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Evaluating the AD7903 Dual Differential, 16-Bit, 1 MSPS PulSAR ADC

FEATURES ADDITIONAL EQUIPMENT/SOFTWARE NEEDED
Full featured evaluation board for the AD7903 System demonstration platform (EVAL-SDP-CB1Z)
Versatile analog signal conditioning circuitry Precision analog signal source
On-board reference, reference buffers, and ADC drivers Power supply, +7 V/-2.5 V (optional)
System demonstration board compatible (EVAL-SDP-CB1Z) USB cable
PC software for control and data analysis of time and SMA cable
frequency domain PC running Windows XP SP2, Windows Vista, Windows 7, or
higher with USB 2.0 port
EVALUATION KIT CONTENTS Evaluation software for the AD7903 (download from
EVAL-AD7903SDZ evaluation board AD7903 product page)
Wall power supply 9V dc adapter
Daughter card power connector ONLINE RESOURCES
Documents Needed
AD7903 data sheet

EVAL-AD7903SDZ user guide
Required Software

EVAL-AD7903SDZ evaluation software
FAQs and Troubleshooting

TYPICAL SETUP

SMA
CONNECTOR
SIGNAL SOURCE

T
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Figure 1. Typical Setup for the EVAL-AD79035DZ
(EVAL-AD79035DZ on Left and EVAL-SDP-CB1Z on Right)
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GENERAL DESCRIPTION

The EVAL-AD7903SDZ is an evaluation board designed to
demonstrate the low power AD7903 performance and to
provide an easy to understand interface for a variety of system
applications. The AD7903 is a dual differential 16-bit, 1 MSPS
PulSAR® ADC. A full description of the AD7903 is available in
the AD7903 data sheet and should be consulted when using this
evaluation board.

The evaluation board is ideal for use with the Analog Devices, Inc.,
system demonstration platform (SDP) board, EVAL-SDP-CBI1Z.
The evaluation board interfaces to the SDP board via a 120-pin

connector. SMA Connectors J6, J7,J10, and J15 are provided to
connect a low noise analog signal source.

The user PC software executable controls the evaluation board
over the USB through the SDP board, EVAL-SDP-CB1Z.

On-board components include the following:

ADR435: high precision, buffered band gap 5.0 V reference

ADB8031: reference buffer

ADA4841-1: signal conditioning circuit with op amps

ADP7104 and ADP2301: regulators to derive necessary voltage
levels on board

Rev. 0 | Page 3 of 32
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GETTING STARTED

SOFTWARE INSTALLATION PROCEDURES

The evaluation board software can be downloaded from the
AD7903 product page on the Analog Devices website, at
www.analog.com.

There are two parts to the installation:

e AD7903 evaluation board software installation
e EVAL-SDP-CBIZ system demonstration platform board
drivers installation

Warning

The evaluation board software and drivers must be installed
before connecting the evaluation board and EVAL-SDP-CB1Z
board to the USB port of the PC to ensure that the evaluation
system is correctly recognized when it is connected to the PC.

Installing the AD7903 Evaluation Board Software
To install the AD7903 evaluation board software,

1. Start the Windows operating system and download the
software from the AD7903 product page on the Analog
Devices website, at www.analog.com.

2. Unzip the downloaded file.

3. Double-click the setup.exe file to begin the evaluation
board software installation (see Figure 2).

Analog Devices AD7902_03 Installation

11 iz slronghy recommended that you et all programs belore running this : |
installer. Appheations that run in the background, such &t viuss-scanning |, 4 |
utilities, might cause the installer 1o lake longer than average to complete

Please vl while the: installes inftisizes.

11800-002

Figure 2. AD7903 Evaluation Board Software Installation: Installation Begins

4.  Select the location to install the software, and then click
Next. (The default location is C:\Program Files (x86)\
Analog Devices\AD7902_03 Evaluation Software\.
This location also contains the executable software and
example files.)

=2 AD790203 Eualuaton:

Deztination Directony
I Sedect the primary intlalation drsclon.

AR soitweate vall be inttalied in the followang locations. To inctall softwase o &
dilfétent lotations, chok the Biowse bulton ard delect arothes deecton.

Disectory for ADH02_(3_Evahustion Software
[ Progyam Fies (06 Anslog Device \AD7902_U3 Evaksston Scitware'. | [ Buowte., |

Dreectony for Mational Instruments prodicts
(C:\Program Files (BSMN stional Instrumentsh | | Browse., JI

<% Back

JC etz ][ Gancl |

Figure 3. AD7903 Evaluation Board Software Installation:
Selecting the Location for Software Installation
(the Default Location Is Shown)
5. Alicense agreement appears. Read the agreement, and then
select I accept the License Agreement and click Next.

Licenze Agreement
*fou mixtt accept the beenses displaped balow to procesd

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT

INSTALLATION NOTICE: THIS IS A CONTRACT. BEFORE YOU DOWNLOAD THE SOFTWARE
ANDIDR COMPLETE THE INSTALLATION PROCESS, CAREFULLY READ THIS AGREEMENT. BY
DOVWNLOADING THE SOFTWARE ANDIOR CLICKING THE APPLICABLE BUTTON TO
COMPLETE THE INSTALLATION PROCESS, YOU CONSENT TO THE TERMS OF THIS
AGREEMENT AND YOU AGREE TO BE BOLND BY THIS AGREEMENT, IF YOU DO NOTWISH TO
BECOME APARTY TO THIS AGREEMENT AND BE BOUND BY ALL OF ITS TERMS AND
CONDITIONS, CLICK THE APPROPRIATE BUTTON TO CANCEL THE INSTALLATION PROCESS,
D0 NOT INSTALL OR USE THE SOFTWARE, AND RETURN THE SOFTWARE WITHIN THIRTY
(30) DAYS OF RECEIPT OF THE SOFTWARE OMITH ALL ACCOMPANYING WRITTEN MATERIALS,
ALONG WITH THEIR CONTAINERS) TO THE PLACE YOU OBTAINED THEM. ALL RETURNS
SHALL BE SUBJECT TO NI'S THEN CURRENT RETURN POLICY. o

The softwane to which this National Instruments bcense appbes is ADTI02_03_E valuation Softveare.

| sccept the Licente Agreement|

| do not accept the Licanse Agreement

ccBock || Newo» ||  Comel |

Figure 4. AD7903 Evaluation Board Software Installation:
Accepting the License Agreement
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6. A summary of the installation is displayed. Click Next to 8.  The dialog box informs you when the installation is

continue.

