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AFE4300 Development Guide

This user's guide describes the characteristics, operation and use of the AFE4300EVM-PDK
demonstration kit. This demonstration kit is an evaluation module for the AFE4300 device. The AFE4300
is an analog-front-end incorporating two separate signal chains; one targeting weight measurement and
the other targeting body composition analysis. The AFE4300EVM-PDK is intended for prototyping and
evaluation. This user's guide includes a complete circuit description, schematic diagram, and bill of
materials (BOM).

The following related documents are available through the Texas Instruments web site at
http://www.ti.com.

Related Documentation

Device Literature Number
AFE4300 SBAS586

1 AFE4300EVM-PDK Overview

1.1 Important Disclaimer Information

CAUTION

The AFE4300EVM-PDK is intended for feasibility and evaluation testing
only in laboratory and development environments. This product is not for
diagnostic use.

The AFE4300EVM-PDK is to be used only under these conditions:

 The AFE4300EVM-PDK is intended only for electrical evaluation of the features of the AFE4300 device
in a laboratory, simulation, or development environment.

» The AFE4300EVM-PDK is not intended for direct interface with a patient, or patient diagnostics.

» The AFE4300EVM-PDK is intended only for development purposes. It is not intended to be used as all
or part of an end-equipment application.

e The AFE4300EVM-PDK should be used only by qualified engineers and technicians who are familiar
with the risks associated with handling electrical and mechanical components, systems, and
subsystems.

* The user is responsible for the safety of himself, fellow employees and contractors, and coworkers
when using or handling the AFE4300EVM-PDK. Furthermore, the user is fully responsible for the
contact interface between the human body and electronics; consequently, the user is responsible for
preventing electrical hazards such as shock, electrostatic discharge, and electrical overstress of
electric circuit components.

Pentium Ill, Celeron are registered trademarks of Intel Corporation.
Windows is a registered trademark of Microsoft.

SPI is a trademark of Motorola, Inc.

All other trademarks are the property of their respective owners.
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2 Overview

2.1 Introduction

The AFE4300EVM-PDK demonstration kit is intended for evaluating the AFE4300 device, a low-cost,
analog-front-end incorporating two separate signal chains; one targeting weight measurement and the
other targeting body composition analysis. The AFE4300EVM-PDK demonstration kit contains the
following items:

* AFE4300EVM printed circuit board (PCB)

*  MMB3 modular motherboard

» USB cable

The digital SPI™ control interface is provided by the MMB3 board that connects to the AFE4300
evaluation board. The purpose of AFE4300EVM-PDK is to expedite evaluation and system development.

The MMB3 board allows the AFE4300EVM to be connected to the computer through an available USB
port. This user guide shows how to use the MMB3 board as part of the AFE4300EVM, but does not
provide technical details about the MMB3 board itself.

Throughout this document, the abbreviation EVM and the term evaluation module are synonymous with
the AFE4300EVM-PDK.

2.2 Supported Features

Support for up to four load-cell inputs.

Support for tetrapolar impedance measurements.

Onboard load-cell simulation block.

Onboard impedance simulation block.

Acquire data at up to 860 samples per second (SPS) in data capture mode.
USB-based power and PC application connectivity.

Analysis tools, including a virtual oscilloscope, histogram, and fast Fourier transform (FFT) on the PC
application.

8. Access the AFE4300 registers through an easy-to-use graphical user interface (GUI) PC-based
application.

Noook~owodhPE
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3 Software Installation
3.1 Minimum Requirements

Before installing the software, verify that your PC meets the minimum requirements outlined in this

section.
3.11 Required Setup for AFE4300EVM GUI Software

1. PC-compatible computer

2. Pentium lll® or Celeron® processor, 866 MHz or equivalent

3. Minimum 256 MB of RAM (512 MB or greater recommended)

4. Hard disk drive with at least 200 MB free space

5. Windows® XP operating system with SP2, or Windows 7 operating system

6. 1280 x 1024 or greater display screen resolution

7. Mouse or other pointing device

8. Auvailable USB input
3.1.2 Additional Requirements for Use with Hardware

1. AFE4300EVM-PDK Demonstration Kit

2. USB cable
3.2 Installing the Software (PC Application)

The GUI software to evaluate the AFE4300 device is available at the Texas Instruments web site at
http://www.ti.com

Before installing the software, make sure the AFE4300EVM-PDK is not connected to the PC. If using a
machine with Windows 7, it is recommended to have administrator rights to avoid problems during
installation.

Unzip the installer file to a temporary directory, and then double click setup.exe from the
C:\temp\AFE4300 EVM GUI Installer directory to install the software. Unless otherwise specified during
the installation process, the software installs at C:\Program Files\Texas Instruments\AFE4300 Device GUI.
The installation creates a program menu item (AFE4300 Device GUI under Start — All Programs — Texas
Instruments — AFE4300 Device GUI) to execute the software.

Follow these directions to ensure proper installation of the PC application.
Double click on setup.exe and the screen as shown in Figure 1 appears. Click Next to continue.
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W AFE4300 Device GUI

Destination Directony
Sefact lhe primary installation deechory.

& zoftvare vall e st allad n the folowang locationfz]. To install soltware into a
different location(z). cick the Biowse button and selact another dinechony

Deeciony hor AFE4300 Device GLI
||: Program Fles\Texas Inslrumentsl, i | Biowsa,.. ]

Diwechory For Matonal instrumerds products
[E-\Program FesNational Insinunens\ | [ Biowse.. |

[ <% Back ][ Mexd 52 ” Cancel ]

Figure 1. PC Application Installation Screen 1

Accept the GUI License Agreement, as shown in Figure 2, and click Next to continue.

