAR EWARM v6.10.1
 MSP-FET second generation (v2.04, v2.05, and v2.06):
— Has a CE sticker or label on the case, or a W at the end of the version number
— Is supported since:
e CCSV7.0
e |AR EW430 7.1 and IAR EWARM 8.10
» Operating systems: OS X, Linux, Windows
» Software configurable supply voltage between 1.8 V and 3.6 V at 100 mA

NOTE: The MSP-FET supply voltage is generated by an DC/DC converter, which creates a voltage
ripple on the target supply line. This ripple can affect the performance of the analog modules
of the MSP device (for example, the ADC and the DAC). If necessary, connect an low-ripple
external power supply to the target application.

e External voltage detection

» Supports JTAG access protection to disable debugging

e Supports all MSP430 boards with JTAG header

» Supports both JTAG and Spy-Bi-Wire (2-wire JTAG) debug protocols

18
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5.6.2

» EnergyTrace Technology (MSP430 and MSP432 devices), EnergyTrace+ (MSP432 devices only), and

EnergyTrace++ (MSP430 MCUs only) support

» EnergyTrace technology accuracy
Current < 25 pA: Error range is typically £500 nA.
Current 2 25 pA: Error range is typically £2% to +4%.

e Software breakpoints in flash, FRAM, and RAM

* MSPDS application backchannel UART included

e Target BSL communication mode available

* Flash and FRAM programming support
» Debug probe firmware field update is supported @

e Supports all MSP432P401x boards with Arm® 20-pin and 10-pin connectors using the MSP432
Adapter for MSP-FET

e Supports JTAG and SWD MSP432 debug protocols

NOTE: The MSP-FET does not support the MSP432E4 family of devices.

* MSP-FET debug clock speed

Interface Slow Medium Fast
SBW2 SBWTCK 200 kHz SBWTCK 400 kHz SBWTCK 600 kHz
JTAG 4-wire MSP432 TCK 1 MHz TCK 4 MHz TCK 15 MHz
JTAG 4-wire MSP430 TCK 1 MHz TCK 4 MHz TCK 8 MHz

Backchannel UART

The MSP-FET supports the Backchannel UART functionality only when using an MSPDebugStack
v3.4.1.0 or higher for the MSP-FET connection.

The baud rates that are supported depend on the target configuration and the debug settings. Table 4
shows which baud rates are supported with certain configuration combinations.

v means that the corresponding baud rate is supported without any data loss with the specified

comb

ination of settings.

X means that the corresponding baud rate is not supported (data loss is expected) with the specified

comb

ination of settings.

Table 4. MSP-FET Backchannel UART Implementation

lf‘égﬁter'\]"ccy':-'( 1 MHz 8 MHz 1 MHz 8 MHz
Debugger: Active Inactive
Flow Control: No Yes No Yes No Yes No Yes
4800 baud v v v v v v v v
9600 baud v v v v v v v v
19200 baud v v v v v v v v
28800 baud X v v v v v v v
38400 baud X v X v X v X v
57600 baud X v X v X v X v
115200 baud X X X v X X X v

@ Enable new device support by in field firmware updates
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NOTE: Due to the bandwidth being shared between the debug interface and the backchannel
UART, Tl recommends that you disable EnergyTrace technology when using the
backchannel UART. If EnergyTrace technology is enabled, the UART communication
channel can experience significant latencies.

5.6.2.1 UART Backchannel Activation Commands

The MSP-FET supports two different Backchannel UART modes, one with flow control and one without.
The different modes can be selected by opening the corresponding COM port with a dedicated baud rate.
See Table 5 for the specific baud rates for each command.

NOTE: The baud rates used by these activation commands cannot be used for communication.

NOTE: The Backchannel UART is disabled until the COM port is opened with a valid baud rate.

If none of the specified commands are transferred before setting the communication baud rate,
communication starts with the default settings: 3.3-V target V¢, no flow control mechanism, no parity.

Table 5. MSP-FET Backchannel UART Activation Commands

Baud Rate Command

9620 Set all backchannel UART pins to high impedance — no current flow into target device

9621 Configure backchannel UART communication without handshake (default start behavior)

9622 Configure backchannel UART communication with handshake
Voltage configuration command. When this command is received, target V¢ is set to 3.3 V. After target V.

9623 . : - . h
is configured, it is switched through to the target device.

0625 Configure backchannel UART communication without handshake and even parity (available starting with
MSPDebugStack version 3.8.0.2)

5.6.3 Target BSL Connection and BSL-Scripter Support

The MSP-FET can be used for communication with the target device bootloader (BSL) through the 1°C and
UART protocols. The activation of the different protocols is equivalent to the MSP-FET backchannel
UART. See Table 6 for command details.

The BSL-Scripter software implements support for these activation commands and performs the correct
sequence according to the communication interface (UART, I°C) that is specified in the script.

In MSP-FET BSL communication mode, flow control is not available, because this is not supported by the
MSP target device BSL.

UART BSL: The MSP-FET BSL UART mode supports the following baud rates: 9600, 14400, 19200,
28800, 38400, 56000, 57600, and 115200. For the BSL UART, 8 + 1 + even parity is used.

I’C BSL: The MSP-FET is always the I°C master, and the target device BSL is always the I°C slave. 7-bit
I’C addressing mode is used with a fixed I>C slave address of 0x48.

NOTE: If the MSP-FET is configured to support BSL communication, debugger functionality is
disabled. To switch to debugger mode, either perform a power cycle (unplug the USB cable)
or configure the baud rate to 8001. The BSL mode is disabled until sending a BSL entry
baud rate command.

NOTE: MSP-FET BSL I*C pullup resistors must not exceed 2-kQ resistance.

