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Read This First

If You Need Assistance

Support for MSP430 devices and the eZ430-TMS37157 is provided by the Texas Instruments Product
Information Center (PIC). Contact information for the PIC can be found on the Tl web site at www.ti.com.
Additional device-specific information can be found on the MSP430 web site at www.ti.com/msp430.

NOTE: IAR Embedded Workbench® KickStart is supported by Texas Instruments.

Although IAR Embedded Workbench KickStart is a product of IAR, Texas Instruments
provides support for KickStart. Therefore, please do not request support for KickStart from
IAR. Please consult all provided documentation with KickStart before requesting assistance.

We Would Like to Hear from You

If you have any comments, feedback, or suggestions, please let us know by contacting us at
support@ti.com.

Trademarks

All trademarks are the property of their respective owners.
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eZ430-TMS37157 Development Tool

1 eZ430-TMS37157 Overview

The eZ430-TMS37157 is a complete USB-based MSP430 wireless development tool providing the
hardware and software to evaluate the MSP430F2274 microcontroller and the TMS37157 passive
low-frequency interface (PaLFI) RFID transponder.

The eZ430-TMS37157 uses Code Composer Essentials (CCE) or IAR Embedded Workbench Integrated
Development Environment (IDE) to write, download, and debug an application. The debugger is
unobtrusive, allowing the user to run an application at full speed with both hardware breakpoints and
single stepping available while consuming no extra hardware resources.

The eZ430-TMS37157 target board is an out-of-the box wireless system that may be used with the USB
debugging interface, as a stand-alone system with or without external sensors, or may be incorporated
into an existing design.

The new USB debugging interface enables the eZ2430-TMS37157 to remotely send and receive data from
a PC using the MSP430 application UART.
eZ430-TMS37157 features:

+ USB debugging and programming interface featuring a driverless installation and application
backchannel

* 14 available development pins

» Highly integrated, ultra-low-power MSP430 MCU with 16-MHz performance

+ Two general-purpose digital 1/0 pins connected to green and red LEDs for visual feedback
* Interruptible push button for user feedback

Figure 1. eZ430-TMS37157
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2 Developing With eZ430-TMS37157

The eZ430-TMS37157 can be used as a stand-alone development tool. Additionally, the
eZ430-TMS37157 target board also may be detached from the debugging interface and integrated into
another design. The target board features an MSP430F2274 and most of its pins are easily accessible.
The pins are shown in Figure 2 and described in Table 1 and Table 2:

More development pins
Power In and Ground
Spy-Bi-Wire Interface

UART

Battery Board N\

F2274 s
(O pasiucaoRxp/UCAoSOMI . 37157

. —»

5C) vee (36V)

3C) TEST/SBWTCK eZ430-TMS37157
2C) RSTISEWTDIO Target Board

1 -

Qeno

(O raachoTxpuCAOSIMO BB 1

0033800d0,0,

Q00000000
15 available j

development pins

Figure 2. eZ430-TMS37157 Development Tool

Table 1. e2430-TMS37157 Target Board Pinouts

Pin Function Description

1 GND Ground reference

2 VCC Supply voltage

3 Not Connected

4 P2.0 / ACLK / A0 / OAO0IO General-purpose digital 1/0 pin / ACLK output / ADC10, analog input AO
5 Not Connected

P2.1/ TAINCLK / SMCLK / A1/
A0O

General-purpose digital /0 pin / ADC10, analog input Al
Timer_A, clock signal at INCLK, SMCLK signal output

7 Not Connected

8 P2.2/TAO / A2 /| OAOIL

General-purpose digital /0 pin / ADC10, analog input A2
Timer_A, capture: CCIOB input/BSL receive, compare: OUTO output

9 P4.3/TB0/Al12/ OA0O

General-purpose digital 1/0 pin / ADC10 analog input A12 /
Timer_B, capture: CCIOB input, compare: OUTO output

P2.3/ TAL/ A3/ Vier- ! Veper- !

10 | oa111/ 0A10

General-purpose digital 1/0 pin / Timer_A, capture: CCI1B input, compare: OUT1
output / ADC10, analog input A3 / negative reference voltage output/input

11 | P4.4/TB1/A13/0A10

General-purpose digital 1/0 pin / ADC10 analog input A13 /
Timer_B, capture: CCI1B input, compare: OUT1 output

12 | GND

Ground reference

13 | P4.5/TB2/Al14/ OAO0I3

General-purpose digital I/O pin / ADC10 analog input A14 /
Timer_B, compare: OUT2 output

14 | P4.6/ TBOUTH/A15/ OA1I3

General-purpose digital 1/0 pin / ADC10 analog input A15 /
Timer_B, switch all TBO to TB3 outputs to high impedance

15 | P3.2/UCBOSOMI/ UCBOSCL

General-purpose digital I/O pin
USCI_BO slave out/master in when in SPI mode, SCL 12C clock in 12C mode

16 | P3.3/UCBOCLK /UCAQOSTE

General-purpose digital I/O pin
USCI_BO clock input/output / USCI_AO slave transmit enable

17 | P3.0/UCBOSTE / UCAOCLK / A5

General-purpose digital 1/0 pin / USCI_BO slave transmit enable / USCI_AO clock
input/output / ADC10, analog input A5

18 | P3.1/UCBOSIMO / UCBOSDA

General-purpose digital 1/0 pin / USCI_BO slave in/master out in SPI mode, SDA 12C
data in 12C mode

8  eZ430-TMS37157 Development Tool
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Table 2. Battery Board Pinouts
Pin Function Description

