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This user's guide describes the characteristics, operation, and use of the REF6025EVM performance
demonstration kit (PDK). This kit is an evaluation platform for the REF6025,which is a high-precision
voltage reference with an integrated high-bandwidth buffer designed specifically to drive the REF pin of
the successive approximation register (SAR), analog-to-digital converter (ADC). On the REF6025EVM, the
REF6025 drives the reference of TI's ADS8881 18-bit, 1-Msps true-differential input SAR ADC. This user's
guide includes complete circuit descriptions, schematic diagrams, and a bill of materials.

The REF6025EVM-PDK consists of two components, the REF6025EVM and the TI Precision Host
Interface (PHI) Controller. The PHI provides the hardware and the software for computer connectivity
through the universal serial bus (USB) interface.

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

Related Documentation

Device Literature Number
REF6025 SBOS708
ADS8881 SBAS547
THS4521 SBOS458

OPAS333 SBOS351

LP38798 SNOSCT6
TPS7A4700 SLVU741
TPS78833 SLVU059

Microsoft, Windows are registered trademarks of Microsoft Corporation.
LabVIEW is a trademark of National Instruments.
All other trademarks are the property of their respective owners.
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1 Overview

The REF6025EVM-PDK is a platform for evaluating the performance of the REF6025. The evaluation kit
includes the REF6025EVM board, the precision host interface (PHI) controller board, and a USB cable to
connect to computer to capture and analyze the data.

The REF6025EVM board includes the REF6025 and all the peripheral circuits and components necessary
to demonstrate the performance of the voltage reference.

The PHI board primarily serves three functions:

* Provides a communication interface from the EVM to the computer through a USB port

» Provides the digital input and output signals necessary to communicate with the REF6025EVM
» Supplies power to all active circuitry on the REF6025EVM board

Along with the REF6025EVM and the PHI controller boards, this demonstration kit includes an A-to-micro-
B USB cable and the Quick Start guide to aid with the system setup.

1.1 REF6025EVM-PDK Features

The REF6025EVM-PDK includes the following features:

+ Hardware and software required for diagnostic testing as well as accurate performance evaluation of
the REF6025 Voltage Reference

« USB powered - no external power supply is required

« PHI controller that provides a convenient interface to the EVM over a USB 2.0 (or higher) for power
delivery as well as digital input and output

» Easy-to-use evaluation software for Microsoft® Windows® 7, Windows 8, 64-bit operating systems

+ The software suite includes graphical tools for data capture, histogram analysis, and spectral analysis.
It also has a provision for exporting data to a text file for post-processing.

1.2 REF6025EVM Features

The REF6025EVM includes the following features:

» Onboard 18-bit, 1-Msps, serial interface, true-differential input, SAR ADC

* Low-noise and low distortion ADC input drivers optimized to meet ADC performance

* Input common mode of 1.32 V generated onboard to allow uni-polar and bi-polar inputs

» Ultra-low noise low-dropout (LDO) regulator for jumper-selectable DC test signal generation
* Includes LDO to provide supply voltages to the ADC and drive circuits
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2.1

22

EVM Analog Interface

Most SAR ADCs, and a few delta-sigma ADCs, switch binary-weighted capacitors onto the REF pin during
the conversion process. The magnitude of the capacitance switched onto the REF pin during each
conversion depends on the input signal to the ADC. In order to support this dynamic load and preserve
the ADC linearity, distortion, and noise performance, the output of the voltage reference must be buffered
with a low-output impedance (high-bandwidth) buffer.

The REF60xx family of voltage references have integrated low-output impedance buffers that enable the
user to directly drive the REF pin of a successive approximation register (SAR) analog-to-digital converter
(ADC), while preserving ADC linearity, distortion, and noise performance. In addition, the output voltage of
the REF60xx does not droop below 1 LSB (18-bit), even during the first conversion while driving the REF
pin of the ADS8881. This feature is extremely useful in burst-mode, event-triggered, equivalent-time
sampling, and variable-sampling-rate data-acquisition systems.

