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1 Introduction

The SmartRF05 Evaluation Board (SmartRFO5EB or simply EB) is the motherboard in several
development kits for Low Power RF devices from Texas Instruments. The board has a wide
range of user interfaces, such as

3x16 character serial LCD
Full speed USB 2.0 interface
UART

LEDs

Serial Flash

Potentiometer

Joystick

Buttons

Breakout pins

The EB is the platform for the evaluation modules (EM) and can be connected to the PC via
USB to control the EM.

2 About this manual

This manual contains reference information about the SmartRF05 Evaluation Board.

Chapter 4 will give a quick introduction to how to get started with the SmartRFO5EB. In
particular, it describes how to install SmartRF Studio to get the required USB drivers for the
evaluation board. Chapter 5 briefly explains how the Evaluation Board can be used throughout
a project’s development cycle. Chapter 6 gives an overview of the various features and
functionality provided by the board.

Chapter 7, 8 and 9 provide additional details about different versions of SmartRFO5EB: revision
1.3, 1.7.x and 1.8.x, respectively. All of them are used in development kits1, with revision 1.8
being used in all new builds. Chapter 10 describes how to update the firmware on the
SmartRFO5EB. A troubleshooting guide can be found in chapter 11.

Appendix A, B and C contain the schematics for the different versions of SmartRFO5EB.

The PC tools SmartRF® Studio and SmartRF® Flash Programmer have their own user manuals.

See chapter 12 for a list of relevant documents and links.

" Revision 1.0, 1.1, 1.2, 1.4, 1.5 and 1.6 are internal versions only.
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3 Acronyms and Abbreviations

CTS
Ccw
DK
DUT
EB
EM
HAL
IC
KB
LCD
LED
LPRF
MCU
RF
RTS
SoC
SPI
TI
TX
UART
USB

Clear to Send

Continuous Wave
Development Kit

Device Under Test
Evaluation Board
Evaluation Module
Hardware Abstraction Layer
Integrated Circuit

Kilo Byte (1024 byte)
Liquid Crystal Display
Light Emitting Diode

Low Power RF

Micro Controller

Radio Frequency
Request to Send

System on Chip

Serial Peripheral Interface
Texas Instruments

Transmit

Universal Asynchronous Receive Transmit

Universal Serial Bus
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4 Getting started

Before plugging the SmartRFO5EB into the PC via the USB cable, it is highly recommended to
perform the steps described below first.

It is recommended to install SmartRF Studio before you connect the
SmartRFO5EB to the computer. The installation will include the USB
drivers needed for PC applications to communicate with the board.

4.1 SmartRF Studio

SmartRF Studio is a PC application developed for configuration and evaluation of many of the
RF-IC products from Texas Instruments. The application is designed for use with a SmartRF
Evaluation Board, such as the SmartRFO5EB, and runs on Microsoft Windows.

SmartRF Studio lets you explore and experiment with the RF-ICs as it gives full overview and
access to the devices’ registers to configure the radio and has a control interface for simple
radio operation from the PC.

This means that SmartRF Studio will help radio system designers to easily evaluate the RF-IC
at an early stage in the design process. It also offers a flexible code export function of radio
register settings for software developers.

The latest version of SmartRF Studio can be downloaded from the Texas Instruments website
(www.ti.com/smartrfstudio), where you will also find a complete user manual.

4.2 Installing SmartRF Studio and USB drivers

Before your PC can communicate with the SmartRFO5EB over USB, you will need to install the
USB drivers for the EB. The latest SmartRF Studio installer includes drivers for Windows.

A brief set of installation instructions for Microsoft Windows XP will be given here, but Windows
98, NT, 2000, Vista (32 bit) and 7 (32 bit) are also supported. Please consult the SmartRF
Studio User Manual for further details or the troubleshooting section (chapter 11) if needed.

After you have downloaded SmartRF Studio from the web, extract the zip-file, run the installer
file and follow the instructions. Select complete installation to include the SmartRF Studio
program, the SmartRF Studio documentation and the necessary drivers needed to
communicate with the SmartRFO5EB.

You can now connect your SmartRFO5EB to the computer with a USB cable and turn it on. A
“Found new Hardware” dialog box will prompt you to locate the missing driver. See Figure 1. If
you did a complete install of SmartRF Studio, the driver to use is already copied to your hard
drive. In the dialog window below, select “No, not this time” and continue with “Next”.
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Windows will zearch for current and updated zoftware by
looking on your computer, on the hardware installation CD, or an
the “windows L pdate 'Web site [with your permizsion).

Bead our privacy policy

Can'windows connect to Windows Update to search for
eoftware?

() Yes, this time only
(1 es, now and gvery time | connect a device

Click Mext to continue.

[ Mest = ][ Cancel l

Figure 1 - Connecting the SmartRFO5EB for the first time (Windows XP)

After clicking next, the window as shown in Figure 2 will appear. Select “Install the software
automatically” to install the driver for the SmartRFO5EB. Windows should automatically find the
location of the driver to use.

Found New Hardware Wizard

Thiz wizard helps pou inztall zoftware for:

SmartRFO5ER

f\'} If your hardware came with an installation CD
“Zg= or floppy disk. insert it now.

Wwhat do you want the wizard to do’?

{#)nstall the software automatically [Fecommended}

() Install from a list or zpecific location [Advanced)

Click Mext to continue.

[ < Back " Mest = ][ Cancel l

Figure 2 - Select automatic installation of software (Windows XP)

If Windows does not find the correct driver, you can manually specify where Windows should
look for the driver. In the dialog shown in Figure 2, select “Install from a list of specific location”.
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The drivers for the evaluation board are normally located in the directory C:\Program
Files\Texas Instruments\Extras\Drivers, where C:\Program Files\Texas Instruments is the
default root installation directory for SmartRF Studio.

Found New Hardware Wizard

Please choose your zearch and installation options.

(#)iSearch for the best driver in these locations

Uze the check boxes below tao limit or expand the default zearch, which includes local
paths and removable media. The best driver found will be installed.

[] Search remavable media [floppy, CO-ROM...]

Include this location in the zearch:

C:MProgram Files\Texas InstrumentshE strashDrivers s

() Don't zearch, | will choose the driver to install,

Chooze this option to zelect the device driver from a list. ‘windows does not guarantee that
the driver you choose wil be the best match for your hardware.

[ < Back ” Mest = ][ Cancel

Figure 3 - Manually locate driver

The driver is now installed and the computer should be ready for use with SmartRF Studio.

Found New Har dware Wizard

Completing the Found New
Hardware Wizard

The wizard haz finizhed inztalling the software for:

% SmartRFO5ER

Click Finizh to cloze the wizard.

Figure 4 - The driver installation is completed (Windows XP)
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You can verify that the driver is properly installed by opening the Device Manager (Figure 5).
When the EB is connected, the “Cebal controlled devices” list contains “SmartRFO5EB”. If the
board is listed as an unknown device, please follow the steps outlined in the SmartRF Studio
User Manual.

£ Device Manager

File  Action Mjew Help

g B =R a
=2, MY COMPUTER, ~
+ Batteties
- Cebal controlled devices
:J Cormpuker

+
+]-2ge Disk drives

+ § Display adapters
-

-

L, DYDJCD-ROM drives

{#8 Human Interface Devices
+-i=% [DE ATAIATAPL controllers
+]-a Keyboards
+ 'J Mice and okher pointing devices
+ E_, Modems
¥ § Manitars
+- E8 MNetwork adapters

+ .'B PCIMCIA adapters

.\ Devke (COm 8 1 DT b

Figure 5 - Properly installed SmartRFO5EB software (Windows XP)

When launching SmartRF Studio, the evaluation board should appear in the SmartRF05 DK tab
(Figure 6). Double click on the device, and a new window opens — giving access to all of the
registers on the chip as well as making it possible to perform various RF test.