General-purpose digital I/O pin / USCI_AO transmit data output in UART mode (UART

1 P3.4/ UCAOTXD / UCAOSIMO communication from MSP430F2274 to PC), slave in/master out in SPI mode

2 GND Ground reference

Se Reset or nonmaskable interrupt input
3 ST/SBWTDIO Spy-Bi-Wire test data input/output during programming and test

Selects test mode for JTAG pins on Port 1. The device protection fuse is connected to
TEST. Spy-Bi-Wire test clock input during programming and test

5 VCC (3.6 V) Supply voltage

General-purpose digital 1/0 pin / USCI_AO receive data input in UART mode (UART
communication from 2274 to PC), slave out/master in when in SPI mode

4 TEST / SBWTCK

6 P3.5 / UCAORXD / UCAOSOMI

3 RFID Principles

Texas Instruments low-frequency RFID operates at a frequency of 134.2 kHz. A normal RFID system is
completely passive—the RFID Reader (the reader is a transceiver but is called only RFID Reader in this
document) sends a command to a RFID transponder, and the transponder answers, normally with its
serial number. The transponder is not connected to a battery; it is completely powered out of the RF field
supplied by the RFID Reader.

The TMS37157 extends this function by a 3 -wire SPI Interface to the MSP430. The TMS37157 is a
semi-active transponder. Its memory can be written through the RF interface (normal transponder
function) without need for a battery or through the SPI interface from a connected microcontroller. It offers
additional functions like a battery check and a battery charge; also it is able to transmit received data from
the RF interface directly to the connected microcontroller.

For ultra-low-power consumption, the TMS37157 offers the possibility to completely switch off the
microcontroller (if powered from VBATI) resulting in an overall power consumption of typically 60 nA. The
eZ430-TMS37157 does not cover this function. The MSP430 is directly connected to the battery.

SLAU281B—-November 2009—-Revised March 2010 eZ430-TMS37157 Development Tool 9
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4 Kit Contents

Order Number: eZ430-TMS37157

Part Name: PalLFI Evaluation Kit TMS37157

Table 3. eZ2430-TMS37157 Kit Content

Count

Description

1

Documentation: Read Me First

eZ430 emulator stick

eZ430-TMS37157 target board

€Z430 battery board

AAA battery

USB RFID reader board

Reader antenna

USB cable

RlRrl R RN R RR

DC power plug cable

USB Cable

Figure 3. Kit Contents

10 eZ430-TMS37157 Development Tool
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Download the Software

5 Download the Software

As first step, download the latest version of the following files:

1.
2.
3.

© N A

TMS37157 data sheet: SWRS083

Demo software (GUI): SWRC164

USB device driver:

For interface board Rev 1.0: SWRC172

For interface board Rev 2.0: http://www.ftdichip.com/Drivers/VCP.htm

€Z430-TMS37157 firmware source code: SWRC165

Reader firmware source code: SLAC350

MSP430 code composer: http://www.ti.com/msp430

Additional documents (application notes, etc): http://www.ti.com/rfid

€Z430-TMS37157 Product Folder: http://focus.ti.com/docs/toolsw/folders/print/ez430-tms37157.html

6 Installation

6.1 RFID Base Station Hardware Installation

1.
2,

Plug the antenna into the RFID Base Station (J3), there is no need for soldering.
Connect the RFID Base Station to a USB port.

e
B 0 o0 o © o o o

Figure 4. RFID Base Station With Mounted Antenna

NOTE: Do not solder the antenna pins.

Press fit the contacts.
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6.1.1 External Power Supply (Optional)
The base station is delivered to operate with USB power supply (0-Q resistor R34 is assembled). For
longer read range, an external supply can be used. The steps to change to external power supply are:
1. Remove the 0-Q resistor from R34 position.
2. Solder the same resistor on position R35.
3. Use external power supply of 9 Vto 15V at 1 A.
4. Use a DC power plug pin with a 2.5-mm diameter (RS Order No. 486-634 or 455-097) (see Figure 5).

DC Power Plugs
Rated at 12V, 1A

Dimensions (mm)

Type A B C

1.3 1.4 35 | 95

2.1 21 5.5 9.0

25 2.5 55 | 9.0

{E'T:JE*# - &

Figure 5. DC Power Plug

6.1.2 Base Station USB Driver Installation
1. Install the RFID demo software by running RFID Demo Software-1.0-Setup.exe on the PC. This also
installs the device driver for the base station and the eZ430 USB debugging interface (see Section 5).
2. Plug the base station into the USB port.

3. Windows recognizes the new hardware as Texas Instruments MSP-FET430UIF (see Figure 6).
Windows should automatically install the drivers for the MSP-FET430UIF as an HID tool.

i) Found New Hardware
Texas Instruments MSP-FET430UIF

(O]9 2. SUSNTK_[©)

Figure 6. Windows XP Hardware Recognition

4. Windows recognizes another new hardware driver to be installed called MSP430 Application UART
(see Figure 7).

i_ Found New Hardware
MSP430 Application UART

[]o( 2] SN 10

Figure 7. Windows XP Hardware Recognition for MSP430 Application UART

12 eZ430-TMS37157 Development Tool SLAU281B-November 2009—Revised March 2010
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5. The Found New Hardware Wizard opens (see Figure 8). Select No, not this time and click Next.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

‘Windows will search for current and updated software by
looking « co on the hardware installation CD, or on
the “ing Upd eb site [with your permission]

fead our privacy policy

Can Windows connect to Windows Update to search for
software?