Onboard ADC Reference

The REF6025 generates the 2.5-V reference for the ADS8881. Unlike typical ADC reference
configurations, this EVM does not require any additional active circuitry to drive the ADC reference, since
the reference input signal path is entirely self-contained on the REF6025. Figure 1 illustrates the

schematic.
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Figure 1. REF6025EVM Schematic Block Diagram

Rer

ADC Analog Input Signal Path

Figure 1 shows the signal path for the differential signal applied at the board inputs. The board input
impedance is 1-kQ with 10-nF differential filtering that keeps noise in external cabling common. The
overall signal path bandwidth is limited to 1.6 MHz by the charge kickback filter formed from 4.99-Q
resistors and a 10-nF capacitor between the amplifier output and ADC input.
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2.3

The REF6025EVM uses THS4521 fully-differential amplifier to drive the ADC input. The THS4521 is a
very low power, fully-differential op amp with rail-to-rail output and an input common-mode range that
includes the negative rail. The amplifier is designed for low-power data acquisition systems where power
dissipation is a critical requirement. The amplifier provides exceptional AC performance that meets the
very low distortion and high slew rate required from the input driver.

The THD performance of this design can be further enhanced by replacing the THS4521 with the pin-
compatible THS4551, for a small current consumption penalty. Table 1 compares the performance with
these two amplifiers.

Table 1. THS4521 vs THS4551 Comparison

Parameter THS4521 THS4551

HD2 at 100 KHz -110dB -128 dB

HD3 at 100 KHz -125 dB -139dB
Voltage noise density 4.6 nV/rtHz 3.2 nV/rtHz

Current consumption 1.14 mA 1.35 mA

EVM Analog Input Options

The REF6025EVM is designed to provide easy interface options to multiple analog sources. SMA
connectors allow input signals to be connected to the EVM through coaxial cables. In addition, 100-mil
headers provide a convenient option to either connect an external analog source or the configurable
onboard DC source. All analog inputs are buffered by the THS4521 high-speed fully-differential amplifier in
order to drive the ADS8881 ADC inputs. Use appropriate caution when handling these pins.

Table 2 lists the analog inputs:

Table 2. Analog Input Options on the REF6025EVM

Pin Number

100-mil

Header Signal Description

J4 J1.2 AO(-) Negative differential input. Ground this pin for single-ended signals.

J5 J3.2 AO(+) Positive differential input or input for single-ended signals

24

Differential Input Signal Configuration

The ADS8881 can convert differential signals with a common mode between 0 V and Vg, and the
THS4521 can condition a bipolar signal by changing its common mode. This REF6025EVM sets the
THS4521 output common mode to 1.35 V, which corresponds to Ve / 2 + 0.1 V. Thus, when a bipolar
differential signal with a common mode of 0 V is applied at the EVM inputs AO(-) and A0O(+), the THS4521
shifts the common mode to 1.35 V. Figure 2 illustrates an input signal of 2.5-V differential with 0-V
common mode whose common mode is changed from 0 V to 1.35 V, to present a 5-V differential signal
while maintaining a 100-mV headroom from the amplifier power rails to ensure linear operation.
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Figure 2. Differential Input Example

2.5 ADC Differential Input Signal Driver

The THS4521 can condition a single-ended input signal to a differential signal allowinga O Vto 5V or
—2.5V 10 2.5 V input voltage range at the EVM input AO(+), as illustrated in Figure 3. Ground the EVM
AO(-) input for single-ended signals by inserting a shunt from J1.2 to J1.3.

Ja

AO(-) 2.6V
1.35V

499Q 04V E /
Ay AINP
+2.5V
AO(*) 10000pF —— / \
25V

ov AINN
4.990 2.6V \
+2.5V L3V
ov 0.1v
2.5V
Figure 3. Single-Ended Signal Example
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2.6 Onboard DC Input Configuration

The REF6025EVM includes the low-noise, user-configurable TPS7A4700 LDO voltage regulator that can
be used to generate DC voltages at the inputs of the THS4521 without the need for an external source.

The TPS7A4700 includes an ANY-OUT mode, which starts with a base voltage of 1.4 V and control pins
allow the addition of binary-weighted voltages to generate the required voltage in steps of 100 mV, simply
by inserting shunts on the J7 header, as shown in Table 3.