¥ AFE4300 Device GUI

License Agieement
Y'ou must accept the icensefs] dizplaped below to procesd

G Software Evaluation and Internal Use License Agreement

Important - Please read the following license agreement carefully. This is a legally
kinding agreement,  After you read this license agreement, you will be asked
whether you accept and agree to the terms of this license agreement. Do not click
“I hawve read and agree™ unless: (1) you are authorized 1o accept and agree to the
terms of this license agreement on behalf of yowrself amnd your company: and (2}
you intend to enter into and to be bound by the tenms of this legally binding
agreeament on behalf of yourse and your company.

L L TS L

L T P ad sscsdiallica Thicz salcsilian sclisces lpsuass acossssan

C}Idundmpthm-ﬁgw

[ «Back |[ Mewss ][  Cancel |

Figure 2. PC Application Installation Screen 2
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Accept the NI and VI license agreements, as shown in Figure 3, and click Next to continue.

5§ AFE4300 Device GUI

License Agieement
Yo st accept the boense(s] deplaved below to procesd

NATIONAL INSTRUMENTS SOFTWARE LICENSE
AGREEMENT

| [NSTALLATION MOTICE: THIS IS A CONTRACT. BEFORE YOL DOWNLOAD THE SOFTWARE
HANDIOR COMPLETE THE INSTALLATION PROCESE, CAREFULLY READ THIS AGREEMEMT.

{ (B DOVNLOADING THE SOFTYWARE AMDIOR CLICKING THE APPLICABLE BUTTON TO

| [COMPLETE THE INSTALLATION PROCESS, YOLL CONSENT TO THE TERMS OF THIS
AGREEMENT AND YOU AGREE TO BE BOUND BY THIS AGREEMENT . IF YOUI DO NOT WISH

| [FO BECOME APARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND

| [CONDITIONS, CLICK THE AFFPROFRIATE BUTTON TO CANCEL THE INSTALLATION

| [PROCESS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE

WMWITHIN THIRTY (30) DAYS OF RECEIFT OF THE SOFTWARE (WITH ALL ACCOMPANYING

| MVRITTEN MATERIALS, ALONG WITH THEIR CONTAINERS) TO THE PLACE YOU OBTAINED ¥

(%) | accept the sbove 2 Licens Agresmentz]
() 1 do not sccept o these License Agresment{s]

| o4 Back H Het »» || Cancel |

Figure 3. PC Application Installation Screen 3

The next screen in the installation process shows the software files that will be installed on your PC, as
shown in Figure 4. Click Next to continue.

= AFE4300 Device GUI

Stat Installation
Fierwnsw the lobosinng sufimany before conlirurg

Addh Ch :
# AFEL300 Device GUI Flez
» HIAVISA 5.0

R Tirne Suppod

Chick thes Mext button to begr installatior.  Chck the Biack. buthon to changs the instalstion seitngs.

[GavaFie. || <cBack || Meds> ||  Cancel |

Figure 4. PC Application Installation Screen 4
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The LabVIEW application software is now installed, as shown in Figure 5. Click Next to install the USB
drivers.

% AFE4300 Device GUI E| O B_J

Inztallation Complete

The installes has finizhed updating wour spshem

Figure 5. PC Application Installation Screen 5

3.3 Installing the USB Drivers

The communication interface between the AFE4300EVM-PDK and PC is through the USB. A one-time
installation of the USB driver is required to enable communication between AFE4300EVM-PDK and PC

application.

The following steps ensure proper installation of the USB drivers. Figure 6 shows a dialog box notification
that the TUSB3410 single driver installation is about to start. Click OK to continue.

fE AFE4300 Additional Installers: TUSB3410

TUSE2410 “CP Single Driver Installation is about to start,

If TUSB3410 iz already installed in this systern, & 'Confirmn Uninstall
dialog will appear. In case you do not want to uninstall the instaled
version, select 'Cancel' in the 'Confirrn Uninstall' dialog, This will neither
install this TLISE3410 WCP Single Driver not rake any changes in the
TUSE drivers of your systern,

Figure 6. USB Driver Installation Wizard Screen 1
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The InstallShield Wizard prompts about the installation of TUSB3410 on your computer, as shown in
Figure 7. Click Next to continue.

TUSB3410 - InstallShield Wizard X
TUSB3410

The InstallShield ‘\Wizard will ingtall TUSEZ3410 on wour
computer. To continue, chck Mext.

¢ Back et = ][ Cancel

Figure 7. USB Driver Installation Wizard Screen 2

Accept the VCP Driver License Agreement, as shown in Figure 8 and click Next to continue. The progress
of the installation of the USB drivers is shown in Figure 9.
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TUSB34100 - InstallShield Wizard

License Agreement

Pleaze read the following license agreement carefully,

TUSB3410 VCP Driver Software License Agreement M
Mersion 1 as of 27 March 2008) =

Important - Please read the following license agreement carefully.
This is a legally binding agreement. After you read this license
agreement, you will be asked whether you accept and agree to
the terms of this license agreement. Do not click “l have read
and agree” unless: {1} you are authorized to accept and agree to
the terms of this license agreement on hehalf of (i} in the case of
an individual, yourself and (ii} in the case of an entity, yourself and -+

() | accept the terms of the license agreement

()| do mot accept the terms of the licenze agreement

[rztallS hield

¢ Back " Mest » l[ Cancel ]

Figure 8. USB Driver Installation Wizard Screen 3

TUSB3410 - InstallShield Wizard d

Setup Status

Teras Ingtruments TIISB3410 Drivers iz configuning pour new software installation.

Inztalling TUSB 3410 drivers on the Spstem. ..

Cancel

Figure 9. USB Driver Installation Wizard Screen 4
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Click on Finish to complete the installation of the USB drivers on your computer, as shown in Figure 10.
The AFE4300EVM-PDK is now ready to use.

TUSB3410 - InstallShield Wizard

TUSB3410

Setup has finished installing TUSB 3410 on vour computer,

< Back Cancel

Figure 10. USB Driver Installation Wizard Screen 5

Plug one end of the USB cable to the J1 connector on the MMB3 board, and the other end into the USB
port on the PC.
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The TUSB3410 device on the MMB3 board is now recognized as the Virtual COM port under the Device
Manager (Start — Control Panel — System — Hardware — Device Manager — Ports (COM & LPT)). An
example COM port is shown in Figure 11.

