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AFE4400 and AFE4490 Development Guide

This user's guide describes the characteristics, operation, and use of the AFE44x0SPO2EVM
demonstration kit. This demonstration kit is an evaluation module (EVM) for the AFE4400 and AFE4490
family of devices. The family of devices are fully-integrated AFE, ideally suited for pulse oximeter
applications. The EVM is intended for prototyping and evaluation. This user’s guide includes a complete
circuit description, schematic diagram, and bill of materials.

The following related documents are available through the Texas Instruments website at www.ti.com.
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AFE44x0SPO2EVM Overview

Important Disclaimer Information

CAUTION

The AFE44x0SPO2EVM is intended for feasibility and evaluation testing only in
laboratory and development environments. This product is not for diagnostic
use. This product is not for use with a defibrillator.

Only use the AFE44x0SPO2EVM under the following conditions:

The AFE44x0SPO2EVM demonstration kit is intended only for electrical evaluation of the features of
the AFE44x0 devices in a laboratory, simulation, or development environment.

The AFE44x0SPO2EVM demonstration kit is not intended for direct interface with a patient, or patient
diagnostics.

The AFE44x0SPO2EVM demonstration kit is intended for development purposes ONLY. It is not
intended to be used as all or part of an end-equipment application.

The AFE44x0SPO2EVM demonstration kit 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 themself, fellow employees and contractors, and coworkers
when using or handling the AFE44x0SPO2EVM. 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, Celeron are registered trademarks of Intel Corporation.
Windows is a trademark of Microsoft Corporation.

Microsoft is a registered trademark of Microsoft Corporation.

National Instruments is a trademark of National Instruments Corporation.
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2 Overview
2.1 Introduction
NOTE: From this point on, unless otherwise noted, AFE44x0 refers to AFE4400- and AFE4490-
based demonstration kits.
The EVM is intended for evaluating AFE4400 and AFE4490 devices. The family of devices consist of a
low-noise receive channel, the LED transmit section, and diagnostics for sensor and LED fault detection.
The AFE44x0 has a highly configurable timing controller, enabling complete control of the device’s timing
characteristics. The device also has an integrated oscillator working off from two clock sources: either an
external crystal or the clock from an external host processor to ease clocking requirements and provide a
low-jitter clock to the AFE44x0. The device communicates to the external host processor using the serial
peripheral interface (SPI). The purpose of the EVM is to expedite evaluation and system development
activities related to AFE44x0 devices. The AFE4490SPO2EVM demonstration kit is shown in Figure 1.
SPO2-FE EVM Rev. A AFE4400 -
(c) 2012 4
ﬁl‘iﬁﬁl‘t‘l’ﬁ:fmil U":;r
(et i
o BE ,
Figure 1. AFE4490SPO2EVM Demonstration Kit
The board can be assembled with either of these devices. Check the Tl website for the
AFE4400SPO2EVM and AFE4490SPO2EVM demonstration kits. The MSP430 firmware and PC
application are designed to automatically detect and configure to the installed part.
Throughout the document, the term demonstration kit is synonymous with AFE44x0SPO2EVM.
2.2 AFE44x0SPO2EVM Kit Contents
¢ AFE44x0SPO2EVM Demonstration Kit
» USB-to-mini USB cable
» DB9 pulse oximeter cable
2.3 Features Supported in this Version
1. DB9 pulse oximeter sensor cable support
2. Acquire data at up to 3000 Hz in evaluation mode
3. USB-based power and PC application connectivity
SLAU480C-January 2013—Revised May 2014 AFE4400 and AFE4490 Development Guide 3
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4. Access to all AFE44x0 registers through an easy-to-use GUI
5. Built-in time domain, histogram, FFT, and related analysis on the PC application
6. USB-based firmware upgrade option

3 Software Installation

The latest AFE44x0SPO2EVM PC application software (GUI) is available from the Tl website,
AFE4400SPO2EVM GUI and AFE4490SPO2EVM GUI. Download the zipped file to a temporary directory
on the PC.

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 AFE44x0SPO2EVM Demo Software
* IBM PC-compatible computer
* Pentiume |1l/ Celeron® 866 MHz or equivalent processor
e Minimum 256 MB of RAM (512 MB or greater recommended)
« Hard disk drive with at least 200 MB free space
e Microsoft® Windows™ XP SP2, Windows 7, or Windows 8 operating system
e 1280 x 1024 or greater display screen resolution
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3.2 Installing the Software (PC Application)
Before installing the software, make sure the AFE44x0SPO2EVM is NOT connected to the PC. If using a
machine with Windows 7 or Windows 8 OS, Tl recommends having administrator rights to avoid problems
during installation. Unzip the installer file, and then find and double click setup.exe to install the software.
Unless otherwise specified during the install process, the software installs at the following location:
* On a Windows XP machine
— C:\Program Files\Texas Instruments\AFE44x0SPO2EVM GUI
* On a Windows 7 or Windows 8 machine
— C:\Program Files(x86)\Texas Instruments\AFE44x0SPO2EVM GUI
It creates a program menu item, AFE44x0SPO2EVM GUI under Programs—Texas
Instruments—AFE44x0SPO2EVM GUI to execute the software. The following steps ensure proper
installation of the PC application.
Click setup.exe and follow the prompts to continue with the installation process.
Select the destination directory and click the Next button.
) AFE44x0SPO2EVM GUI =3
Destination Directory
Select the primary installation directory.
All software will be installed in the following locations. To install software into a
different locations, click the Browse button and select another directory.
Diirectory for AFE 44x05POZEWR GLUI
|C:"-.Prng|am Files' Texas Instruments' AFE44<0SPOZEVM GUIN | [ Browse. ..
Directary for Mational Instruments products
|C:"-.Prng|am Files*National Instruments®. | [ Browse. .. ]
[ << Back ” Mext »» I [ Cancel ]
Figure 2. PC Application Installation — Screen 1
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Accept the Texas Instruments end-user license agreement (EULA) and click the Next button.

B AFE44x0SPO2EVM GUI

License Agreement
“Y'ou must accept the licenzes displayed below to proceed.

GUI Software Evaluation and Internal Use License Agreement

Important - Please read the following license agreement carefully. This is a legally
binding agr t. 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 behalf of yourself and your company; and (2)
you intend to enter into and to be bound by the terms of this legally binding
agreement on behalf of yourself and your company.

(%) | accept the License Agreement.

()| do not accept the License Agreement.

[ << Back H Mt > H Cancel ]

Figure 3. PC Application Installation — Screen 2

Accept the National Instruments™ software license agreement and click the Next button.

TH AFE44x0SPOZEVM GUI

License Agreement
“Y'ou must accept the licenses dizplaved below to proceed.

N
NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

-

INSTALLATION NOTICE: THIS 15 A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE
AND/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT.
BY DOWMNLOADING THE SOFTWARE AND/OR CLICKING THE AFPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMENT AMD YOU AGREE TO BE BOUMND BY THIS AGREEMENT. IF YOU DO NOT WISH
TO BECOME APARTY TO THIS AGREEMEMNT AND BE BOUND BY ALL OF ITS TERMS AND
CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION
PROCESS, DO NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE
WITHIM THIRTY (30) DAY'S OF RECEIPT OF THE SOF RE (WITH ALL ACCOMPAMYING
WRITTER MATFRIAL 5 AL OMNG WITH THRIR COMTAINFRS! TO THE Pl ACE YOL ORTAINFD

The zoftware to which thiz Mational Instruments license applies iz AFE44205POZEYM GLI.

(33| accept the above 2 License Agreement(s).

()| do nat accept all these License Agresments.

[ << Back ][ Mest »> ] [ Cancel ]

Figure 4. PC Application Installation — Screen 3
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Click the Next button to begin the installation.

U AFE44x0SPO2EVM GUI = =
Y _______________________________________|

Start Installation
Review the following summary before continuing.

Adding or Changing
» AFE44x05POZEYM GUI Files
o NIWISA 63

Fiun Time Support

Click the Mext button ta begin installation. Click the Back button to change the inztallation settings.

[Save File... ] [ << Back ][ Mext >3 ] [ Cancel ]

Figure 5. PC Application Installation — Screen 4

The application software is now installed. After the installation is complete, click the Next button to
continue with the installation of Python v2.7.

After the Python v2.7 is installed, click OK. The PC application is now ready to use.

FEX

TH AFE44x0SPOZEVM GUI

Installation Complete

The installer has finished updating your system.

Figure 6. PC Application Installation — Screen 5

Python 2.7 Setup completed successfully.

Figure 7. Python Installation
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3.3 Installing the USB Drivers

The communication interface between the AFE44x0SPO2EVM board and PC is through the USB, using

the CDC profile. A one-time installation of the USB driver is required for the communication between the

AFE44x0SPO2EVM and PC application.

NOTE: For Windows 8, signed driver enforcement may have to be disabled. Section 3.3.1 explains
how to do this.