Table 3. DC Input Configuration

Ve (in Volts) J7.1-J7.2 (+100 mV) (‘Zga";'\‘,‘) J7.4-J7.5 (+400 mV) J7.1-J7.2 (+800 mV)
1.4 Open Open Open Open
1.5 Close Open Open Open
1.6 Open Close Open Open
1.7 Close Close Open Open
1.8 Open Open Close Open
1.9 Close Open Close Open
2.0 Open Close Close Open
2.1 Close Close Close Open
2.2 Open Open Open Close
2.3 Close Open Open Close
24 Open Close Open Close
25 Close Close Open Close

CAUTION

Ensure that the DC voltage provided at the input of the THS4521 never
exceeds the 2.5 V Vp set by REF6025. To avoid damaging the ADS8881,
strictly use the jumper combinations listed in Table 3.
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4.1

4.2

Power Supplies
The PHI provides multiple power supplies to the EVM, derived from the USB supply of the computer.

The EEPROM and the digital section of the ADC are powered by two separate 3.3-V supplies generated
directly by the PHI. The REF6025 and analog input drive circuits are powered by the 5 V generated by the
LP38798 onboard the EVM, which is a low-noise linear regulator that uses the 5.5-V supply out of a
switching regulator on the PHI to generate a much cleaner 5-V output. The 3.3-V supply for the ADC is
generated by the TPS78833 on the EVM.

The power supply for each active component on the EVM is bypassed with a ceramic capacitor placed
close to that component. Additionally, the EVM layout uses thick traces or large copper fill areas, where
possible, between bypass capacitors and their loads to minimize inductance along the load current path.

REF6025EVM-PDK Initial Setup

This section explains the initial hardware and software setup procedure that must be completed for the
proper operation the REF6025EVM-PDK.

Default Jumper Settings

Upon unpacking, the EVM should have no jumper shunts installed. This is the correct setting for the
standard DC and AC tests to be conducted on the EVM.

EVM Graphical User Interface (GUI) Software Installation

The EVM GUI required to power up and evaluate the performance of the EVM must be installed on the
user's computer. Download the latest version of the installer from the Tools and Software folder of the
REF6025.

The workstation used for the installation needs to be a Windows 7 or Windows 8, 64-bit computer with
USB 2.0 (or higher) ports and 1GB available of hard disk space. Login with an administrator account and
ensure the installation is “Run as administrator”. Read and accept the license agreements and follow the
on-screen instructions to complete the installation as shown in Figure 4.

CAUTION

Manually disable any anti-virus software running on the computer before
running the EVM GUI installer. Depending on the anti-virus settings, an error
message may appear or the installer .exe file may be deleted.

8

REF6025EVM-PDK SBAU258—February 2016

Submit Documentation Feedback
Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU258
http://www.ti.com/product/REF6025/toolssoftware
http://www.ti.com/product/REF6025

13 TEXAS
INSTRUMENTS

www.ti.com REF6025EVM-PDK Initial Setup

.
Setup - REF6XXX EVM License Agreement Q‘

Welcome to the REF6XCXX EVM Setup Wizard. Please read the following License Agreement. You must accept the terms of this
agreement before continuing with the installation.

$ Source and Binary Code Internal Use License Agreement |

Important — Please carefully read the following license agreement ,
which is legally binding. After you read it , you will be asked
whether you accept and agree to its terms. Do not click “l have ] ~

@ Iaccept the agreement
Do you accept this license?
(2} Ido not accept the agreement

<Back || Net> |[ Cancel | [ <Back |[ Net> |[ Conca |

.
License Agreement @ Installation Directory

Please read the following License Agreement. You must accept the terms of this Please specify the directory where REFEXXX EVM will be installed.
agreement befare continuing with the installation.