The maximum I?C clock rate is 55 kHz.
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Table 6. MSP-FET MSP Target BSL Activation Commands

Baud Rate Command
9620 Set all UART or I2C pins to high impedance — no current flow into target device
9601 BSL entry sequence and power up 3.3 V (UART BSL) — debugger is disabled

100000 or 100001

BSL entry sequence and power up 3.3 V (I2C BSL) — debugger is disabled

400000 or 400001

BSL entry sequence and power up 3.3 V (I2C BSL) — debugger is disabled

9623

Power up 3.3V

8001

Activate debugger

100002 or 400002

Configure communication and power up 3.3 V (MSP432 I>C BSL) — debugger is disabled, no BSL entry sequence

9602

Configure communication and power up 3.3 V (MSP432 UART BSL) — debugger is disabled, no BSL entry
sequence

NOTE: The MSP-FET I?C interface is a software I°C implementation, which always runs with a

speed of approximately 55 kHz. The four different speed configurations are supported for
compatibility purposes with BSL-Scripter and the BSL-Rocket.

5.6.4 LED Signals

The MSP-FET shows its operating states using two LEDs, one green and one red. Table 7 lists all
available operation modes. An O or O icon indicates that the LED is off, an ® or @ icon indicates that
the LED is on, and an # or M icon indicates that the LED flashes.

Table 7. MSP-FET LED Signals

Power

Mode LED Function

MSP-FET not connected to PC or MSP-FET not ready; for example, after a major firmware update.
Connect or reconnect MSP-FET to PC.

MSP-FET connected and ready

MSP-FET waiting for data transfer

Ongoing data transfer — during active debug session

An error has occurred; for example, target V¢ over current. Unplug MSP-FET from target, and cycle the
power off and on. Check target connection, and reconnect MSP-FET.

Firmware update in progress. Do not disconnect MSP-FET while both LEDs are blinking slowly.

* %0 000k

FPGA update in progress. Do not disconnect MSP-FET while both LEDs are blinking rapidly.

*¥0 %000
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5.6.5 Hardware

This section includes MSP-FET hardware descriptions like the JTAG connector, schematics, and power-
up states of the MSP-FET JTAG pins.

5.6.5.1 JTAG Target Connector

Figure 14 shows the pinout of the MSP-FET JTAG connector.

TDO/TDI

U

—>2 VCC_TOOL

5.6.5.2

TDIVPP 3
™S 5

TCK 7

6 N/C

GND 9
RST 11

UART_RTS 13

8 TEST/VPP
10 UART_CTS/SPI_CLK/2C_SCL
12 UART_TXD/SPI_SOMI/I2C_SDA
14 UART_RXD/SPI_SIMO

{4 VCC_TARGET

Figure 14. MSP-FET 14-Pin JTAG Connector

MSP-FET Pin States After Power Up

Table 8 describes the electrical state of every JTAG pin after debug probe power up.

Table 8. MSP-FET Pin States

. When JTAG Protocol is When Spy-Bi-Wire
Pin Name (T FORTE (T Active Protocol is Active
: In and Out, SBWTDIO
1 TDO/TDI Hi-Z, pulled up to 3.3 V In, TDO (RST pin)
2 VCC_TOOL 33V Target Ve Target V¢
3 TDI/VPP Hi-Z, pulled up to 3.3 V Out, TDI Hi-Z, pulled up to Ve
4 VCC_TARGET In, external V. sense In, external V. sense In, external V. sense
5 T™MS Hi-Z, pulled up to 3.3 V Out, TMS Hi-Z, pulled up to Ve
6 N/C N/C N/C N/C
7 TCK Hi-Z, pulled up to 3.3 V Out, TCK Out, SBWTCK
8 TEST/VPP Out, Ground Out, TEST Hi-Z, pulled up to Ve
9 GND Ground Ground Ground
. Out, Target UART Clear- | Out, Target UART Clear-
10 UART_CTS/SPI_CLK/I2C_SCL Hi-Z, pulled up to 3.3 V To-Send Handshake input | To-Send Handshake input
11 RST Out, Ve Out, RST Ground
- In, Target UART TXD In, Target UART TXD
12 UART_TXD/SPI_SOMI/I2C_SDA Hi-Z, pulled up to 3.3 V output output
In, Target UART Ready- | In, Target UART Ready-
13 UART_RTS Hi-Z, pulled up to 3.3 V to-Send Handshake to-Send Handshake
output output
14 | UART RXDI/SPI_SIMO Hi-Z, pulled up to 3.3 v | Oul TArGEtUARTRXD | Out, Target UART RXD
input input
NOTE: To enable the UART, I?)C, or SPI pins, the correct invalid baud rate activation command

must be sent (see Table 5 and Table 6). After this, the pins switch to the states in Table 8.

NOTE: MSP430BSL-SPI support is currently not available using the MSP-FET. The pin names used
in Table 8 are the same as the names that are printed on the back of the MSP-FET.
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5.6.5.3 MSP-FET HID Cold Boot

If the MSP-FET does not respond to software commands or firmware updates, a cold boot is the last
option to bring it back to operation. A cold boot is performed by connecting VBUS to the PUR signal of the
MSP-FET host device (MSP430F6638) with a serial resistor.

To execute this procedure, the MSP-FET cover must be opened by unscrewing the four screws on its
back (see Figure 15). Make sure that the USB cable is disconnected from the computer.

1407003 4AE |8

Figure 15. Open MSP-FET Cover

Next connect a cable or jumper to J2 for MSP-FET starting from version 2.0 (or J5 for older versions) (see
Figure 16 and Figure 17).

Figure 16. MSP-FET Rev 2.0 Jumper J2
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Figure 17. MSP-FET Rev 1.2 Jumper J5

Plug in the USB cable while the jumper is on J2 (or J5). After boot, remove the jumper from J2 (or J5).
The MSP-FET is recognized by the device manager of the OS as an HID-compliant device. The green
LED should be on.

Start the IDE while the MSP-FET is in recovery (HID) mode. When prompted (see Figure 18), confirm the
request to recover the firmware and all following firmware update requests.

<o TIMSP430 USBI/MSP430 e [T

Error initializing emulator: T
One of the connected MSP-FETs / eZ-FETs debuggers needs recovery.
Select 'Recover’ to start the recovery process.

Mote: Only one MSP-FET / eZ-FET debugger can be connected to your
systemn during recovery.