. SmartRF® Studio X
% SmartfiF® 01 DK | SmartRF® 02 DK | SmartRF® 03 DK } SmartRiF® 04 DK SmartRF® 05 DK
TEXAS
Current Status |useoiD [FPwID
]NSTRUM ENTS CC2530 - new device 0x1100 00500 [0+0007)

Calculation ‘window - CC2530
Calculation ‘window - CC2520

Productinfo: SmartRF® productine
Start
| File versions... I

Figure 6 - SmartRF Studio with a CC2530EM connected to a SmartRFO5EB

Please refer to the SmartRF Studio User Manual [2] for how to use Studio with an RF IC.
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5 Using the SmartRF05 Evaluation Board

The SmartRFO5EB is a flexible test and development platform that works together with RF
Evaluation Modules from Texas Instruments.

An Evaluation Module is a small RF module with the RF chip, balun, matching filter, SMA
antenna connector and 10 connectors. The modules can be plugged into the SmartRFO5EB,
which lets the PC take direct control of the RF device on the EM over the USB interface.

Currently, SmartRFO5EB supports:

CC2520EM and variants with CC2590/CC2591

CC2530EM and variants with CC2590/CC2591

CC2430EM and variants with CC2590/CC2591

CC2431EM

CC2510EM

CC1110EM

CCMSP-EM430F2618

CC1111 USB Dongle (connected through the debug header)
CC2511 USB Dongle (connected through the debug header)
CC2531 USB Dongle (connected through the debug header)

SmartRFO5EB is included in the CC2520 and CC2530 development kits.

Figure 7 - SmartRFO5EB with EM connected
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Figure 8 - SmartRFO5EB connected to a CC1111 USB Dongle

The application on the PC that controls the EB+EM is SmartRF Studio. Studio can be used to
perform several RF tests and measurements, like setting up a CW signal and send/receive
packets.

The EB+EM can be of great help during the whole development cycle for a new RF product.

e Perform comparative studies. Compare results obtained with EB+EM with results from
your own system.

e Perform basic functional tests of your own hardware by connecting the radio on your
board to SmartRFO5EB. SmartRF Studio can be used to exercise the radio.

o Verify your own software with known good RF hardware, by simply connecting your own
microcontroller to an EM via the EB. Test the send function by transmitting packets from
your SW and receive with another board using SmartRF Studio. Then transmit using
SmartRF Studio and receive with your own software.

o For development kits with System on Chips, the evaluation boards make it possible to

debug and program the chip without additional hardware. The kit also gives access to
useful user interfaces for testing of the various peripherals and capabilities of the SoC.

The SmartRFO5EB can also be used as a debugger interface to the SoCs from IAR Embedded
Workbench for 8051.
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6 SmartRF05 Evaluation Board Overview

SmartRFO5EB acts as the motherboard in several development kits for Low Power RF ICs from
Texas Instruments. The board has several user interfaces and connections to external
interfaces allowing fast prototyping and testing of both software and hardware.

This chapter will give an overview of the general architecture of the board and describe the
available 10. The following sub-sections will explain the 10 in more detail. Pin-connections
between the IO and EM can be found in section 6.10.

Note! There are several versions of SmartRFO5EB. The main revisions are currently 1.3,
1.7.x and 1.8.x. Revisions 1.7.x and 1.8.x provide the same functionality, meaning that
specific pin-out details and interconnections that apply to rev 1.7 also apply to 1.8 (and
newer). Differences between the boards will be discussed in chapter 7, 8 and 9.

Figure 9 shows the main components of the board and outlines the main communication buses.

dgbc;g LCD FLASH
Yy Yy Yy < » Button1-2
v
< SPI A 4 >
USB le» Us(géggtﬁ;ler :—ChipconDebuglnterface—: EM - J LeDia
< ‘ UART. ; >
A A
v v v < > POT
LED Button Joystick RS232

Figure 9 - SmartRFO5EB architecture

The main component on the board is the USB controller. It communicates with the PC via USB
and translates requests from various PC tools (e.g. SmartRF Studio, SmartRF Flash
Programmer) to actions on the board.

The USB controller communicates with the evaluation module using SPI, UART and/or the
Debug Interface (System-on-Chips only).

Note that not all of the peripherals on the board are accessible from the USB controller. It has
access to the UART RS232 interface, LCD, one LED (D6), joystick and one button (USB
button). l.e. it does not have access to the serial flash on the board.

The module connected to the EM connector has potentially access to all of the EB peripherals.
It has full access to the LCD, serial flash, four LEDs, 2 buttons, joystick and UART RS232
interface.

Since many of the peripherals can be accessed from both the USB controller and the MCU EM,
some |/O pins can potentially be driven by two different sources. The standard firmware running
on the USB controller handles this by setting all shared 1/O in three-state (high impedance) and
thus avoids conflict.
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6.1 USB MCU

The USB MCU is the CC2511F32 from Texas Instruments. Please see www.ti.com/cc2511 for
detailed information about this controller.

The USB controller is programmed with a boot loader and the standard SmartRFO5EB firmware
when it is shipped from the factory.

When the boot loader starts running, it will check for a valid application in the flash of the
CC2511. If the detection is successful, the application is started and the board can be operated
normally. If no application is detected (e.g. blank flash or firmware upgrade failed) the USB LED
(D6) will start blinking rapidly — indicating failure.

The standard firmware application is used to control the RF device on the attached Evaluation
Module (EM) and to communicate with applications running on the PC via USB.

Note that the boot loader will allow programming of a new application over the USB interface.
No additional hardware or programmers are needed. Both SmartRF Studio and SmartRF Flash
Programmer can be used for this purpose. Please refer to chapter 10 for details.

6.2 Power Sources

There are four possible solutions for applying power to the SmartRFO5EB. The power source
can be selected using the power source selection jumper on header P11.

I-2: HBatvtary
2=3: UsSB~LDC

Figure 10 - Main power selection jumper (P11) and power switch (P8)

The main power supply switch (P8) turns off all power sources, unless an external power supply
is connected to the board, overriding the onboard voltage regulators.

6.2.1 Battery power

The evaluation board includes a battery holder for two 1.5V AA batteries on the reverse side of
the PCB: Normal AA batteries can be used and the on board regulator supplies 3.3 V to the
board. The power source selection jumper should short circuit pin 1 and 2 of header P11. A
LOW BATT LED on the board will be lit when the voltage on the board drops beneath 1.56 V.
Note that this function is only active when powering the board using batteries. Also note that
revision 1.8 of the SmartRFO5EB does not have any LOW BATT LED.

Maximum current consumption is limited by the regulator to 100 mA on rev 1.3 and 1.7.x.
Maximum current consumption is limited by the regulator to 800 mA on rev 1.8.x.

6.2.2 DC Jack

SmartRFO5EB has a connector with standard DC jack power connectors with a 2.5mm centre
pin. The centre pin is used for the positive voltage. A 4-10 V DC power supply should be used.
The onboard voltage regulator supplies approx 3.3 V to the board. The power source selection
jumper should short circuit pin 2 and 3 of header P11.

Maximum current consumption is limited by the regulator to 250 mA on rev 1.3 and 1.7.x.
Maximum current consumption is limited by the regulator to 1500 mA on rev 1.8.x.
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6.2.3 USB power

When SmartRFO5EB is connected to a PC via a USB cable, it can draw power from the USB
bus. The onboard voltage regulator supplies approx 3.3 V to the board. The power source
selection jumper should short circuit pin 2 and 3 of header P11.