Tnstallation Directory

NATIONAL INSTRUMENTS SOFTWARE LICENSE
AGREEMENT

INSTALLATION MOTICE: THIS IS A CONTRACT. BEFORE YOU DOWNLOAD THE
SOFTWARE AND/OR COMPLETE THE INSTALLATION PROCESS, CAREFULLY

DEAD_TUIS ACDECHCKMT OV DOIMMLOADIMS TUE  SOCTWARE  AMDING
1 »

@) {1 accept the agreement
Do you accept this license? i
I 'do not accept the agreement

[ <Back ][ Met> |[ Cancal | [ <Back |[ met> |[ cancel

Figure 4. REF6025 Software Installation Prompts

As a part of the REF6025 EVM GUI installation, a prompt with a Device Driver Installation appears on the
screen. Click Next to proceed.

SheACH Cienasr Tt allahcin Wz Uit a [leesr Ievitallinion Ward

Completing the Device Driver
Installation Wizard

Wealcome to the Device Driver
Installation Wizard!

T wieni s won nelal] 1 sollans e bt 0
s Caias: e oo ok

i Windoes Securite (="

T s v suscecluly redelad on e conpaen

o canram sornsct pou devos o 1nis computen 1| pour cevize
came wit oo, please read dem fisl.

fware anyway
re clstsinad from your mrarafactarer s websi
rarn ckher saurces may hamn youe can

Diriver Hame i

e Teant Irahumenks P, Read) o use

To contnus. cick Mme i e details

Esck || Hewiz | | oCawel | Beck || Finich | Comw |

Figure 5. Device Driver Installation Wizard Prompts

NOTE: A notice may appear on the screen stating that "Widows can't verify the publisher of this
driver software"; Select Install this driver software anyway.

This software requires NI LabVIEW™ Run-Time Engine and my prompt for the installation of this software,
if it is not already installed. At the end of these installations, ensure the Create Desktop Shortcut and Run
REF6XXX EVM options are selected as Figure 6 shows.
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Completing the REF6XXX EVM Setup
Wizard

Setup has finished installing REFGXCC{ EVM on
your computer,

[¥] Create Desktop Shorteut
[¥] Run REFEXXX EVM

< Back Finish Cancel

Figure 6. REF6XXX EVM GUI Installation Final Step
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5 REF6025EVM-PDK Operation
The following instructions are a step-by-step guide to connecting the REF6025EVM-PDK to the computer
and evaluating the performance of the REF6025:
1. Connect the REF6025EVM to the PHI. Install the two screws as indicated in Figure 7.
2. Use the provided USB cable to connect the PHI to the computer.
+ LED D5 on the PHI lights up, indicating that the PHI is powered up.

» LEDs D1 and D2 on the PHI starts blinking to indicate that the PHI is booted up and is attempting
to communicate with the PC. The resulting LED indicators are shown in Figure 7.

=
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o =
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o
TeExas -

:&t‘uamalla;‘o"ly: : - . i I o i
ot LR Seprd o ey ; | o NSTRUMENTS
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Figure 7. EVM-PDK Hardware Setup and LED Indicators

3. Launch the REF6025EVM GUI software, as shown in Figure 8. The rate at which LED D2 blinks slows
down, indicating that the GUI is successfully communicating with the REF6025EVM-PDK.

» Computer » OSDisk(C:) » Program Files (x86) » TexasInstruments b’_ REFEXXX EVM »

Organize = Includein library = Share with = Mew folder B= = i @
A e Mame ¢ Date modified Type Size
B Desktop . Config Files H-May-1610:17 ... File folder
& Downloads Files_uSD_card 17..  Filefolder
| Recent Places Library y-1610:17 ... File folder
1 PHI Driver -1610:17 .. File folder
7@ Libraries . Shared Library -1610:17 ... File folder
E\ Documents 4% | Page List.ini -163:51 PM Configuration sett... IKB
.J7 Music g REFBXC EVM.exe -164:14 PM  Application 26,157 KB
[ Pictures % | REFGXK EVM.ini -164:14 PM  Configuration sett... 1KE
E Videos & REFBXXXGUL Manifest.html 12:52 P, Firefox HTML Doc... 13KE
=] Register Map_REFBXCCK.xml -163:51 PM XML Document 9KB
L Computer | uninstall.dat =16 10:21 .. DAT File 9KB
&L, OSDisk (C:) R uninstall,exe -May-1610:21 .,  Application 4,403 KB