Cancel “ Retry ]I Recover ]

Figure 18. Recovery Confirmation

24 MSP Debuggers SLAU647N-July 2015—Revised March 2020

Submit Documentation Feedback
Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

13 TEXAS
INSTRUMENTS

www.ti.com Debug Probes Hardware and Software

5.6.5.4 Schematics

5.6.5.41 MSP-FET Rev 2.5 Schematics

1 [ : [ ; . : . 1 : 1 .
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Figure 19. MSP-FET USB Debugger Rev 2.5, Schematic (1 of 6)

SLAU647N—July 2015—Revised March 2020 MSP Debuggers 25
Submit Documentation Feedback

Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

i

TEXAS
INSTRUMENTS

Debug Probes Hardware and Software www.ti.com
1 | 2 4 5 7 8
FPGA oous 1.5V Rail Decoupling
17_Jvee GAAN/IO00RSEO <z>‘°°_< MCU_DMAED > v
gé vee GAAVI00IRSBO | e WCU P35 . Vee (Pin 17) Ve (Pin 37) Vcc (Pin 68) Ve (Pin 89)
. 25 vee GAA2/IOBTRSB1 fard——{ FPGA 10_TCK >
A \ vee o c23 L cx c25 27 L | Lo Lcso A
GABO/IO02RSBO fer = = — =
2 ucco Chmnonsmsen [T B 01 0 010F 0 010 001 i TDD!uF
VCCIB0 GAB2/IOBIRSB1 FPGAI0_THS
Net Class 18 96
3 vece R el [ wou e 2 = Place polarized caps close to upper left and lower right coner to decouple 1.5V rail.
GAC2/I0131RSB1 qﬁ—{m 7 Place non-polarized caps dose to associated device Vcc pins.
88uH +c31 141 veeptr
~10uF GBAX/IO39RSBO \m
121 vcompLF GBAT/I040RSBO T MCU_P34_>
N GBA2/IO41RSBO <v7—< MCUF35 >
VJTAG 79
6880/1037Rs80 [l — WU Pl >
— ] vmvo GBB1/I038RSBO [celimmmd MCU_P32_> s . 1
oo . GBB2/I043RSE0 MCU P37 3.3V Rail Decoupling
Mv1
0 1 ymvi 6BC0035RSE0 Bl —WEUPTT VCCIBO (Pin66) | VCCIBO(Pin87) | VcclB1(Pin18) | VCCIB1(Pin39)
68C11036R580 |l —Wreu_Fa0 >
L veune CEC204RSE0 +os l+oss c3s | ca7 cas L cso | | cao L car o | o
GCAMIOSERSBO | 82 WCUPI5 I~ 10uF “~10uF| 01uF T001uF | =T 01UF —T=00IUF | =T—0 1uF —T—001uF I 0.1uF TﬂDluF
GCA1/I055RSE0 farls
1
%93 (ooenes SR g ST Place polarized caps close to upper left and lower right coner to decouple 3.3V rail
p— [ Gocwiosrseo et — ey Fas ) Place non-polarized caps close to associated device Vcc pins.
>M )—90 1013RSB0 GCC1/1051RSBO w
8 {_mcu_PT }—ssqu 1015RSBO GCCI050RSBO feri=m— MCU_P4T . 8
Ze] 1019RSE0 -
1022RS80 GOAI/065RSB0 far?l——(WCU FB3 > ? VIVO (Pin 74) VMV1 (Pin 24) VMV (Pin 50) VJTAG (Pin56) } VPUMP (Pin52)
1025RSBO GDA2IO70RSB1 fa=—
1028RSBO
1032RSB0 6DB2I071RSB1 farte
1042RS80 -
1047RSBO GDCO/IO62RSBO MCU_P82
GDC1/I061RSEO o—Ef—m
o preste COCHI07RSEN [ Place non-polarized caps dose to associated device Vc pins.
1081RSB1 GEA0/I0107RSB1
1084RSB1 GEA1/10108RSB1
L] 1087RSB1 GEAZ/IO106RSB1 L
FPGA_RST e 1063R 31
2] 1004RSB1 GEBU/IO109RSB1
&D 1095RSB1 GEB1/10110RSB1
(FPOATPI p—idar] 1096RSB1 GEB2/I0105RSB1
CFRGA TP} —qegf 1097RSB1 19
<  TP0__ s 1099RSB1 GECONO111RSB > FPGA_IO_UART_TXD
(FPGAI0_ITAG 150 —2%¢] 10100RSB1 GEC2/I0104RSB1 [l
2] 10102RSB1
10, 2y 10129RSB1 GFANIO122RSB1 Jact FPGA_DIR_CTRL_RST
(FPGA_DIR_CTRL_TOI Lied 10130RsB1 GFA1/10121RSB1 faci2
FPGA_DIR_CTRL_TMS B 10132RSB1 GFA2/10120RSB1 16 FPGA_DIR_CTRL _Test
GFBO/IO123RSB1 1 MCU_P27
R GFBII0124RSB1 [l FPGA_DIR_CTRLTDO > R
e e ) GND [ty
FPGA_TCK Lot TCK GND
FPGA_TDI TOI GND
FPGA_TD0 — 12 il 24100 GND
N GND
(_FPGATRST o TRST GND
o GNDG
= ne GNDQ
APNTEVGET00
R16 £R17
100¢ ¥ 100k
D D
Designed for: Public Release TMod. Date: 3/16/2017
Project Tifle: MSP-FET * Texas
Shee Tie: MSP-FET. FPCA INSTRUMENTS
Texas Instruments and/or its licensors or any information i . Texas do not \ssembly Vari o Variations] [Sheet:2 of 7
warrant tha this design will meet the specifctions, willbo suitabl for yoursppication o forany prtculr puposs or wil perets nan Tex: andlor its oo MSP_FET Rev2 0_5 FPGA.SchDoc [Size: A3 I f.com
ot warrant that the design alidate and test your desian i o contim the &ystem furctionaity for you applcation. Contact ©Texes Instuments 2016
1 : ! : . | ; '

Figure 20. MSP-FET USB Debugger Rev 2.5, Schematic (2 of 6)
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Figure 21. MSP-FET USB Debugger Rev 2.5, Schematic (3 of 6)
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Figure 22. MSP-FET USB Debugger Rev 2.5, Schematic (4 of 6)
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Figure 23. MSP-FET USB Debugger Rev 2.5, Schematic (5 of 6)
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Figure 24. MSP-FET USB Debugger Rev 2.5, Schematic (6 of 6)
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Figure 25. MSP-FET USB Debugger Rev 1.2, Schematic (1 of 5)
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Figure 26. MSP-FET USB Debugger Rev 1.2, Schematic (2 of 5)
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Figure 27. MSP-FET USB Debugger Rev 1.2, Schematic (3 of 5)
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Figure 28. MSP-FET USB Debugger Rev 1.2, Schematic (4 of 5)
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Figure 29. MSP-FET USB Debugger Rev 1.2, Schematic (5 of 5)
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5.6.6.1

5.6.6.2

Specifications

This section includes the MSP-FET specifications.