DEX

L. Device Manager

1 LABAN2064358
+ ) Computer
+ g Disk drives

+ W Display adapters
% L, DVDJCD-ROM drives
r3
Fa
+
+

! =) Floppy disk controllers
J4 Floppy disk drives
(kg Human Interface Devices
@ IDE ATAATAPI controllers
# s Keyboards
=+ "_", Mice and other pointing devices
+ ¥ Monitors
+ ‘W national Instruments GPIB Inkerfaces
+ HB Network adapters
= 5 Ports (COM & LPT)
¥ Communications Port (COM1)
4 ECP Printer Port (LPTI)

LHELE L IS RESTIET E
i 'ﬂ‘ Processors
+ @ Sound, video and game controllers
+ b System devices
* Universal Serial Bus controliers

Figure 11. Device Manager Screen
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4 Using the Software: AFE4300 Device GUI and Control Registers

From the Start menu, select All programs — Texas Instruments — AFE4300 Device GUI to run the
AFE4300EVM GUI software. Unless the hardware has been disconnected, the user will see messages
that confirm that the connection has been established and the program is waiting in idle mode for user
input.

If the connection to the AFE4300 board is not established, then the program prompts the user to check
the connection between the PC and AFE4300EVM and retry, as shown in Figure 12.

B3

Error -1073307343 accurred ak Property Mode (arg 17 in WISA
Configure Serial Park (Inske), vi- =AFE4300 Serial Interface. vclass:
Initialize. vi- =Register Map. lvclass:Initialize Interface [Private]. vi-
»Reqister Map. vclass:Update Interface, vi- =AFE4300 Device

G Ivib:Frame wi

Possible reason(s):

WISA: (Hex OxBFFFO01 1) Insufficient lacation inFarmation ar the
device or resource is nok present in the system,

[ Stap | [ Continue

Figure 12. EVM Not Connected to USB Error Message
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41 Overview of the Features

This section provides a quick overview of the various features and functions of the AFE4300 device GUI

software package.
There are four primary tabs:

« Device Configuration: Used to configure all the AFE4300 user registers in a series of related

subtabs.

— Global Settings

— Weight Scale Controls

— BCM Controls

— ADC Controls

— Low Level Configuration
* ADC Capture and Analysis: Used to view and analyze the raw data.
» About: Product safety warnings, restrictions, and disclaimers. (see Figure 13)
e Save: Used to write data samples and analysis results to a file.

EN AFE4300 Device GUI
File Debug Tools

w AFE4300 Device GUI

E0X

[[]Simulate Communication

Product Safety Warnincs, Restrictions and Disclaimers

The following set-up, use and application requirements must be folowed:

1. The AFE4300 boards are NOT for diagnostic use.

2. The AFE4300 boards are NOT for for direct use with, or use in proximity of, an energized Defibrilator

2. The AFE4200 boards are ONLY for Feasibiity Evaluation in Laboratory fDevelopment. Enwironments.

4. The AFE4300 hoards intended application is solsly for use in a laboratory/development ervironment, restricted to
feashility evaluation and development purpases, and not for diagnostic purpases and/or interface with human beings and/or
animals,

S, The AFE4300 hoards are ONLY for use by qualiied enginesrs and technicians famiiar with the potentil electrical shock,
fire and personal injury risks associated in handling subassembly electrical and mechanical components,

6. Use in conjunction with andfor aciacent to a defibrilatar is strictly prohibited; application interface electranics shall nat
exceed their intended ratings, Refer to user instructions and the The AFE4300 user guide far further interface detais,

For further information on application safety, refer to the standard T terms and conditions docLimentation XXKXEKKXKK

Device Configuration ADC Capture & Analysis isbout Save
GUI Name : AFE4300 Device GUT
Build date :Jun 08, 2012

Copyright (c) 2011 National Instruments Corporation. All Rights Reserved

Copyright (c) 2011 Texas Intruments. All Rights Reserved

Updated the Tree with regsiter detals J 6/13/2012 10:10:2L J Version:1,3.0.0 J | ] J DLE

J@ TEXAS INSTRUMENTS

Figure 13. Product Safety Warnings, Restrictions, and Disclaimers
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41.1

4111

Device Configuration Tab

The Device Configuration tab is used to configure the AFE4300 device. This tab contains five subtabs:
Global Settings, Weight Scale Controls, BCM Controls, ADC Controls, and Low Level Configuration.

Global Settings Subtab

The Global Settings subtab has following features:
1. Reset To EVM Defaults button that is used to reset the device and set up the board to the EVM default

register settings.
2. Enables the user:

(@) To modify the clock frequency provided externally,

(b) To modify the external Vg
(c) To turn on the device.

£ and

The Global Settings subtab is shown in Figure 14.

AFE4300 Device GUI

File Debug

\‘:k AFE4300 Device GUI []simulate Communication
Device Configuration ADC Capture & Analysis Apaut Save.
Global Settings Wewéht Seale Controls BCM Controls ADC Controls Low Lave\‘(nn}lqurakmn
Reset to EVM Defaults
Clock Frequency | 1wz
Internal Vref 17
External Vref | 17V | & active
Chip ON? 4
I[Updated the Tree with regsiter details J?%J!a/zmz 10:12:57 J Version:1.3.0.0 J‘ CONMECTED J IDLE ﬁ TexAs INSTRUMENTS|
Figure 14. Device Configuration: Global Settings
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4.1.1.2 Weight Scale Controls Subtab

The Weight Scale Controls subtab under the Device Configuration tab is a user-configurable graphical

representation of the weight-scale front-end controls, allowing the user to:
e Turn on and off the weight-scale front-end chain.