_ AD7202.03 Evaluation Software

Stail Inslallation
Reviews the followrng

+ Nastional apstam ¢

: )
+ AD7502_D3_E vahuation Sohware Flas

Chick the Next button to begn installation.  Chek the Back button to change the inslallation selfings.

complete. Click Next.

Installation Complete

The instaBar has fireshd updating pour system.

[SaveFie. || ccBack [ Mewsr [ Concel

Mt »» i

11800-005
11800-007

Figure 5. AD7903 Evaluation Board Software Installation:
Reviewing a Summary of the Installation

7. A dialog box shows the installation progress.

1 AD7902.03 Evaluation Seftwan

Overall Paograss: 5005 Complate

Wiking systen regishy vahees

Figure 7. AD7903 Evaluation Board Software Installation:
Indicating When the Installation Is Complete

9.  The setup for the installation of the EVAL-SDP-CB1Z

system demonstration platform board drivers auto-
matically begins to load.

C.._u Please wait while Setup is loading. ..

o
verifying installer: 47%

11800-008

Figure 8. Loading the Setup for SDP Drivers Installation

Installing the EVAL-SDP-CB1Z System Demonstration
Platform Board Drivers

After the installation of the evaluation board software is complete,
a welcome window is displayed for the installation of the EVAL-
SDP-CB1Z system demonstration platform board drivers.

1. Make sure that all other applications are closed, and then

click Next.

11800-006

Figure 6. AD7903 Evaluation Board Software Installation:
Displaying Installation Progress

L+ ADI SDP Drivers 2.19602 ST
Welcome to the ADI SDP Drivers
2.1.960.2 Setup Wizard

This wizard will quide you through the installation of ADI SDP
Drivers 2,1.960.2,

It is recommended that you dlose all other applications
before starting Setup. This will make it possible to update
refevant system files without having to reboot your
computer.

Chick Next to continue.

Next> | | Concel |

11800-009

Figure 9. EVAL-SDP-CB1Z Drivers Setup:
Beginning the Drivers Installation
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2. Select the location to install the drivers, and then click Install. 5. To complete the drivers installation, click Finish, which
- — . closes the installation wizard.
+1 ADI SOP Drivers 2.1.960.2 Set
Choose Install Location tup. -m ]‘
Choose the folder in which to install ADT SOP Orivers 2.1,960.2, l
Completing the ADI SDP Drivers |

Setup vl install ADI SOP Drivers 2.1,960.2 in the Following folder. To instal in a different 2.1.960.2 Setup Wizard

Folder, click Browse and select another folder. Click Instal to start the installstion.
ADI SDP Drivers 2.1.960.2 has been installed on your
computer,

Click Finish to close this wizard.

Space required: 249.3MB
Space availsble: 142.0G8

[ <Back [ nstal ] [ concel |

11800-010

Figure 10. EVAL-SDP-CB1Z Drivers Setup: il
Selecting the Location for Drivers Installation Figure 13. EVAL-SDP-CB1Z Drivers Setup:
Completing the Drivers Setup Wizard

3. Installation of the SDP drivers begins.

6. Before using the evaluation board, you must restart your
computer. A dialog box opens, giving you the following

T S T SO IS SO bl ("j options: Restart, Shut Down, Restart Later. Click the
appropriate button.

Execute: C:\Users\MpachchilAppDatatiLocal\ Tempiveredist_x86.exe fq
— E———

Extract; dpinst_amdés.exe.., 100% -
..Checking for old driver installs

«Checking currently instsed driver

«Comparing versions: 2.1.960.2 to 2,1.960.2, Resukt 0
. MSI already installed 11

+NET Framework 3.5 591 sready installed 1!

Qutput Folder: C;\UsersiMpachchil\AppDatallocali Temp
Installing ¥C++ 9 runtime

Extract; veredist_x86.exe,.. 100%

Execute:; Ci\UsersiMpachchit AppDataiLocal|Templveredist_x86.exe fq =

| AD7902.03 Evaluation Softwa ==

@ You must restart your computer to complete this operation.

If you need to install hardware now, shut down the computer. If you
choose to restart later. restart vour computer befare running any of this
software.

[

( Restat ] [ Stwbown | [ Restatlgter |

Figure 14. EVAL-SDP-CB1Z Drivers Setup:
Restarting the Computer

11800-011

Figure 11. EVAL-SDP-CB1Z Drivers Setup:
Beginning the Installation

4. A dialog box appears asking whether you would like to
install this device software. Click Install to confirm that
you would like to install the drivers.

Would you like to install this device software?

~- MName: Analog Devices, Inc. ADI Development Too...
&' Publisher: Analog Devices BV,

{7] Abwvays trust software from “Analog Devices B.V.". | Install E Don't Install ]

Q You should enly install driver softy from publishers you trust. How can [ decide
which device software is safe to instail?

11800-012

Figure 12. EVAL-SDP-CB1Z Drivers Setup:
Granting Permission to Install Drivers
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EVALUATION BOARD SETUP PROCEDURES

The AD7903 evaluation board connects to the (EVAL-SDP-CB1Z)
system demonstration board. The EVAL-SDP-CB1Z board is
the controller board, which is the communication link between
the PC and the main evaluation board.

Figure 1 shows a photograph of the connections made between
the EVAL-AD7903SDZ daughter board and the EVAL-SDP-CB1Z
motherboard.

Connecting the Evaluation and SDP Boards to a PC

1. Install the AD7903 software. Ensure that the EVAL-SDP-CB1Z

board is disconnected from the USB port of the PC while
installing the software. The PC must be restarted after the
installation is complete.

2. Before connecting power, connect the 120-pin connector, J5,
of the EVAL-AD7903SDZ board to Connector J4 on the
EVAL-SDP-CB1Z board. Nylon screws are included in the
EVAL-AD7903SDZ evaluation kit and can be used to
ensure that the EVAL-AD7903SDZ and EVAL-SDP-CB1Z
boards are connected firmly together.

3. Connect the 9 V power supply adapter included in the kit
to the EVAL-SDP-CBI1Z.

4. Connect the EVAL-SDP-CB1Z board to the PC via the
USB cable. (If you are using Windows® XP, you may need to
search for the EVAL-SDP-CB1Z drivers. Choose to auto-
matically search for the drivers for the EVAL-SDP-CB1Z
board if prompted by the operating system.)