Hardware

Table 9 lists the mechanical and interface specifications for the MSP-FET.

Table 9. Mechanical and Interface Specifications

Mechanical

Size (without cables)

’80mmx50mmx20mm |

Interfaces

USB interface

USB 2.0, full speed

Target interface

JTAG 14-pin

See Figure 14 for pinout

JTAG cable length

20 cm (max)

MSP430 MCUs

Table 10 lists the specifications for the MSP-FET interface to MSP430 microcontrollers.

Table 10. JTAG and Spy-Bi-Wire Interface Specifications

VCC_TOOL

JTAG and Spy-Bi-Wire Interface, Electrical
USB powered,
Power supply 200 rr?A (max)
Target output voltage 18Vto3.6V Selectable in 0.1-V steps. VCC_TOOL available from JTAG pin 2.

Target output current

100 mA (max)

Current supplied through JTAG pin 2

Target output overcurrent

detection level 160 mA (max)
JTAG signal overcurrent 30 mA (max) Total current supplied through JTAG pins 1, 3, 5, 7, 8, 10, 11, 12, 13, 14
detection level PP g P P D T T 2 2
Supported Connect external target voltage VCC_TARGET to JTAG pin 4. JTAG and
External target supply (1.8Vto3.6V) SBW signals are regulated to external target voltage +100 mV.
Fuse blow Supported For devices with poly-fuse
JTAG and Spy-Bi-Wire Interface, Timing
JTAG clock speed 8 MHz (max) Protocol speed selectable by software
SBW clock speed 8 MHz (max) Protocol speed selectable by software. System limitations due to external RC

components on reset pin might apply.

JTAG and Spy-Bi-Wire Interface, Speed

Flash write speed (JTAG)

Up to 20 kB/s

Flash write speed (SWB)

Up to 7 kB/s

FRAM write speed (JTAG)

Up to 50 kB/s

FRAM write speed (SWB)

Up to 14 kB/s
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5.6.6.3  SimpleLink MSP432 MCUs
Table 11 lists the specifications for the MSP-FET interface to MSP432 microcontrollers.

Table 11. JTAG and SWD Interface Specifications

JTAG and SWD Interface, Electrical
USB powered,
Power supply 200 rr?A (max)
Target output voltage ) R ) )
VCC_TOOL 18Vto3.6V Selectable in 0.1-V steps. VCC_TOOL available from JTAG pin 2.
Target output current 100 mA (max) Current supplied through JTAG pin 2
Target output overcurrent 160 mA (max)
detection level
JTAG signal overcurrent . .
detection level 30 mA (max) Total current supplied through JTAG pins 1, 3, 5, 7, 8, 10, 11, 12, 13, 14
Supported Connect external target voltage VCC_TARGET to JTAG pin 4. JTAG and
External target supply (1.8Vto3.6V) SBW signals are regulated to external target voltage £100 mV.
JTAG and SWD Interface, Timing
JTAG clock speed 10 MHz (max) Protocol speed selectable by software
Protocol speed selectable by software. System limitations due to external RC
SWD clock speed 3 MHz (max) components on reset pin might apply.
JTAG and SWD Interface, Speed
Flash write speed (JTAG) Up to 70 kB/s
Flash write speed (SWD) Up to 22 kB/s
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5.7

MSP-FET430UIF Stand-Alone Debugger

The MSP-FET430UIF is a powerful debug probe for application development on MSP430 microcontrollers.
This is a legacy debugger being replaced by MSP-FET.

The MSP-FET430UIF provides a USB interface to program and debug the MSP430 MCUSs in-system
through the JTAG interface or the pin-saving Spy-Bi-Wire (2-wire JTAG) protocol.

The MSP-FET430UIF development tool supports development with all MSP430 MCUs and is designed for
use with PCBs that contain MSP430 MCUs; for example, the MSP430 target socket boards.

Two different version of the MSP-FET430UIF are available, version 1.3 and version 1.4a. There are
limitations when using version 1.3. See Section 5.7.1 for more details.

=
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=
a
]
|

MSP-FET430UIF

®
s
]
s
=
o
3
K]
H
@
]
=
2
¥
a
7]
=

MSP430 USB-Debug-Interface

usB
| MSP430 USB-Debug-Interface
MSP-FET430UIF

Figure 30. MSP-FET430UIF Version 1.4a Top and Bottom  Figure 31. MSP-FET430UIF Version 1.3 Top and Bottom

57.1

Views Views

General Features
The following features are provided by the MSP-FET430UIF debug probe.

Features:
e Operating systems: OS X, Linux, Windows

NOTE: OS X El Capitan is not supported using the MSP-FET430UIF.

» Software configurable supply voltage between 1.8 V and 3.6 V at 100 mA

» External voltage detection

» Supports JTAG security fuse blow to protect code

» Supports all MSP430 boards with JTAG header

e Supports both JTAG and Spy-Bi-Wire (2-wire JTAG) debug protocols

» Software breakpoints in flash, FRAM, and RAM support

* Flash and FRAM programming support

» Software field update is possible (enable new device support by in field firmware updates)

NOTE: The MSP-FET430UIF version 1.3 does not support Spy-Bi-Wire connection for MSP430
MCUs with 1-uF capacitance on the reset line.
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5.7.2 LED Signals

The MSP-FET430UIF shows its operatir%states using two LEDs, one green and one red. Table 12 lists
all available operation modes. An O or U icon indicates that the LED is off, an . or . icon indicates
that the LED is on, and an # or M icon indicates that the LED flashes.