Maximum current consumption is limited by the regulator to 250 mA on rev 1.3 and 1.7.x.
Maximum current consumption is limited by the regulator to 1500(*) mA on rev 1.8.x.

(*) Note that most USB power sources are limited to 500 mA.

6.2.4 Laboratory power supply

When connecting a lab power supply, ground should be connected to any of the GND pads on
the board. Remove the power source selection jumper and apply a voltage in the range from
2.7V to 3.6V to pin 2 on header P11. The main power switch will not have any effect in this
case.

WARNING! Connecting the power source to P11 will bypass all voltage regulators on the
board. There might be a risk of damaging the components on the board if the voltage on
pin 2 on header P11 is lower than -0.3V or higher than 3.9V (maximum ratings for
CC2511).
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6.3 UART RS232 interface

The UART interface can be used by custom applications for communication with other devices.
The interface uses a line driver device so that the port is compatible with RS232 signaling. The
RS232 voltage converter can be disabled by changing the position of a jumper on EB revision
1.3 or by using a switch on EB revision 21.7.

WARNING! On rev 1.3 and 1.7.x of the SmartRFO5EB, the RS232 level converter will
generate noise on Vcc and degrade the RF performance of any connected RF Evaluation
Module. When running RF performance tests with SmartRFO5EB, it is recommended to
disable the RS232 level converter. This problem has been fixed on rev 1.8.x of the board.

The figure below gives a detailed overview of the UART signals and how they are connected to
the different devices on the EB.

cca511 LED | EUED EM Interface

1

1

!

P1 :
USB_UART_RTS  CC2511 CTS 4t - E RTS
USB_UART_CTS = CC2511 RTS : oo]= N E cTs
USB_UART_RX = CC2511 TX | E“ N : RX
USB_UART_TX = CC2511 RX : E -8 N ! >

i RTS i

____________ i Rev13 crs .
GND VCC RX TX
P10 o l
RS232

Level Converter

Rev 1.7

YCC GND
I i
P14 P16
o

Enable Disable

Figure 11 - UART RS232 signals and jumpers

As the figure shows, signals are crossed on the EB between the EM and the USB Controller
and between the EM and the RS232 level converter/DE9 connector. Thus

¢ UART communication between a PC and an EB+EM requires a straight serial cable.

e UART communication between a PC and the USB Controller requires a null-modem cable
(crossed).

¢ UART communication between the USB Controller and the microcontroller on the EM works
without crossing any signals (RX connected to TX and vice versa).

Also note that the USB button and USB LED share the RTS and CTS signals going to the

CC2511. To avoid any conflicts when the RTS/CTS UART flow control signal are used,
disconnect jumpers 1-2 and 3-4 on P1. They are disconnected by default.
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6.4 Joystick

The joystick detects five positions (centre, up, down, left, right) and one event (pushed). In case
of moving the joystick from its centre position or pushing it, 5 discrete signals can be used to
distinguish what happened. The discrete signals are routed the EM connectors. See section 0
for details.

Note that not all EMs have access to all signals on these connectors (depending on pin-count).
In order to still have the possibility to use the joystick, an analogue joystick level signal was
implemented in order to save the number of pins required on the MCU.

The two aggregated signals, JOY_MOVE and JOY_LEVEL, can be used to detect a joystick
event. JOY_MOVE is high whenever the joystick is moved away from the centre position,
including pushing. The other signal, JOY_LEVEL, is a voltage level signal that gives different
values depending on the current position of the joystick. The table below shows these values.
Note that the voltage levels are relative to the voltage on the board.

Joystick position | JOY_LEVEL (Volts)
Up 0.31
Down 1.16
Left 1.62
Right 1.81
Centre 212

Table 1 - Voltage on JOY_LEVEL for different joystick positions (T=25°C, Vdd=3.0V)

6.5 Serial Flash

The serial flash can be used as general purpose data and parameter storage, e.g. for temporary
storage of an application image for Over the Air Download.

SmartRFO5EB revision 1.3 has a M25PE10 flash device — a 128 kilobyte serial paged flash
memory from Numonyx [5].

SmartRFO5EB revision 21.7 has a M25PE20 flash device — a 256 kilobyte serial paged flash
memory from Numonyx [5].

The serial flash can be accessed over the SPI bus from the EM, but not from the USB
Controller, as the latter has not access to the flash chip select signal.

Note that SmartRFO5EB will perform a controlled reset of the flash by toggling the flash reset
signal after a power-on reset.

6.6 LCD

The LCD on SmartRFO5EB is a 3x16 character display from Hitech Displays (HMC16311). The
LCD is accessed over the SPI bus, using the dedicated LCD_CS signal for chip select. An
addition control signal, LCD_MODE, is used to change the access types to the LCD. The reset
signal is operated from the USB Controller — it will handle the proper power on reset sequence
for the LCD.

Additional information about the LCD can be requested from Hitech Displays [6].
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6.7 Buttons
There are five buttons on the evaluation board.

Button 1 and Button 2 are only connected to the EM, while the USB button is connected to the
USB Controller.

The USB Reset button resets the USB controller. Note that the software on the USB controller
will reset the EM during the startup, so pushing the USB reset button also resets the controller
on the EM.

Pushing the EM reset button will pull the reset line on the EM low.

6.8 LEDs

6.8.1 General Purpose LEDs

The four LEDs D1, D2, D3 and D4 can only be controlled from the EM. The LEDs are active
high.

6.8.2 Low Battery Indicator

The LOW BATT LED (D7) is turned on when the voltage from the batteries drops below
approximately 1.56V. There is no LOW BATT LED on EB rev 1.8 or newer.

6.8.3 USBLED

LED D6 (USB LED) is controlled by the USB controller and is used to indicate the status of the
board. The LED has several states:

OFF ..., Power is turned off or the software on the USB controller is corrupt.

ON....ooee, A transceiver has been detected and the standard firmware is running.
The LED will also be on if an RF microcontroller has been detected and
UART over USB is not enabled in the Evaluation Board firmware.

SHORT BLINK ............. The LED might blink once during the power on sequence and then be
turned off. An RF microcontroller has been detected and UART over
USB is enabled in the Evaluation Board firmware.

BLINKING-1Hz......... The USB controller has entered the boot recovery mode. See chapter
10 for further details

BLINKING -10Hz ....... The boot loader on the USB controller could not find a valid application
to boot. Basic USB services are available and both SmartRF Studio
and SmartRF Flash Programmer can be used to program an
application in the USB Controller's flash. See chapter 10 for further
details.
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6.9 Break-out headers and jumpers

The signals from the EM connectors are connected to user interfaces or the CC2511 on the EB,
but all of the signals are gated through either the “USB Jumper” header or “IO Jumper” header.
Jumpers on these headers allows for fine tuned control of which signals are routed to what
device and allows easy break-out of signals for debugging and development using proprietary

peripherals.

All of the peripherals on the board and the USB controller can be isolated entirely from the EM,
facilitating accurate power consumption measurements.

USB Controller
(CC2511)

USB Jumpers

EM Interface — User Interface

IO Jumpers

Figure 12 - General 10 signal control flow

The pin out of the break out connectors is slightly different on revision 1.3 and revision 21.7 of
SmartRFO5EB. Please refer to the respective chapters later in this document.
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6.10 EM connectors
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The EM connectors are used for connecting an EM to the SmartRFO5EB. The connectors P5
and P6 are used as the main interface. The pin-out for these connectors is shown below.

The modifications introduced in revision 21.7 of the board are marked with bold letters.