‘Yes, this time only
Yes, now and every time | connect a device

No, not this time

Click Next to continue

i Next > ‘ ‘ Cancel

Figure 8. Found New Hardware Wizard, Step 1

6. Select Install the software automatically (Recommended), if IAR KickStart R4.64 or higher has already
been installed (see Figure 9).

Found New Hardware Wizard

.; This wizard helps you install software for

MSP430 Application UART

* J If your hardware came with an installation CD or
1~ floppy disk, insert it now.

What do you want the wizard to do?

@ Install the software automatically (Recommended]
" Install from a list or specific location (Advanced)

Click Next to continue

< Back l Next > I Cancel |

Figure 9. Found New Hardware Wizard, Step 2

SLAU281B—November 2009—Revised March 2010
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7. The Wizard should find the appropriate driver for a Windows XP system; it shows a warning that
Microsoft did not certify the driver (see Figure 10). The drivers have been tested exhaustively, and this
warning can be ignored. Click Continue Anyway.

Hardware Installation

A

The software you are installing for this hardware

MSP430 Application UART

has not passed Windows Logo testing to venly its compatibility
with Windows XP. (Tell me why this testing is important. )

Continuing your installation of this software may impair
or destabilize the cormrect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop this installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

I Continue Anyway | | STOP Installation ]

Figure 10. Hardware Installation

8. The Wizard continues to install the driver and then provides notification when it has finished the

installation of the software

9. Find the right Com Port for the RFID Base Station ("Texas Instruments RFID Base Station") in the

Windows Device Manager

L Device Manager

File  Action VYiew

m &

(see Figure 11).

Help

2 a8

EB[X

g7

QLESSOrS
+ ’ Secure Digi
+ \\6 Smart card

7 Texas Instruments RFID Base Station (COME)

+ [§ PCMCIA adapters

-/ Ports (COM & LPT)
7 BT Part (COM10)
7/ BT Part (COM11)
7/ BT Part (COM12)
7 BT Part (COM13)
7 BT Part (COM14)
7 BT Part (COM20)
7 BT Part (COM21)
7 BT Part (COM22)
7 BT Part (COM&)
7/ BT Part (COM7)
7 Communications Part (COM1)

nter Port (LPT1)

tal host controllers
readers

+ © Sound, video and game contraollers

+ System devices
+ é Universal Serial Bus contrallers

Figure 11. RFID Base Station in Device Manager

10. The USB driver is now installed on your PC. The system is ready for use.

14

eZ430-TMS37157 Development Tool

SLAU281B—-November 2009—Revised March 2010

Copyright © 2009-2010, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU281B

13 TEXAS
INSTRUMENTS

www.ti.com Installation

6.2 TMS37157 Hardware Installation

The eZ430-TMS37157 can be used as a standalone module or connected to the battery board.

Standalone

The eZ430-TMS37157 is used standalone without connection to any other module. In this setting, the
target board operates as passive device.

Connected to the Battery Board

The target board can be connected to the battery board. In this setting, it can be operated as:
+ Passive device, when jumper JP1 is removed (no voltage supply)
« Active device, when jumper JP1 is connected (battery voltage supply)

NOTE: Make sure the top side of the battery board (red PCB) is connected to the top side of the
TMS37157 target board (component side) (see Figure 12).

& 83% v
T N ennDNY
|oj el @@ 570 @)@
I EXEXARN R X )

Remove Jumper

Figure 12. Connection of TMS37157 to the Battery Board

Place eZ2430-TMS37157 in front of the reader antenna. The expected operating distance in passive mode
(without battery supply) and with the given antenna on the TMS37157 target board is 2 to 3 cm (see
Figure 13).

Figure 13. eZ430-TMS37157 in Front of RFID Base Station
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6.3 eZ430-TMS37157 Demo Software (GUI) Installation
1. Unpack RFID Demo Software.zip.
2. Start the e2430-TMS37157 Demo Reader Software using the shortcut installed on the desktop.

7 eZ430-TMS37157 Demo Software (GUI)
1. Ensure RFID base station is connected to the host PC.

2. Place the target board in front of the antenna of the RFID base station, the distance should not be
longer than 3 cm to show all functions; in particular, the extended mode requires a high field strength.

3. Start the RFID Demo Software from the PC (see Figure 14).

[ RFID Demo Software i =10] x|

Direct Access Mode] Resonant Trimmingl Com Port| About ]

Batteryless Wireless Configuration Memory Made

Flash green LED on Push Button |04 times. Configure Push Button |

SPI Access to MSP430 Mode

Flash |areen j LED |D~'l times. Flash LED [with battery) |

Flash LED (without battery) |

Check Battery Level Mode

1P TEXAS
Check Battery | INSTRUMENTS [

Figure 14. RFID Demo Software: Startup Screen

4. Go to the Com Port tab and choose the right com port for the RFID Base Station (see Figure 15). The
base station connects automatically to the right com port on the PC (the right com port can be found as
shown in Figure 11).