» Select the four weight-scale channels.

e Turn on and off the digital-to-analog converter (DAC).

» Set the 6-bit DAC offset.

» Select the gain of the second stage.

The Weight Scale Controls subtab is shown in Figure 15.

EN AFE4300 Device GUI
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about
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Y

| uliple fieks written, double ik here ko view al status
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Figure 15. Device Configuration: Weight Scale Front-End Controls
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41.13

BCM Controls Subtab

The BCM Controls subtab under the Device Configuration tab is a user-configurable graphical
representation of the body composition measurement (BCM) front-end controls. allowing the user to:

e Turn on and off the BCM front-end chain.

» Select the impedance channels to inject the sinusoidal current.

» Select the impedance channels to measure the voltage potential.
» Select the full-wave rectifier or 1/Q demodulator.

» Select the code for the direct digital synthesizer (DDS).

The BCM Controls subtab is shown in Figure 16.

EN AFE4300 Device GUI
File Debug 7ok e

Device Configuration

AFE4300 Device GUI

ADC Capture 8 Analysis I About

[]simulate Communication

Save

Global Settings

weight Scale Controls |
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Figure 16
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41.1.4

ADC Controls Subtab

The ADC Controls subtab under the Device Configuration tab is a user-configurable graphical
representation of the AFE4300 analog-to-digital converter (ADC) Controls, allowing the user to:

Turn on and off the ADC.

Select the gain of the ADC.

Select the data rate for the decimation filter.

Select any of the AUX, WS, BCM |, and BCM Q channels.
Enable battery monitoring.

The ADC Control subtab is shown in Figure 17.
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Figure 17. Device Configuration: ADC Controls
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41.15

Low Level Configuration Subtab

The Low Level Configuration subtab under the Device Configuration tab is used to directly configure the
various registers of the AFE4300 device. Please refer to the AFE4300 data sheet (SBAS586) for the
register details of the chip.

Figure 18 shows the low-level configuration registers of the AFE4300 device. The register map portion of
this subtab shows the reset values of the registers under the Default column, and the EVM default values
of the registers after the GUI is loaded under the EVM Default column. The LW* column shows the latest
written values of the AFE4300 registers, and the LR* column shows the latest read values of the AFE4300

registers.

E] AFE4300 Device GUI EE®
Fie Debug
m&‘ AFE4300 Device GUI [[]Simulate Communication
Device Configuration ADC Capture & analysis About Sawe
Global Settings \theight: Scale Controls BCM Controls ADC Contrels Low Level Configuration
Register Map W3 Last Write ; *LR—> Last Read Register Data [Transfer ReadtoWrte | pegister peseription
[ Register Name Address | Default | Mode| Size | LW* | (R* | EvMDefauk A || write Data a
AFE4300 =l 5
ADC_DATA_RESULTL 0x00 0x0000 (R 16 | 0x0000 | 0x2AAC 00000
ADC_CONTROL_REGISTER 0x01 0x00C0 (RfW | 16 | 0¥5140 | 0x5140 | 0x5140 3
WMI5C1_REGISTER 0x02 W00l |Rfw | 16 | 0x0000 | 0x0000 | 0xa00n Wrike Register |
MISCZ_REGISTER 0x03 7FFF | RfW | 16 | 0xFFFF | OxFFFF | DxFFFF e J
DEVICE_CONTROL_t 0x09 00000 | RMW | 16 | 0x0004 | 0x0004 | 0x0004
I5W_MATRI: Ox0A 0x0000 | R/W | 16 | 0x0000 | 0x0000 | 0x0000
VSW_MATRIX 0x0B | 0x0000 [RAW | 16 | Dx0000 | 0x0000 | 0x0000 Read Data
IQ_MODE_ENAEBLE ox0C 0000 | RAW | 16 | 0x0000 | 0x0000 | 0x0000 i
WEIGHT SCALE CONTROL ax0D 0000 | RAW | 16 | 00000 | 0x0000| 0x0000 a
BCM_DAC_FREQ Ox0E 00000 | RAW | 16 | 0x0040 | 0x0040 | 0x0040 ———
DEVICE_CONTROL 2 0x0F | oxoooo [Rpw | 16 | 0xo00o | oxoooo | oxooon Read Register |
ADC_CONTROL_REGISTER_2 0x10 020000 |RfW |16 | 0x0011 | 0x0011 | Ox0011 —
MISC3_REGISTER x4 000 | RMAW 16 | 0000 | 0x00C0 | CeO0co
Current address
o
Read Al
b ¥
= 1 = = = — —
Updated the Tree with regsier detais | |snsriziozar || vesenzoo | [[COMESTEDRI | mLE i Texas INsTRUMENTS

Figure 18. Device Configuration: Low Level Configuration

When a selection is made on any of the tabs on the GUI, multiple fields of various registers are modified.
Click on the lower-left corner of the GUI to view the registers that are modified when a selection is made.

NOTE:
not supported.

The AFE4300 device GUI only supports Continuous-Conversion mode. Single-Shot mode is
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41.2

User |I'|P|.It5 ce Configuration About Save
Data Rate (sps) vref (valts)
Capture Mode Finite: 144 ) g Plot Modes
No. of Samples 512 E
Volsjcades alks 3 | Time Domain | AWDD | 42 B
0.3, | | T
PLOT DOMAIN Click to enable Grab
0.28

ADC Capture and Analysis

The ADC Capture and Analysis tab consists of various analysis routines and displays. This tab is used to:
Set the capture mode to finite or continuous.

Set the number of samples (block size) in Finite Capture mode.

Set the display to volts or codes

Acquire the data by clicking on the Capture button.

The captured data can be analyzed in time domain and frequency domain; the data can also be displayed
in a histogram format. The ADC Capture and Analysis tab is shown in Figure 19.