Verifying the Board Connection
1. Allow the Found New Hardware Wizard to run after the

EVAL-SDP-CBI1Z board is plugged into your PC. (If you
are using Windows XP, you may need to search for the
EVAL-SDP-CBI1Z drivers. Choose to automatically search
for the drivers for the EVAL-SDP-CBI1Z board if prompted
by the operating system.)

2. Check that the board is connected to the PC correctly

using the Device Manager of the PC.
a.  Access the Device Manager as follows:
i. Right-click My Computer and then click Manage.
ii. A dialog box appears asking for permission to
allow the program to make changes to your
computer. Click Yes.
iii. The Computer Management box appears. From
the list of System Tools, click Device Manager.
b. Under ADI Development Tools, Analog Devices
System Development Platform SDP-B should appear
(see Figure 15), indicating that the EVAL-SDP-CB1Z
driver software is installed and that the board is
connected to the PC correctly.

5 Device Manager
He fcton Vew teb

m & 2E A

o Jericuiazs oo
= W ADI Development Tooks
I Ansiog Devices System Demonsyaton Platform SOP-8
+ i Computer
4+ Cam Disk drives
+ W Doplay adapters
¥ o DYDCD-ROM drives
- (a2 Human Inter face Devices
% i) IDE ATA/ATAPY controlers
¥ o Keyboards
* ) Mce and other pointing devices
* B Monitors
# W Hational Instruments GRIB Inter faces
* M Network sdaphers
+ o Ports (COMALFT)
+ o Processces
+ ). Sound, video and game controlers
+ System devices
+ Universal Serai Bus controbers

11800-015

Figure 15. Device Manager:
Checking that the Board Is Connected to the PC Correctly
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EVALUATION BOARD HARDWARE
DEVICE DESCRIPTION

The AD7903 is a 16-bit, 1 MSPS, precision, power efficient, dual
differential PulSAR ADC that uses SAR-based architecture and
does not exhibit any pipeline delay or latency. The AD7903 is
specified for use with a single supply of 2.5 V (VDD1, VDD2).
The interface from the digital host to the AD7903 uses 1.8 V/
2.5V/3.3V/5.5V logic. The AD7903 is compatible with the
SPI/QSPI/MICROWIRE/DSP serial interface to transfer data
conversions. Complete AD7903 specifications are provided in
the AD7903 data sheet and should be consulted in conjunction
with this user guide when using the evaluation board. Full
details on the EVAL-SDP-CBI1Z are available on the Analog
Devices website, at www.analog.com.

Figure 26 to Figure 31 show the evaluation board schematics.
The board consists of an AD7903 ADC (U1) with a reference
(U6—ADRA435), and several ADC drivers (U12, U14, U16, and
U17—ADA4841-1YRZ). The evaluation board is a flexible
design that enables you to adjust compensation components
and operate the evaluation board from an adjustable bench top
power supply.

POWER SUPPLIES

The evaluation board can be powered from a wall adapter or
from a bench top power supply. By default, the board is set up
to operate from a 9 V wall adapter using the on-board power
supplies described in Table 1.

Table 1. Power Supplies Provided on the Board

Each on-board power supply is decoupled where it enters the
board as well as where it connects to each device. A single ground
plane is used on this board to minimize the effect of high frequency
noise interference.

Alternatively, the board can be powered from a bench top power

supply by using the J2 and J3 screw terminals and changing the

SL1 to SL4 and LK3 to LK5 solder link settings to Position B (see

Table 2). When bench top power is used, use of the wall adapter
and the on-board power supplies are no longer required.

Table 2. Solder Links—Settings for Bench Top Power Supply’

Link Setting Function
SL1 B +Vs

SL2 B Vs

SL3 B Vs

SL4 B +Vs

LK3 B V_SDP

LK4 B Vrer

LK5 B Voo for ADC

Power Supply (V) | Function Components Used
+5 SDP power ADP2301
+7.5 Positive rail ADP7104
=25 Negative rail ADP2301
+2.5 ADC Vpp rail ADP7104
+3.3 Vore (digital power) | ADP7104

' All other solder link settings are as described in Table 3.
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Figure 16. Simplified Evaluation Board Functional Block Diagram
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LINK CONFIGURATION OPTIONS

Care should be taken before applying power and signals to the

evaluation board to ensure that all link positions are as required

by the operating mode. There are two modes in which to operate

the evaluation board. The evaluation board can be operated in
SDP controlled mode to be used with the SDP board, or the
evaluation board can be used in standalone mode.

Table 3. Solder Links—Factory Default Settings

When operating in SDP controlled mode, ensure that VIO is
3.3 V. Operating with a VIO greater than 3.3 V in SDP controlled
mode may damage the SDP board.

The Default Position column of Table 3 shows the default
positions in which the links are set when the evaluation board is
packaged. When the board is shipped, it is assumed that you are
going to operate the evaluation board with the SDP board (SDP
controlled mode).

Link Setting Function Comment

SL1 A +Vs Change to B if using bench supplies.

SL2 A =Vs Change to B if using bench supplies.

SL3 A -Vs Change to B if using bench supplies.

SL4 A +Vs Change to B if using bench supplies.

SL5 A Analog input Do not alter.

SL6 A Analog input Do not alter.

LK3 A V_SDP Change to B if using bench supplies.

LK4 A Veer Change to B if using bench supplies.

LK5 A Voo for ADC Change to B if using bench supplies.

LK6 A U12 output connects to Change to B if U14 inverting input needs to be connected to ground.
U14input

LK7 A U17 output connects to Change to B if U16 inverting input needs to be connected to ground.
U16 input

LK8 A ADC2 input Change to B if using ADC1 input.

LK9 A ADC2 input Change to B if using ADC1 input.

LK10 A U17 input Change to B if U17 needs to be bypassed.

LK11 A U17 input Change to B if U17 needs to be bypassed.

LK12 A U16 input Change to B if U16 needs to be bypassed.
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EVALUATION BOARD CIRCUITRY

ANALOG INPUTS

The analog inputs to the evaluation board are SMA Connectors J6,
J7,710, and J15. These inputs are buffered with dedicated amplifier
circuitry (U12, U14, U16, and U17), as shown in Figure 26 and
Figure 27. The circuit not only allows different configurations,
input range scaling, and filtering but also allows adding a dc
component and using different op amps and supplies. The analog
input amplifiers are set as unity-gain buffers by factory default.
The amplifier positive rail is driven from 7.5 V (from U13—
ADP7104). The negative amplifier rail is driven from -V
(generated by U3—ADP2301).