Note that some of the signals are shared, e.g. EM_BUTTON1/EM_LED4_SOC. This means that
the signal is connected to different IO on the board, in this case both Button 1 and LED4.
Pressing Button 1 will affect the state of LED4. Similarly, if a SoC is toggling LED4, it cannot
read from Button 1 at the same time.

Signal name

Signal name

Pin|Pin

Rev 1.3 Rev 21.7 Rev 21.7 Rev 1.3
GND GND 1 | 2 |EM_JOYSTICK DN EM_JOYSTICK_DN
EM_UART_CTS EM_UART_CTS 3 | 4 |EM_FLASH_ CS EM_FLASH_CS
EM_BUTTON1 EM_BUTTON1/EM_LED4_SOC | 5 | 6 |EM_LED1 EM_LED1
EM_UART_RX EM_UART_RX 7 | 8 |EM_JOYSTICK_RT EM_JOYSTICK_RT
EM_UART_TX EM_UART_TX 9 | 10 |EM_DBG_DD EM_DBG_DD
EM_LCD_MODE EM_LCD_MODE 11 | 12 |EM_DBG_DC EM_DBG_DC
EM_LCD_FLASH_RESET |EM_LED2_SOC 13 | 14 |EM_CS/EM_LED3_SOC EM_CS
EM_JOY_LEVEL EM_JOY_LEVEL 15 | 16 |EM_SCLK EM_SCLK
EM_POT_R EM_POT_R 17 | 18 |EM_MOSI EM_MOSI
GND GND 19 | 20 |EM_MISO EM_MISO

Table 2 - EM connector P5 pin-out

Signal name

Signal name

Pin | Pin
Rev 1.3 Rev 21.7 Rev 21.7 Rev 1.3

EM_JOYSTICK_PUSH EM_JOYSTICK_PUSH 1 2 |GND NC

NC NC 3 4 |EM_LED2 _MSP EM_LED2_MSP
EM_PWR_SNOOZE EM_PWR_SNOOZE 5 6 |EM_LED3_MSP EM_LED3_MSP
vcC vCce 7 8 |EM_LED4_MSP EM_LED4_MSP
vcC vCce 9 | 10 |NC NC
EM_JOYSTICK_UP EM_JOYSTICK_UP 11 | 12 |EM_USB2 NC
EM_JOYSTICK_LT EM_JOYSTICK_LT 13 | 14 |EM_USB1 NC

EM_RESET EM_RESET 15 | 16 |EM_BUTTON2 EM_BUTTON2
EM_LCD_CS EM_LCD_CS 17 | 18 |EM_UART_RTS EM_UART_RTS
EM_JOY_MOVE EM_JOY_MOVE 19 | 20 |EM_DBG_DIR NC

Table 3 - EM Connector P6 pin-out

The LCD and Flash reset signal is no longer available from the EM on EB revision 21.7. The
controller of the motherboard will ensure controlled reset of these devices after a power on reset
by toggling the reset pin.
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6.11 Probe Connectors
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The probe connectors (P18 and P20) bring out all the signals from the EM connectors. These
connectors are compatible with Agilent logic analyzer probes. The connectors allow easy
access to 1/0 signals and to connect prototyping boards.

The modifications introduced in revision 21.7 of the board are marked with bold letters.

Signal name Signal name
Pin |Pin
Rev 1.3 Rev 21.7 Rev 21.7 Rev 1.3
NC NC 1] 2 |NC NC
NC EM_USB1 3 | 4 |EM_FLASH_CS EM_FLASH_CS
EM_BUTTON(1 EM_USB2 5 | 6 |EM_LED2_SOC EM_LED1
EM_UART_RX EM_BUTTON1/EM_LED4_SOC| 7 | 8 |EM_DBG_DD EM_JOYSTICK_RT
EM_UART_TX EM_UART_RX 9 | 10 |[EM_DBG_DC EM_DBG_DD
EM_LCD_MODE EM_UART_TX 11 | 12 |EM_MISO EM_DBG_DC
EM_LCD_FLASH_RESET |EM_UART_CTS 13 | 14 |EM_CS/EM_LED3_SOC |[EM_CS
EM_JOY_LEVEL EM_UART_RTS 15 | 16 |EM_SCLK EM_SCLK
EM_POT_R EM_POT_R 17 | 18 |EM_MOSI EM_MOSI
EM_MISO EM_DBG_DD_DIR 19 | 20 |GND GND
Table 4 - 1/0 connector P18 pin-out
Signal name Signal name
Pin|Pin
Rev 1.3 Rev 21.7 Rev 21.7 Rev 1.3
NC NC 1] 2 |NC NC
NC vcce 3 | 4 |EM_LED1 EM_LED2
PS_PWR_SNOOZE PS_PWR_SNOOZE 5 | 6 |EM_LED2_MSP EM_LED3
EM_VCC EM_JOYSTICK_RT 7 | 8 |EM_LED3_MSP EM_LED4
NC EM_JOYSTICK_DN 9 | 10 |EM_LED4_mSP EM_JOYSTICK_PUSH
EM_JOYSTICK_UP EM_JOYSTICK_UP 11 | 12 |EM_LCD_MODE EM_JOYSTICK_DN
EM_JOYSTICK_LT EM_JOYSTICK_LT 13 | 14 |EM_RESET EM_UART_CTS
EM_RESET EM_JOYSTICK_PUSH 15 | 16 |EM_BUTTON2 EM_BUTTON2
EM_LCD_CS EM_JOY_LEVEL 17 | 18 |EM_LCD_CS EM_UART_RTS
EM_JOY_MOVE EM_JOY_MOVE 19 | 20 |GND GND

Table 5 - 1/0 connector P20 pin-out
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6.12 Current Measurement Jumper

Jumper P15, also called V_EM, has been added to the board to simplify current consumption
measurements. By removing the jumper, an Ampere Meter can easily be connected to the
board to perform current consumption measurements. Similarly, a separate, regulated power
supply for the EM can be connected.

Figure 13 - V_EM Jumper

If the EM is powered by a different source than the rest of the board, the same voltage should
be used on the EM as on the EB. The digital signals between the EB and the EM are not
isolated from each other, and different voltage levels can cause excessive current consumption
or erroneous interaction between the EB and the EM.

In order to get accurate power consumption measurements, selected jumpers on the “lO” and
“USB” break-out headers should be removed to isolate the device under test from the
peripherals.

Figure 14 - Current measurement set-up

21/38



I3 TEXAS swru210a
INSTRUMENTS

6.13 Debug Connector for External SoC

SmartRFO5EB is equipped with a debug connector (P3 ExtSoC Debug, and P4 on rev 1.8.x)
that allows debugging and programming of an external RF microcontroller from Texas
Instruments. The pin-out of the connector is depicted below.

GND (NC onrev 1.8)

RESETn

DD (Debug Data) . DC (Debug Clock)

Vdd (from target) GND

4
Figure 15 - SmartRFO5EB External SoC Debug Connector

By connecting a target RF board correctly to the EB, the EB will operate as a debug adapter for
the RF SoC. For instance, it will be possible to debug and single-step code using the IAR
EWB8051 IDE and it is possible to control the RF SoC using SmartRF Studio.

There is a level converter between the bus on the target and internally on the EB. In order to
operate correctly, the level converter needs the voltage on the target provided as a reference
voltage for correct level shifting of signals. With the level converter, the target can operate at a
completely different voltage level than the 3.3V on the SmartRFO5EB.