Following these steps ensures proper installation of the USB drivers:

1. Plugin the USB-to-mini USB cable to J4 of AFE44x0SPO2EVM and the other end to the USB port on
the PC.

2. Win XP OS starts up the New Hardware Wizard to enable the user to install the USB driver for the new
hardware. The Windows 7 or Windows 8 OS attempts to find the driver for the new hardware found
automatically and if the driver is not found, there is no pop-up message to indicate that the driver
installation failed. In the Windows 7 or Windows 8 OS, click on Device Manager, right click on
MSP430-USB example under Other devices and click on Update Driver Software as shown in
Figure 8. This step is not required for the Windows XP OS.

= Device Manager

i File Action VWiew Help

@ |m EHm 8 Ess
-l“_!, Mice and other pointing devices -
- B Monitors
-E‘ Metwark adapters
4 -5 Other devices
. {lJy MsP430-USB Example | ’ T
11? Ports (COM & LPT) Update Driver Software... ‘ |
¢ .JF Communications Poy Dicable B
L.T3" ECP Printer Port (LPT] _ Wi
: "ir"' Intel(R} Active Manag K pstall ‘ |
{3 Processors | Scan for hardware changes
% Sound, video and game ¢ -
= : I Properties
Launches the Update Driver Software-
Figure 8. USB Driver Installation — Screen 1 (Win 7 OS only)
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3. Select the Install from a list or specific locations (Advanced) option, and click the Next button.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard
This wizard helps you install software for:

MSP430-USB Example

f\-:) i your hardware came with an installation CD
“ZE2 orfloppy disk. insert it now.

What do you want the wizard to do?

O Install the software automatically (Recommended)

@) Install from a list or specific location (Advanced)

Click Mext to continue.

[ Meadt > ][ Cancel ]

Figure 9. USB Driver Installation — Screen 2

4. As shown in Figure 10, navigate to the directory where the AFE44x0.inf file is located by clicking the
Browse button. The file is located at the following path:

¢« On a Windows XP machine:
— C:\Program Files\Texas Instruments\AFE44x0SPO2EVM GUNUSB Driver
¢ On a Windows 7 or Windows 8 machine:

— C:\Program Files(x86)\Texas Instruments\AFE44x0SPO2EVM GUNUSB Driver
Click the Next button to continue. The Driver file is copied to the system directory after clicking the

Next button.
Found New Hardware Wizard

Please choose your search and installation options. o

(3) Search forthe best driver in these locations.

Use the check boxes below to limit or expand the default search, which includes local
paths and removable media. The best driver found will be installzd.

[ Search removable media floppy, CD-ROM...)
Include this location in the search:

@s Instruments\AFE44<0SPOZEVM GUINUSE Drivef |w

(O Dont search. | will choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee that
the driver you choose will be the best match for your hardware.

[ < Back ” Meadt > ][ Cancel ]

Figure 10. USB Driver Installation — Screen 3
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5. Click the Finish button after the driver installation is complete (Figure 11).

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software far:

3 AFE44c05PO2-FE EVM

Click Finish to close the wizard.

Figure 11. USB Driver Installation — Screen 4

6. The AFE44x0SPO2-FE EVM is now recognized as Virtual COM Port under the Device Manager as

shown in Figure 12.

£l Device Manager

File Acton Vew Help

W EES 20 8 =ma

B8 Intel(R) 32577LM Gigabit Network Connection
B8 Intel(R) Centrino{R) Advanced-M 6200 AGN
= & Ports (COM &LPT)

B8 AFE44x0SPO2-FE EVM (COMS5)

. BT port [COMI5)

Figure 12. Device Manager Screen

The USB driver installation is now complete and the EVM is ready to use.
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3.31 Windows 8 Installing Unsigned Drivers
Perform an advanced startup sequence to let Windows 8 install unsigned drivers.

Move the cursor to the top right of the screen, click settings, then power, then HOLD SHIFT and click
Restart as shown in Figure 13.

Settings

Control Panel
Personalization
PCinfo

Help

Sleep
Shut down

Restart

B (¢ m=

Notifications Power Keyboard

Change PC settings

Figure 13.
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After a loading screen, three options appear. Choose Troubleshoot as shown in Figure 14.

Choose an option

Continue

a Exit and continue to Windows &

Troubleshoot

ur PC, or use

Turn off your PC

Figure 14.

Choose advanced options as shown in Figure 15.
© Troubleshoot

Refresh your PC

If your

t to remove all of yo
you can reset your PC completely

Advanced options

Figure 15.
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Choose startup Settings as shown in Figure 16.

Advanced options

Next a list of options displays. Click Restart at the bottom right as shown in Figure 17.

System Restore

Use a restore point recorded on your
PC to restore Windo

System Image
Recovery

Recover Wi
systemn imag

sing a specific

Automatic Repair

Figure 16.

Startup Settings

Restart to change Windows options such as:

= Enable low-resclution video mode

» Enable debugging mode

= Enable boot logging

= Enable 5afe Mode

» Disable driver signature enforcement

= Disable early-launch anti-malware protection

= Disable automatic restart on system failure

Figure 17.

Command Prompt

Use the Command Prompt for
advanced troubleshooting

Startup Settings

Change Windows startup behavior

SLAU480C—-January 2013—Revised May 2014
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After the computer restarts, the following screen appears (see Figure 18). Press F7 to disable driver
signature enforcement.

Startup Settings

Press a number to choose from the options below:

Use number or funictio 's F1-F9.

1) Enable debugging

2) Enable boot logging

3) Enable low-resolution video

4) Enable Safe Mode

5) Enable Safe Mode with Networking

6) Enable Safe Mode with Command Prompt
7) Disable driver signature enforcement

8) Disable early launch anti-malware protection
9) Disable automatic restart after failure

Press F10 for more options
Press Enter to return to your operating system

Figure 18.

Now, the user can install unsigned drivers. A warning may appear as shown in Figure 19; choose Install
this driver software anyway.

< Don'tinstall this driver software
You should check your manufacturer's website for updated driver software
for your device.

Install this driver software anyway

Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

@ See details

Figure 19.

Restart the computer again to re-enable driver signature enforcement after the installation is complete.
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4 Running the Software
Run the GUI software from the Start menu by selecting
All Programs—Texas Instruments—AFE44x0SPO2EVM GUI. Unless the hardware has been
disconnected, observe messages that confirm the connection has been established and the program waits
in idle mode for user input.
If the connection to the AFE44x0SPO2EVM board is not established, the program prompts to continue to
run the GUI in Simulation mode, or to Stop and Close the GUI and check if the AFE44x0SPO2EVM is
connected to the PC.
Device Communication Error
An errar occured while communicating with the
device
Press Continue to Simulate Communication
Press Stop & Close to Exit
'::::' Continue in Simulation ‘ ‘ ':3::' Stop & Close
Figure 20. AFE44x0SPO2EVM Not Connected Error Message
4.1 Overview of the Features
This section provides a quick overview of the various features and functions of the AFE44x0SPO2EVM
software GUI. The GUI allows the user to easily configure the various functions of the AFE, such as
receiver gain, bandwidth settings, LED current settings, and timing and clocking control settings. The GUI
supports both AFE4400 and AFE4490 devices. Features not available for the AFE4400 device are
disabled and are not shown in the AFE4400SPO2EVM GUI.
Operations in the GUI should only be performed after the status bar (located at the bottom of the GUI)
displays Ready For New Command (refer to Figure 21).
The main tabs consist of:
» About — Product Safety Warnings, Restrictions, and Disclaimers (see Figure 21).
» Device Configuration — Configures all the AFE44x0 user registers in a series of related subtabs.
— Global Settings
— Tx Stage
— RXx Stage
— Timing Controls
— Low Level Configuration
» ADC Capture & Analysis — For viewing and analyzing the raw data.
» Save — For writing data samples and analysis results to a file.
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File CheckforGUIUpdate Debug Scripts  Help

AFE44x0SPO2EVM GUI Simulation Mode il
ABOUT Device Configuration ADC Capture & Analysis Save |

AFE4490SPO2EVM GUI

Build date : Apr 24,2014

Product Safety Warnings, Restrictions and Disclaimers

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

1. The AFE44:4) boards are NOT for diagnestic use.

2. The AFEA4:() boards are NOT for direct use with, or use in proximity of, an energized Defibrillator.

3. The AFE44:4) boards are ONLY for Feasibility Evaluation in Laboratory/Development Environments.

4. The AFEA4: boards intended application is solely for use in a laboratory/development environment, restricted to feasibility
evaluation and development purpeses, and not for diagnostic purposes and/eor interface with human beings and/or animals.

5. The AFEA4: boards are ONLY for use by qualified engineers and technicians familiar with the potential electrical shock, fire and
personal injury risks associated in handling subassembly electrical and mechanical components.

6. Usein conjunction with and/or adjacent to a defibrillator is strictly prohibited; application interface electronics shall not exceed
their intended ratings. Refer to user instructions and the The AFE44x0 user guide for further interface details.