The default configuration sets all op amps (U12, U14, U16, and
U17) at midscale, generated from a buffered reference voltage
divider (VCM).

The evaluation board is configured by factory default for providing
a differential analog input path to ADCI and ADC2 (see Figure 16).

For dynamic performance, an FFT test can be done by applying
a very low distortion ac source.

For low frequency testing, the audio precision source can be
used directly because its outputs are isolated. Set the outputs for

a balanced and floating ground. Different sources can be used;
however, most are single-ended sources that use a fixed output
resistance.

By default, the evaluation board uses the amplifiers as unity-gain
buffers. The noninverting input has a common-mode adjustment
that involves a 49.9 kQ) shunt resistor. This resistor creates a
voltage divider with the source, which must be accounted for
when using the board.

REFERENCE

An external 5 V reference (U6—ADR435) is used to supply the
ADC:s directly.

SERIAL INTERFACE

The evaluation board uses the SPORT interface from the
ADSP-BF527 DSP.

Multiple AND gates (U9, U10, and U11) are used to clock and
gate the SPORT transfer to the ADC device.
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MODES OF OPERATION

SDP CONTROLLED MODE

The AD7903 uses a high speed serial interface that allows sampling
rates of up to 1 MSPS. For more information about the operation of
the serial interface, refer to the AD7903 data sheet.

The AD7903 uses the serial interface to transfer data to the
EVAL-SDP-CB1Z.

The EVAL-AD7903SDZ communicates with the EVAL-SDP-CB1Z
board using level shifters. The EVAL-SDP-CB1Z operates at a
3.3 V logic level, which allows logic voltages that exceed 3.3 V
to be used without damaging the SDP interface.

STANDALONE MODE

The EVAL-AD7903SDZ can also be used without the EVAL-SDP-
CB1Z controller board. In this case, the EVAL-AD7903SDZ is
connected to the serial interface using the J5 connector or the
test points. For more information about the operation of the
serial interface, refer to the AD7903 data sheet.
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HOW TO USE THE SOFTWARE

SETTING UP THE SYSTEM FOR DATA CAPTURE:
BOARD OPERATION/CONNECTION SEQUENCE

With the evaluation software installed, the following board
operation/connection sequence can be used:

1.  Connect the SDP controller board to the evaluation board
with the J5 connector (screw into place as required). The
software is configured to find the evaluation board on either
the J4 or J5 connector of the SDP board.

2. Power the board with the appropriate supply, as described
in the Power Supplies section.

3. Connect the EVAL-SDP-CB1Z board to a PC using the
USB cable.

4.  Start the evaluation software. Click Start >All Programs >
AD7903_03_Evaluation > AD7903_03_Evaluation_

Software.
5. Apply a signal source and capture data.
STARTING THE SOFTWARE

When the software starts running, it searches for hardware
connected to the PC. The software automatically detects the
generic attached to the PC, or you can choose to run the software
in standalone mode without any hardware connected.

With Hardware Connected
To run the program with hardware connected,

1.  Click Start > All Programs > AD7903_03_Evaluation >
AD7903_03_Evaluation_Software. (To uninstall the
program, click Start > Control Panel > Add or Remove
Programs > AD7903_03_Evaluation.)

2. If the SDP board is not connected to the USB port when
the software is launched, a connectivity error displays (see
Figure 17). If a connectivity error is displayed, connect the
evaluation board to the USB port of the PC, wait a few
seconds, click Rescan, and follow the instructions.

P> Hardware Select X

'A;'I_S_DP s_vst:an:N;FOEd, but the daughterboard was not
| detected, Check the daughterboard is attached to a
| compatible SDP and press Rescan or Cancel to abort.

i
| If your SDP is recently connected, it may be in the process of
' booting, Wait ~40secs and Rescan.

ESelecﬁng Cancel will allow Software to continue in standalone
{mode.

| Previous | | Next |

|

Cancel

ject |

L
i)

Figure 17. SDP Board Not Connected to the USB Port Pop-Up Window Error

11800-017

After finding the evaluation board, the software connects
to the board and displays the dialog box shown in Figure 18.

¥ System Development Platform Wait

‘Waiting For operation to complete and reconnecting. ..

i )

Cancel

Figure 18. Software Connects to SDP Board

11800-018

After the board is correctly detected, the main window of
the software appears (see Figure 21), showing that the
EVAL-AD7903SDZ board is connected.

Without Hardware Connected

The software can run in standalone mode when no evaluation
board hardware is connected to the USB port.

1.

' detected. Check the daughterboard is attached to a
| compatible SDP and press Rescan or Cancel to abort.

Click Start > All Programs > AD7903_03_Evaluation >
AD7903_03_Evaluation_Software.

The software automatically seeks to find the hardware
connected; therefore, when no hardware is connected, a
connectivity error is displayed (see Figure 19). If you wish to
continue without hardware in standalone mode, click Cancel.

P> Hardware Select ~

An SDP system was found, but the daughterboard was not

If your SDP is recently connected, it may be in the process of
booting. Wait ~40secs and Rescan.

| Selecting Cancel will allow Software to continue in standalone
mnde.

| revious Next

g il cin )

11800-019

3.

Figure 19. No Hardware Connected Pop-Up Window Error

The software alerts the user that no hardware is connected
and that the software is going to continue in standalone mode.

No Hardware Connected.

Software will operate in stand-alone mode.

11800-020

Figure 20. Software Indicates Operating in Standalone Mode
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4. You can then load example files or previously saved files and 5. If you decide to connect hardware at this point, you must
analyze data. The main window of the software appears (see close the software and relaunch it to allow it to search for
Figure 21), showing the evaluation board connected as the the board again.

part number from the saved data file.

P Analog Devices20 Lead Dual PulSAR 16 bit ADCs

AD7902/AD7903 Evaluation Software D> [T
Conﬁoule Waveform | Histogram = FFT | Summary [ Single Capture ] [f i Ca,u(ure] HNum Samples 8192 bl o

Eval Board Connected

EVAL-AD7903
ADC Settings REF = 2.5V TO SV
Reference Voltage (V)
5 O - T .
Samphng Freg (Hz)
1000000 =
Select Channels OV'TO VREF LBV TO SV
[¥] Channel 1
o
] Channel 2 VI VREF TO OV 1WIRE OR 4 WIRE
OV TO VREF INTERFACE
o () inzs ADT202/03 ESPI. 8, AND
"o HAIN MODES)
{JIN2-

Data analysis complete Vergion 1.1.0.0 Busy .