-
SmartRFO5EB Vdd (local) ]
Target
Connector
USB Level
Controller onverter HAREIET
Vdd from

target

Figure 16 - Level converter for signals on the debug connector

Minimum operating voltage on target: 1.2 Volt
Maximum operating voltage on target: 3.6 Volt
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7 SmartRFO5EB rev 1.3

7.1 Board overview

EM connectors

Jumpers for simple
current consumption
measurements

" Taxas instrumantsl"‘
Smar tRFB5 EB 1.3

16x3 character LCD

Mode selection
switch

Main power switch

Power source
selection jumpers

USB LED

USB MCU
CC2511F32

USB Connector

DC power connector

Low Battery indicator

Joystick

Potmeter

7.2 Software considerations

swru210a

10 breakout
and jumpers

EM connector
break-out pins

Level converter for
debug interface

Interface for
debugging of SoCs

CC2511 debug
interface connector

General
purpose LEDs

FLASH, 128 kB

UART RS232
enable jumper

i 4\-@ART RS232

- Reset buttons

General purpose
buttons

When running the TIMAC and/or Z-Stack on a CC2530EM plugged into SmartRFO5EB revision

1.3, it is necessary to set the compile option
#define HAL_BOARD_CC2530EB_REV13.

The default HAL configuration uses #define HAL_BOARD_CC2530EB_REV17.

7.3 Mode selection switch

SmartRFO5EB has a mode selection switch (P21) that allows two configurations of the
evaluation board.

“NORMAL _ CC2511JOYSTICK |

Figure 17 - EB Mode Selection switch

In the NORMAL position, the evaluation board is in a normal operating mode, enabling support
in hardware both for debugging of an external SoC and a special packet sniffer interface for the
CC2520EM.

The CC2511JOYSTICK position is primarily intended for the special case where a custom
application is running on the CC2511 using the joystick (JOY_LEVEL and JOY_MOVE) for user
input. In this position, neither the external debug interface nor the hardware support for CC2520
packet sniffer will work.

The switch is by default placed in the NORMAL position.
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7.4 Breakout headers and jumpers

USB Controller
(CC2511)

P1 Jumpers ‘

I

EM Interface

User Interface

P4 Jumpers

Figure 18 - Basic signal flow on the evaluation board

swru210a

Pins Function Description Default mounted
1-2 UART_RTS Ready to send (UART flow control) No
3-4 UART_CTS Clear to send (UART flow control) No
5-6 UART_RX Received data — connected to TX on CC2511 Yes
7-8 UART_TX Transmitted data — connected to RX on CC2511 Yes
9-10 SNIFF_DATA Sniff interface — (special feature for CC2520) No
11-12 SNIFF_CLK Sniff interface — (special feature for CC2520) No
13-14 SNIFF_MISO Sniff interface — (special feature for CC2520) No
15-16 SNIFF_SFD Sniff interface — (special feature for CC2520) No
17-18 DBG_DC Debug Clock signal (debug interface for system-on-chips) Yes
19-20 DBG_DD Debug Data signal (debug interface for system-on-chips) Yes
21-22 (O] Chip select for SPI device on EM module Yes
23-24 SCLK SPI clock Yes
25-26 MOSI SPI data — master output, slave input Yes
27-28 MISO SPI data — master input, slave output Yes
29-30 LCD_CS Chip select for LCD Yes
31-32 LCD_MODE LCD control signal Yes
33-34 LCD_FLASH_RESET | Common reset signal for serial Flash and LCD Yes
35-36 JOY_LEVEL Voltage level from joystick, indicating position Yes
37-38 JOY_MOVE Positive edge when the joystick is moved Yes
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Pins Function Description Default mounted
1-2 JOY_MOVE See P1, 37-38 Yes
3-4 JOY_LEVEL See P1, 35-36 Yes
5-6 LCD_FLASH_RESET | See P1, 33-34 Yes
7-8 LCD_MODE See P1, 31-32 Yes
9-10 LCD_CS See P1, 29-30 Yes
11-12 MISO See P1, 27-28. Connected to LCD and serial Flash. Yes
13-14 MOSI See P1, 25-26. Connected to LCD and serial Flash. Yes
15-16 SCLK See P1, 23-24. Connected to LCD and serial Flash. Yes
17-18 FLASH_CS Chip select for serial flash Yes
19-20 BUTTON1 Button 1. Low when pushed. Yes
21-22 BUTTON2 Button 2. Low when pushed. Yes
23-24 LED1 Control signal for LED D1. Set high to turn LED on. Yes
25-26 LED2 Control signal for LED D2. Set high to turn LED on. Yes
27-28 LED3 Control signal for LED D3. Set high to turn LED on. Yes
29-30 LED4 Control signal for LED D4. Set high to turn LED on. Yes
31-32 JOYSTICK_UP Signal goes high when joystick is moved up. Yes
33-34 JOYSTICK_DN Signal goes high when joystick is moved down. Yes
35-36 JOYSTICK_LT Signal goes high when joystick is moved left. Yes
37-38 JOYSTICK_RT Signal goes high when joystick is moved right. Yes
39-40 JOYSTICK_PUSH Signal goes high when joystick is pushed. Yes
41-42 POT_R Voltage level from potentiometer. Value between 0 and VCC. | Yes
43-44 EM_RESET Reset signal to EM. Yes

Table 7 - Jumpers on P4. 10 signals from all of the peripherals on the evaluation board.
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7.5 USB MCU pin out

The following table shows how the

different functionalities on the EB.

swru210a

USB Controller's (CC2511) pins are connected to the

2511 | Function on the Evaluation sl
C_C 5 unction on the Evaluatio Description
Pin Board
Function depending on switch P21:
NORMAL: When SPI_SELECT is set LOW, it enables a special CC2520 sniffer
P0.0 SPI_SELECT /JOY_LEVEL interface (for test and diagnostic purposes.
CC2511J0OY: Joystick level is an analog value that can be decoded to find the
actual position of the joystick (centre, up, left, right or down)
PO.1 USB_EM_RESET Signal used to reset the EM board
P0.2 USB_CS SPI Chip select for device on EM board
P0.3 USB_SCLK SPI Clock
P0.4 USB_MOSI SPI MOSI (master out, slave in)
P0.5 USB_MISO SPI MISO (master in, slave out)
P10 USB IFC CTRL Enables the USB interface when it is set high. Set either by the boot loader or the
- 7= irmware.
P11 USB DBG DC Debug.clock — used when CC2511 communicates with another LPRF Soc via the
- - debug interface.
P1.2 USB_UART_RTS/USB_LED Dual function: UART Ready To Send and output signal for control of LED D6.
P1.3 USB_UART_CTS/USB_BUTTON Dual function: UART Clear To Send and input signal for USB button event.
P1.4 USB_UART_TX UART TX
P1.5 USB_UART_RX UART RX
Function depending on switch P21:
NORMAL: The debug data direction signal controls the signal flow on the level
P1.6 DGB_DD_DIR /JOY_MOVE converter for the external debug interface.
CC2511J0OY: Joystick move signal input. Set high on any joystick event (pushed,
moved up, left, right or down)
Debug data — used when CC2511 communicates with another LPRF SoC via the
P17 USB_DBG_DD debug interface.
P2.0 USB_LCD_FLASH_RESET Resets both the serial flash and the LCD on the board when it is set low.
P2.1 CC2511 DBG DD CC2511 debug interface
P2.2 CC2511 DBG DC CC2511 debug interface
P2.3 LCD_MODE Selects operating mode of the LCD
P2.4 LCD_CS SPI Chip select signal for the LCD

Table 8 - USB MCU pin-out on SmartRF05EB rev 1.3
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8 SmartRF05EB rev 1.7

8.1 Board overview
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FLASH, 256 kB

Main power switch

UART RS232

EM Reset button

Low Battery indicator

= General purpose

Joystick buttons

Potmeter

8.2 Changes fromrev 1.3

e The layout of the board has changed.
e Improved routing of power from the VCC_EM jumper, enabling more accurate current
consumption measurements
e The on-board regulated voltage is now 3.3V, regardless of power source (USB, DC or
batteries). Previously, the voltage was 3.3V with batteries and 3.0V with USB or DC.
e The size of the on-board SPI Flash is 256 kB (was 128 kB).
¢ Added a mode switch that changes the board from "MSP" mode to "SoC" mode. Chapter
8.3 has more details. Short summary:
o In MSP mode, the board works exactly as revision 1.3
o In SoC mode, it is now possible to access all four LEDs from the SoC
o The polarity of the Button 1 signal can be changed

8.3 Software considerations

Note the new polarity of Button 1 and that all 4 LEDs on the Board can now be accessed from
the SoC. The signal from the SoC that controls LED 2 was used to reset the LCD on rev 1.3 of
the board.