= New Volume (D:)
5 PMP EVM ARCHIVE (\\vetted2
58 PA_ Linear_Apps (\dory.tucs.c

ﬁb Metwork

12 items

i
e ” |PY(b|( ISVOVOVUOSNION T SIS SPSPYV_— Y TS
Figure 8. Launch the EVM GUI Software
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5.1

EVM GUI Global Settings for ADC Configuration and Data Capture

The REF6025EVM GUI provides high-level control over the ADS8881 functions, including interface
modes, sampling rate, and number of samples to be captured. With the REF6025EVM GUI, the
performance of the REF6025 under different ADC operating conditions can be evaluated.

Figure 9 identifies the input parameters of the GUI (as well as their default values) through which the
functionality of REF6025 can be exercised. These are global settings as they persist across the GUI tools
listed in the top left pane (or from one page to another).

REFEXXXEVM G > =
FI|E Dehug Capture Tools Help

[#] Connect to Hardware

d
EVM Connected : REFG025EVM
Pages

M Time Domain Display N
- Bpectral Analysis
> Histogram Analysis
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80000
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100000~ 2
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o
n
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SCLK Frequency(Hz)

Target
TOM |5

Achievable
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Sampling Rate{sps}

|
b
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131072,
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Min_Code
114536

Max_Volt
2181

Min_Volt
-2.185

version11.0 || HWOONNECTED | K3 TEXAS INSTRUMENTS

Idle \

Figure 9. EVM GUI Global Input Parameters

The host configuration options in this pane allow user-configuration of the host interface of the ADS8881.
In this pane, SCLK Frequency(Hz) and Sampling Rate(sps) can be selected. Using either of these two
parameters, the GUI computes the best achievable values for the other, considering the timing constraints
of the selected device mode.

A target SCLK frequency (in Hz) can be specified and the GUI will try to match this, as closely as
possible, by changing the PHI PLL settings. The achievable frequency may differ slightly from the selected
target value. Similarly, the sampling rate of the ADC can be adjusted by modifying the target sampling rate
argument (also in Hz). The achievable ADC sampling rate may differ from the target value, depending on
the applied SCLK frequency and the closest match achievable is displayed.
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5.2 Time Domain Display Tool

The Time Domain Display tool allows visualization of the ADC response to a given input signal. This tool
is useful for both studying the behavior and debugging any gross problems with the ADC, input drive, or
reference circuits.

The user can trigger a capture of the data of the selected number of samples from the ADS8881, as per
the host configuration settings using the capture button as indicated on Figure 10 . The sample indices are
on the x-axis and there are two y-axes showing the corresponding output codes as well as the equivalent
analog voltages based on the reference voltage driven by the REF6025. Switching pages to any of the
analysis tool described in Section 5.3 and Section 5.4, triggers calculations to be performed on the same
set of data.

"] REF6XXXEVM GUL
e
|| File Debug Capture Tools Help

EVM Connected : REFG025EVM [¥] Cannect to Hardware

Pages
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de iy b & &
o tn @
(n) sbEyOn

!
i

Target Achievable -131072-, i i \ . ] i | i : i i \ . W25
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262144 E‘ Capture | Erport Data To Excel ‘72-341

.Vref(\)’} Export Simplified Image... r\1"0_It
25 -122950 -2.345

| version:1.1.0

Figure 10. Time Domain Data Capture with Data Export Option

5.3 Spectral Analysis Tool

This tool helps with the evaluation the dynamic performance of the REF6025EVM through FFT analysis of
the ADC output for time-varying inputs and computation of key dynamic range metrics (such as SNR,
THD, SFDR, SINAD, and ENOB).