11800-021

Figure 21. Main Window
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OVERVIEW OF THE MAIN WINDOW

The main window of the software is shown in Figure 21 and has
the features described in this section.

File Menu

The File menu offers the choice to

e  Load data: load previously captured data.

e  Save Data as .tsv: save captured data in .tsv format for
future analysis.

e Save Picture: save the current screen capture.

e  Print: print the main window to the default printer.

o  Exit: close the application.

Eval Board Connected Box

The Eval Board Connected box displays the evaluation board
connected to the USB port—either EVAL-AD7902SDZ or
EVAL-AD7903SDZ.

When an evaluation board is not connected to the USB port, the
software can be operated in standalone mode for data analysis,
and the part information notes the part number from the saved
data file.

ADC Settings Area

The ADC Settings section allows changing the sampling
frequency and the reference voltage value, as well as selecting
Channel 1 or Channel 2.

Reference Voltage (V) Box

By default, the external reference voltage is 5 V (ADR435 on-board
reference). The minimum/maximum voltage calculations are based
on this reference voltage. If you change the reference voltage, you

must change this input accordingly.

Sampling Freq (Hz) Box

The default sampling frequency (10000000 Hz) in the Sampling
Freq (Hz) box matches the maximum sample rate of the ADC
connected to the board. Although you can adjust the sampling
frequency, there are limitations in terms of the sample frequencies
that can be entered related to the SCLK frequency applied. The

sample frequency must be an integer divider of the SCLK
frequency. If an unusable sample frequency is input, the software
automatically adjusts the sample frequency accordingly. Units
can be entered as, for example, 10k for 10,000 Hz. The software
automatically adjusts the sample frequency according to the ability
of the ADC connected to the board. For example, if you enter a
value that is beyond the ability of the device, the software indicates
this and reverts to the maximum sample frequency.

Select Channels Checkboxes

Select either Channel 1 or Channel 2 or both to read the data
from a single ADC or both ADCs simultaneously.

Tabs Area

There are five tabs available in the tabs area of the main window:
Configure, Waveform, Histogram, FFT, and Summary. These
tabs display the data in different formats. Navigation tools are
provided within each tab to allow you to control the cursor,
zooming, and panning (see Figure 22) within the graphs displayed.
Each tab is described in more detail in the Generating a
Waveform Analysis Report; Generating a Histogram of the
ADC Code Distribution; Generating a Fast Fourier Transform
of AC Characteristics; and Generating a Summary of the
Waveform, Histogram, and Fast Fourier Transform sections.

Single Capture Button
Clicking Single Capture performs a single capture from the ADC.
Continuous Capture Button

Clicking Continuous Capture performs a continuous capture
from the ADC.

Num Samples Box

The Num Samples box allows you to select the number of
samples to analyze.

Exit Button

Clicking the Exit button (in the upper right corner of the
window) closes the software. Alternatively, you can select Exit
from the File menu.
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GENERATING A WAVEFORM ANALYSIS REPORT

Figure 22 illustrates the Waveform tab for a 10 kHz sine wave
input signal when the on-board 5 V external reference is used.

ead Dual PUlSAR 16 bit ADCs

The Waveform Analysis area (located toward the bottom of the
window) reports the amplitudes recorded from the captured signal
and the frequency of the signal tone. Select the Channel 1 tab
or Channel 2 tab in the Waveform Analysis area to view the
corresponding waveform.

CONTROL CONTROL CONTROL
CURSOR ZOOMING PANNING

AD7902/AD7903 Evaluation Software
___c.-mwe_: waveform | Histogram | FFT | Summary [__single capture | [Continuous Capture]  Num Yamples|
65000
60000 8
55000 §
50000 Pliat Legeand
45000 4 it r._
40000 2 e[
o 35000
§ 30000
25000
0000
15000
10000
5000
2 o 5000 10000 15000 20000 - 25000 30000 35000 40000 45000 250000 55000 60000 65535
Time
‘Waveform Analysis
picpk mpltude [9.174805 |y (60128 | 158 Mean [0.00001 | v(32767.54] 15
Standard Deviation [3.241671 | V(212446 |
Min Ampltude |-4.586182 |y 2712 |isg Froquency|9.995 iz
&
i
Daka analysis complete Version 1.1.0.0 ey @ | 8

Figure 22. Waveform Tab
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GENERATING A HISTOGRAM OF THE ADC CODE
DISTRIBUTION

The Histogram tab can be used to perform ac testing or, more
commonly, dc testing. This tab shows the ADC code distribution of
the input and computes the mean and standard deviation, which are
displayed as DC Offset/Mean and Transition Noise, respectively,
in the Histogram Analysis area (located toward the bottom of
the window).

Figure 23 shows the histogram with ac input for a 1 kHz sine
wave applied to the ADC input and the resulting calculations.

ACInput
To perform a histogram test of ac input,

1. Apply a differential sinusoidal signal with low distortion
(better than 100 dB) to the evaluation board at the J6/J7 or
J10/]J15 input SMA connector pair.

2. Click the Histogram tab from the main window.

3. Click Single Capture or Continuous Capture.

Raw data is then captured and passed to the PC for statistical
computations, and various measured values are displayed in the
Histogram Analysis area.

P Analog DisvicesT0 Load Dual PulSAR 16 bit ADC

DC Input

A histogram test of dc input can be performed with or without
an external source because the evaluation board has a buffered
Vrer/2 source at the ADC input.

To perform a histogram test of dc input,

1. Ifan external source is being used, apply a differential
sinusoidal signal with low distortion (better than 100 dB)
to the evaluation board at the J6/]J7 or J10/J15 input SMA
connector pair. It may be required to filter the signal to ensure
that the dc source is noise-compatible with the ADC.

2. Click the Histogram tab from the main window.

3. Click Single Capture or Continuous Capture.

Raw data is then captured and passed to the PC for statistical
computations, and various measured values are displayed in the
Histogram Analysis area.