For further infermatien on application safety, refer to the standard T terms and conditions documentation XCOMXKKXK

‘Copyright (c) 2014 National Instruments Corporation. All Rights Reserved

Copyright () 2014 Texas Intruments. All Rights Reserved

Rearv For New Command Version:2.0 | connecteD &i3 Texas INSTRUMENTS

Figure 21. Product Safety Warnings, Restrictions, and Disclaimers

41.1 Device Configuration Tab

The Device Configuration tab allows configuration of the various registers of the AFE44x0 device. This
subtab contains five subtabs: Global Settings, Tx Stage, Rx Stage, Timing Controls, and Low Level
Configuration.

41.1.1  Global Settings Subtab

The Global Settings subtab for the AFE4490 device shown in Figure 22 and for AFE4400 device shown in
Figure 23 has the following features:

1. View the Device ID and Firmware Revision

2. Device Reset button that resets the device. (Please note that after a device reset is issued, the
AFE44x0 device registers must be programmed correctly for the PC application GUI to function
properly. See Reset to EVM Defaults on how to issue a device reset and also program the AFE44x0
registers to the EVM default register settings.)

3. Reset to EVM Defaults button that resets the device and sets up the board to the EVM default
register settings.

4. Enables the user to set or reset:
(a) SPI Read
(b) XTAL Disable
(c) En Bypass ADC (available for AFE4490 device only)
(d) Powerdown AFE
(e) Powerdown TX
() Powerdown RX
(g9) Enable Slow Diag Clock (available for AFE4490 device only)
(h) Enable CLKs on ALM Pin and select the following clocks to route to PD_ALM and LED_ALM pins
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(i) Sample LED2 and LED1 pulse
(i) LED2/LED1 LED pulse
(iii) Sample LED2 / LED1 Ambient pulse
(iv) LED2 / LED1 Convert pulse
(v) LED2/LED1 Ambient Convert pulse
5. Click on Diagnostic Enable and view the Alarm status flags triggered through Diagnostic Enable.

| AFEASOSPOZEVM GUI [ESEEENL x|
Fite Check for GUI Update Debug Scripts  Help
AFE44x0SPO2EVM GUI Simukation Mode I
[ ABOUT | Device Configuration | ADC Capture & Analysis [ Save |
Global Settings | T Stage | Rx Stage | Timing Contrals | Low Level Configuration |

En Bypass ADC
|Enable Slow Diag Clock

F
=
]
Firmware Revision 13 Reset to EVM Defaults Powerdown AFE [ | XTAL Discble F
]

Device D AFE490 [ DeviceReset | [ SPiRead |

LA SPLY, Powerdown RX [F] | Powerdown TX.
____________________________________________ :
i 7 I
| L um g rrosen ! CLKs on ALM Pin
i () E o i mane e C ) S S —  ClocksonPD/ | SampleLED2/ [_|
l i ] ]p W bx« ¥ i Enable [ | pine LEDT pulse H
ot | 5 s :
waey |l
% H |
|| owmenosne | I -
i — ‘ (Bisanastic Ensh]
|| o opearsion TIMING | i
| Cabls OFF CONTROLLER }
: 1L£0 Open/short | PD Alarm Status il | PDsO/C o
I
|
¥ i i . LED Alarm Status [l | PDisS/C i
5 | | —+=
» t —t]e 2
—hj i LED CURRENT | $ LED1 Open Circuit Wl | Photo-DiodeINN I~ |
= ! DRIER onmol | 8 $/C to GND'
C &
: i LED2 Open Circuit Wl | Photo-DiodeINP a
! | | S/C to GND
i e | LED Short Circuit ol Phota-Diode INN ]
e e e e bl R e e e 1 5/C to LED
| ME LEDOUTPS/CtoGND [l |  Photo-DiedeINP a
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Figure 22. AFE4490: Device Configuration: Global Settings
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Figure 23. AFE4400: Device Configuration: Global Settings
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41.1.2

Tx Stage Subtab

The Tx Stage subtab under the Device Configuration tab, shown in Figure 24 for AFE4490 and Figure 25
for AFE4400, consists of the settings to:

1. Set LED1 and LED?2 currents.
2. Program LED current control DAC through a pull-down menu.
3. Program the transmitter reference voltage through a pull-down menu (available for AFE4490 device
only).
4. Select between H-bridge mode and Push-pull mode.
NOTE: The AFE44x0SPO2EVM does not support Push-pull mode.
4.1.1.3 Rx Stage Subtab

The Rx Stage subtab under the Device Configuration tab, shown in Figure 26 for AFE4490 and Figure 27
for AFE4400, consists of the settings to:

1. Enable separate gain mode (available for AFE4490 device only).
2. Set feedback resistance and capacitance for the trans-impedance amplifier with separate gain mode
disabled.
3. Set feedback resistance and capacitance for the trans-impedance amplifier with separate gain mode
enabled (available for AFE4490 device only).
4. Enable second-stage and set gain for the second-stage amplifier.
5. Set ambient DAC current.
6. Select filter corner frequency (available for AFE4490 device only).
4| AFEA2:0SPOZEVM GUI [ESEEEAC x|
File Check for GUI Update Debug Scripts  Help
AFE44x0SPO2EVM GUI Siuskation Mode B
[ ABOUT | Device Configuration | ADC Capture & Analysis | Save |
Global Settings | Tx Stage | Rx Stage | Timing Controls | Low Level Configuration |
H-Bridge Mode E
External
Supply
Rsc
J_ % Y
CDacuupI
H-BRIDGE | | LED
T a LED CURRENT
i DRIVER CONTROL
> DAC
5mA [+
Lt ETTE I T 7 Allow LEDLGR) Rafl::::;n\‘fﬁage
LED 2 (Red) Current Setting 2 - current>25mA ) 1 (R) Current Setting 20 St mA sy |7
Ready Far New Command Version:2.0 ‘ CONNEGTED || b TEXAS INSTRUMENTS

Figure 24. AFE4490: Device Configuration: Tx Stage
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Figure 25. AFE4400: Device Configuration: Tx Stage
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Figure 26. AFE4490: Device Configuration: Rx Stage
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Figure 27. AFE4400: Device Configuration: Rx Stage

4.1.1.4 Timing Controls Subtab

The Timing Controls subtab under the Device Configuration tab, shown in Figure 28 for AFE4490 and
Figure 29 for AFE4400, consists of the following settings:

1. Enter the Pulse Repetition Frequency (PRF) and Duty Cycle % and click the SET button to

automatically set the following:

(a) LED1 (IR) and LED2 (Red) ON and OFF time,
(b) Rx sample start and end time for 4 channels (LED1, LED1 Ambient, LED2, LED2 Ambient)
(c) Rx convert start and end time for 4 channels (LED1, LED1 Ambient, LED2, LED2 Ambient)

Timer Enable selector
Timer Counter RESET button

S

Save the timing settings based on PRF and duty cycle to a configuration file
Load the timing settings based on PRF and duty cycle from a configuration file

Set Number of Averages (available for AFE4490 device only)
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Figure 28. AFE4490: Device Configuration: Timing Controls
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Figure 29. AFE4400: Device Configuration: Timing Controls
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4.1.1.

5 Low Level Configuration Subtab

The Low Level Configuration subtab under the Device Configuration tab is used to directly configure the
various registers of the AFE44x0 devices. Refer to the AFE44x0 data sheet (SBAS601, SBAS602) for the
register details of the chip.

Figure 30 shows the low-level configuration registers of the AFE44x0 devices. The Register Map portion
of the sub-tab shows 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 AFE44x0 register and the LR*
column shows the latest read values of the AFE44x0 registers. From the Register Map section, when any
register is selected, the bit-level details about the register are explained in the Register Description
section. The ability to read and write the register and modify the individual bits of the register are provided
in the Register Data section. The values of all the registers are read by clicking the Read All button.

Click on Transfer Read to Write to copy the contents of the Read Data to Write Data. Then click on Write
Register to write to the data to the register of the AFE44x0.

By clicking on the Save Config button, the register configuration is saved to a configuration file. The
register configuration is loaded from a configuration file by clicking the Load Config button.

4| AFEAZ:0SPOEVM GUI [ESEEERL x|
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Register Description
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Figure 30. 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.

41.2 ADC Capture and Analysis
The ADC Capture and Analysis tab consists of various analysis routines and displays. This tab is used to:
e 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
» Set the filter type to None or Notch
» Set the Notch Freq to 50 or 60 Hz when the filter type is set to Notch
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e Set Analysis Type to All Domain or Time Domain only
» Auto save after capture selector
» Acquire the data by clicking the Capture button

— When the user selects the auto save after capture selector under 'ADC Capture & Analysis' tab, the
GUI uses the settings selected under 'Analysis to Save,' 'Channels to Save,' 'Data to Save,' and
'Save File Settings'. The user will be notified with a 'Results saved successfully!" after every
capture.

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 31.

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, which is a pop-up window that opens when the Scope Analysis button is
clicked. The Scope Analysis: Test Results section pop-up window is shown in Figure 32.

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.

Four plot modes can be selected: Single Plot mode, Double Plot mode, Three Plot mode and Four Plot
mode. 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. In
Three Plot mode, any three plots and in Four Plot mode, any four plots (Time, FFT or Histogram) can be
viewed and analyzed.