When running the TIMAC and/or Z-Stack on a CC2530EM plugged into SmartRFO5EB revision

1.7, the #define HAL_BOARD_CC2530EB_REV17 is used in the default HAL configuration.
Therefore the user does not have to do anything.
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8.4 EM Selection Switch

The EM selection switch that was introduced on SmartRFO5EB controls a multiplexer on the
board that allows either a connected RF SoC EM or an MSP430 add-on board to access all four
LEDs on the evaluation board. The limitation was caused by the particular pin-out on the RF
evaluation modules that needed to be backwards compatible with other boards and test
equipment.

EM Selaction
MSP ' soc/TRX

PiS ['Tm

Figure 19 - EM Selection Switch (P19)

The switch will both affect the operation of the LEDs and Button 1.

u10

LED1
LED2_MSP

- LED3_MSP
- |ED4_MSP

- LEDT
- |ED2.SO0C

- LED3_SOC/EM_CS
LED4_SOC/BUTTON_1

—/

EM Selection

MSP SoC

R\
R\
R
R

LED 1
LED 2
LED 3
LED 4

Figure 20 - Switch P19 effect on LED 1-4

Due to lack of pins, some of the signals are shared.

When LEDS is used by the SoC, the chip select signal to the EM will also be affected. In most
cases, this will not be a problem, since the SoC does not, by default, implement an SPI slave.

When LED4 is used by the SoC, the signal from Button 1 might interfere. In short, Button 1 and
LED 4 can not be used simultaneously by the SoC.
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EM Selection

Tt

EM Selection

MSP SoC

Vdd Vdd

BUTTON_1

BUTTON_1

GND

Figure 21 - Switch P19 effect on Button 1

The EM Selection switch will change the polarity of button number 1.

In the MSP position, the button is active low, i.e. low voltage when the button is pressed. In the
inactive position, the level is high (signal is pulled up by a 10k Ohm resistor). This is also the
operating mode of the button on revision 1.3 of the SmartRFO5EB.

In the SoC position, the button is active high, i.e. high voltage when the button is pressed. In the
inactive position, the level is low (signal is pulled down by a 10k Ohm resistor).

Note that it is possible to use this feature to determine the position of switch P19 (assuming no
one is pressing the button).

8.5 Breakout headers and jumpers

USB Controller
(CC2511)

P1 Jumpers ‘

I

EM Interface User Interface

P10 Jumpers

Figure 22 - Basic signal flow on the evaluation board

29/38



I3 TEXAS

swru210a

INSTRUMENTS

Pins Function Description Default mounted
1-2 UART_RTS Ready to send (UART flow control) No
3-4 UART_CTS Clear to send (UART flow control) No
5-6 UART_RX Received data — connected to TX on CC2511 Yes
7-8 UART_TX Transmitted data — connected to RX on CC2511 Yes
9-10 NC Not used No
11-12 NC Not used No
13-14 NC Not used No
15-16 NC Not used No
17-18 DBG_DD_DIR Debug Data signal direction control Yes
19-20 DBG_DC Debug Clock signal (debug interface for system-on-chips) Yes
21-22 DBG_DD Debug Data signal (debug interface for system-on-chips) Yes
23-24 (O] Chip select for SPI device on EM module Yes
25-26 MISO SPI data — master input, slave output Yes
27-28 MOSI SPI data — master output, slave input Yes
29-30 SCLK SPI clock Yes
31-32 LCD_CS Chip select for LCD Yes
33-34 LCD_MODE LCD control signal Yes
35-36 JOY_MOVE Positive edge when the joystick is moved Yes

Table 9 - Jumpers on P1. Control signals available to the USB controller.

Pins Function Description Default mounted
1-2 JOY_MOVE Positive edge when the joystick is moved Yes
3-4 JOY_LEVEL Voltage level from joystick, indicating current position Yes
5-6 LCD_MODE LCD control signal Yes
7-8 LCD_CS Chip select for LCD Yes
9-10 MISO SPI bus (data). Connected to LCD and serial Flash Yes
11-12 MOSI SPI bus (data). Connected to LCD and serial Flash Yes
13-14 SCLK SPI bus (clock). Connected to LCD and serial Flash Yes
15-16 FLASH_CS Chip select for serial flash Yes
17-18 BUTTON1/LED4_SOC Shared signal between Button 1 and LED4 Yes
19-20 BUTTON2 Button 2 Yes
21-22 LED1 Control signal for LED1. Set high to turn LED on Yes
23-24 LED2_MSP Control signal for LED2. Set high to turn LED on Yes
25-26 LED2_SOC Control signal for LED2. Set high to turn LED on Yes
27-28 LED3_MSP Control signal for LED3. Set high to turn LED on Yes
29-30 LED3_SOC Control signal for LED3. Set high to turn LED on Yes
31-32 LED4_MSP Control signal for LED4. Set high to turn LED on Yes
33-34 POT_R Voltage level from potentiometer. Yes
35-36 EM_RESET Reset signal to EM. Yes

Table 10 - Jumpers on P10. 10 signals to peripherals on the evaluation board.
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8.6 USB MCU pin out

The following table shows how the USB Controller's (CC2511) pins are connected to the
different functionalities on the EB.

Pin Function Description

P00 JOY_MOVE ﬁe?{srﬁigclgtrg:)gﬁv\ig)mal input. Set high on any joystick event (pushed, moved up,
PO0.1 USB_EM_RESET Signal used to reset the EM board

P0.2 USB_CS SPI Chip select for device on EM board

P0.3 USB_SCLK SPI Clock

P0.4 USB_MOSI SPI MOSI (master out, slave in)

P0.5 USB_MISO SPI MISO (master in, slave out)

P10 USB_IFC_CTRL E:n?vt:/frse_the USB interface when it is set high. Set either by the boot loader or the
P11 USB_DBG_DC gibggbﬁg)?:tgﬁgzgd when CC2511 communicates with another LPRF SoC via
P1.2 USB_UART_RTS/USB_LED Dual function: UART Ready To Send and output signal for control of LED D6.
P1.3 USB_UART_CTS/USB_BUTTON Dual function: UART Clear To Send and input signal for USB button event.

P1.4 USB_UART_TX UART TX

P1.5 USB_UART_RX UART RX

P16 DGB_DD_DIR ;Zeei?grl;gald;éiljjgi’niar::tt(i;rr;;ifnal controls the signal flow on the level converter for
P17 USB_DBG_DD 5:553 ig?é?ra—cz.sed when CC2511 communicates with another LPRF SoC via the
P2.0 USB_IO_RESET Resets the serial flash and the LCD on the board when it is set low.