I} AFE4300 Device GUI (9[=13

File Debug
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t Results
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1 '
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000 B500 7000 7500 8000 8500 2000

Updates

d the Tree with regsiter details I0LE

Jsflaﬂzulz 10:25:53 J Version: 1.3.00 J CONNECTED J N TEXAS INSTRUMENTS|

Figure 19. ADC Capture and Analysis Tab

By selecting the Time Domain plot, the data are displayed in time domain format. The units can be
converted from codes to volts using the drop-down window in the top-left corner of the GUI. For the time
domain plot, the mean voltage, root mean square (RMS) voltage, and peak-to-peak voltage are displayed
in the Test Results section, located on the left side of the GUI.

By selecting the FFT plot, the data are displayed in the frequency domain by performing an FFT on the
channel selected. Details of the FFT (including SNR, THD, and so on) are shown in the Test Results
section located in the left side of the GUI.

Selecting the Histogram plot displays the data in a histogram format for the channel selected. The data
are arranged in the total number of histogram bins set within the tab following acquisition. The histogram
analysis (shown in the Test Results section of the GUI) is used to view the mean voltage, root mean
square (RMS) voltage, and peak-to-peak voltage.

Two plot modes can be selected: Single Plot or Double Plot. In Single Plot mode, only one plot (Time,
FFT, or Histogram) can be viewed and analyzed for post processing. In Double Plot mode, any two plots
(Time, FFT or Histogram) can be viewed and analyzed.
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4.1.3 Save Tab
The Save tab shown in Figure 20 provides provisions to save the analysis or data to a file. By default, the
data are saved to C:\Program Files\Texas Instruments\AFE4300 Device GUI\Log. Use the Directory to
Save Files option to select the folder where data are to be saved. In the pop-up window, navigate to the
folder where the data file is to be saved and select Use Current Folder. Then select Save to File to save
the file.
£4 AFE4300 Device GUI
|Fle Dsbug
w AFE4300 Device GUI []Simulate Communication
Device Corfiguration | ADC Capture & Analysis About 1 Save
Analysis to Save Channels to Save Save File Settings
LR 2 T F;T;:;t::i:::\:ii;]nstruments\AFE43DDDevlceGU[\Lug |
[JHistogram Analysis eiie i
[JRegister Settings Device 1 [[Jinchude Timestamp
User Comments
[[JDaka - Codes
[IFFTData
[JHistogram Data
[Lodoted e Tree s regerercorts [epsimizoss || wesoison || IeoweeEmn | o ) Texas INSTRUMENTS
Figure 20. Save Tab
Table 1. Description for the Controls in Save Tab
Button/Control Description
FFT Analysis For saving FFT analysis result. The result is saved in the file Device_"record number”_Analysis.xls.
Histogram Analysis | For saving histogram analysis result. The result is saved in the file Device_"record number"_Analysis.xls.
Register Setting All the <?'urrent relgister values are read from the EVM and stored. The result is saved in the file Device_"record
number”_Analysis.xls.
Data - Codes Acquired data sample values are stored to the file Device_"record number"_Codes.xIs.
FFT Data Acquired data samples FFT values are stored to the file Device_"record number"_FFT.xls.
The record number saves files with the provided number in the file name. User notes can also be added to
the file by typing the notes in the user comments control.
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5 AFE4300EVM Hardware

CAUTION

Many of the components on the AFE4300EVM are susceptible to damage by
electrostatic discharge (ESD). Customers are advised to observe proper ESD
handling precautions when unpacking and handling the EVM, including the use
of a grounded wrist strap, bootstraps, or mats at an approved ESD workstation.
Safety glasses should also be worn.

The AFE4300 weight-scale and BCM front-end evaluation board is configured to be used with the MMB3
board, which acts as the data capture card. The key features of the AFE4300 device are:

Two separate signal chains for weight-scale and BCM analysis.
Supports up to four load-cell inputs.

On-chip load-cell 1.7-V excitation voltage for ratiometric measurement.
Supports up to three tetrapolar complex impedance measurements.
16-bit ADC.

Data rates of 8 SPS to 860 SPS.

2-V to 3.6-V digital supply.

SPI data interface.

The AFE4300EVM is used as a demonstration board for weight-scale and body composition measurement
applications. The EVM provides load-cell terminals to support up to four load-cell inputs for weight-scale
measurements, BCM terminals to support up to three tetrapolar complex impedance measurements. Any
type of single-ended or differential signals can be fed directly to the AFE4300 through the auxiliary (AUX1
and AUX2) inputs. External support circuits, such as an antialiasing network for load-cell terminals, trim-
pot for setting the gain of the instrumentation amplifier at the weight-scale front-end, instrumentation
amplifiers for the BCM differential terminals, load-cell simulation block, impedance simulation block,
clocks, and external references are provided for testing purposes.

Figure 21 shows the functional block diagram for the AFE4300EVM.

BCM BCM
Voltage Measurment Current Injection lrg?rﬁﬂgqge
Terminals Terminals c
onnector
A
A
Shunt Jumper | 6
6 (Not Installed) [
Y - Impedance
Protection and Protection and Simulate Block
AC-Coupling Block AC-Coupling Block
A
6 6
AUX2
- P Antialiasing | 4 Load-Cell
MMB3 Digital Connector AFE4300 < Fiter [ Terminals
A
MMB3 Power Connector
A 4
T Load-Cell
Simulate Block
AUX1

Figure 21. AFE4300EVM Block Diagram
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5.1

5.2

5.3

The AFE4300EVM board is a two-layer circuit board. The board layout is provided in Section B.1, and the
schematics are provided in Section B.2. The bill of materials is provided in Appendix A. The following
sections explain some of the hardware settings possible with the EVM for the evaluating the AFE4300
under various test conditions.

Power Supply

The AFE4300EVM mounts on the MMB3 data capture card with connectors J101, J102 and J103 on the
AFE4300EVM. The main power supply for the AFE4300EVM is provided by the MMB3 host board through
power connector J102 on the AFE4300EVM. The AFE4300 can operate from +2-V to +3.6-V analog
supply (AVDD/AVSS). The power consumption of the AFE4300EVM is measured by using the J8
connector. The power consumption of the AFE4300 device can be measured by using the J9 connector.