NOTE: Connection can be tested by pressing Configuration Push Button on the Demo Mode tab.
The red LED (LED4) flashes on every execution.
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RFID Demo Software ! -10] x|

I About I

Select Com Port I / I IV Automatic Search

/'

Figure 15. RFID Demo Software: Com Port Tab
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8 eZ430-TMS37157 Demo

8.1 Demo Mode Functions

Choose the Tab "Demo Mode" to see all Demo Functions. This tab offers three different categories of
demos (see Figure 16).

i RFID Demo Software | ;]g'l'

I Direct Access Model Resonant Trimrning] Com Port] About I

Batteryless Wireless Configuration Memory Mode

Flash green LED on Push Button |04 times. Configure Push Button |
SPI Access to MSP430 Mode
Flash |areen ZI LED |D-'1 times. Flash LED (with battery) l

Flash LED (without battery) |

Check Battery Level Mode
i$ TEXAS

Check Battery ‘ INSTRUMENTS [

Figure 16. RFID Demo Software: Demo Mode

8.1.1 Batteryless Wireless Configuration Memory Mode

This mode (see Figure 16, field A) shows the main function of the TMS37157 (PaLFl). The memory of the

TMS37157 can be altered without having a connection to a battery. Typical applications for this function

could be configuration data stored in the TMS37157 memory without involvement of the microcontroller

and without supply voltage. The stored data can be accessed after the microcontroller is activated and use

the stored date for configuration or calibration purposes.

1. Enter the number of times the green LED should flash.

2. Program the corresponding page in the TMS37157 memory (programs Page 9) by clicking Configure
Push Button.

3. Connect the target board to the battery board and set jumper JP1 (or the eZ430-RF connected to the
host PC).

4. Press the push button on the target board (see Figure 17).

5. The green LED flashes the programmed number of times.
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8.1.2

8.1.3

8.2

Figure 17. TMS37157 Target Board

SPI Access to MSP430 Mode

This mode (see Figure 16, field B) perform an MSP Access Command to the TMS37157. The RFID base
station sends data to the TMS37157, which is forwarded to the MSP430 via the SPI interface. The
MSP430 performs a certain action, depending on to the received instruction and sends back the response
data to TMS37157 via the SPI and to the base station via the RF interface.

For the button "Flash LED (with battery)":

* The target board must be connected battery board and JP1 must be set. This drives the MSP430 from
the battery.

* Choose which LED (green or red) should flash and enter the number of times the LED should flash. A
click on the button performs the desired action.

For the button "Flash LED (without battery)":

* The target board must be disconnected from the battery board. The MSP430 is supplied from the
induced voltage of the magnetic field generated by the base station.

* Choose which LED (green or red) should flash and enter the number of times the LED should flash.

Click on Flash LED (without battery) to perform the desired action. The TMS37157 target board must
be within the operating field of the base station (2 to 3 cm).

NOTE: The "Flash LED (without battery)" performs these commands:

A Read Page 3 Command (check if TMS37157 is in range)

A Battery Charge Command (power up MSP430 and charge capacitor)
An MSP Access Command (deliver number of LED flashes to MSP430)
A Battery Charge Command (power the MSP430 to drive the LEDS)

A Read Page 3 Command (stop charging)

a bk wbhpE

Check Battery Level Mode

This mode (see Figure 16, field C) displays the charge level of the connected battery.
1. Ensure that the battery board is connected to the target board and the jumper is set.
2. Click Check Battery. The battery status appears in the field next to the Texas Instruments logo.

Direct Access Mode

The Direct Access mode enables the user to use all functions the TMS37157 offers. Every memory page
can be read, programmed, or locked. Locked pages are read only and cannot be reprogrammed.

To read a page of the EEPROM, choose the page in the dropdown list and click Read Page.

Figure 18 shows a successful read of Page 3 of an RFID transponder. The Lock Status of the
corresponding page is displayed after every Read command execution (field on the right side shows Page
Unlocked).
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RFID Demo Software -10] x|
Demo Mode Direct Access Mode I Resonant Trimming | Com Port I About I
|3 j Page Unlocked
Battery Charge I Battery Check |
Program Page B ~| [oooooocooo (GG
Lock Page g b
MSP Access 000000000000 13 TEXAS
INSTRUMENTS
Received Bytes
Sel Addr. Serial MSB  Serial Serial LSB Man. Code  Page 2
[FF [oo oo oo 3 Jo1
Serial Communication
TX - Data to Reader
|01 060632080C00043C
RX - Data from Reader
|01 0BO0O7EFFO10E0000000CSA5685 ICH C Corect

Figure 18. RFID Demo Software: Direct Access Mode

Pages that are not locked can be programmed with the Program Page command (see Figure 19). Choose
the corresponding page, enter the data (5 bytes, MSB first) and click Program Page.

The status of the programming is displayed next to the data programmed into the EEPROM page. If the
target board is too far away from the base station, a Read Page command may be possible but a Program
Page command may not be executed.

RFID Demo Software =10]x]
Demo Mode Direct Access Mode I Resonant Trimming | Com Port | About |
Read Page 3 v Page Unlocked
Battery Charge | Battery Check |
L PogamPage | [s ~| [oooooooooo” [Pregrammed
Lock Page 8 s
MSP Access 000000000000 I3 TEXAS
INSTRUMENTS
Received Bytes
Page 2 Page 9-MSB Page 9 Page 9 Page 9 Page 9-LSB
[or [oo [oo oo [oo [oo
Serial Communication
TX - Data to Reader
|Dl 0D063240250000000000D3360F0ABC
RX - Data from Reader
|01 0BO07E01000000000025743EB5 IEHC Correct

Figure 19. RFID Demo Software: Direct Access Mode, Program Page
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8.3

Pages can be locked by choosing the corresponding page and clicking on Lock Page. Locked pages
cannot be unlocked and are read only.

Trimming of the TMS37157 Target board
This demo shows how to trim the TMS37157 target board when a different antenna is used.

NOTE: Trimming of the resonance circuit is needed every time a new antenna is connected or the
resonance circuit is detuned. Trimming is needed to tune the resonance to the optimum
frequency for best performance. Trimming is done by internal resonance capacitors
connected in parallel to the antenna, which can be switched on and off .