The following algorithms have been used to find the # of samples for FFT calculation:

(a) # of samples for FFT calc. which is power of 2 < min ( (Data rate (sps) x N where N is the value in the
"Show data for the last N secs" column) , No. of samples )

(b) If ( (# of samples for FFT calc. == No. of samples) && (Filter Type == “None”) ) then # of samples for
FFT calc. = No. of samples

(c) If ( (# of samples for FFT calc. == No. of samples) && (Filter Type == “Notch”) ) then # of samples for
FFT calc. = No. of samples / 2. This is to allow for filter settling.

(d) If (# of samples for FFT calc. < 32 samples ) then an error msg “Insufficient # of samples for FFT
calculation” will be displayed.

Examples:

1. No. of samples = 8192
Data rate (sps) = 500
Show data for the last 5 secs
Then # of samples for FFT calc. which is power of 2 = 2048 < min ( (500 x 5) , 8192 )

2. No. of samples = 8192
Data rate (sps) = 500
Show data for the last 8 secs
Then # of samples for FFT calc. which is power of 2 = 2048 < min ( (500 x 8) , 8192)

3. No. of samples = 8192
Data rate (sps) = 500
Show data for the last 20 secs
# of samples for FFT which is power of 2 = 8192 < min ( (500 x 20) , 8192)
Since (# of samples for FFT calc. == No. of samples) and if (Filter Type = None) then # of
samples for FFT which is power of 2 = 8192
Since (# of samples for FFT calc. == No. of samples) and if (Filter Type = Notch) then # of
samples for FFT which is power of 2 = 8192/ 2
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4. No. of samples = 30
Data rate (sps) = 500
Show data for the last 1 secs
Then display Error message “Insufficient # of samples for FFT calculation” since # of samples
for FFT which is power of 2 = 16 < min ( (500 x 1) , 30)

5. No. of samples = 32
Data rate (sps) = 500
Show data for the last 2 secs
# of samples for FFT which is power of 2 = 32 < min ( (500 x 2) , 32)
Since (# of samples for FFT calc. == No. of samples) and If (Filter Type = None) then # of
samples for FFT calc. which is power of 2 = 32
Since (# of samples for FFT calc. == No. of samples) and If (Filter Type = Notch) then an error
msg “Insufficient # of samples for FFT calculation” will be displayed since # of samples for FFT
calc. which is power of 2 = (32 / 2) < 32 samples

4| AFEAZ:0SPO2EVM GUI [ESHEERL X ]
File Check for GUIUpdste Debug Scripts  Help
AFE44x0SPO2EVM GUI Siistation Mode I
[ ABOUT [ Device Configuration | ADC Capture & Analysis Save :
Capture Mode Finite |Z| Data Rate (sps) 0 Vref (volts) 0 Show data for the LAST| 10 | (s) on Time Domain Graph | Four Plot Mode =]
No. of Samples 2048 = 10-
Wolts/codes Volts n
oits E 4_; 5
| Filter Type Nore  [=] || 7
Moateh Ere — o I
Motch Freq 60 Hz - 0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 512
Analysis Type GBL|  All Domain  [=] Time Domain  [=] LED1 (IR) [am] Number of Samiites =4 ol
Auto Save After Capture | 10-
Copture? [ [ Grope Anahysis._| .
25
£
-, ;
0 0 40 60 B0 100 120 140 160 180 300 230 240 360 280 300 320 340 360 380 400 470 440 460 480 512
Time Domain =] LED1 (IR) AMBIENT [l MumberafSamples e
10-
g5
]
n_l I
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 512
Time Domain [ =] LED 2 (RED) i Miamberot Samples o 2iEm
10~
£
=
0~ |
0 20 40 60 80 100 120 140 160 180 200 230 240 260 280 300 320 340 360 330 400 420 440 460 480 512
Time Domain | =] LED 2 (RED} AMBIENT [ Danhberof Samiples A s
Rrachi Fi Nei Coimmsricd | vemionzo |[conNESTED || % TexaS INSTRUMENTS

Figure 31. ADC Capture and Analysis Tab

Scope Analysis : Test Results E|E‘@
| Mean ) Vrms Vpp Mean 08} Irms I|:;p ~
LED 2 (RED) 154.885495E-3 599.962528E-6 2.076530E-3 43.809365E-9 169.695029E-12 587.331507E-12
LED 2 {RED} AMBIENT -1.113488E-3 22.167897E-5 138.473511E-6 -314.941825E-12 | 6.270028E-12 39.166223E-12
LED 1{IR} 74.549201E-3 508.605854E-6 1.737785E-3 21.0858698E-9 143.855459E-12 491.519919E-12
LED 1 {IR) AMBIENT -1.248351E-3 22.1B1824E-5 140.190125E-6 -353.369873E-12 | 6.273967E-12 39.651755E-12
LED 2 (RED) - LED 2 (RED) AMBIENT 156.002982E-3 598.279351E-6 2.044987E-3 44.124307E-9 169.218955E-12 578.268249E-12
LED 1 {IR] - LED 1 (IR) AMBIENT 75.798553E-3 506.432532E-6 1.767540E-3 21.439068E-5 143.240751E-12 499.935302E-12
-
< »
CLOSE

Figure 32. Scope Analysis: Test Results
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4.1.3 Save Tab
The Save tab shown in Figure 33 provides provisions to save the analysis or data to a file. By default, the
data are saved to the following location:
* On a Windows XP machine
— C:\Program Files\Texas Instruments\AFE44x0SPO2EVM GUI\Log
* On a Windows 7 or Windows 8 machine
— C:\Program Files(x86)\Texas Instruments\AFE44x0SPO2EVM 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.
When the user selects the auto save after capture selector under 'ADC Capture & Analysis' tab, the GUI
uses the settings selected under 'Analysis to Save,' '‘Channels to Save,' 'Data to Save,' and 'Save File
Settings'. The user will be notified with a 'Results saved successfully!'" after every capture.
4| AFEA2+0SPO2EVM GUI =) |
File Checkfor GUIUpdate Debug Scripts  Help
AFE44x0SPO2EVM GUI Gimulstien [lede
| ABOUT Device Configuration | ADC Capture & Analysis Save |
Analysis to Save Channels to Save
TRFFT Avalysi LED2 (RED) Hivtg o the ADC Coptort and Aty pages st Regster Dottt
Device Configuration pages to the files as shown below.
i [#]Histogram Analysis [Z]LED 2 (RED) AMBIENT 9 peg
| [7]Register Settings et a8 Name ° Date modificd
lzﬂ Device_Analysis_20120628_155859 .l 6/28/2012
Data to Save [ILED 1 (IR) AMBIENT 5] Device_Codes 20120628 155859.xls
[#Data - Codes [ILED 2 (RED) - LED 2 (RED) AMBIENT B Device FFT_20120628_155859.x1s
[9]FFT Data B Device Histogram 20120628 155859.x1s
LEDL (R) - LED 1 (IR) AMBIENT EH Device_Volts_20120628_155850.xls
[¥]Histogram Data
Save File Settings Analysis : Contains the FFT Analysis seftings, Histogram settings and the Register values.
Directory to Save Files - Codes: Contains the Codes data for the selected Channels
Ci\Program Files (x36)\ Texas Instruments', =3 FFT : Contains the FFT data for the selected Channels
Histogram : Contains the Histogram data for the selected Channels
File Name Volts : Contains the Volts data for the selected Channels
Device [7]Include Timestamp
User Comments
m Save to File
N Version2.0 CONNEGTED | /3 TEXAS INSTRUMENTS
Figure 33. Save Tab
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Table 1 contains the Save tab control descriptions.

Table 1. Save Tab Control Descriptions

Button/Control Description

Saves the scope analysis result.

Scope Analysis The result is saved in the file Device_<record number>_Analysis.xls.

Saves the FFT analysis result.

FFT Analysis The result is saved in the file Device_<record number>_Analysis.xIs.

Saves the histogram analysis result.

Histogram Analysis The result is saved in the file Device_<record number>_Analysis.xls.

All the current register values are read from the EVM and stored.

Register Settings The result is saved in the file Device_<record number>_Analysis.xIs.

Data — Codes Acquired data sample values are stored to the file Device_ <record number>_Codes.xls.
FFT Data Acquired data sample’s FFT values are stored to the file Device_ <record number>_FFT.xIs.
Histogram Data Acquired data sample’s histogram values are stored to the file Device_ <record number>_Histogram.xIs.

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.

5 AFE44x0SPO2EVM Hardware

CAUTION

Many of the components on the AFE44x0SPO2EVM 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 key features of the AFE44x0 Analog Front End demonstration board are:

» Based on MSP430F5529

» DB9 pulse oximeter sensor cable support

» Acquire data at up to 3000 Hz in evaluation mode

* SPI Data interface

The AFE44x0SPO2EVM board can be used as a demo board for pulse oximeter and heart rate

applications. The BOM is provided in Section 11. The printed circuit board (PCB) and schematic are
shown in Section 12.1 and Section 12.2, respectively.