Table 12. MSP-FET430UIF LED Signals

FEnEr Mode LED Function

MSP-FET430UIF not connected to PC, or MSP-FET430UIF not ready; for example, after a major
firmware update. Connect or reconnect MSP-FET430UIF to PC.

MSP-FET430UIF connected and ready

MSP-FET430UIF waiting for data transfer

Ongoing data transfer — during active debug session

An error has occurred; for example, target V¢ over current. Unplug MSP-FET430UIF from target, and
cycle the power off and on. Check target connection, and reconnect MSP-FET430UIF.

Firmware update in progress. Do not disconnect MSP-FET430UIF while both LEDs are blinking.

#0000 :

*O X000

5.7.3 Hardware

This section includes MSP-FET430UIF hardware descriptions like the JTAG connector, schematic, and
power up states of the JTAG pins.

5.7.3.1 JTAG Target Connector
Figure 32 shows the pinout of the MSP-FET430UIF JTAG connector.

TDO/TDI 1 =ttt o=d=p 2 VCC TOOL
TDIVPP 3 wefume o=l 4 VCC TARGET
TMS 5 ==t o=t= 6 N/C
TCK ?—}- bt 8 TEST/VPP
GND O =t om0 N/C
RST 11 =t o122 N/C
N/C —— =14 N/C

Figure 32. MSP-FET430UIF 14-Pin JTAG Connector
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5.7.3.2

Pin States After Power Up
Table 13 describes the electrical state of every JTAG pin after debug probe power up.

Table 13. MSP-FET430UIF Pin States

Pin Name after PowerUp | e T ool tacel 1 Active
1 TDO/TDI Hi-Z, pulled up to 3.3 V In, TDO In and Out, SBWTDIO
2 VCC_TOOL 3.3V Target Vec Target V¢
3 TDI/VPP Hi-Z, pulled up to 3.3 V Out, TDI Hi-Z, pulled up to Ve
4 VCC_TARGET In, external V. sense In, external V. sense In, external V. sense
5 TMS Hi-Z, pulled up to 3.3 V Out, TMS Hi-Z, pulled up to Ve
6 N/C N/C N/C N/C
7 TCK Hi-Z, pulled up to 3.3 V Out, TCK Out, SBWTCK
8 TEST/VPP Out, Ground Out, TEST Hi-Z, pulled up to Ve
9 GND Ground Ground Ground
10 N/C N/C N/C N/C
11 RST Oout, Ve Out, RST Ground
12 N/C N/C N/C N/C
13 N/C N/C N/C N/C
14 N/C N/C N/C N/C

40 MSP Debuggers SLAU647N-July 2015—Revised March 2020

Submit Documentation Feedback
Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

"Zj‘ItncAs
INSTRUMENTS

Debug Probes Hardware and Software

www.ti.com
5.7.3.3

Schematics
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Figure 33. MSP-FET430UIF USB Interface, Schematic (1 of 4)
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Figure 34. MSP-FET430UIF USB Interface, Schematic (2 of 4)
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Figure 35. MSP-FET430UIF USB Interface, Schematic (3 of 4)
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Figure 36. MSP-FET430UIF USB Interface, Schematic (4 of 4)
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Figure 37. MSP-FET430UIF USB Interface, PCB

SLAU647N—-July 2015-Revised March 2020
Submit Documentation Feedback

Copyright © 2015-2020, Texas Instruments Incorporated

MSP Debuggers 45


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

13 TEXAS
INSTRUMENTS

Debug Probes Hardware and Software www.ti.com

5.8 eZ-FET and eZ-FET Lite Onboard Emulation

The eZ-FET and eZ-FET Lite are powerful onboard flash emulation debug probes for application
development on MSP430 microcontrollers (see Figure 38). The eZ-FET and eZ-FET Lite onboard
emulation are the successors of the legacy eZ430.

Both eZ-FETs provide a USB interface to program and debug the MSP430 MCUs in-system through the
pin-saving Spy-Bi-Wire (2-wire JTAG) protocol. Furthermore, the USB interface can be used for
backchannel UART communication.

Both development tools support development with all MSP430 MCUs. They are designed as onboard
emulation that is available on several LaunchPad kits. (Only MSP430 MCUs that implement the SBW2
protocol are supported.)
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Figure 38. eZ-FET and eZ-FET Lite (Top View)

Figure 39 and Figure 40 show revisions 1.4 and 2.0, respectively, of the eZ-FET.
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Figure 39. eZ-FET Rev 1.4 (Top View)

46 MSP Debuggers SLAU647N-July 2015—Revised March 2020

Submit Documentation Feedback
Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

13 TEXAS
INSTRUMENTS

www.ti.com Debug Probes Hardware and Software

I'?
»
; -

SeD 201?.

)
Probe Rev.2.0

-

FET Debus

&
—
()
N
o
a 0O
= M
“.c
o
>
LiJ
_-a
w
b=

\ MCUO21 Bav i 0

a7
e

Figure 40. eZ-FET Rev 2.0 (Top View)

5.8.1 General Features
The following features are provided by the eZ-FET and eZ-FET Lite debug probes.

Features:
* eZ-FET and eZ-FET Lite supported since:
— CCSv54.0

— |AR EW430 v5.52.1 and v5.51.6
» Operating systems: OS X, Linux, Windows
» Fixed supply voltage between 3.3 or 3.6 V at 75 mA
» Support Spy-Bi-Wire (2-wire JTAG) debug protocol
» Software breakpoint in flash, FRAM, and RAM support
» Flash and FRAM programming support
» Backchannel UART
» eZ-FET only — EnergyTrace and EnergyTrace++ support
» EnergyTrace technology accuracy
— Current < 25 pA: Error range = £500 nA
— Current =2 25 YA and < 75 mA: Error range = +5%
» Software field update is possible
» eZ-FET debug clock speed

Interface Slow Medium Fast
SBW2 SBWTCK 200 kHz SBWTCK 400 kHz SBWTCK 600 kHz
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5.8.2 Backchannel UART

Supported baud rates depend on the target configuration and the debug settings. Table 14 shows which
baud rates are supported with certain configuration combinations.

v means that the corresponding baud rate is supported without any data loss with the specified
combination of settings.