The expected ADC input is a sinusoidal signal of peak-to-peak amplitude close to the ADC full-scale input
range (FSR). The RMS power of the input signal normalized to FSR is shown in the Signal Power (dB)
field and must be approximately —0.5 dBFS (or approximately 95% x FSR) to avoid input clipping.
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Figure 11. Spectral Analysis Tool

Finally, the FFT tool includes windowing options that are required to mitigate the effects of non-coherent
sampling (this discussion is beyond the scope of this document). The 7-Term Blackman Harris window is
the default option and has sufficient dynamic range to resolve the frequency components of up to a 24-bit

ADC. Note that the None option corresponds to not using a windowing function (or using a rectangular

window) and is not recommended.

5.4 Histogram Tool

Noise degrades ADC resolution and the histogram tool can be used to estimate effective resolution, which
is an indicator of the number of bits of ADC resolution losses resulting from noise generated by the
various sources connected to the ADC when measuring a DC signal. The cumulative effect of noise
coupling to the ADC output from sources such as the input drive circuits, the reference drive circuit, the
ADC power supply, and the ADC itself is reflected in the standard deviation of the ADC output code
histogram that is obtained by performing multiple conversions of a dc input applied to a given channel.

The histogram corresponding to a dc input is displayed on clicking on the Capture button as Figure 12

shows:
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6 Bill of Materials, PCB Layout, and Schematics
This section contains the REF6025EVM bill of materials, PCB layout, and the EVM schematics.

6.1 Bill of Materials
Table 4 lists the REF6025EVM BOM.

Table 4. REF6025EVM Bill of Materials

Manufacturer Part Number Qty Reference Designators Manufacturer Description

PA008 3 IPCB Any Printed Circuit Board

GRM21BR71A106KE51L 10 8;5?8588(5221!2’0254’ €27, | Murata CAP, CERM, 10UF, 10V, +/-10%, X7R, 0805
GRM188R71A105KA61D 8 | oo 5010 1B O C8 Tvirata CAP, CERM, 1uF, 10V, +/-10%, X7R, 0603
GRM32ER71A476KE15L 1 C3 Murata CAP, CERM, 47 uF, 10V, +/- 10%, X7R, 1210
06031C102JAT2A 1 C5 AVX CAP, CERM, 1000 pF, 100V, +/- 5%, X7R, 0603
C0603X104K3RACTU 3 C7,C15,C18 Kemet CAP, CERM, 0.1uF, 25V, +/-10%, X7R, 0603
C3216X5R1E476M160AC 2 C9, C34 TDK CAP, CERM, 47 uF, 25 V, +/- 20%, X5R, 1206
593D106X9025C2TE3 1 C11 Vishay-Sprague CAP, TA, 10 pF, 25V, +/- 10%, 0.45 ohm, SMD
C0805C103F1GACTU 1 C19 Kemet CAP, CERM, 0.01 pF, 100 V, +/- 1%, COG/NPO, 0805
C1608C0G1E103J 2 C23, C43 TDK CAP, CERM, 0.01 pF, 25V, +/- 5%, COG/NPO, 0603
GRM21BR71C475KA73L 1 C25 Murata CAP, CERM, 4.7 pF, 16 V, +/- 10%, X7R, 0805
0805ZC105KAT2A 1 C26 AVX CAP, CERM, 1 uF, 10 V, +/- 10%, X7R, 0805
GRM21BR71A475KA73L 1 C28 Murata CAP, CERM, 4.7 uF, 10 V, +/- 10%, X7R, 0805
GMK316AB7106KL 1 C31 Taiyo Yuden CAP, CERM, 10 pF, 35V, +/- 10%, X7R, 1206
C1005X7R1H104K 1 C32 TDK CAP, CERM, 0.1uF, 50V, +/-10%, COG/NPO, 0402
GRM1885C1H102FA01J 1 C33 Murata CAP, CERM, 1000 pF, 50 V, +/- 1%, COG/NPO, 0603
06035A102KAT2A 1 C41 AVX CAP, CERM, 1000 pF, 50 V, +/- 10%, COG/NPO, 0603
1891 4 H1, H2, H3, H4 Keystone 3/16 Hex Female Standoff

9774050360R 2 H5, H6 Waurth Elektronik ROUND STANDOFF M3 STEEL 5MM

PMSSS 440 0025 PH 4 H7, H8, H9, H10 B&F Fastener Supply MACHINE SCREW PAN PHILLIPS 4-40