MSP430F5529 (U2 — see Section 12.2) is the microcontroller used on the board. For more details of the
MSP430F5529 please visit http://focus.ti.com/docs/prod/folders/print/msp430f5529.html

The following sections explain the main hardware components available on the EVM. Figure 34 shows the
functional block diagram for the EVM.
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AFE4490 +SPI
MSP430F5529 = —
—=— MSP Reset
DBY BN e
Connector —— USB Reset
Switch
‘ AFE RX ‘ MSP430 ‘
3V LDO 3V LDO Mini
AFE4490 U;’;‘
q AFE TX
Evaluation ETiG Boost Battery
Module Converter Mgmt Battery
Power Management Block hieader
a. AFE4490 Evaluation Module
AFE4400 +SPI
MSP430F5529 = —
—=— MSP Reset
DBY BN e
Connector — = USB Reset
Switch
AFE RX MSP430
3V LDO 3V LDO ini
AFE4400 "J;g'
Evaluation 32F\/ELT;O Boost By
Module - Converter Mgmt Battery
Power Management Block hieader

b. AFE4400 Evaluation Module
Figure 34. AFE44x0SPO2EVM Block Diagram
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5.1

5.2

Power Supply

AFE4490 can operate from 2.0- to 3.6-V Rx analog supply (RX_ANA_SUP), 2.0- to 3.6-V Rx digital supply
(RX_DIG_SUP), 3.0- to 5.25-V Tx Control supply (TX_CTRL_SUP) and LED driver supply
(LED_DRV_SUP).

AFE4400 can operate from 2.0- to 3.6-V Rx analog supply (RX_ANA_SUP), 2.0- to 3.6-V Rx digital supply
(RX_DIG_SUP), 3.0- to 3.6-V Tx Control supply (TX_CTRL_SUP) and LED driver supply
(LED_DRV_SUP).

The power for the board is derived from the USB input (J4) through a forward-biased diode (D5) to avoid
reverse current flow. The USB data bus is ESD protected using TI's ESD protection diode array
TPD4EOO4DRYR (U7). The USB VBUS is fed to the integrated Li-ion linear charger and system power-
path management module, BQ24032ARHLR (U12), which generates greater than 4.2-V output
(VCC_BAT). This output is fed to TI's low-input boost converter with integrated power diode and
input/output isolation, TPS61093 (U9), for generating a boosted voltage of 8.97 V. This output is fed to
low-noise voltage regulator LP3878-ADJ (U8) for generating 5 V for the LED_DRV_SUP and
TX_CTRL_SUP for AFE4490 EVM and for generating 3.3 V for the LED_DRV_SUP and TX_CTRL_SUP
for AFE4400 EVM. The boost converter output is also fed to the ultralow-noise linear voltage regulator
TPS7A4901DGN (U13) for generating 3 V for the RX_ANA_SUP and RX_DIG_SUP. The boost converter
output is also fed to the ultralow-noise linear voltage regulator TPS7A4901DGN (U14) for generating 3 V
for MSP_DVCC and MSP_AVCC.

The inductors L2, L2, L4, and L5 are used to minimize the power supply noise induced by the power
supply regulators.

Test point and series jumper resistors are provided to make sure the power supplies to the board are
correct. The corresponding voltages on AFE4490SPO2EVM are given in Table 2. The corresponding
voltages on AFE4400SPO2EVM are shown in Table 3.

Table 2. Test Points for Measuring Voltages on the AFE4490SPO2EVM

S. No. Test Point Description
TP36 5V
L6, pin # 2 (R76) 5V
L5, pin # 2 (R65) 5V
L1, pin # 2 (R55) 3V
L2, pin # 2 (R54) 3V
L3, pin# 2 3V

olalalw|[N|R|=

Table 3. Test Points for Measuring Voltages on the AFE4400SPO2EVM

S. No. Test Point Description
TP36 5V
L6, pin # 2 (R76) 33V
L5, pin # 2 (R65) 33V
L1, pin # 2 (R55) 3V
L2, pin # 2 (R54) 3V
L3, pin # 2 3V

O || W|IN|F

Clock

The EVM has the option to use the on-board 8-MHz crystal or the clock for the AFE44x0 from the
MSP430. The EVM is shipped to use the on-board 8-MHz crystal. The 4-MHz buffered output clock from
the AFE44x0 can be accessed through the series jumper resistor, R23.
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5.3 Accessing AFE44x0 Digital Signals

AFE44x0 SPI interface and other digital signals with MSP430 can be accessed through the series resistor
jumpers given in Table 4.

Table 4. AFE44x0 Digital Signals

S. No. Signal Jumper Resistor
1 STE R29
2 SIMO R31
3 SOMI R33
4 SCLK R35
5 ADC_RDY R26
6 PD_ALM R37
7 LED_ALM R39
8 DIAG_END R38
9 AFE_PDNZ R42

5.4 Analog Inputs

The AFE44x0SPO2EVM gives the user the option to feed in the pulse oximeter simulator signals to the
DB9 connector (J2).

For all measurements in this user guide, the ProSim Fluke SPOT Light SpO2 Functional tester was used
as shown in Figure 35.

Figure 35. Fluke SPOT Light SpO2 Functional Tester Setup

5.5 USB Interface

The EVM has a mini USB interface for PC application connectivity requiring a standard mini USB to USB
cable for connection. AFE44x0SPO2EVM is designed to work in the slave mode.

5.6 On-Board Key Interface
The EVM has 2 switches. The function of each switch is defined in Table 5

Table 5. AFE44x0SPO2EVM Switches

Switch Number Description
SW1 This switch is used for hard reset of the board. The board resets and starts again with the firmware loaded.
SW2 This switch is used to enable boot strap loader (BSL) MSP430 firmware.
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5.7 Visual Indication

The blue LED (LED3) indicates the USB power connection. The blue LED (LED1) indicates that the
microcontroller is busy servicing the requests from the PC application.

6 USB-Based Firmware Upgrade

NOTE: AFE44x0SPO2EVM GUI v2.0 works with FW rev 1.3. Follow the steps outlined in this
section to upgrade the firmware to rev 1.3.

The firmware on the AFE44x0SPO2EVM can be changed from the PC application by selecting the
Firmware Upgrade menu option on the PC application. At the end of the firmware upgrade, the system
issues a reset command and reloads with new firmware. The firmware upgrade process steps are
represented in the screen shots below:

» From the PC application, click on File —Firmware Upgrade.

* A pop-up window opens up as shown in Figure 36. Follow the instructions to continue to Firmware
Upgrade or to cancel the operation.

X

1. Please upgrade the firmware by selecting
the appropriate file located in the "“Firmware
Lipdater” Directary,

2. GUI will automatically reload once "Firmware
|Ipdater EXE" is closed,

3, Click Continue to proceed.

[ Continue [ Cancel

Figure 36. PC Application Firmware Upgrade — 1

» The firmware upgrade application detects the connected EVM (Figure 37).

AFE44x0EVM USB Firmware Upgrade v1.2.1 =13

1. Select which fimmware to download

Browse

2. Click Upgrade Firmware

‘ Uparade Firmwars ‘

Found 1 device

[_ | l

Close

Figure 37. PC Application Firmware Upgrade — 2

* Visually inspect the EVM and find out the device installed on the EVM. The EVM supports two devices
AFE4400 and AFE4490. Browse and select the appropriate firmware binary file (example:
AFE4490 EVM_FW_V1.3.ixt file) and click Upgrade Firmware as shown in Figure 38. The default
firmware is available from:
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— On a Windows XP machine:

* C:\Program Files\Texas Instruments\AFE44x0SPO2EVM GUI\Firmware Updater

— On a Windows 7 or Windows 8 machine:

» C:\Program Files(x86)\Texas Instruments\AFE44x0SPO2EVM GUI\Firmware Updater

AFE44x0EVM USB Firmware Upgrade v1.2.1

1. Select which firmware to download

Browse

2. Click Uparade Fimware

‘ Upgrade Firmware ‘

Found 1 device

[

Close

Figure 38. PC Application Firmware Upgrade — 3

* Once the device is programmed successfully, as shown in Figure 39, the device resets and reloads
with the new firmware. Close the Firmware Upgrade application by clicking on the Close button and
the PC GUI application automatically restarts the GUI after 4 to 5 seconds.

AFE44x0EVM USE Firmware Upgrade v1.2.1

1. Select which firmware to download

Browse

|C:"-—.Prog|am Files'Texas Instruments  AFE440SPOZEVM GUINFmware Updater' AFE4450_|

2. Click Upgrade Fimware
Upgrade Fimware

Mo device connected

llllllllllllllllllllllllllllllllllllllllllllllllllllllli

Werifying memony

Memoary successfully verfied
Total pragramming time is Js
Resetting Device...

Starting application

Done!|g

Ty

W

Close

Figure 39. PC Application Firmware Upgrade — 4
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7 GUI Update

The user can check for the latest version of the GUI by selecting 'Check for New GUI Version' from the
menu options on the PC application as shown in Figure 40.