The trimming of the TMS37157 target board is done by the MSP430 via the SPI interface. The trimming
procedure is implemented in the MSP430 firmware. For more details see Section 9.6.
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9 Demo Examples

With the given antenna, the system has an operating distance of 2 to 3 cm. For a successful
communication, the tool reports a Pass. For unsuccessful communication, the tool reports a Fail (see
Figure 20). In this case, ensure that the target board is within the operating range (2 to 3 cm) before

repeating the command.

RFID Demo Software _ 8 [=] S

| DemoMode ]ExpettModeI About |

Batteryless Wireless Configuration Memoary Mode

Blink green LED on Push Button |05 times. Configure Push Button

SPI Access to M5P430 Mode

Blink [red ~| Lep Jos times. Blink LED (with bat)

Blink LED (w/0 bat)
Check Battery Level Mode
P TEXAS
Check Battery INSTRUMENTS [ Gaimgral

Figure 20. RFID Demo Software: Fail Message

22 eZ430-TMS37157 Development Tool SLAU281B-November 2009—Revised March 2010

Copyright © 2009-2010, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU281B

13 TEXAS
INSTRUMENTS

www.ti.com Demo Examples

9.1 Demo 1: SPI Access to MSP430, MSP Access Command

This demo shows the executions of commands and actions using the wireless interface (see Figure 21).
This demo causes the LEDs to flash as often as defined in the command. and can be executed with and
without battery supply.

With Battery Supply

1. Choose which LED (red or green) should flash and how often.

2. Connect the jumper on the battery board and click the Flash LED (with battery) button.
The chosen LED flashes as often as was defined by the MSP Access command.

Without Battery Supply
1. Disconnect the jumper on the battery board.
2. Choose which LED (red or green) should flash and how often.
3. Ensure that the e2430-TMS37157 is in a range of 2-3 cm away from the reader antenna
4. Click the Flash LED (without battery) button.
The chosen LED flashes as often as it was defined by the MSP Access command.
The MSP and the LED are powered by the magnetic field generated by the base station.

FID Demo Software _L =10] x|

] Direct Access Mode] Resonant Trimrningl Com Porll About I

Batteryless Wireless Configuration Memory Mode

Flash green LED on Push Button |04 times. Configure Push Button I

SPI Access tod

mes. Flash LED fwith batiery) |

Rlash |areen Ll LED |U4

/ Flash LED [without battery) l
Check Battery Level Mode
i$ TEXAS
Check Battey | INSTRUMENTS |

Figure 21. Demo 1 - SPI Access to MSP430 Mode

SLAU281B—-November 2009—Revised March 2010 eZ430-TMS37157 Development Tool 23

Submit Documentation Feedback
Copyright © 2009-2010, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU281B

Demo Examples

13 TEXAS
INSTRUMENTS

www.ti.com

9.2 Demo 2: Configuration Memory Mode: Batteryless

This demo shows the execution of write actions, where data can be programmed wireless and without
battery supply into a certain memory part (Page) of the TMS37157. These data can be used on any time
as, for example, configuration data for the MSP or calibration data for any other device connected to the

MSP (see Figure 22).

In this demo, the base station programs data into memory that is used by the MSP on the next wake-up

cycle to execute a flashing of the green LED.
1. Disconnect the jumper on the battery board (passive operation)
Choose how often the green LED should flash.

2.

3. Program the TMS37157 memory with this information by clicking Configure Push Button.

4. Connect the jumper on the battery board and press the push button on the target board.
The green LED flashes as often as the value programmed into the TMS37157 memory.

RFID Demo Software Ik

Direct Access Mode] Resonant T(imrningl Com F‘onl About I

Batteryless Wireless Configuration

Configure Push Button I

/

Flash |areen LI LED |El4 times. Flash LED (with battery) |

times.

04

Flash green LEDJon Push Button

SPI Access to MSP430 Mode

Flash LED (without battery) |

Check Battery Level Mode

I3 TEXAS
Check Battery | INSTRUMENTS [

=10l x|

Figure 22. Demo 2 - Configuration Memory Mode
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9.3

Demo 3: Check Battery Level Mode

This demo shows how the battery level status on the TMS37157 board can be checked. High and low
level thresholds are set in the TMS37157 device, and voltages between the thresholds are considered
medium level.

» Battery voltage > 2.9 V — High voltage level

+ Battery voltage < 2.1 V — Low voltage level

» Battery voltage 2.1 V <> 2.9 V — Medium voltage level

To run this demo:

1. Connect the jumper on the battery board
2. Press the Check Battery button. The TMS37157 measures the battery voltage without invoking the
MSP430.
3. The color code of the field on the right side represents the battery status:
» Green: High voltage (see Figure 23)
*  Yellow: Medium voltage (see Figure 24)
* Red: Low voltage (see Figure 25)

RFID Demo Software (=1

Demo Mode I Direct Access Model Resonant Tlimmingl Com Porll About ]

Batteryless Wireless Configuration Memory Mode

Flash green LED on Push Button (04 times. Configure Push Button |

SPI Access to MSP430 Mode

Flash |areen j LED |U4 times. Flash LED (with battery) I

Flash LED (without battery) |

Check Battery Level Mode

~ wd Texas
[ Check Battery 1 INSTRUMENTS | Battery Ful

Success

Figure 23. Demo 3 - Check Battery Level Mode: High
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[ RFID Demo Software M = D,l,'

Demo Mode I Direct Access Model Resonant Tlimmingl Com P0|l| About ]