P2.1 CC2511 DBG DD CC2511 debug interface

P2.2 CC2511 DBG DC CC2511 debug interface

P2.3 LCD_MODE Selects operating mode of the LCD

P2.4 LCD_CS SPI Chip select signal for the LCD

Table 11 - USB MCU pin-out on SmartRF05EB rev 1.7
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9 SmartRFO5EB rev 1.8

9.1 Board Overview

EM connectors 10 breakout
and jumpers
General

CC2511 debug
purpose LEDs

interface connector

: EM connector

USB LED break-out pins
— —Smar tRFBS

USB MCU Evalustion Bﬂioueﬁ

CC2511F32

USB Connector
EM Reset button
DC power connector

. . (Interface for
Main power switch debugging of SoCs
Power source

selection jumper -
SPI FLASH

. 256 kB
Jumpers for simple L

current consumption

measurements

[UART RS232
enable switch

16x3 character LCD UART RS232
[EM Selection
switch

Eeneral purpose
buttons

Potmeter

9.2 Changes from rev 1.7

Revision 1.8.x of SmartRFO5EB is an improved version of rev 1.7. There are NO differences in
functionality, so software working on rev 1.7 will also work for rev 1.8.

e The layout of the board has changed. In particular, the ON/OFF switch has been moved
closer to the USB/DC Jack power sources.

¢ New on-board DC/DC regulators and improved decoupling, providing a very stable power
source for the RF evaluation modules.

o The new battery regulator does not have a “power good” output signal, so the “Low Batt”
LED has been removed.

e Improved routing of power and ground for optimized RF performance.

9.3 Software considerations
See chapter 8.3.
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10 Updating the firmware

Updating of firmware is done automatically by SmartRF Studio if it detects an old and/or
incompatible firmware version on the controller. SmartRF Studio and SmartRF Flash
Programmer also allow manual programming of the firmware. Please refer to the respective
user’s guides for detailed instructions. A simple step-by-step guide is provided below

There should not be any EM boards connected to the 05EB while
updating the firmware on the EB.

Turn off the evaluation board (EB)
Disconnect the evaluation module (EM)
Plug in the USB cable and turn the board on

The SmartRFO5EB should appear as an entry in the list under the SmartRFO5DK tab in
SmartRF Studio. Single click the entry in the list to highlight the board.

Click the "Load USB firmware" button. A file select dialog window will pop up.
Select the following file: <installation_dir>\extras\srf05eb\srf05eb_fwid0500.hex

The firmware will be upgraded. This might take several seconds.

N =

The EB will re-appear as an entry in the SmartRF Studio window.

© © N o o»

If you get the warning about failed upgrade, it might actually happen that the firmware
was upgraded as expected - it is only the timing of the response from the board that
confuses Studio sometimes. It would not be a problem to retry the firmware update. If it
fails completely, use the SmartRF Flash Programmer.

10.1 Forced boot recovery mode

If, for some reason, the firmware update fails and the evaluation board appears to be dead,
there is a way to force the board to only run the boot loader and stop all further execution. No
attempts will be made to start the firmware.

The approach is slightly different on revision 1.3 and revision 21.7 of the boards.
On revision 1.3: Turn power off. Place the EB Mode Selection switch (P21) in the

CC2511JOYSTICK position and move the joystick in any direction other than the centre
position. While the joystick is moved away from the centre position, turn power on.

On revision 21.7: Turn power off. Short-circuit pin 17 and 19 on header P18 with a jumper.
Next, turn the potentiometer clockwise until it stops. Turn power on.

When the board is turned on, the firmware is not started and the boot loader will have control of
the board. The LED D6 will be blinking with a 1 second interval, indicating that the boot loader is
running. You can use this method to check whether you have a working boot loader or not.

When the boot loader is running, the only functionality that is offered from SmartRF Studio and
SmartRF Flash Programmer is to load a new version of the standard firmware.
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10.2 Programming firmware using an external programmer

It is also possible to update both the firmware and boot loader on the board by using the debug
interface of the USB Controller.

USB Debug

Figure 23 - USB controller debug connector

The USB controller is the CC2511 from Texas Instruments, so it is possible to use SmartRF
Flash Programmer and another evaluation board (either SmartRFO4EB or SmartRFO5EB) to
program the chip. Connect a 10-pin flat cable to the “Ext SoC Debug” plug (P3) on the
PROGRAMMER and to the “USB Debug” plug (P2) on the board that is being programmed
(DUT). Turn on power on both boards — first on the DUT, then on the PROGRAMMER. The
PROGRAMMER should now detect the CC2511 on the DUT. The flash programmer application
can be operated as described in the Flash Programmer User Manual.

When programming the firmware on the EB with an external programmer, it is possible to

overwrite the preprogrammed bootloader on the USB controller. The Flash Programmer User
Manual describes how this can be avoided.
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11 Frequently Asked Questions

Q1

A1

Q2

How do | check the firmware revision on the Evaluation Board?

You can use SmartRF Flash Programmer to check re firmware revision. Connect the EB
board (without any evaluation modules attached) to a PC and launch the Flash
Programmer application. Select the “EB application (USB)” tab. The SmartRF board
should be listed, showing relevant information about the firmware running on the board. In
the example below, the firmware revision is 0009.

Syztem-on-Chip - EB application [USE] | EE application [serial]l EE I:n:n:-tln:naderl MSF‘#SDI

EB ID | Chip type | EB type EB firrmware [0 | EB firrmware resw

2770 SmartRFOSEE 0500 op3

Flazh image: IE:'&F‘ngram Filez\Texas InstrumentzhE strashSrf0SE R erf0Beb_fmid0500 hex j J

ange wtes at (]
[~ Ch 2 b On |8 ity BB

The same application can be used to update the firmware to the latest revision. The most
up to date revision is bundled with the Flash Programmer, and the firmware image is
normally located at C:\Program Files\Texas Instruments\Extras\SrfO5Eb. See the Flash
Programmer User Manual for further information.

Installation of drivers for the evaluation board fails. Help!

Instead of selecting automatic installation of drivers, select “Install form a list or specific
location (Advanced)”. You will see the following window.

Found New Hardware Wizard
Please choose your zearch and installation options. .

(%) Search for the best driver in these locations.

Uze the check boxes below tao limit or expand the default zearch, which includes local
paths and removable media. The best driver found will be installed.

[] Search remavable media [floppy, CO-ROM...]

Include this location in the zearch:

C:AProgram FileshT exas InstrumentshExtras\Drivers % | [ Browse

() Don't zearch, | will choose the driver to install,

Choosge this option to zelect the device driver from a list. ‘windows does not guarantee that
the driver you choose will be the best match for your hardware.

[ < Back ][ Mest = ][ Cancel
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Q3

A3

Q4

A4

Q5

A5

Q6

A6

The drivers for the evaluation board are normally located in the directory C:\Program
Files\Texas Instruments\Extras\Drivers, where C:\Program Files\Texas Instruments is the
default root installation directory for SmartRF Studio. The path may be different if you
have chosen a different installation directory for SmartRF Studio.

If the above fails, select “Don’t search. | will choose the driver to install.” A new window
will open, asking for a location of where drivers can be found. Locate the srf05eb.inf file
and select that driver for installation.

Nothing happens when | power up the evaluation board. Why?

Make sure that all jumpers on the 10 headers on the evaluation board are set in default
position.

When powering up the evaluation board, the LED D6 starts blinking. Why?

If the blink frequency is 1 time per second, the boot loader has entered a forced boot
recovery mode (set during programming of the device). Power off the system and turn it
back on to start the application.