4 | AFE44x0SPO2EVM GUI
'ﬂjmk.fﬂ'?ﬂh:'ul}datﬂ Debug Tools  Scripts
Checkfor New GUI Version | IR
ABOUT

File

Figure 40. Check for New GUI Version

When a newer version of the GUI is available, a pop-up message will appear letting the user to download
the update now or at a later time. The latest version of the GUI will be downloaded to the following
directory:

e On a Windows XP machine:
— C:\Program Files\Texas Instruments\AFE44x0SPO2EVM GUI
e On a Windows 7 or Windows 8 machine:
— C:\Program Files(x86)\Texas Instruments\AFE44x0SPO2EVM GUI

If a newer version is not available, a pop-up message will let the user know that the current version is the
latest version of the GUI as shown in Figure 41.

4| L

The current version is the latest version of the GUIL
| Ok

Figure 41. Current GUI Version is the Latest Version
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8 Connector Interface

The following connectors are used for external interface to the AFE44x0 Pulse Oximeter board.
« DB9
* USB mini connector

8.1 DB9 Pulse Oximeter Connector

The DB9 pulse oximeter connector pinouts are shown in Figure 42. The description of the pinouts is
provided in Table 6

75757075}

}
L]
—
]
i
%
|

DES-F-TP

Figure 42. DB9 Pulse Oximeter Connector Pinouts

Table 6. DB9-Based Pulse Oximeter Connector Pinouts

Pin Number Pin Name Pin Description
2 TX_LED_P Anode of the LED1 (IR LED), cathode of the LED2 (red LED)
3 TX_LED_N Cathode of the LED1 (IR LED), anode of the LED2 (red LED)
5 DET_N Phototransistor anode
7 GND Cable shield
9 DET_P Phototransistor cathode

8.2 Mini USB Connector
The USB mini connector pinouts are shown in Figure 43. The description of the pinouts is provided in

Table 7.
R 44
VBELS IN i [
MSP USE N 2 B L
MSE USB P 3 E’; 5'“"5'-':"2 8
i )
5 KT
— GMND 10 T
11
513870530
L
Figure 43. USB Mini Connector Pinouts
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Table 7. USB Mini Connector Pinouts
Pin Number Pin Name Pin Description
VBUS USB power 5V

2 D- USB DM
3 D+ USB DP
4 ID NC
5 GND GND
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9 Quick Start Guide
NOTE: For all the measurements shown in the following, ProSim Fluke SPOT Light SpO2
Functional tester was used.
* Install the AFE44x0SPO2EVM GUI PC Software (Check the Tl website at www.ti.com for the latest
software) by running the setup file and following the instructions on the screen
e Connect the USB cable to the computer and plug in the mini USB interface cable to the J4 mini USB
connector on the EVM
» Connect the DB9 connector of the finger sensor pulse oximeter cable to the J2 connector of the EVM.
» Turn on the Fluke simulator by pressing the ON switch for at least 3 seconds, and then connect the
Fluke simulator to the finger sensor. Leave the default setting of 97% for SpO2, 80 bpm for HR, and
2% for PA. Figure 35 shows the Fluke SPOT Light Pulse SpO2 Functional Tester setup with the finger
sensor pulse oximeter cable.
» Open the AFE44x0SPO2EVM GUI software by clicking on Start—All Programs—Texas
Instruments—AFE44x0SPO2EVM GUI.
» Click the ADC Capture & Analysis tab and set the following:
— Capture Mode to Finite
— No. of Samples to 2048
— Volts/Codes to Volts
— Plot Mode to Four Plot Mode
— Select the first waveform to LED1 (IR)
— Select the second waveform to LED1 (IR) AMBIENT
— Select the third waveform to LED2 (Red)
— Select the fourth waveform to LED2 (Red) AMBIENT
— Click Capture
» Figure 44 shows a sample data capture
4| AFE44x05PO2EVM GUI [EIREN = ]
AFE44x0SPO2EVM GUI - Simulation Mode il
i ABOUT [ Device Configuration ‘ ADC Capture & Analysis Save |
Capture Mode Finite [=] | DataRate (sps) 500 Vref (volts)| 1.2 Show data for the LAST| 10 |(5) on Time Domain Graph | Four PlotMode  [~]
No. of Samples 2048 s 0.036-
Volts/codes Volts E g 00
Filter Type None  [=] = 0022 ) Emparm— i \w : L -
hFreq 60 Hz b 0.0370‘ 100 200 300 400 500 600 700 @00 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1300 20‘74
Anslysis Type GBL| Time Domain [« LED1 (R) ] Mumberct Samples 2
Auto Save 5@\ Capture | -0.0066
Coprst ) [ copematyss ] || 008 R T o S e
B e e e e e e e i
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2074
LED 1 (R) AMBIENT = Number of Samples & elEm
0.072 Lot =
i 1 | 1 4
2ol : === ; =
0.067 ,
100 200 300 400 500 600 700 @00 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2074
= LED 2 (RED) B Mumber of Samples ':ng
6‘00776 160 260 360 40‘0 50‘0 660 70‘0 860 960 IObO llbO 12b0 13b0 14b0 15b0 lﬁbO 17b0 IBbU 19‘00 ' 20‘74
LED 2 (RED) AMBIENT [2]  Numberof Semples 4 elEm
Remehi i Al Co el version-zo | [GGNNEGTEDN W3 TExas INSTRUMENTS
Figure 44. Sample Test Data
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10 AFE44x0SPO2EVM FAQs

10.1 EVM Communicating With the PC Application

CAUTION

AFE44x0SPO2EVM GUI v.2.0 works with FW revision 1.3. Follow the steps
outlined in Section 6 to upgrade the firmware to revision 1.3.

A quick and simple check to verify serial register write operation is to put the AFE44x0 in power-down
mode. Follow the sequence to check if the GUI is communicating with the EVM.

» In Device Configuration—Global Settings tab, select Powerdown_AFE
» This powers down the AFE and the VCM output voltage of the AFE drops to 0 V
* VCM is measured at the VCM_AFE serial jumper resistor R28 on the board

10.2 ADC_RDY Signal

After executing the GUI, observe the ADC_RDY waveform at series jumper resistor R26.This should be at
the same frequency as the PRF. Figure 45 shows the ADC_RDY waveform at 500-Hz PRF.

LeCroy

|
|
|
|
|
|
|
|
|
I
i
|
|
|
|
|
|
|

i
Measure P1ireg(C1)y PZpkpkiC1) . P3=-- Pd-- P PG -
value 500.0000 Hz 328V
slatus £ v

2.00 mafdrd Auto
500 k& 25 MSis| Edge

Figure 45. ADC_RDY Waveform at 500-Hz PRF
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10.3 Check TXP and TXM Waveforms

TXP and TXM waveforms are observed at TX_P (TP23) and TX_N (TP17). Figure 46 shows TXP and
TXM waveforms without connecting the pulse oximeter cable. Figure 47 shows TXP and TXM waveforms
after connecting the pulse oximeter cable.
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Figure 47. TXP and TXM After Connecting the Pulse Oximeter Cable
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10.4 Using an External ADC (Bypass ADC Mode) (Available Only for AFE4490 Device)

AFE4490 has a mode where the front-end analog output voltage becomes available on two pins
(RX_OUTP, RX_OUTN), around a common-mode voltage of about 0.9 V. In this mode, the internal ADC
of AFE4490 is disabled, one of the internal ADC_RESET clocks is brought out on the PD_ALM pin
(PD_ALM is monitored at series jumper resistor R37). This signal is used to convert each of the four
phases (with every pulse repetition period). Additionally the ADC_RDY signal (ADC_RDY is monitored at
series jumper resistor R26) is used to synchronize the external ADC with the AFE.

10.5 Diagnostics

The device includes diagnostics to detect open or short conditions of the LED and photo-sensor, LED
current profile feedback, and cable on or off detection. The EVM supports the diagnostic feature of the
device.

The diagnostic feature is enabled from the Global Settings under the Device Configuration tab. Clicking
the Diagnostic Enable button enables the diagnostic function and once the diagnostic function is
completed, the status of the fault flags are updated on the Global Settings tab. Figure 48 shows the
diagnostic mode fault flags when no finger pulse oximeter sensor was connected to the EVM.
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Figure 48. Diagnostic Feature Fault Flags With No Finger Sensor Connected to the EVM

10.6 Automation of Register Read and Write Operations

Refer to the Scripting document located in the Documentation directory for detailed instruction on how to
use automation functions for register read and write operations.
Documentation directory is located at the following location:

* On a Windows XP machine — C:\Program Files\Texas Instruments\AFE44x0SPO2EVM
GUI\Documentation

e On a Windows 7 or Windows 8 machine — C:\Program Files(x86)\Texas
Instruments\AFE44x0SPO2EVM GUI\Documentation
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10.7 Optimum Viewing Experience on Windows 7 OS
* Change the size of text to Smaller — 100% for optimum viewing experience on Windows 7 operating
system as shown in Figure 49.

Control Panel Home

Adjust reselution

“, Calibrate color
Change display settings
Adjust ClearType text
Set custom text size (DPI)

B » Control Panel » All Control Pansl Bems » Display

—

Make it easier to read what's on your screen

You can change the size of text and other items an your screen by choosing one of these aptions. To
tempaorarily enlarge just part of the screen, use the Magnifier tool,

Preview

@ Smaller - 100% {default)

@ Medium - 125%

o Larger - 150%

Figure 49. Setting Font Size on Windows 7 Operating System

10.8 Windows 8 Support for Device GUIs

At GUI Start up, sometimes the GUI might show a broken arrow as seen in Figure 50. One of the reasons
for this issue may be due to a missing update of .NET FRAMEWORK 3.5 (includes .NET 2.0 and .NET
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Figure 50.