Clock

The AFE4300 device requires an external 1-MHz clock signal. The AFE4300EVM provides an option to
provide the external 1-MHz clock signal from the MMB3 host board, or through an SMA connector. The
AFE4300EVM-PDK is shipped with the clock signal routed from the MMB3 host board.

Reference

The AFE4300 has an on-chip internal reference circuit and an on-chip, low-dropout regulator (LDO) that
provides reference voltages to the device. Alternatively, the internal references can be powered down and
references can be applied externally. TP4 is used to measure the reference voltage, Vgee. Jumper J54, pin
2 is used to measure VLDO. Table 2 presents the various configurations for the reference voltages.

Table 2. Reference Voltage Configurations

Mode Register 0x10 [6:5] VLDO Pin VREF Pin ADC Reference

00 1.7V Floating 1.7 V (from LDO)
Weight scale enabled ) External reference
1 A Floating (applied on VREF pin)
. External reference
00 Floatin 1.7V ) f
BCM enabled 9 (applied on VLDO pin)
11 Floating 1.7V 1.7 V (from reference)

00 1.7V Floating 1.7 V (from LDO)

Both off (AUX

measurement) 11 17V Floating External reference

(applied on VREF pin)
Both on (Invalid Mode) — — — —
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5.4 Accessing AFE4300 Digital Signals

The AFE4300 digital signals (including SPI signals and control signals) are available at connector J103.

These signals are used to interface to the MMBO-like data capture board. The pinout for this connector is

given in Table 3.

Table 3. Digital Connector Pinout

Signal J103 Pin Number VREF pin
STE1 1 2 NC
SCLK 3 4 GND
NC 5 6 NC
NC 7 8 RESET_MCU
NC 9 10 GND
SIMO1 11 12 NC
SOMI1 13 14 NC
RDY 15 16 NC
CLK_MCU 17 18 GND
NC 19 20 SDQ

5.5 Onboard Key Interface (Reset)

The AFE4300EVM has one switch. When this switch is pressed, a hard reset is issued to the AFE4300

device setting all the registers to the reset state.

5.6 Connector Interface

Table 4 presents the signal description of the connectors provided for the weight-scale load cell, BCM

impedance, and AUX terminals.

Table 4. AFE4300EVM Onboard Connectors

Connector Signal Description
J56 (1-2) INP1 / INM1 (Load cell terminal channel 1)
J56 (3-4) INP2 / INM2 (Load cell terminal channel 2)
J55 (1-2) INP3 / INM3 (Load cell terminal channel 3)
J55 (3-4) INP4 / INM4 (Load cell terminal channel 4)
J36 (1-2) IOUTO / IOUT1 (Current source output to electrodes)
J38 (1-2) I0UT2 / IOUT3 (Current source output to electrodes)
J38 (3-4) I0UT4 / IOUTS5 (Current source output to electrodes)
J10 (1-2) VSENSEO / VSENSEL1 (Input to differential amplifier from electrodes)
J21 (1-2) VSENSE2 / VSENSES3 (Input to differential amplifier from electrodes)
J21 (2-3) VSENSE4 / VSENSES (Input to differential amplifier from electrodes)
J37 (1-2) AUX1 / AVSS
J1(1-2) AUX2 | AVSS
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6 Getting Started

6.1 Power Up and Connection Setup
The following steps help to guide you through power up and connection of the EVM. Figure 22 shows the
hardware setup.
1. Connect the USB cable to the J1 connector on the MMB3 board.
2. For weigh-scale setup:

(a) To connect external load cells: use connectors J55 or J56 to connect to any or all of the four
channels: INP[:03] and INM[3:0].

(b) To connect the onboard load cell: place shunts between pins 2 and 3 for J46 through J53 to switch
to the onboard load cell. Note that by default, the shunts are placed between pins 1 and 2 to enable
connection to external load cell terminals.

3. For BCM hardware setup:
(a) Connect current injection electrodes across IOUT[5:0] terminals (J36 and J38).
(b) Connect voltage measurement electrodes across VSENSE[5:0] terminals (J10 and J21).

Load-Cell Terminals

Jumpers used to switch
between onboard load cell
and external load-cell terminals.

Impedance- ®
Simulation =e—fp| & :
Terminals ¥ i
E8 EE EE K 3
¢ 3 © ,Il-.l LA 'ET;;'}V ;-.:J: s
10UT ' Z S 5
Terminals > A 2l R R
BEEEER § = P ®
| g ;=TI =i
Y fom e =
*) = : ©
e L
EEle
v/ ..I.' 4
. B xg o kI EE
g a o § &4) =
VSENSE S rgo & - L5y : < )
Terminals _> ] o B ; e i
. & / elC% m
X o s
y ol 4 it -
: L 3 q § [] :
¥ : Bz . -
i'u : : ‘ ‘i-‘
;’y !’J E E ! '“ {f ESET }‘
E&l e
HohERee U
Short jumpers if same electrode is used for
injecting current and measuring potentials.
Figure 22. Hardware Setup
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6.2 Weigh-Scale Demonstration Using Onboard Load Cell

This section describes using the onboard load cell to set up the weigh-scale function.

6.2.1 Hardware Setup
Place shunts across J52 and J53 (pins INP1 and INM1) to connect channel 1.

6.2.2 Graphical User Interface (GUI) Settings

The following steps set up the weigh-scale function using the GUI. Figure 23 shows the GUI window with

the step numbers highlighted.

