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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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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
TX DRIVER H}i $/C to LED
SUPPLY SV SUPPLY l . g LED OUTN S/Cto GND' |
Reachi Ee N Gl Version20 | NEGTED! | #id TExas MENTS
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).
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Figure 24. AFE4490: Device Configuration: Tx Stage
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