Batteryless Wireless Configuration Memory Mode

Flash green LED on Push Button |U4 times. Configure Push Button |

SPI Access to MSP430 Mode

Flash |areen j LED |U4 times. Flash LED (with battery) |

Flash LED (without battery) |

Check Battery Level Mode

i3 TExas
INSTRUMENTS | Battery Medium
Success

Figure 24. Demo 3 - Check Battery Level Mode: Medium

[ RFID Demo Software = —5 ﬁl

Demo Mode l Direct Access Mode] Resonant Trimming] Com Porll About I

Batteryless Wireless Configuration Memory Mode

Flash green LED on Push Button |04 times. Configure Push Button |

SPI Access to MSP430 Mode

Flash |areen ~| LED [o4 times. Flash LED (with battery) |

Flash LED (without battery) |

Check Battery Level Mode

) Texas
- Check Battery INSTRUMENTS [

Success

Figure 25. Demo 3 - Check Battery Level Mode: Low
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9.4 Demo 4: Write and Read Data in Memory

This demo shows how to read and write data into the TMS37157 memory. Basic commands are Read

Page and Write Page.

To use the Read Page command (see Figure 26):

1. Go to the Expert Mode tab in the RFID Demo Software.

2. Disconnect the jumper on the battery board (no battery supply).

3. On the Read Page field, choose the page to be read (for example, page 8).
4. Press the Read Page button.

In the Received Bytes field, the received data are shown (01 11 22 33 44 55 MSB).
The Page Unlocked field shows that this page is not locked and can be reprogrammed. If the page is

locked, programming is not possible.

RFID Demo Software ] - o] x|

Demo Mode Direct Access Mode | Resonant Tn'mmingl Com Porll About ]

Read Page IW
Battery Charge Check | ﬁ
Progiam Page ~| [oococooooe  [EHRSGERRE
Lock Page | m i
MSP Access | lm ’ TEXAS
INSTRUMENTS

Page 8-MSB Page 8 Page 8 Page 8
|11 |22 |33 |44

Page 8-LSB
|55

Serial Communication

TX - Data to Reader

|010805320820000410

RX - Data from Reader

IEI1 0B007E01554433221120F62291 ICRC Correct

Figure 26. Demo 4 - Read Page

To use the Write Page command:

1. In the Write Page field, enter the page to be programmed (for example, page 8) and the data (for

example, 01 02 03 04 05)
2. Press the Write Page button.

In the Received Bytes field, the received data is shown (01 02 03 04 05 MSB).
3. For validation, the Read Page command can be executed.

4. The same procedure as described for the Write Page can be used to lock pages.
The Page Unlocked field shows that this page can be reprogrammed. If the page is locked,

programming is not possible.
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9.5 Demo 5: Read IC Serial Number

This demo shows how to read the serial number of the TMS37157 device. The serial number is
programmed and locked by Tl and cannot be changed.

The serial number is stored in page 3 (see Figure 27). Use the Read Page command as described in
Section 9.4 for page 3 to read the serial number (see Figure 28). Read page 1 for the Sel. Address and
page 2 for the Manufacturer Code (see the TMS37157 data sheet (SWRS083, page 10).

Lock MSB LSB

e.g.
Sel. Address Password Page 1
User Data

Data Page 2
Unique Serial Manur
Identification [Number  : Code Page 3
User Data : :

Data Page 8

Figure 27. Demo 5 - TMS37157 Memory Map
RFID Demo Software _Is _[_l- oj x|

Demo Mode Direct Access Mode | Resonant Tn'mmingl Com Porll About ]

Read Page IW
Battery Charge Check | ﬁ
Progiam Page [& ~| [oococooooe  [EHRSGERRE
Lock Page | m i
MSP Access | lm ’ TEXAS
INSTRUMENTS

Sel. Addr. Serial MSB  Serial Serial LSB Man. Code
|FF |l]0 |DIJ |00 IIJE

Page 2
|01

Serial Communication

TX - Data to Reader

|01080632080C00043C

RX - Data from Reader

IEI1 0B0O07EFF010E0000000CSA5685 ICRC Correct

Figure 28. Demo 5 - Read Serial Number
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Demo 6: Trimming the TMS37157 Target Board

This demo shows how to trim the TMS37157 target board, which is required if a different antenna is used.

The trimming of the TMS37157 target board is done by
procedure is implemented in the MSP430 firmware.

To determine if trimming is necessary:

the MSP430 via the SPI interface. The trimming

1. In the Direct Access Mode tab, read page 2 (see Figure 29).
2. If the TMS37157 is already trimmed, the content of the Page 2 is 0x01.

RFID Demo Software ;lglll
Demo Mode Direct Access Mode | Resonant Trimming I Com Port I About ]
Read Page IPage Unlocked
attery Charge y Check |
Program Page [& | [ooooocoooe  [ENEGEmNEE
Lock Page | 8 v |
MSP Access | [oooooooooooo 13 TEXAS
INSTRUMENTS
Received Bytes
Sel. Addr. Serial MSB Serial Serial LSB Man. Cod Page 2
|FF |l]0 |00 |00 IIJE |01
Serial Communication
TX - Data to Reader
|010605320808000438
RX - Data from Reader
|U1 0BOO7EFF010E000000087E10E3 |CRC Correct

Figure 29. Demo 6 - Read Page 2

To activate the trimming process:
Program Page 2 with the value 00 (see Figure 30).

Connect the new antenna.
Connect the battery board to the target board.

o gk wbhE

Press the Push Button on the target board.
The green and red LEDs turn on.