The .NET FRAMWORK 3.5 is needed for the GUI to:
* Check if Python is Installed
* Checking and setting environment variables needed for the scripting feature in the GUI
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Points to Remember:

* There is no download for the .NET Framework 3.5 for Windows 8 or Windows 8.1. The user must
enable the .NET Framework 3.5 in Control Panel by following the instructions provided in this article.
» Use the .NET Framework 3.5 for apps built for versions 2.0 and 3.0 as well as 3.5.

» Installing a Windows language pack before installing the .NET Framework 3.5 will cause the .NET
Framework 3.5 installation to fail. Install the .NET Framework 3.5 before installing any Windows
language packs. (Source: http://msdn.microsoft.com/library/hh506443(v=VS.110).aspx)

There are two methods to resolve this.

10.8.1 Method 1 (Enabling the .NET Framework 3.5 in Control Panel)

In Control Panel, choose Programs and Features, choose Turn Windows features on or off, and then
select the .NET Framework 3.5 (includes .NET 2.0 and 3.0) check box. This option requires an Internet
connection. The user does not need to select the child items.

Turn Windows features on or off

Te turn a feature on, select its check box. To turn a feature off, clear its
check bow. & filled box means that only part of the feature is turned on.

BRCM ET Framework 3.5 fincludes NET 2.0 and 2.0)

[ |, Windows Communication Foundation HTTP Activation
[T 1 Windows Communication Foundation Non-HTTP Activa
@ =]} MET Framework 4.3 Advanced Services
[} Active Directony Lightweight Directory Services
@ LIk Hypes-v
[#] | Internet Explorer 10
@ 1L Internet Information Services
[11 Internet Information Services Hostable Web Core
& [+ 1) Media Features

w1 Microsoft Messace Cueue (MSMO) Server
£

Ok

Figure 51.
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An app on your PC needs the following Windows feature:

MET Framework 3.5 (includes NET 2.0 and 3.0)

E; Download and install this feature
i Windows will get the files that it needs fromn Windows Update and complete the
installation.

< Skip this installation
Your apps might not work correctly without this feature.

Tell me more about this feature

Figure 52.

Select Download and Install this feature.

Windows needs files from Windows Update to finish installing some
features.

= Download files from Windows Update

% Don't connect to Windows Update

No changes will be made to your PC.

Figure 53.
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Select Download Files from Windows Update.

Searching for required files

- I

Figure 54.

Downloading required files

Figure 55.
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10.8.2 Method 2 (Enabling .NET Framework 3.5 on Windows 8 in Offline Mode)

Windows completed the requested changes.

Figure 56.

This is basically using Windows 8 CD to enable/install . NET FRAMEWORK 3.5 in the PC. This method
does not require an internet connection.

Step 1: Insert Windows 8 DVD or mount ISO image. The source of this feature can be found in folder
E:\sources\sxs. (In this case E: is the user’s drive letter on which the user has loaded Windows 8 Media.)
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Figure 57.

44 AFE4400 and AFE4490 Development Guide

Copyright © 2013-2014, Texas Instruments Incorporated

SLAU480C—January 2013—Revised May 2014

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU480C

13 TEXAS
INSTRUMENTS

www.ti.com AFE44x0SPO2EVM FAQs

Step 2: Open Command prompt as administrator.

Search

A p p S Results for “cmd”

Apps
Q Settings
‘ Files.

Bing
Finance
Games

Internet Explorer

Figure 58.

Ap p S Results for "emd*

T Command Promp:Y’

® & ® ®

Pinto Start Unpin from Open new Run as
taskbar window admmijtrtlor

Figure 59.
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Step 3: Run the following command Dism.exe /online /enable-feature /featurename:NetFX3 /All
/Source:E:\sources\sxs /LimitAccess, and hit Enter. Make sure to choose the appropriate drive letter (in

this case it is E:\).

=
icrosoft Windows [Uersion 6.2.92001

e :C:sourcessxs SLimitAccess

erzion: 6.2.92AA.16384
Image Uersion: 6.2.9200.16384

Enabling feature{s)

Windowswsystem32 >

Administrator: Command Prompt - B “

Kc? 2812 Microsoft Corporation. All rights reserved.

sMindowsszystem3dZ2>*Dism sonline ~enable—feature sfFeaturename:NetFx3 ~All ~Sourc

Deployment Image Servicing and Management tool

Figure 60.

Method 2 source: http://support.microsoft.com/kb/2785188

Table 8. Troubleshoot and Links

Description

Link

Installing the .NET Framework 3.5 on Windows 8 or 8.1

http://msdn.microsoft.com/library/hh506443(v=VS.110).aspx

Enable .NET Framework 3.5 on Windows 8 in Offline Mode

http://support.microsoft.com/kb/2785188

.NET Framework 3.5 installation error: 0x800F0906,
0x800F081F, 0x800F0907

http://support.microsoft.com/kb/2734782

Other helpful link

http://comps-tech-solution.blogspot.in/2013/09/how-to-install-net-
framework-35-in.html

10.9 COM Port

It has been observed that on certain machines, the GUI will not work for lower COM ports. When the GUI
and the USB drivers are installed correctly and the Device Manager shows the AFE44x0SPO2EVM
recognized as a virtual COM port, but the GUI cannot establish communication to the AFE44x0SPO2EVM
and shows the Device Communication Error, change the COM port to a higher number (greater than 25).
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Bill of Materials

11 Bill of Materials

The following pages show the bill of materials (landscaped for readability).

Table 9. AFE44x0SPO2EVM Bill of Materials

AFE4400EVM AFE4490EVM REF DES Value or Function Description MFG MFG Part# Comments
Qty Qty
1 1 NA 0.062"-FR4-RoHS Printed Circuit Board T AFE44x0SPO2EVM REV.A
12 12 C1, C3, C4, C8, C9, C10, C14, C16, | 0.1uF 0402_CF Murata GRM155R71C104KA88D C1, C3, C4, C20, C22, C30,
C20, C22, C26, C30, C31, C33, C34, C33, C34, C37, C49,
C37, C38, C43, C49, C50, C53, C57, C66 - DNI
C66
2 2 C11,C13 12pF 0402_CF Murata GRM1555C1H120JA01D
6 6 C12, C27, C55, C58, C59, C62 0.01uF 0402_CF Murata GCM155R71H103KA55D
1 1 C15 1uF 0402_CF Murata GRM155R61A105KE15D
4 4 C17, C18, C21, C24 10pF 0402_CF Murata GRM1555C1H100JA01D
1 1 C19, C39 2200pF 0402_CF Murata GRM155R71H222KA01D C19 - DNI
14 14 C2, C28, C29, C32, C45, C46, C47, 10uF 0805_HV Murata GRM21BR61C106KE15L C2, C45 - DNI
C48, C52, C54, C56, C60, C61, C63,
C64, C65
0 0 Cc23 10nF 0402-CF Murata GCM155R71H103KA88D C23 - DNI
1 1 C25 4.7uF 0402_CF Murata GRM155R60J475ME87D
1 1 C35 1uF 0603_CFE Murata GRM185C80J105KE26D
1 1 C36 1000pF 0402_CF Murata GRM155R71H102KA01D
3 3 C40, C41, C42 2.2uF 0603-CF Kemet GRM188R60J225KE19D
1 1 C5 0.47uF 0402_CF Murata GRM155R60J474KE19D
0 0 C51 22uF 0805_CF AVX Corporation TLIN226M006R5400 C51 - DNI
2 2 Ce, C7 18pF 0402_CF Murata GRM1555C1H180JA01D
4 4 D1, D2, D3, D4 75V SOT-323 Diodes Inc BAV99W-7-F
1 1 D5 0.55V SOD-123 Diodes Inc. SD103AW-7-F
0 0 D6 AZ23C5V6 SOT-23 Commercial Co AZ23C5V6-TP D6 - DNI
0 0 J5 22272021 P2X1 Molex 22272021 J5 - DNI
0 0 J6 473340001 uSD_CC Molex 473340001 J6 - DNI
1 1 J2 Oxymeter Finger Probe I/F DB9-Female Connector Kycon, Inc. K202XHT-E9S-N
0 0 J3 TC2050-IDC-FP, Footprint Only TC2050-IDC-FP Tag-Connect TC2050-IDC-FP Footprint only - Non-BOM
1 1 J4 513870530 mUSB B Molex Inc 513870530
0 0 Ji CNT 850-40-006-20-001000 Mill-Max 850-40-006-20-001000 J1-DNI
6 6 L1, L2, L3, L4, L5,L6 10uH LPS3010 Coilcraft LPS3010-103MLB
1 1 Q1 OR SOT-23 ON Semiconductor MMBT5089LT1G
0 0 R114 .02E RES .02 OHM 1/4W 1% 1206 SMD Vishay/Dale WSL1206R0200FEA R114 - DNI
12 12 R2, R5, R15, R16, R17, R24, R27, OR 0402_CF Vishay-Dale CRCWO04020000Z0ED R15 - DNI
R50, R51, R68, R73, R82, R91
11 11 R44, R48, R54, R55, R58, R60, R65, | OR 0603 - Jumper Vishay-Dale CRCWO06030000Z0EA R58 - DNI
R66, R67, R69, R71, R76
1 1 R28 1.00k 0402_CF Vishay-Dale CRCWO04021K00FKED
1 1 R52 1.0Meg 0402_CF Vishay-Dale CRCWO04021M00JNED
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Table 9. AFE44x0SPO2EVM Bill of Materials (continued)