X means that the corresponding baud rate is not supported (data loss is expected) with the specified
combination of settings.

Table 14. eZ-FET and eZ-FET Lite Backchannel UART Implementation

lf‘égﬁter'\]"ccy"'( 1 MHz 8 MHz 1 MHz 8 MHz
Debugger: Active Inactive
Flow Control: No Yes No Yes No Yes No Yes
4800 baud v v v v v v v v
9600 baud v v v v v v v v
19200 baud v v v v v v v v
28800 baud X v v v v v v v
38400 baud X v X v X v X v
57600 baud X v X v X v X v
115200 baud X X X v X X X v

5.8.2.1 eZ-FET and eZ-FET Lite UART Backchannel Activation Commands

The eZ-FET supports two different backchannel UART modes, one with flow control and one without. The
different modes can be selected by opening the corresponding COM port with a dedicated baud rate. See
Table 15 for the specific baud rates for each command.

NOTE: The baud rates used by these commands cannot be used for communication.

If none of the specified commands are transferred before setting the communication baud rate,
communication starts with these default settings: V.. on, no flow control mechanism, no parity.

Table 15. eZ-FET and eZ-FET Lite Backchannel UART Activation Commands

Baud Rate Command

9620 Set all backchannel UART pins to high impedance — no current flow into target device

9621 Configure backchannel UART communication without handshake (default start behavior)

0622 Configure b_ackchannel UART communication with handshake
NOTE: Available on Rev. 1.2 only.

9623 Voltage configuration command. When this command is received, target V. switched on.

9625 Configure backchannel UART communication without handshake and even parity (available starting with
MSPDebugStack version 3.8.0.2)
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5.8.3 LED Signals

eZ-FET emulators show their operating states using two LEDs, one green and one red. Table 16 lists all
available operation modes. The eZ-FET 2.0 has an additional yellow LDO LED, that illuminates when the
LaunchPad is connected to a computer.

An O O or icon indicates that the LED is off, an . . or icon indicates that the LED is on, and
an * or * icon indicates that the LED flashes.

Table 16. eZ-FET LED Signals

LDO LED
Mode LED | (eZ-FET
2.0 Only)

Power

Function

eZ-FET not connected to PC, or eZ-FET not ready; for example, after a major firmware
update. Connect or reconnect eZ-FET to PC.

eZ-FET connected and ready

eZ-FET waiting for data transfer

Ongoing data transfer — during active debug session

An error has occurred; for example, target V¢ over current. Unplug eZ-FET from target,
and cycle the power off and on. Check target connection, and reconnect eZ-FET.

Firmware update in progress. Do not disconnect eZ-FET while both LEDs are blinking.

|0 0000t
| OMO®OO

The LDO target supply is active (the LDO is the default supply).

The EnergyTrace power supply is active.
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5.8.4 Hardware
This section describes the pinout of the eZ-FET and eZ-FET Lite debug connector. It includes a list of all
debugger pin states after power up and the eZ-FET and eZ-FET Lite schematics.

5.8.4.1 JTAG Target Connector
Figure 41 shows the pinout of the eZ-FET debug connector.

< J101 U105

C1

-

Figure 41. eZ-FET Lite Debug Connector

Figure 43. eZ-FET Rev 1.2 Debug Connector

5.8.4.2  Connecting MSP-FET to LaunchPad Development Kit

Figure 44 and Figure 45 show how to connect an MSP-FET to the target MSP430 MCU that is solders
onto the LaunchPad, using an F5529 LaunchPad as an example.

MSP-FET ‘F5§29 Launchpa;:l

(Isolation Jumper Block)

Signal i Signal Pin
GND 8 — GND JP3
VCC_TOOL B> 3V3 JP2
TDO/TDI 1 ——> GSBW_RST JP4.2
TCK ¥ SEW_TST JP4A1

Figure 44. MSP-FET to LaunchPad Development Kit Pin Figure 45. MSP-FET to LaunchPad Wiring Diagram

Assignments
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5.8.4.3  Pin States After Power Up

Table 17 describes the electrical state of every JTAG pin after debug probe power up.