Fle EM Help
Configure | Waveform Histogram | FET Summary [ S;ngls.ca;)bum | [COHLI Num Samples, 65536 v o
14000 —
13000
12000 |
Plot Legend
11000 | ey
| ot [
i chz e
€ | !
g 9000 |
8 SODDE
7000 |
5000 ¢
5000 |
4000 | b Ji "" f
o 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000 55000 60000 65536
Bins
Histogram Analysis
M.l Charnel 2
Max Amphtude | 4.588623 |y | 62840 158 Pk-pk Amplitude |5.174805 |y | 60128  |s@
Min ampltude -4.586182 |y | 2712 Lse AMS | 6486587 |y
OC Offset/Mean|-0.00001 |y [32767.94 | sg 1sal15259  uv
Transition Noige | 3.241671 |y | 21000 Lse Histogram Width | 60128 158
I
g
L 2
Diata analysis complete Version 1.1.0.0 Busy @ | 2

Figure 23. Histogram Tab
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GENERATING A FAST FOURIER TRANSFORM 2. Click the FFT tab from the main window.
OF AC CHARACTERISTICS 3. Click Sample.
Figure 24 shows the FFT tab. This feature tests the traditional As in the histogram test, raw data is then captured and passed
ac characteristics of the converter and displays a fast Fourier to the PC, which performs the FFT and displays the resulting
transform (FFT) of the results. SNR, SINAD, THD, and SFDR.
To perform an ac FFT test, The FFT Analysis area displays the results of the captured data.
1. Apply a differential sinusoidal signal with low distortion e  The area labeled 1 in Figure 24 shows the spectrum
(better than 100 dB) to the evaluation board at the J6/]7 or information.
J10/J15 input SMA connector pair. To attain the requisite e The area labeled 2 in Figure 24 displays the fundamental
low distortion, which is necessary to allow true evaluation frequency and amplitude. You can also click Show
of the part, one option is to Harmonic Content to view information about the second
a.  Filter the input signal from the ac source. A band-pass to fifth harmonics.
filter can be used;. its center frequency must match the e The area labeled 3 in Figure 24 displays the performance
test frequency of interest. data, including the SNR, dynamic range, THD, SINAD,
b. Ifalow frequency band-pass filter is used when the full- and noise performance.

scale input range is more than a few volts peak-to-peak,
use the on-board amplifiers to amplify the signal, thus
preventing the filter from distorting the input signal.

P Analog Devices20 Lead Dual PUISAR 16 bit ADCs

Fie Edt Heb
AD7902/AD7903 Evaluation Software D [irmeas
Configure | Waveform | Histogram | FFT | Summary [ single Capure | [C Capture | Num Samples| 65536~ 0

e

[

<20

Plot Legend
50 I 2
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g =
5 0 chz
é-iﬂﬂ
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(| L [ | |
-180 14 i | 1
(1] 50000 100000 150000 200000 250000 = 300000 350000 400000 450000 500000
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Charmel 1 | Channal 2
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Max Amplitude 4.588013 |v 62836 | Lsg| [Fund. Frequency  5.995 Wz SNR 94.08 |gg BnWidth 1528 Mzl
Min Ampltude -4.585876 (v |2714 Lsa| |Fund, Amplitude | -0.85 dBFs THD -116.16 dB SFOR 112.66 dB
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oc[oooo118 |v [32767 | Lsg rMs [6.48594 |y | [tvoise Foor[-136:59 |gg
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Figure 24. FFT Tab
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GENERATING A SUMMARY OF THE WAVEFORM,
HISTOGRAM, AND FAST FOURIER TRANSFORM

Figure 25 shows the Summary tab. The Summary tab captures
all the display information and provides it in one panel with a
synopsis of the information, including key performance parameters
such as SNR and THD.

AD7902/AD7903 Evaluation Software e
| Configure | Waveform | Histogram | FFT Summary [ single Capture | [Conti Capture | Hum Samples| 65536 3 o
Waveform FET
70000 °n
60000 =20
50000 g
% 40000 % -60
& 30000 g 80
20000 -100
10000 120

[T TS SO -

Q

0 10000 20000 30000 40000 50000 65535 = 100000 00000,  R00000. AGODOG  AGou8s
Time Frequency (Hz)
Histogram
P - nnah'_s!SSwmnarr
13000 - = Coannei 1 | Channet 2
12000 ) = |
g Lion . e ok Amp (OB v SO L8 Oyiec Ronos oS e B lee |
£ 10000 DC Offset/Mean [-0.00001 |y [32767.94) LS8 SHR (6409 |gg |
2000 - ¥
g 8000 fon Noise | 3.241671 |y | 21244,61 LS8 THD |-109.33 |dB
7000 Fund Frea. [9.995 |1z S/N+0 (9396 4 |
6000 Fund Amphtude .0.85  |dare 158 (152,59 luv |
i r = z -
4000 = ' i RMS[6.486587 |y SFOR 11089 |gg |
0 10000 20000 30000 40000 50000 60000 |
Bins 0
e
| - : 13
‘Data analysis complete Version 1.1.0.0 Busy @ @

Figure 25. Summary Tab
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EVALUATION BOARD SCHEMATICS AND ARTWORK

EVAL-AD7903SDZ SCHEMATICS
ADC 1 DRIVERs

o
VWA
R

J£
oiP
33 TnF
[acHE . [
veu ADA4BA1-IYRZ o

DNP
VW
R39 R32
AN
c55 499
s —
oNe <
e vouT1-
YN R40 R4
b o J_ 2R
Vin1 cot Jssz

—vs [

ADA4841-1YRZ

Figure 26. Schematic, Page 1

ADC 2 DRIVERs

Vin2 s
2 or

veu

veu

Figure 27. Schematic, Page 2
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Figure 30. Schematic, Page 5

Rev. 0 | Page 23 of 32



UG-609

FUTUUB HE

un-gn Jo} Buydnosag

U R

TT1T
.

w1osu™ Luods [
oua™ Lyods (>
$34™ 14008

$417140dS
HTISLTLH0dS

<7 5417 140ds

FOSLIN

[4

BOSLIN an
ANETHT0SL™ 1¥0dS an ;
BOSLIN
s Laods < a
BOSLIN
>10SY™L¥0dS e

919071 3N19 JIV44ILNI

‘0 $7q 071 w0 9q jsnw (Z£9TKZ) NOAII QI P40OR

< mos1" 13048

YWz Moup xow oBojjor 0 398 0} 38N :OIA

[

on >———

WOOZ AG 80J1nbos 40S Oy) Jomod 03 uid SBlyl 98N INIA

dQSA 404 UIN}dJ D OND™ dAS Isn

Lu0d
1INV

=

9-13571ds
SSTId5/1135” 1dS

o2 17v08

SW/1-VZEIWT

31

kolo|

£60

B

104100/ 10N 2019
3

SyINL _¥NL

140714048 U|_

(o414 07021 93N — Q14O UIIPDIG O} POIIBLLOD)

dOLO3ANNOD dds

Figure 31. Schematic, Page 6
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EVAL-AD7903SDZ LAYOUT
Layout Considerations

When laying out the printed circuit board (PCB) for the AD7903,

follow the recommended guidelines described in this
obtain the maximum performance from the converter.
through Figure 36 show the recommended layout for th
evaluation board.

section to
Figure 33
e AD7903

Decouple all the power supply pins (VDD1, VDD?2, and

VIO) and the REF pin with low ESR and low ESL ceramic
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capacitors, typically 10 uF and 100 nF, placed close to the
DUT (U1) and connected using short, wide traces to provide
low impedance paths and to reduce the effect of glitches on
the power supply lines.