AFE4400EVM AFE4490EVM REF DES Value or Function Description MFG MFG Part# Comments
Qty Qty
1 1 R96 1.40k 0402_CF Vishay-Dale CRCWO04021K40FKED
2 2 R53, R95, R108, R109, R116, R117 100R 0402_CF Vishay-Dale CRCWO0402100RJIJNED R108, R109, R116,
R117 - DNI
11 11 R10, R11, R12, R56, R59, R62, R64, | 10K 0402_CF Panasonic - ECG ERJ-2GEJ103X R10, R11, R12, R56, R64,
R78, R98, R99, R100, R101, R104, R78, R104, R111-DNI
R105, R107, R110, R111, R112,
R113
19 19 R1, R6, R7, R8, R9, R13, R14, R18, 10R 0402-CF Vishay-Dale CRCWO040210R0JNED
R19, R21, R23, R25, R26, R29, R30,
R31, R33, R34, R35
16 16 R37, R38, R39, R42, R43, R45, R49, | 10R 0402-CF Vishay-Dale CRCWO040210R0JNED
R84, R85, R86, R87, R88, R89, R90,
R93, R94
7 7 R3, R20, R22, R32, R36, R40, R41 130R 0402_CF Vishay-Dale CRCWO0402130RJNED
1 1 R4 220R 0402_CF Vishay-Dale CRCWO0402220RINED
2 2 R57, R61 33R 0402_CF Vishay-Dale CRCWO040233R0JNED
0 0 R46, R47 4.7k 0603-CFE Yageo RCO0603JR-104K7L R46, R47 - DNI
2 2 R81, R92 4.7k 0402_CF Vishay-Dale CRCWO04024K70JNED
3 3 R83, R103, R115 47k 0402_CF Vishay-Dale CRCWO040247K0JNED
2 2 LED2, LED3 Blue LED BLUE 0603 SMD Rohm Semiconductor SMLE12BC7TT86
1 1 LED1 Green LED GREEN 0603 SMD Rohm Semiconductor SMLE12EC6TT86
1 1 R70, R79, R80, R118 1.0k 0402_CF Vishay-Dale CRCWO04021K00JNED R70, R80, R118 - DNI
1 1 R72 261k 0603_CFE Vishay-Dale CRCWO0603261KFKEA
1 1 R75 200k 0402_CF Vishay-Dale CRCWO0402200KINED
1 1 R74 15.4k 0603_CFE Vishay-Dale CRCWO060315K4FKEA
0 1 R77 4.02k 0402_CF Vishay-Dale CRCWO04024K02FKED
1 0 R77 2.32k 0402_CF Vishay-Dale CRCWO04022K32FKED
2 2 R63, R106 75k 0402_CF Vishay-Dale CRCWO040275K0FKED
1 1 R102 50k 0402_CF Panasonic - ECG ERJ-2GEJ503X
2 2 SW1, sSw2 Switch, PB PTS635SL25SMT C&K Components PTS635SL25SMT
0 0 TP1, TP2, TP3, TP4, TP5, TP6, TP7, | TP TestPoint_10_20 N/A Pads Only - Non-BOM Pads Only - Non-BOM
TP8, TP9, TP10, TP11, TP12, TP13,
TP14, TP15, TP16, TP17, TP18,
TP19, TP20, TP21, TP22, TP23
0 0 TP24, TP25, TP26, TP27, TP28, TP TestPoint_10_20 N/A Pads Only - Non-BOM Pads Only - Non-BOM
TP29, TP30, TP31, TP32, TP33,
TP34, TP35, TP36, TP37, TP38,
TP39, TP40, TP41, TP42, TP43,
TP44, TP45
1 0 U1 Analog Front End, Mixed Signal IC | RHA40 Texas Instruments AFE4400
0 1 U1l Analog Front End, Mixed Signal IC | RHA40 Texas Instruments AFE4490
0 0 U3,us 2Mb-Serial FeRAM MO8A_N RAMTRON FM25V20-GTR U3, U5 - DNI
0 0 u10 BQ27200 DFN-10 Texas Instruments BQ27200DRKR U10 - DNI
1 1 u12 BQ24032ARHLR, 4.2V Power-Path Management & Li-ion charger | Texas Instruments BQ24032ARHLR
0 0 U4 8-CHNL ESD ARRAY EIGHT-CHANNEL ESD ARRAY Texas Instruments TPDSEOO3DQDR U4 - DNI
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Table 9. AFE44x0SPO2EVM Bill of Materials (continued)
AFE4400EVM AFE4490EVM REF DES Value or Function Description MFG MFG Part# Comments
Qty Qty
1 1 U1l TPS3825 DBV-5 Texas Instruments TPS3825-33DBVT
1 1 u2 MSP430 Micro IC TSQFP50P1400X1400X160-80N Texas Instruments MSP430F5529IPN
1 1 u7 15KV ESD-protection diode array ESD-protection diode array Texas Instruments TPD4EO04DRY
0 0 U6 9Axis Orientation/Motion 10-VFDFN Invensense MPU9150 U6 - DNI
1 1 us LDO Regulator IC MRAO8SA National Semiconductor LP3878MR-ADJ/NOPB
1 1 u9 Voltage Regulator IC TSQFP50P250X250X80_HS-10N Texas Instruments TPS61093DSK
2 2 U13 ,U14 Voltage Regulator IC TSOP65P490X110_HS-8N Texas Instruments TPS7A4901DGN
1 1 Yl 8MHz XTAL_ABM3 Abracon Corporation ABM3-8.000MHz-D2Y-T
1 1 Y2 32.768KHz ABS07 Abracon Corporation ABS07-32.768KHZ-T
1 1 Y3 24.000MHZ XTAL_ABM3B-4 Abracon Corporation ABM3B-24.000MHZ-10-1-U-T
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12 PCB Layouts and Schematics

12.1 AFE44x0SPO2EVM PCB Layouts
Figure 61 through Figure 68 show the EVM PCB layouts (landscaped for readability).
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Figure 61. AFE44x0SPO2EVM Top Overlay
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Figure 63. AFE44x0SPO2EVM Top Layer
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Figure 64. AFE44x0SPO2EVM Bottom Layer
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Figure 65. AFE44x0SPO2EVM Bottom Solder
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Figure 68. AFE44x0SPO2EVM Board Dimensions (in mils)
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12.2 AFE44x0SPO2EVM Schematics
Figure 69 through Figure 72 show the EVM schematics (landscaped for readability).
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Figure 69. AFE44x0SPO2EVM: AFE44x0 Schematic (1 of 4)
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STANDARD TERMS AND CONDITIONS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, or
documentation (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance with the terms and conditions set forth herein.
Acceptance of the EVM is expressly subject to the following terms and conditions.

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 and conditions 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 and conditions 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 any defects that are 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. Moreover, Tl shall not be liable for any defects that result from User's design, specifications or
instructions for such EVMs. Testing and other quality control techniques are used to the extent Tl deems necessary or as
mandated by government requirements. TI does not test all parameters of each EVM.

If any EVM fails to conform to the warranty set forth above, TI's sole liability shall be at its option to repair or replace such EVM,
or credit User's account for such EVM. Tl'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.

Regulatory Notices:

3.1

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

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 madifications 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.



3.2

3.3

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
Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSS standard(s). 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.

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 BAEMAIZ
BATNDFHMEAFY b, R—RIZOVTRK, KOECAZEZEBLSEE,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

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 by Radio Law of
Japan to follow the instructions below with respect to EVMs:

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
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Lo http://lwww.tij.co.jp/Isdsl/ti_ja/general/eStore/notice_02.page

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 Tl 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 Tl, 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.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY WRITTEN DESIGN MATERIALS PROVIDED WITH THE EVM (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 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 AND
CONDITIONS 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 MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF
THE EVM.

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 AND CONDITIONS. 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.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS ANDCONDITIONS OR THE USE OF THE EVMS PROVIDED HEREUNDER, REGARDLESS OF WHETHER TI 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 ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION
ARISING OUT OF OR IN CONNECTION WITH THESE TERMS AND CONDITIONS, OR ANY USE OF ANY TI EVM
PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO TI FOR THE PARTICULAR UNITS SOLD UNDER
THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE
OF MORE THAN ONE CLAIM AGAINST THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND
CONDITIONS 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 TI may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2015, Texas Instruments Incorporated



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 JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. 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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video
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