After programming, in the Received Byte field, the content of Page 2 is 00.

Set the jumper on the battery board to supply the TMS37157.

7. Wait while the red LED turns off and the green LED flashes.
8. Trimming is complete when the green LED turns off.

After the trimming, use the Read Page command to verify that the content of Page 2 is 0x01.

The variation of the resonance circuit should be in the range of +2 kHz and the quality factor of the

antenna should be approximately 60 (see SWRS083).
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RFID Demo Software

Demo Mode Direct Access Mode [ Resonant Trimming] Com Pott] About l

Page Unlocked

Read Page

attery Charge

................... LI IEID ]F'rogrammed
Lock Page | 8 b
MSP Access | [oooooooooo0o I3 TEXAS
INSTRUMENTS
Received Bytes
Sel. Addr. Serial MSB  Serial Serial LSB Man. Codes” Page 2
[FF Joo Joo [oo JoE [oo
Serial Communication
TX - Data to Reader
II]1 09063220090041920F0422
RX - Data from Reader
IEHC Correct

|El1 0B0O07EFFO00ENO00000SDCO554

=]

X/

Figure 30. Demo 6 - Program Page 2
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10 MSP430F2274 Firmware Flow Diagrams

Reset &
Initialization
4
Set LPM 3, activate
Push Button Interrupt Interrupts
/I Port 1 Interrupt , P1.2 /I Port 2 Interrupt ,
MSP Access Interrupt P2.0 — Busy Port
\ 4
Clear LPM 3, Clear LPM 3,
disable all disable all
Interrupts Interrupts
Y Y
Perform Push Perform MSP
Button Routine Access Routine
oY

Figure 31. Flow Diagram of Main Routine
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Start

Wake PaLFI ,

Serial Number &

Read PCU State ,

/I Read PCU State and
Serial Number not
necessary here , only for

Page 2 demonstration
/I PaLFI needs to be
trimmed only once
Page 2=07 Yes
No
Y 4
Switch off PaLFI Perform Auto Trim
Routine
-t ]
-t
A
Wake PaLFI /| Page 9 Byte 0 gives
Read Page 9 number of LED Blink

v

Copy Page 9 to
Variable
ucPageData

!

Program
ucPageData to
Page 11

'

Switch off PaLFI

Yes
v

i<
ucPageData [0]
?

Blink green LED

'

Increment i

L]

cycles

I show possibility of
EEPROM programming
through SPI

Finish

/I Auto Trim Routine
switches off PaLFI after
Trimming

Figure 32. Flow Diagram of Push Button Routine
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MSP430F2274 Firmware Flow Diagrams

Start

Y

Request MSP -
Access Data from
PaLFI

v

Send MSP -Access
Data back to PaLFI

MSPAccess [0]
=1

Blink red LED

Increment i

Finish

A

i<
MSPAccess [1]
?

Yes

Blink green LED

Increment i

Figure 33. Flow Diagram of MSP Access Routine
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Yes
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Start Timer B , clock
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'
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TimerA
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/I Timer B counts with
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Time -47630
<
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Prog _data-1 to Prog _data -2 to
Trim EEPROM Trim EEPROM
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Switch off red LED
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Figure 34. Flow Diagram of Auto Trim Routine
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11  Specifications

MSP430F2274

+ 16-MIPS performance

* 200-ksps 10-bit SAR ADC

« Two built-in operational amplifiers

» Watchdog timer, 16-bit Timer_A3 and Timer_B3

* USCI module supporting UART/LIN, (2) SPI, 12C, or IrDA

* Five low-power modes drawing as little as 700 nA in standby

Table 4. MSP430F2274 Parameters

PARAMETER MN [ TYP | MAX UNIT
Operating Conditions
Operating supply voltage 1.8 3.6 \
Operating free-air temperature range -40 85 °C

Current Consumption

Active mode at 1 MHz, 2.2 V 270 390 HA

Standby mode 0.7 1.4 HA

Off mode with RAM retention 0.1 0.5 HA

Operating Frequency

Ve 233V 16 MHz
TMS37157

» 134,2 kHz RFID transponder function
* Semi-active memory access through RF or SPI
* Ultra low current consumption

Table 5. TMS37157 Parameters

TEST

PARAMETER CONDITIONS MIN TYP MAX UNIT

Operating Conditions

Operating supply voltage 1.8 3.6 \%
Current consumption

Standby current 25°C 60 nA
Active current 70 80 150 uA
RF Characteristics

Frequency range 134.2 kHz
Charge time 20 50 ms

. Qop 2 60,
RF input current -40°C to 85°C 0.32 10 mA
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12  Supported Devices
The eZ430-RF USB debugging interface may be used as a standard flash emulation tool through its
Spy-Bi-Wire interface. The eZ430-RF USB debugging interface supports the following MSP430 families:
*  MSP430F20xx
*  MSP430F22xx
The connector on the USB debugging interface is backward compatible with the eZ430-F2013 and T2012
target boards (see Figure 35).
—» TX
3.6V
TEST/SBWTCK
— Supports eZ430-F2013
RST/SBWTDIO and T2012 target boards
GND
<—RX
Figure 35. e2430-RF2500 USB Debugging Interface 6-Pin Male Header
13  MSP430 Application UART
The eZ430-RF USB debugging interface features a back channel MSP430 Application UART that may be
used independently of a debug session. This allows the user to transfer serial data to a terminal window at
a fixed rate of 9600 bps with no flow control. See Figure 36 for typical settings.
. COM31 Properties
Port Settings
Bits per second: v
Databits: 8 v
Parity:  None v
Stop bits: 1 v
Flow control:  None v
| Restore Defaults
[ oK ] l Cancel J
Figure 36. 9600 bps With No Flow Control
Check the Device Manager for COM port assignment of the MSP430 Application UART. For more details,
see Section 15).
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14  Software Installation

Two different development software tools for the MSP430—IAR Embedded Workbench KickStart and
Code Composer Essentials (CCE) are provided. The term KickStart refers to the limited version of
Embedded Workbench that allows up to 4 KB of C-code compilation. The included CCE is also limited, but
it allows up to 8 KB of code compilation. The full version of CCE Pro offers unlimited code compilation and
can be purchased from www.ti.com/msp430.