Separate analog and digital sections and keep power supply
circuitry away from the AD7903.

Avoid running digital lines under the device and crossover
of digital and analog signals because these couple noise into
the AD7903.
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Figure 32. EVAL-AD7903SDZ Evaluation Board Silkscreen—Top Assembly
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BILL OF MATERIALS

Table 4. EVAL-AD7903SDZ Bill of Materials

Reference Designator | Part Description Manufacturer | Part Number Stock Code

U1 Dual differential 16-bit, 1 MSPS PulSAR® ADC Analog Devices | AD7903 AD7903

U2 1.2 A, 20V, 1.4 MHz nonsynchronous step- Analog Devices | ADP2301AUJZ ADP2301AUJZ-R7
down switching regulator

U3 1.2 A, 20V, 1.4 MHz nonsynchronous step- Analog Devices | ADP2301AUJZ ADP2301AUJZ-R7
down switching regulator

U4 Linear regulator, 3.3V, 20V, 500 mA, Analog Devices | ADP7104ARDZ-3.3 ADP7104ARDZ-3.3-R7
ultralow noise, CMOS

U5 2.7V, 800 pA, 80 MHz rail-to-rail I/0 single Analog Devices | AD8031ARTZ AD8031ARTZ-R2
amplifier SOT23-5

ué Ultralow noise XFET voltage references Analog Devices | ADR435BRZ ADR435BRZ

Uz Linear regulator, 2.5V, 20V, 500 mA, ultralow Analog Devices | ADP7104ARDZ-2.5 ADP7104ARDZ-2.5-R7
noise, CMOS

us Single INV Fairchild NC75Z04M5 Farnell 1013809

U9 Single AND gate Fairchild NC7SZ085M5 Farnell 1013807

u10 Single AND gate Fairchild NC75Z085M5 Farnell 1013807

U1l Single AND gate Fairchild NC7SZ085M5 Farnell 1013807

u12 Low noise, high speed amplifier for 16-bit Analog Devices | ADA4841-1YRZ ADA4841-1YRZ-R7
systems

uU13 20V, 500 mA, low noise, CMOS adjustable LDO | Analog Devices | ADP7104ARDZ ADP7104ARDZ-R7

u14 Low noise, high speed amplifier for 16-bit Analog Devices | ADA4841-1YRZ ADA4841-1YRZ-R7
systems

u15 32k I2C serial EEPROM, 8-lead MSOP Microchip 24LC32A-I/MS Farnell 1331330

u1lée Low noise, high speed amplifier for 16-bit Analog Devices | ADA4841-1YRZ ADA4841-1YRZ-R7
systems

Uiz Low noise, high speed amplifier for 16-bit Analog Devices | ADA4841-1YRZ ADA4841-1YRZ-R7

C1,C2,C5,09,C11,
C13,C19
C3,C4,Ce6, C7

(8, C20, C23,C25,C27,

C28,C30,C31,C34,
C37,C41,C42,C44,
C45, C48, C53, C54,
C56, C57, C59, €65,
Ce67,C77,C78,C80

9
C12,C40,C79
C14

C15,C16,C17,C21,
C22,C26

c18
(33, C50, C58, C66
(C35,C52,C74,C75

systems
Capacitor tantalum, 20 V

Capacitor ceramic, 4.7 pyF, 16 V, X7R, 0805
Capacitor ceramic, 50V, X7R

Capacitor ceramic, 50V, X7R, 0805
Capacitor ceramic, 22 uF, 10V, X7R, 1206
Capacitor ceramic, 4.7 yF, 16 V, X5R, 1206
Capacitor, 0805, 1 pyF, 50V, X7R

Capacitor ceramic, 50V, X7R
Capacitor ceramic,10 pF, 100 V, COG, 0603

Capacitor ceramic, 2700 pF, 50 V, COG/NPO,
0603

AVX

Taiyo Yuden
Murata

Murata
AVX
Taiyo Yuden

Murata

Murata
AVX
TDK

TAJB106K020RNJ

EMK212B7475KG-T

GRM188R71H104KA93D

C0805C104K5RACTU
LMK316AB7226ML-TR

EMK316BJ475KL-T

GRM21BR71H105KA12L

GRM188R71H103KA01D

06031A100JAT2A
C1608C0G1H272)

Farnell 197427

Farnell 1853520
Farnell 8820023

Farnell 1414664
Farnell 1894515
Farnell 6578937
Farnell 1735541

Farnell 1118178
Farnell 1273324
Farnell 1844178
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Reference Designator | Part Description Manufacturer | Part Number Stock Code

C24, C29,C32,C36, Capacitor ceramic, 50 V, COG/NPO, 0603 TDK C1608C0G1TH272) Do not place

(€38, C39, C43, C46,

C47, C49, C55, C60,

C61,C62, C63, C68,

€69, C70,C71,C72,

C73,C76,C81

R1 Resistor, thick film, 2.4 kQ, 0603, 100 mW, 1% Yageo RC0O603FR-072K4L Farnell 1799329

R2 SMD resistor Multicomp MC 0.TW 0805 1% 62K Farnell 9333436

R3 Resistor, 0603, 35.7 kQ Multicomp MC 0.063W 0603 1% Farnell 1170942
35K7

R4 SMD resistor Multicomp MC 0.0625W 0402 1% Farnell 1803723
53K6

R5 SMD resistor Multicomp MC 0.0625W 0402 1% Farnell 1803137
10K2

R6 Resistor, 0603, 16.9 kQ Multicomp MC 0.063W 0603 1% Farnell 1170908
16K9

R7 Resistor, 0805, 12.1 kQ), 1% Vishay Draloric | CRCW080512K1FKEA Farnell 1469866

R10 Resistor, 0603, 82 kQ), 0.063 W, 1% Multicomp MC 0.063W 0603 1% Farnell 9331573
82K