If the blinking is more rapid (10 times per second) the boot loader could not find a valid
application in flash. Use SmartRF Studio or SmartRF Flash Programmer to program a
new firmware on the board. See also section 6.8.3.

How can | measure the current consumption of the radio on the EM?

The easiest way to measure current consumption of the chip in various modes is to
connect the EM directly to the SmartRFO5EB and disconnect everything on the board that
consumes power by removing all jumpers on the breakout headers. Make sure the RS232
level converter is disabled. Connect the ampere meter between the two pins on P15
(V_EM).

In order to allow SmartRF Studio to control the device on the EM, connect the respective
jumpers for the debug interface for SoCs or the four SPI signals for transceivers. Use
SmartRF Studio to set the radio in different modes (RX, TX, etc.).

| already have a SmartRFO5EB revision 1.3 and | have written a lot of software for
that board. Now, | get revision 1.7 in new development kits. Do | need to rewrite all
of my software?

No, you do not need to rewrite your software. Just make sure that the EM Selection switch
is in position “MSP”, and the board will work just like the old revision. A few things to note:

The reset signal going to the LCD from the EM module has been removed. It is not
necessary to perform a hard reset of the LCD - this is done by the controller on the EB
board during a power-on reset.

Official software releases from Texas Instruments will, by default, support revision 1.7 of
the board. This will not have any impact on software for the CC2520DK, since the
operating mode of 05EB rev 1.7 in “MSP” mode is identical to the normal operating mode
of 05EB rev 1.3.
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Q7

A7

Q8

A8

Q9

A9

| already have a SmartRFO5EB revision 1.7 and | have written a lot of software for
that board. Now, | get revision 1.8 in new development kits. Do | need to rewrite all
of my software?

No, there’s no need to change any software.

I have a SmartRF04EB. Can | use the SmartRF05EB instead?

It depends. SmartRFO5EB will only support a subset of the devices supported by
SmartRFO4EB. All SoCs will be supported, but you will need to port the software to the
new platform. No transceivers will be supported.

By “supported”, we mean supported by SmartRF Studio. The EB will detect all of the
devices and the EM modules will not be damaged if connected to the SmartRFO5EB - but
certain functions in SmartRF Studio will not work.

Will SmartRFO5EB replace SmartRF04EB in your existing development kits?

No
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PCB_FEET_19

G

PCB_FEET_19

G

PCB_FEET_19

G

PCB_FEET_19

G

usB MCU 10
jumpers

Default setting:

1-2: open
3-4: open
5-6: mount
7-8: mount
S-10: open

11-12: open
13-14: open
15-16: open
17-18: mount

19-20: mount
21-22: mount
23-24: mount
25-26: mount
27-28: mount
289-30: mount
31-32: mount
33-34: mount
35-36: mount

RS -2327

UsB Inter face

Power

Supply

20
24
26
30

PINROW_2X18

Pl

EM Interface

- EM connection
- External SoC debug

EM_DBG_DD

- RS232 driver
- RS232 port

- On/0ff jumper
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EM_UART_RX

EM_UART_CTS
EM_UART_RTS
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Sheet 6
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EM_UART_RTS

- CC25N1 - Regulators
- CC2511 debug - Power jumpers
- USB port - Battery
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USB_DBG_DC
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Joystick
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PCB_FEET_19

G

PCB_FEET_I3

G

PCB_FEET_I13

G

PCB_FEET_19

O

usB MCU 10

jumpers

Default setting

1-2: open
3-4: open
5-6:. mount
/—-8:. mount
S-180: open
11-12: open
13-14:. open
1I5-168: open
17-18: mount
19-20: mount

21=-22. mount
23-24: mount
25-26. mount
27-28: mount
29-30. mount
31-32: mount
33-34: mount
35-36: mount
37-38: mount

RS -2327

UsB

Inter face

USB_UART_RTS

USB_UART_CTS

USB_UART_RX

USB_UART_TX

USB_SNIFF _DATA

USB_SNIFF _CLK
USB_SNIFF_MISO

2

USB_DBG_DC

USB_DBG_DD

usB_Cs

USB_SCLK
USB_MOSI

USB_MISO

USB_LCD_CS
UsSB_LC

USB_LCD_FLASH_RESET

L 73
I e

N ey

o <o/ @)
R
I
|

PINROW_2X19

Pl

1

- RS232 driver
- RS232 port

- On/0ff jumper

EM_UART_TX
EM_UART_RX

EM_UART_CTS
EM_UART_RTS

VCC_Io

Sheet

- CC25N1

- CC2511 debug

- USB port
DBG_DD_DIR

VBUS

+3.3V UsB

USB_EM_RESET

Sheet 2

FPower

Supply

- Power

BUS

#3.3V USB

- Regulators

jumpers

- Battery

VCC_EM

PS_PWR_SNDOZE

VCC_Io
VCC_LCD

VCC_FLASH
Sheet 4
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37, T

EM Inter face

EM_CS
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————————fEM_DBG_DC

EM_SNIFF_SFD
EM_SNIFF_MISO

1

1
EM_SNIFF_CLK
EM_SNIFF_DATA

EM_UART_TX

EM_UART_RX
EM_UART_CTS

EM_UART_RTS

DBG_DD_DIR

- EM connection
- External

SolC debug

Liser

Inter face

- LCD
- Flash

- LEDs

EM_JOY_MOVE
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EM_JOY_LEVEL
EM_LCD_FLASH_RESET
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I
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EM_SCLK
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EM_BUTTONI
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EM_JOYSTICK _UP

10_JOYSTICK_UP
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EM_JOYSTICK_RT
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ID_POT_R
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b
|
BN SR T TR R

T
T

EM_RESET
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All mount

USB_EM_RESET

- Joystick
- Potmeter
- Buttons
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VCC_LCD
VCC_Io

VCC_EM

I0_EM_RESET

Sheet b5
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

WARNING

Evaluation Kits are intended solely for use by technically qualified,
professional electronics experts who are familiar with the dangers
and application risks associated with handling electrical mechanical
components, systems, and subsystems.

User shall operate the Evaluation Kit within TI's recommended
guidelines and any applicable legal or environmental requirements
as well as reasonable and customary safeguards. Failure to set up

and/or operate the Evaluation Kit within TI's recommended
guidelines may result in personal injury or death or property
damage. Proper set up entails following TI's instructions for
electrical ratings of interface circuits such as input, output and
electrical loads.

NOTE:

EXPOSURE TO ELECTROSTATIC DISCHARGE (ESD) MAY CAUSE DEGREDATION OR FAILURE OF THE EVALUATION
KIT; TI RECOMMENDS STORAGE OF THE EVALUATION KIT IN A PROTECTIVE ESD BAG.
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Regulatory Notices:

3.1

3.2

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.
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3.3

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et

d'un gain maximal (ou inférieur) approuvé pour I'émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage

radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope

rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le

présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le

manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne

non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de

I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page HZAEMAIC
BAThBEAETY M, R—RIZDOVTRE, ROEZHEZEBIEEL,
https://www.ti.com/ja-jp/legal/notice-for-evaluation-kits-delivered-in-japan.html

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

BENBRMERBEEIC OV TORERFY NESFEVICEZBOEESEIIOVTE, ROEZHrEIEBLLEE
L, https://www.ti.com/ja-jp/legal/notice-for-evaluation-kits-for-power-line-communication.html

3.4 European Union

3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.
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4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by TI regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user 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, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.

6. Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

7. USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.
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8.

10.

Limitations on Damages and Liability:

8.1

8.2

General Limitations. IN NO EVENT SHALL Tl BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)

will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2023, Texas Instruments Incorporated
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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