1. Click on the Device Configuration tab.

2. Then click on the Weight Scale Control subtab.
3. Select the INP1 and INM1 channel.

4. Click the WS ON? button to enable the weigh-scale function.

B W E4 300 Dervicr G0
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" Sarvasaf i [ v e
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P Doy
£'| AFE4300 Device GUI f
Ewrvr Coriguriten EDC Cagurw B drushe Aln
sl it = e g Ltk T WM b AOC Combele
AFE4300
wﬂiﬂ"' Tt Fivin = Controls

WS OMT
+
>

Ve el seitan, clwlie ek ey o st ol ol 0 NEEZI0E | | weeitnd || GCMSCRDNN o

3 Tious bamrivanTs

Figure 23. Weigh-Scale GUI Settings
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6.2.3

Weigh-Scale ADC Output Display

This following steps describe how to view the weigh-scale ADC output display, and are highlighted in

Figure 24.

1. Click on the ADC Capture & Analysis tab.
2. Set the Capture Mode to Continuous.
3. Turn on VR2 (refer to attached scematics) to see that the waveform changes in the display window.
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Figure 24. Weigh-Scale ADC Output Display
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6.3 BCM Demonstration Using Onboard Impedance Simulate Block

This section describes how to use the onboard impedance simulate block for body composition
measurement.

6.3.1 Hardware Setup

The following steps describe the hardware setup:

1. For demonstration purposes, place shunts across J11, J12, J22, J23, J24, and J25. Connect wires
across the impedance simulate terminal and either the IOUT[5:0] or VSENSE[5:0] terminals.

2. Switch (SW3) third position is in the ON position, which simulates a 1-kQ body impedance resistor
between IOUTO and IOUT1.

6.3.2 GUI Settings
The following steps describe the GUI setup, and are highlighted in Figure 25.

1. Click on the Device Configuration tab.
2. Click on BCM Control subtab.
3. Select the VSENSEL1 terminal using the + dial.
4. Select the VSENSEO terminal using the — dial.
5. Select the IOUTO terminal for the FBO dial.
6. Select the IOUT1 terminal for the FB1 dial.
7. Click the BCM ON? button to enable the weight-scale function.
L
|4’ AFE4300 Device GUI o S——
[ — B Capar B " et b —-
el ARG weghi e Covtrul O Canfroi RO Cariral e Ll g st

AFEA300
BCM Front End Controls

T ——p— stz || o .00 I ceernm o &3 Thxas IvstsmsTs

Figure 25. BCM GUI Settings
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6.3.3 BCM ADC Output Display

This following steps describe how to view the BCM ADC output display, and are highlighted in Figure 26.
1. Click on the ADC Capture & Analysis tab.
2. Set the Capture Mode to Continuous.

3. In the Test Results window, check the value in the Mean (V) row. For a 1-kQ body-impedance resistor,
the mean volts are approximately 0.69 V.
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Figure 26. BCM ADC Output Display
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Appendix A Bill of Materials (BOM)

The following pages show the bill of materials table, landscaped for readability.
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Table 5. Bill of Materials
Item Quantity Ref Des Description Manufacturer Part Number
1 6 CR1, CR2, CR3, CR4, CR5, CR6 ESD PROTECTION DIODE, DBL ELEMENT, 6A Tl TPD1E10B06
C2, C3, C4, C5, C8, C9, C12, C13,
C14, C15, C16, C19, C20, C21, C22,
2 33 C23, C31, C33, C42, C43, C44, C45, | CAPACITOR,SMT,0603,CERAMIC,0.1uF,25V,10%,X7R | AVX 06033C104KAT2A
C46, C47, C48, C49, C50, C51, C52,
C53, C54, C55, C56
3 4 c6, C7, C10, C11 UNINSTALLED UNINSTALLED 06033D104KAT2A(UN)
4 8 ggg, C36, C37, C38, C57, C58, C59, SQ)PACITOR,SMT,OGOS,CERAMIC,100pF,50V,5%,COG(N AVX 06035A101IAT2A
5 10 €24, C25, €26, C27, €28, €29, C30, | - ApACITOR,SMT,0603,CERAMIC, 1.0uF,16V,10%,X5R | AVX 0603YD105KAT2A
€39, C40, C41
6 1 c1 CAPACITOR,SMT,0603,CERAMIC,10uF,6.3V,20%,X5R | PANASONIC ECJ-1VB0J106M
7 2 C32,C34 CAPACITOR,SMT,0603,CERAMIC,0.47uF,6.3V,10%,X5R | PANASONIC ECJ-1VB0J474K
8 2 C17,C18 CAPACITOR,SMT,0603,CERAMIC,4.7UF,6.3V,10%,X5R | MURATA GRM188R60J475KE19D
9 1 135 SFI\Q/IFAXCOAX STRAIGHT PCB CURRENT P/N IS 901-144- | v en 901-144-8
J3, J4, 37, 38, 39, J11, J12, J13, J14,
10 19 J19, J20, J22, J23, J24, 325, J26, J29, | HEADER,THU,2P,2X1,MALE,DUAL ROW,100LS,100TL | SAMTEC TSW-101-07-G-D
J30, J31
1" 1 J102 :II_EADER,THU,10P,FEM,2x5,0.1LS,34OH,115TL,VERTIC SAMTEC ESW-105-44-1-D
1 ) 3101, 3103 EEADERTHU|20P|FEM,2x10.0.1LS,VERTICAL,115TL,34 SAMTEC ESW-110-44-L-D
13 J39, J41, J42, )44, )45 HEADER, THU,FEM,0.1LS,2P,1X2,236H,118TL MILL-MAX 316-93-102-41-006
14 1 J54 4P, VERT, FRICTION LOCK MOLEX 22-23-2041
250MHz RAIL-TO-RAIL /O CMOS OPERATIONAL
15 1 U6 AMPLIFIERS Tl OPA2354AIDDA
250MHz RAIL-TO-RAIL /O CMOS OPERATIONAL
16 1 u7 AMPLIFIERS I OPA354AIDDA
17 1 U1 SINGLE 2-INPUT POSITIVE-AND GATE 1l SN74AHC1G08DBV
250MHz, RAIL-TO-RAIL I/0,CMOS OPERATIONAL
18 2 U4, Us AMPLIFIERS Tl / BURR-BROWN OPA4354AIPW
J5, J6, J15, J16, J17, J18, J27, J28,
19 19 J32, J33, J34, J46, J47, 348, J49, J50, | INSTALLED JUMPER,THU,3P .100cc,123 ANY JUMPER,3P .100cc 123
J51, J52, J53
R5, R7, R13, R14, R18, R22, R26,
R28, R29, R38, R39, R41, R46, R48,
20 22 R49. R63. R64. R65. R66. R67. Reg, | RESISTOR,SMT 0603, THICK FILM,10M,1%,1/10W YAGEO 9C06031A1005FKHFT
R82
R1, R6, R12, R16, R17, R19, R23,
R24, R25, R27, R30, R37, R40, R42,
21 31 R43, R44, R45, RA7, R50, R54, R60, | RESISTOR,SMT,0603,0603,1/10W,0 OHM,ZERO OHM | VISHAY CRCW0603000Z
R61, R62, R69, R73, R78, R79, R80,
R81, R99, R101
22 5 R4, R76, R102, R103, R105 RESISTOR,SMT,0603,1%,1/10W,1.00K VISHAY CRCWO06031001F
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Table 5. Bill of Materials (continued)