R11,R13,R42, R44 SMD resistor Multicomp MC 0.063W 0603 1% Farnell 9330402
100K

R12, R14, R20, R21, SMD resistor Multicomp MC 0.063W 0603 OR Farnell 9331662

R23, R25, R26, R36,

R38, R40, R45, R48,

R53, R56, R63, R64,

R69, R70,R71, R72

R17,R22,R32,R37, Resistor, 0805, 49.9 ), 0.1%, 0.125 W Panasonic ERA6AEB49R9V Farnell 1810805

R46, R47,R54, R55

R27, R28, R34, R35, Resistor, 0805, 49.9 kQ), 1%, 0.125 W Panasonic ERJ-6ENF4992V Digi-Key

R49, R50, R73, R74 P49.9KCCT-ND

R24, R41,R67, R68 Resistor, 22 Q), 1% 0805 Vishay Draloric | CRCW080522ROFKEAHP | Farnell 1738936

R8, R9, R15,R16, R18, Not applicable Not applicable | Not applicable Do not place

R19, R29,R30, R31,R33,

R39, R44, R59, R60,

R61, R62, R65, R66
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RELATED LINKS

Resource Description

AD7903 Product Page: Dual Differential 16-Bit, 1 MSPS PulSAR ADC

ADA4841-1 Product Page: Unity Gain Stable, Low Noise and Distortion, Rail-to-Rail Output Amplifier
ADS8031 Product Page: 2.7V, 800 pA, 80 MHz Rail-to-Rail I/0 Amplifiers

ADP7104 Product Page : 20V, 300 mA/500 mA, Low Noise, CMOS LDO

ADP2301 Product Page: 1.2 A, 20V, 1.4 MHz, Nonsynchronous Step-Down Regulator

ADR435 Product Page: Ultralow Noise, High Accuracy Voltage References
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NOTES

ESD Caution
ESD (electrostatic discharge) sensitive device. Charged devices and circuit boards can discharge without detection. Although this product features patented or proprietary protection
‘m circuitry, damage may occur on devices subjected to high energy ESD. Therefore, proper ESD precautions should be taken to avoid performance degradation or loss of functionality.

Legal Terms and Conditions

By using the evaluation board discussed herein (together with any tools, components documentation or support materials, the “Evaluation Board”), you are agreeing to be bound by the terms and conditions
set forth below (“Agreement”) unless you have purchased the Evaluation Board, in which case the Analog Devices Standard Terms and Conditions of Sale shall govern. Do not use the Evaluation Board until you
have read and agreed to the Agreement. Your use of the Evaluation Board shall signify your acceptance of the Agreement. This Agreement is made by and between you (“Customer”) and Analog Devices, Inc.
("ADI"), with its principal place of business at One Technology Way, Norwood, MA 02062, USA. Subject to the terms and conditions of the Agreement, ADI hereby grants to Customer a free, limited, personal,
temporary, non-exclusive, non-sublicensable, non-transferable license to use the Evaluation Board FOR EVALUATION PURPOSES ONLY. Customer understands and agrees that the Evaluation Board is provided
for the sole and exclusive purpose referenced above, and agrees not to use the Evaluation Board for any other purpose. Furthermore, the license granted is expressly made subject to the following additional
limitations: Customer shall not (i) rent, lease, display, sell, transfer, assign, sublicense, or distribute the Evaluation Board; and (i) permit any Third Party to access the Evaluation Board. As used herein, the term
“Third Party” includes any entity other than ADI, Customer, their employees, affiliates and in-house consultants. The Evaluation Board is NOT sold to Customer; all rights not expressly granted herein, including
ownership of the Evaluation Board, are reserved by ADI. CONFIDENTIALITY. This Agreement and the Evaluation Board shall all be considered the confidential and proprietary information of ADI. Customer may
not disclose or transfer any portion of the Evaluation Board to any other party for any reason. Upon discontinuation of use of the Evaluation Board or termination of this Agreement, Customer agrees to
promptly return the Evaluation Board to ADI. ADDITIONAL RESTRICTIONS. Customer may not disassemble, decompile or reverse engineer chips on the Evaluation Board. Customer shall inform ADI of any
occurred damages or any modifications or alterations it makes to the Evaluation Board, including but not limited to soldering or any other activity that affects the material content of the Evaluation Board.
Modifications to the Evaluation Board must comply with applicable law, including but not limited to the RoHS Directive. TERMINATION. ADI may terminate this Agreement at any time upon giving written notice
to Customer. Customer agrees to return to ADI the Evaluation Board at that time. LIMITATION OF LIABILITY. THE EVALUATION BOARD PROVIDED HEREUNDER IS PROVIDED “AS IS” AND ADI MAKES NO
WARRANTIES OR REPRESENTATIONS OF ANY KIND WITH RESPECT TO IT. ADI SPECIFICALLY DISCLAIMS ANY REPRESENTATIONS, ENDORSEMENTS, GUARANTEES, OR WARRANTIES, EXPRESS OR IMPLIED, RELATED
TO THE EVALUATION BOARD INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTY OF MERCHANTABILITY, TITLE, FITNESS FOR A PARTICULAR PURPOSE OR NONINFRINGEMENT OF INTELLECTUAL
PROPERTY RIGHTS. IN NO EVENT WILL ADI AND ITS LICENSORS BE LIABLE FOR ANY INCIDENTAL, SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES RESULTING FROM CUSTOMER'S POSSESSION OR USE OF
THE EVALUATION BOARD, INCLUDING BUT NOT LIMITED TO LOST PROFITS, DELAY COSTS, LABOR COSTS OR LOSS OF GOODWILL. ADI'S TOTAL LIABILITY FROM ANY AND ALL CAUSES SHALL BE LIMITED TO THE
AMOUNT OF ONE HUNDRED US DOLLARS ($100.00). EXPORT. Customer agrees that it will not directly or indirectly export the Evaluation Board to another country, and that it will comply with all applicable
United States federal laws and regulations relating to exports. GOVERNING LAW. This Agreement shall be governed by and construed in accordance with the substantive laws of the Commonwealth of
Massachusetts (excluding conflict of law rules). Any legal action regarding this Agreement will be heard in the state or federal courts having jurisdiction in Suffolk County, Massachusetts, and Customer hereby
submits to the personal jurisdiction and venue of such courts. The United Nations Convention on Contracts for the International Sale of Goods shall not apply to this Agreement and is expressly disclaimed.

©2014 Analog Devices, Inc. All rights reserved. Trademarks and ANALOG
registered trademarks are the property of their respective owners.
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