Table 17. eZ-FET and eZ-FET Lite Pin States

Signal Name After Power up When Spy-Bi-Wire Protocol is Active

SBWTDIO Hi-Z, pulled up to 3.3 V In and Out, SBWTDIO

SBWTCK Hi-Z, pulled up to 3.3 V Out, SBWTCK
TXD Hi-Z, pulled up to 3.3 V In, Target UART TXD output
RXD Hi-Z, pulled up to 3.3 V Out, Target UART RXD input
CTS Hi-Z, pulled up to 3.3 V Out, Target UART Clear-To- Send Handshake input
RTS Hi-Z, pulled up to 3.3 V In, Target UART Ready-to Send Handshake output
3v3 Target Ve Target Ve
5V USB V¢c USB V¢c
GND Ground Ground
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5.8.4.4  Schematics
5.8.4.4.1 eZ-FET Rev 1.2 Schematics
1 | 2 ] 3 4 5 3]
USB interface and power supply
A =~_ 51" EZFET_SHELD A
ER = R1D4
[ EZFET PULDE
=k EZFET_OP 27
= L EZEET [0 R10%
=2 | EZFET wEUS I_: > EZFET_PU /Db
27
[ J1ez Al J_ R105 -
1 Fi (S EIN (oA R —-EZFET_PUR
a0 o |s EZFET GHEELD = we o
) [P ] 10p | 10p
= R123
L _I: . [] e GND GND GhD
GHD GHD
B B
) Change [C10H 10 adjust target valtage from 2 8w to 3 6y
TLw70036: 3.8
TLV70033: 3 3V
T 70030, 3.0v
TLw70028: 2.8
12181
— +— m o g - —
DERUG e G [ 05
TR0 OW EAFET Wi --;UUH TLI00GE05ER IUD”
TR1G0Z2 OW ki
- i GMD  GHD GND
c P03 [l | EZFET wem  GRD .
TR104 ]
O 1
TF105 01 EZFFET _TEST GHD
TR10& 01 EZFET TOO
TRPIO7 [l EFEET_T0U
TR0 OW EZEET _Thts
TR109 O\ EZFET Tl
TR0 [ EZFET_FaT
D P13 [l FPEEI_ORORRST D
T4 [ EZFET_DCDCTEST
eZ-FET_Revl.2
11/27/2013 1:48:88 AM
Sheet: 1/3
1 2 | 3 | 4 | 5 | 6
Figure 46. eZ-FET Rev 1.2 Schematic (USB Connection)
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Figure 47. eZ-FET Rev 1.2 Schematic (Emulation MCU)
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1 | | 3 4 5 5}
Software-controlled DCDC converter
EZFET WCC “ " "
A _WCCOUT i:ma _LC124 EZFET_WCLOUT . RUE}  RHT7
- F127 v R
R112 T.?Ll 104n )
90k A1 MEPA30ETH 1] Fiza| Rt
GND  GND MSF102 [ ) awe [1 oo ]
. HFFET ASnaiTemui] 1 . 16
l FET DHCLICCALL I P T
- EZFET OICOCPULGE ] T4
RMZLCTE []RH& EZEET _CCHCICA 4 - :: 13
220k | 920 ke EZFET DCOCIOT | mmmnrarcmreiseim zarves| 12 EZFET_DCDCGALD
: EFFET_mvcc 3 et S T EZEET_DCOCCALD
EZFET. HOSTSCL 7 SN T EZFET. DCDCTEST
) F7FET HOSTGLtA I ———— ] EZFET DCOCEST
GNO GMD 1t C116
. tA=EA 20 GG R {1 EE
2204 -
el
R GND
GND  GND
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EZEET_YOUTARGET 1 b
rin7 EZEETVELS ] A FR=7: 3= T P
B 3 5
111 Gl 47k
arg EZEETNCC & copp oz |
- TSIAZ136ERAER
GHD ST
GND
EZFET WEUS , . . .
TABGET Yo SEMSE
109 c7 |cna
EZFET_YCCOUT ==
- a4.7u 4.7u 10{n
R121 TI0
220K CMGIDI3W - oup SN GMD
EZFET, LT2A00C
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R122 2u2
220K 2ap 107 _Lcng _Lt:wn
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Figure 48. eZ-FET Rev 1.2 Schematic DCDC

54 MSP Debuggers SLAU647N-July 2015—Revised March 2020
Submit Documentation Feedback

Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

13 TEXAS
INSTRUMENTS

www.ti.com Debug Probes Hardware and Software

5.8.4.4.2 eZ-FET Lite Schematics
1 \ 2 \ 3 4 5 6
USB interface and power supply
A S_S14EZFET_SHIFID A
@ |5 GND R104
ol — EZEET_PU Q/DP
2k EZFET DP I T
= EZFET_DM R103
Eln EZFET VBUS 1 — EZEET_PU 1/DM
27
|| i 1C102 2105 n
o1 vee 8 c1igjci R106 L——1-EZEET_PUR
2 02 161 F_EZEEI_SHEEID = ™ Kz
3 GND 103 [+ EZFET DM 10p | 10p
TPD4E0O4DRYR 8123 i
1 1 GND GND GND
GND GND
B B
GND Change 1C101 to adjust target voltage from 2.8V to 3.6V
TLV70036: 3.6V
TLV70033: 3.3V
TLV70030: 3.0V
TLV70028: 2.8V
IC101
— 1IN ouT P _VCC —
GND
=C108 6 en one C105
100n TLV70036DSER 100n
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TP101[ o] EZFET_VCC GND GND GND
C TP102[ 1 C
1
TP103[o1 ] EZFET VBUS  GND
TP104[ 51
© 1
TP105[ 51 EZFET TEST = GND
TP106[ 1 EZFET_TDO —
TP107[ EZFET_TDI
TP108[pl | EZFET TMS
TP109[ 1 EZFET_TCK
TP110[ o EZFET _RST D
eZ-FET_lite Rev1.10
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Figure 49. eZ-FET Lite Schematic (1 of 2)

SLAU647N—-July 2015—-Revised March 2020
Submit Documentation Feedback

MSP Debuggers 55

Copyright © 2015-2020, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=SLAU647N

Debug Probes Hardware and Software

13 TEXAS
INSTRUMENTS

www.ti.com

1 \ 2 \ 3 4 5 6
. N
Host MCU for emulation  aw HaR] Q101
3l | PIEZO_CSTCR4M00G 15199
=
»—Loz = EZFET_VUSB
T VCC XN _0Ond N o EZFET V18 Odd pins are located in emulation domain
A - EEE\EEE\;I E‘E‘EE‘ _LC102 c107 Even pins are located in target domain A
HHHHHHH HHH =
<Y ninino/ninin Y i nininin 220n 220n eZ:FET Signal MSP430 Pin
EzEET_RSHHHH Lol T RST_RST  RSTn/NMI
T_NC_TMSC N/C
c112 N 1
- ) i R 95112 e 2 e e P S R e e &% GND GND G |
n
T _VBUS I 3 = J1$1 -
° & —
GND O . 5 —ezeeTvee 153 3
R124 2 £ ———R134—10 T TEST TCKC { 5% (36
240k R133 10 T RST RST 5 &8
1 cEo 48 — >> — 11: 012
B EZFET_AVCCIADC 2 | renconm: oo |47 R =H0 << TUARTRXD 133 14 B
C123 - _3 | . l\/l S D j_ @ j_D‘Q.G/EM,UDﬁlRXD/D!‘LUCA’lS’OMI | 46 w% 816
R125 _4 e P4.4/PM_UCALTXD/PH_UCA1SIMO 45 << _ _ 170 018
150k L P4.3/PM_UCB1CLK/PM_UCALSTE 44 —_
33p L S P4.2/PM_UCB150MI/PM_UCB1SCL 43 SBW/UART G D
L 6, P4.1/PM_UCB1SINO/PM_UCBLSDA ﬁ
GND GND % P4.8/PM_UCB1STE/PM_UCALCLK % EZFET VCC
- - 0] e . F ODLB/ 1L/ 21X oees 39 t - L
C121 11 AUCCL P3.4/UCABRXD/UCABSOMI 38
12 | psasn MSP430F5528IRGCsa.3/ucrerxo/uceestin |37 C103
100n 13 ] acLk/ucapsTE | 36
14 P3.1/UCB@SOMI/UCBBSCL 35 100”
GND 16 DUsSs1 P2.7/UCB@BSTE/UCABCLK 33
E GND
C g EZF c
EZFET_YCC 1 . :
GND £ £ 1
3 3 GND
.| Cc104 c114 c114
0u T400M 100n
GND GND GND
D D
eZ-FET_lite Rev1.10
7/12/2013 10:55:32 AM
GND GND  GND Sheet: 2/2 ‘
1 2 | 3 | 4 | 5 | 6