Item Quantity Ref Des Description Manufacturer Part Number
23 11 ESSRQSGRS;7RSE§8R92 R93, R94, RESISTOR,SMT,0603,1%,1/10W,10.0K VISHAY CRCWO06031002F

24 2 R58, R86 RESISTOR,SMT,0603,1%,1/10W,100 OHM VISHAY CRCWO0603100F

25 1 R85 RESISTOR,SMT,0603,1%,1/10W,10 OHM VISHAY CRCWO060310F

26 1 R77 RESISTOR,SMT,0603,1%,1/10W,1.50K VISHAY CRCWO06031501F

27 5 R9, R11, R32, R35, R52 RESISTOR,SMT,0603,1%,1/10W,150K VISHAY CRCWO06031503F

28 2 R71, R88 RESISTOR,SMT,0603,1%,1/10W,499 OHM VISHAY CRCWO0603499F

29 1 R74 RESISTOR,SMT,0603,1%,1/10W,604 OHM VISHAY CRCWO0603604F

30 12 EgeRéglRéggReré3RSé4R33 R34, RESISTOR,SMT,0603,1%,1/10W,75.0K VISHAY CRCWO06037502F

31 2 R56, R75 RESISTOR,SMT,0603,1%,1/10W,750 OHM VISHAY CRCWO0603750F

32 1 R104 RESISTOR,SMT,0603,1%,1/10W,976 OHM VISHAY CRCWO0603976F

33 1 R59 RESISTOR,SMT,0603,200 OHM,0.1%,1/10W PANASONIC ERA-3YEB201V

34 1 R87 RESISTOR,SMT,0603,5%,1/10W,300 PANASONIC ERJ-3GSYJ301

35 1 R55 RESISTOR,SMT,0603,50.0 OHM,0.1%,1/8W VISHAY FCO603E50R0BTBST1
36 4 SW2, SW3, SW4, SW5 SWITCH, SPST, DIP8 AMP 3-435668-4

37 1 SW1 SWITCH,SMT,4P,SPST-NO,TOP-PUSH,4.3mm HEIGHT | PANASONIC EVQ-PAD0O4M

38 8 J1, J2, J10, J36, J37, J40, J43, J57 TERMINAL BLOCK,THU,2 POSITION,137TL,323H ON-SHORE TECHNOLOGY ED555/2DS

39 4 J21, J38, J55, J56 TERMINAL BLOCK,THU,4 POSITION,137TL,323H ON-SHORE TECHNOLOGY ED555/4DS

40 1 VR1 TRIMPOT,THU,10K,10%,0.5W,100ppm,25T BOURNS 3296W-1-103

41 1 VR2 TRIMPOT,THU,50 OHM,10%,0.5W,100ppm,25T BOURNS 3296W-1-500

42 6 R2, R70, R72, R89, R90, R100 UNINSTALLED UNINSTALLED CRCWO060349R9F(UN)
43 5 u2,U3 DIA_038, PIN_013-020, EXP_146, B125 TYCO 50935

44 1 DUT1 QFP 80 PFC PKG (Customer Supply) Tl AFE4300

45 2 TP1, TP5 TESTPOINT, THU,MINIATURE,0.1LS,120TL, BLACK KEYSTONE ELECTRONICS 5001

46 7 RDY,STE,TP2, TP3,SCLK,SIMO,SOMI | TESTPOINT,THU,MINIATURE,0.1LS,120TL, WHITE KEYSTONE ELECTRONICS 5002

47 1 TP4 TESTPOINT, THU,MINIATURE,0.1LS,120TL, RED KEYSTONE ELECTRONICS 5000
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Appendix B PCB Layout and Schematics

B.1 PCB Layout
The following pages show the PCB layout, landscaped for readability.
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Figure 27. Top Layer Placement
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B.2 Schematics

The schematics are appended to the end of this user's guide.
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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 TI's environmental and/or
safety programs, please contact the TI 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 2 V to 3.6 V and the output voltage range of 0 Vt0 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 +30°C. The EVM is designed to operate
properly with certain components above +30°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.
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http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46C and to discontinue any product or service per JESD48B. Buyers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All
semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale supplied at the time
of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components which meet ISO/TS16949 requirements, mainly for automotive use. Components which
have not been so designated are neither designed nor intended for automotive use; and Tl will not be responsible for any failure of such
components to meet such requirements.

Products Applications

Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics Www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy

Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical

Logic logic.ti.com Security www.ti.com/security

Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com

OMAP Mobile Processors  www.ti.com/omap Tl E2E Community e2e.ti.com

Wireless Connectivity www.ti.com/wirelessconnectivity
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