RM3X4MM 2701 2 H11, H12 APM HEXSEAL Machine Screw Pan PHILLIPS M3

TSM-103-01-L-SV 3 J1, 43, J13 Samtec Header, 100mil, 3x1, Gold, SMT

QTH-030-01-L-D-A 1 J2 Samtec Header(Shrouded), 19.7mil, 30x2, Gold, SMT
5-1814832-1 2 J4, J5 TE Connectivity SMA Straight PCB Socket Die Cast, 50 Ohm, TH
TSM-102-03-T-SV 1 J6é Samtec Header, 2.54mm, 2x1, Tin, SMT

TSM-106-01-L-DV 1 J7 Samtec Header, 2.54mm, 6x2, Gold, SMT

THT-14-423-10 1 LBL1 Brady Thermal Transfer Printable Labels, 0.650" W x 0.200" H - 10,000 per roll
CRCWO6030000Z0EA 9 Sgéﬁéé?ﬁg 4, R16,R31, | /ishay-Dale RES, 0, 5%, 0.1 W, 0603
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Table 4. REF6025EVM Bill of Materials (continued)

Manufacturer Part Number Qty Reference Designators Manufacturer Description

CRCWO060310ROFKEA 1 R3 Vishay-Dale RES, 10.0, 1%, 0.1 W, 0603

ERJ-3RQFR22V 1 R4 Panasonic RES, 0.22 ohm, 1%, 0.1W, 0603

CRCWO060347K5FKEA 1 R5 Vishay-Dale RES, 47.5k, 1%, 0.1 W, 0603

CRCWO060315K0FKEA 1 R6 Vishay-Dale RES, 15.0 k, 1%, 0.1 W, 0603

RC0603FR-0747RL 3 R9, R10, R12 Yageo America RES, 47.0, 1%, 0.1 W, 0603

ERJ-3RSFR10V 1 R11 Panasonic RES, 0.1, 1%, 0.1 W, 0603

CRCWO060320K0OFKEA 2 R13, R15 Vishay-Dale RES, 20.0 k, 1%, 0.1 W, 0603

CRCW040210KOFKED 2 R17, R33 Vishay-Dale RES, 10.0k ohm, 1%, 0.063W, 0402

CRCWO06031K00FKEA 5 R18, R19, R20, R21, R22 Vishay-Dale RES, 1.00k ohm, 1%, 0.1W, 0603

CRCWO06034R99FKEA 5 R23, R24, R25, R26, R44 Vishay-Dale RES, 4.99, 1%, 0.1 W, 0603

RCO0603FR-0716KL 1 R29 Yageo America RES, 16.0 k, 1%, 0.1 W, 0603

RC0603FR-0718KL 1 R30 Yageo America RES, 18.0 k, 1%, 0.1 W, 0603

CRCWO06030000Z0EA 1 R42 Vishay-Dale RES, 0, 5%, 0.1 W, 0603

5006 6 $gé TP2, TP3, TP4, TP5, Keystone Test Point, Compact, Black, TH

5008 1 TP7 Keystone Test Point, Compact, Orange, TH

5005 2 TP8, TP9 Keystone Test Point, Compact, Red, TH

REF6025AIDGK 1 U1 Texas Instruments High-Precision Voltage Reference with Integrated High-Bandwidth Buffer, DGKO0O08A

ADS8881IDGSR 1 U2 Texas Instruments B%ggdé\gSPS Serial Interface, microPower, Miniature, True-Differential Input, SAR Analog-to-Digital Converter,
TPS78833DBVR 1 U3 Texas Instruments gitr:)gl;ao(zlégagt Low Noise LDO, 150 mA, Fixed 3.3 V Output, 2.7 to 10 V Input, with Low 1Q, 5-pin SOT-23 (DBV),
THS45211DGKR 1 U4 Texas Instruments \E/)ET(\(;OLOCB)XV POWER, NEGATIVE RAIL INPUT, RAIL-TO-RAIL OUTPUT, FULLY DIFFERENTIAL AMPLIFIER,
OPA333AIDBVR 1 us Texas Instruments zg;\;&dol\(/l)iscgc))Power, Precision, Zero Drift CMOS Operational Amplifier, 1.8 to 5.5 V, -40 to 125 degC, 5-pin SOT23
LP38798SD-ADJ/NOPB 1 ue Texas Instruments Ultra Low Noise, 800 mA Linear Voltage Regulator for RF/Analog Circuits, DNT0012B