Figure 50. eZ-FET Lite Schematic (2 of 2)
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5.8.4.4.3

Debug Probes Hardware and Software

eZ-FET Rev 1.4 Schematic
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Figure 51. eZ-FET Rev 1.4 Schematic
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5.8.4.44 eZ-FET Rev 2.0 ET Schematics
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Figure 52. eZ-FET Rev 2.0 ET Schematic (1 of 2)
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Figure 53. eZ-FET Rev 2.0 ET Schematic (2 of 2)
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5.9 eZ430 Onboard Emulation
The eZ430 onboard emulation is the legacy onboard flash emulation for application development on
MSP430 microcontrollers. The eZ-FET and eZ-FET Lite onboard emulation are the successors of the
legacy eZ430.
The eZ430 provides a USB interface to program and debug the MSP430 MCUs in-system through the pin-
saving Spy-Bi-Wire (2-wire JTAG) protocol. Furthermore, the USB interface can be used for Backchannel
UART communication.
NOTE: The eZ430 does not support all MSP430 MCU families. See Table 1 for more details about
device support.
The €Z430 onboard emulation and its backchannel UART might fail to enumerate on USB
3.0 computer ports. If enumeration fails, reconfigure the USB 3.0 port to USB 2.0 mode in
your computer BIOS.
If the e2430 onboard emulation is used with active software breakpoints, the RUN to MAIN
function might fail. Disable software breakpoints to enable RUN to MAIN.
v eREnDiTe e wlatu? 2 06 6 6 =
i -RP+E'+,E-::; _'-‘-':1_'_11":' L B N N N —
» wR1 a o
ROLERLRRRRE,  gypy 7 HHVRVERRRRRIRENY .
i e s ] LR ! ]
- -
5B :,.:.::-:::.. !
CHIr N e
v C 7 o
Figure 54. eZ430 Emulation
5.9.1 General Features
USB debug interface to connect a MSP430 MCU to a PC for real-time in-system programming and
debugging.
Features:
» Operating systems: Windows
» Fixed supply voltage between 3.6 V at 75 mA
e Support Spy-Bi-Wire (2-wire JTAG) debug protocol
» Software Breakpoint in Flash, FRAM, and RAM support
* Flash and FRAM programming support
» Backchannel UART
» Software field update is not possible (see Table 1 for device support details)
* Limited device support
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5.9.2 Backchannel UART

The baud rates that are supported depend on the target configuration and the debug settings. Table 18

shows which baud rates are supported with certain configuration combinations.

v means that the corresponding baud rate is supported without any data loss with the specified
combination of settings.

X means that the corresponding baud rate is not supported (data loss is expected) with the specified
combination of settings.

Table 18. eZ2430 Backchannel UART Implementation

Target MCLK Frequency: 1 MHz 8 MHz
Debugger: Active Active
4800 baud v v
9600 baud v v
19200 baud X X
28800 baud X X
38400 baud X X
57200 baud X X
115200 baud X X

5.9.3 Hardware
This section describes the pinout of the e2430 debug connector. It includes a list of all debugger pin
states after power up and the ez430 schematics.

5.9.3.1 JTAG Target Connector
Figure 55 shows the pinout of the eZ430 debug connector.

Figure 55. eZ430 Debug Connector on MSP-EXP430G2 LaunchPad

5.9.3.2  Pin States After Power Up

Table 19 describes the electrical state of every JTAG pin after debug probe power up.

Table 19. eZ430 Pin States

Signal Name After Power-Up When Spy-Bi-Wire Protocol is Active
VCC Target Vee Target Vee
RST In and Out, SBWTDIO In and Out, SBWTDIO
TST Out, SBWTCK Out, SBWTCK
TXD In, Target UART TXD output In, Target UART TXD output
RXD Out, Target UART RXD input Out, Target UART RXD input
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5.10 MSP-FET430PIF

The MSP-FET430PIF is a parallel port interface that is used to program and debug MSP430 boards
through the JTAG interface. This interface uses a parallel PC port to communicate with the IDE (CCS,
EWA430, or the MSP Flasher) running on the PC. The interface uses the standard 14-pin JTAG header to
communicate with the MSP430 MCU using the standard JTAG protocol.

www.ti.com

The flash memory can be erased and programmed in seconds with only a few keystrokes, and because
the MSP430 flash is extremely low power, no external power supply is required. The tool has an

integrated software environment and connects directly to the PC which greatly simplifies the setup and
use of the tool.

B |
| Tha il % TR
MEP430 | ‘

Flash
Emulation Tool |

1= fad B |
MERFETRLOF 14

CE

| el
*Ewll‘l HEED EO0G

il B e il D

| & PG Parame Port

Figure 58. MSP-FET430PIF

5.10.1 General Features

e Operating systems: Windows XP

» Fixed supply voltage between 3.3 V at 25 mA

» Software Breakpoint in Flash, FRAM, and RAM support
Flash and FRAM programming support
* Supports JTAG protocol only @

NOTE: The MSP-FET430PIF is for legacy device support only. This emulation tool does not support
any devices released after 2011.

@ Spy-Bi-Wire (2-wire JTAG) is supported
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Figure 60. MSP-FET430PIF FET Interface Module, PCB
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