To install the IDE:

The €eZ430-TMS37157 is compatible with Windows® 2000 and Windows XP.

Start Code Composer Essentials and follow the instructions.

Respond to the prompts to install the software.

The installation procedure installs the IDE and TI files.

Finish the installation.

arwdE

15 Hardware Installation

1. Insert the eZ430-RF into USB port. The debugging interface automatically installs itself.
2. When prompted for the software for the MSP430 Application UART, allow Windows to install the
software automatically.

This is possible only if either IAR KickStart R4.64 (or higher) or the RFID Demo Reader Software has
already been installed.
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16 Schematics
The schematics can be downloaded from the eZ430-TMS37157 tool folder:
http://focus.ti.com/docs/toolsw/folders/print/ez430-tms37157.html
16.1 eZ430-RF USB Debugging Interface
ﬁl [KEXK) | a :
M5 |Z, -
M AL
[ERPY i
a a
. ¢ 70 F—=— 9 ™
. 8 ZON9 |9 R -
L > J EON9 o] 2 8 <
. i 0 +OND i |z 2 = S
- z = P iy
& POIN o S
Emme - oL o (¢ g
a2l 0= 2 1L|2 IS
> S n = S
£ ) ~
Ly IR . = o
e — . 7| ams oo : 8 E
-;. o w|wnn — D B
RS R
. ’|| T
» I[ .
eleelolelele) R |
TdlEdLGdL Zdl 1G]
Z2dl+d 1l 2dl
Figure 37. eZ430-RF USB Debugging Interface Schematic 1
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Figure 38. eZ430-RF USB Debugging Interface Schematic 2
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16.2 eZ430-TMS37157 Target Board
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Figure 39. eZ430-TMS37157 Target Board Schematic
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Schematics
16.3 eZ430-TMS37157 Target Board
__r__.--‘ Tl:;:; InstrumeEr:ts MSP-e=Z430U
i - B = =
® Prexuh E:‘:’ﬂ o
D CJ=_un ™ "y Bt
Drill ¢Kontur? see laye ;’E‘ E E E“
ao = “
D L R0 “ A
e[|
T 7 0.0.0.0.0
Figure 40. eZ430-RF USB Debugging Interface, PCB Components Layout
Top Layer Bottom Layer
Figure 41. eZ430-RF USB Debugging Interface, PCB Layout
Figure 42. e2430-TMS37157 Target Board, PCB Layout
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Figure 44. RFID Base Station Connector Schematic
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Figure 45. RFID Base Station Interface Board Schematic
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17 1AR Workbench Compatibility Guide

NOTE: In this document, "IAR version” refers to the IAR compiler version. This can be obtained by
clicking Help — About — Product Info.

IAR KickStart version 3.42F (FET_R4.64)
Minimum version compatible with eZ430-RF USB debugging interface board

IAR KickStart version 4.09A+ (FET_R5.10+)
Compatible with eZ2430-RF USB debugging interface board

SLAU281B—-November 2009—Revised March 2010 eZ430-TMS37157 Development Tool 45

Submit Documentation Feedback
Copyright © 2009-2010, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU281B

EVALUATION BOARD/KIT IMPORTANT NOTICE

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the product(s) must have
electronics training and observe good engineering practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including product safety and environmental
measures typically found in end products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does
not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other related directives.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO BUYER
AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE.

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Tl from all claims
arising from the handling or use of the goods. Due to the open construction of the product, it is the user's responsibility to take any and all
appropriate precautions with regard to electrostatic discharge.

EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY
INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES.

Tl currently deals with a variety of customers for products, and therefore our arrangement with the user is not exclusive.

Tl assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or
services described herein.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TlI's environmental and/or safety
programs, please contact the Tl application engineer or visit www.ti.com/esh.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. It generates, uses, and can radiate radio
frequency energy and has not been tested for compliance with the limits of computing devices pursuant to part 15 of FCC rules, which are
designed to provide reasonable protection against radio frequency interference. Operation of this equipment in other environments may
cause interference with radio communications, in which case the user at his own expense will be required to take whatever measures may
be required to correct this interference.

EVM WARNINGS AND RESTRICTIONS

It is important to operate this EVM within the input voltage range of 1.8 V to 3.6 V and the output voltage range of 1.8 V to 3.6 V.

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are questions
concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the EVM.
Please consult the EVM User's Guide prior to connecting any load to the EVM output. If there is uncertainty as to the load specification,
please contact a Tl field representative.

During normal operation, some circuit components may have case temperatures greater than 60°C. The EVM is designed to operate
properly with certain components above 60°C as long as the input and output ranges are maintained. These components include but are
not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of devices can be identified
using the EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during operation,
please be aware that these devices may be very warm to the touch.

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

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

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

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

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

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

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

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

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

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

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

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps
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