BR24G32FVT-3AGE2 1 u7 Rohm I12C BUS EEPROM (2-Wire), TSSOP-B8

TPS7A4700RGWR 1 us Texas Instruments 36V, 1-A, 4.17-uVRMS, RF LDO Voltage Regulator, RGWO0020A
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6.2 PCB Layout
Figure 13 through Figure 16 illustrate the EVM PCB layout.

IIIIIIIIIIIIIIIIIIIIIIIIII?I

Figure 14. REF6025EVM PCB Layer 2: GND Plane
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Figure 16. REF6025EVM PCB Layer 4: Bottom Layer
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6.3 Schematic
Figure 17 and Figure 18 illustrate the EVM schematics.
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Figure 17. Schematic Diagram (Page 1) of the REF6025EVM PCB

20 REF6025EVM-PDK SBAU258—February 2016
Submit Documentation Feedback

Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU258

i3 TEXAS
INSTRUMENTS

www.ti.com

Bill of Materials, PCB Layout, and Schematics

1 2 3 4 5 ‘ 6
H1 H2 H3 H4 H7 H8 H9 H10
1891 1891 1891 1891 PMSSS 440 0025 PH PMSSS 440 0025 PH PMSSS 440 0025 PH PMSSS 440 0025 PH
A H HE H11 H12
FID1 FID2 FID3 dm dm
9774050360R 9774050360R RM3X4MM 2701 RM3X4MM 2701
PCB PCB PCB
LOGO LOGO LOGO
Texas Instruments Pb-Free Symbol FCC disclaimer
Label Table
Variant Label Text
222 LBL1 001 REFB025EVM-PDK
Assembly Note
These assemblies are ESD sensitive, ESD precautions shall be observed. PCB Label
773 Size: 0.65"x0.20 "
Assembly Note
These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not ac ceptable. zz1
Label Assembly Note
zz4 This Assembly Note is for PCB labels only
Assembly Note
B These assemblies must comply with workmanship stand ards IPC-A-610 Class 2, unless otherwise specified.
[
D
Copyright © 2016, Texas Instruments Incorporated
Orderable: REF6025EVM-PDK Designed for: Public Release ‘Mod Date: 2/16/2016 N
TID #: N/A Project Tille: REFEXxEVM @ Texas
Number: PAO0B [Rev. Sheet Tille: [hATRL WENTS
Texas Instruments and/or its licensors do not warrant the accuracy or completeness of this specification or any information contained therein. Texas Insﬂ'umenls and/or its licensors da not [SVN Rev: Version control disabled | Assembly Variant: 001 ‘ Sheet:2 of 2
warrant that this design will meet the specifications, will be suitable for your application or fit for any particular purpose, or will operate in an Drawn B File: PAOOBA Hardware.SchDoc [Size:B http://www.ti.com
licensors do not warrant that the design is production worthy. You should completely validate and test your design to confirm the system Engineer: Sandeep K Contact: http: i © Texas Instruments 2016
1 2 ‘ 3 ‘ 4 B [

Figure 18. Schematic Diagram (Page 2) of the REF6025EVM PCB
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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.

1.1 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

1.2 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:

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

2.2 Tl warrants that the TI EVM will conform to Tl'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. Tl does not test all parameters of each EVM.

2.3 If any EVM fails to conform to the warranty set forth above, Tl'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 Tl 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 modifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

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

BHFEMERBEIC OV TORRFY FESHEVICEZBOEESEICODVTR, KOl BLIEE
Lo http://www.tij.co.jp/Isds/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, TI 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." TI 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 Tl 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 Tl 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 JESD48, 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.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which Tl components or services are used. Information
published by Tl regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

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

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

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

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

Tl has specifically designated certain components 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

ower.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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