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DRV-ACC16-EVM Accelerometer User’'s Guide

The DRV-ACC16-EVM is a three-axis accelerometer for use in lab acceleration or vibration testing of
haptic feedback systems. The accelerometer allows vibrations to be quantified making haptic feedback
evaluation, reporting, and comparisons easier.

This document contains instructions and general guidelines for using the DRV-ACC16-EVM and
measuring acceleration.

57TmVp=1G

K, dR

Features

» Measure X, Y, and Z acceleration simultaneously using three independent analog outputs
» Connect to oscilloscope for simple acceleration readings

* Up to 16 g,..« acceleration measurements

» Small size and flex cable, minimize interference with natural motion of the system

Kit Contents

* DRV-ACC16-EVM accelerometer board

* Micro-USB cable for power

» Texas Instruments Black Carrying and Storage Case
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Overview

1 Overview

There are various types of accelerometers available with different measurement ranges, thresholds,
precision, and accuracy, but in general, they all convert mechanical vibration into an electrical signal,

which can then be converted to acceleration.

The DRV-ACC16-EVM can measure acceleration up to 16 g (“g” is the acceleration due to Earth’s gravity
or 9.81 m/s?). The EVM converts the acceleration from mechanical movement to mV at a rate of 57 MV,
per gyea- This means that every 57 millivolts of peak voltage equals 1 g of peak acceleration and 114

MV, €quals 2 g’s of peak acceleration.

1.1 Required Equipment and Materials

* DRV-ACC16-EVM accelerometer board

e Micro-USB cable for power

» Oscilloscope for measuring voltage

» Adhesive transfer tape (see Mounting Guidelines)

1.2 Quick Start Connections

Accelerometer

o

Connect Oscilloscope Probes to X, Y, of Z Axis

Attach Small Board to
Vibrating Object Using

Adhesive Tape on the
Bottom
Figure 1. Board Connections
1. Attach the small accelerometer board to the vibrating object
2. Connect an oscilloscope to test points X, Y, and/or Z
3. Provide USB 5-V power
1.3 DRV-ACC16-EVM Specifications
Table 1 lists the DRV-ACC16-EVM specifications.
Table 1. DRV-ACC16-EVM Specifications
Value Units
Board Size (Total) 15 x 290 mm
Board Size (Accelerometer Only) 16.6 x 15 mm
Cable / Flex Length 203 mm
Interface Analog -
VDD 35-55 \%
Acceleration Range +16 Opeak
Bandwidth (X, Y channels) 1600 Hz
Bandwidth (Z channel) 550 Hz
Noise Density 300 ug / VHz rms
Conversion Ratio 57 MV pear / Gpear
DC Offset (at 0 g) 15 \%
Typical Temperature Dependency (-25°C to 70°C) <3 mg
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1.4 Power Requirements

The accelerometer board has the following electrical specifications:

Table 2. Board Power Requirements

Value Units
USB-5V 35-5 \Y
IDD 10 mA

The Vg, accelerometer supply voltage, determines the ratio of acceleration to voltage conversion. There is
an on-board LDO that converts USB-5 V to 3 V for the accelerometer. The LDO can be bypassed, if
required.

Table 3. Power Requirements When Bypassing LDO

Value Units
Vs 1.8-3.6 \%
IDD (Vs = 3V) 350 PA

2 Getting Started

The following instructions should be used for placing, mounting, and measuring acceleration with the
DRV-ACC16-EVM.

1. Attach the small accelerometer board to the surface of the vibrating object. Use the 3M tape adhesive
on the bottom of the board to attach it to the surface.

Figure 2. 3M Tape on Backside of
DRV-ACC16-EVM Object

Figure 3. Attach Accelerometer to Vibrating

2. Place the vibrating object on a soft surface such as packing foam, bubble wrap, silicone, or gel
material so that the object does not rattle or move when vibrating on the table. The surface should
mimic the object’s final operating environment. See Mounting an Actuator for Testing for additional
information.
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3. Connect an oscilloscope to the X, Y, and/or Z axis test points on the measurement board. See
Determining the Axis of Vibration for additional instructions.

Figure 4. DRV-ACC16-EVM - Measurement Board

4. Apply power to the board by connecting the micro-USB cable to a USB power source such as a
computer or USB charger.

5. AC couple the measurement channels on the oscilloscope and reduce the “V/div” to 50-100 mV. The
“V/div' may need to be adjusted later.

6. As the object vibrates, the acceleration should appear as a sine wave on the oscilloscope.
7. Convert the voltage to units of gravity. The conversion ratio is shown in Equation 1:
57 MV,eu = 1 Gpea (1)

peak —
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3 Converting Voltage to Acceleration
The output voltage of the three accelerometer channels has a DC offset of 1.5 V at 0 g. The channels of
the DRV-ACC16-EVM can be AC coupled to only show changes in acceleration. This is recommended for

measuring the acceleration of haptic systems.

DC Coupled Accelerometer AC Coupled Accelerometer

LA
v N NSNS\ T

57m

ov AN
(VA VA V4

E
!

Figure 5. AC-Coupled Accelerometer

To calculate the acceleration, take the peak voltage of a single accelerometer output and divide by 57 mV.
Every 57 mV of peak voltage corresponds to 1 g of peak acceleration.

Vpeak
57 mV (2

V,eak — Measured peak voltage on test point X, Y, or Z.

Acceleration (g) =

Measured Voltage Corresponding Acceleration

A

57 mV |

1

Figure 6. Accelerometer Conversion Voltage
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4.1

Determining the Axis of Vibration

The orientation of the accelerometer can be determined by the 3-axis label on the small accelerometer
board. The direction of the arrows corresponds to the axis which the acceleration is measured. The Z-
direction is measured normal to, or coming out of, the board.

Figure 7. Acceleration Axis

For haptic applications, the axis of vibration is determined by the motion of the actuator. Take for example
a DC motor that spins around the X axis and creates force in the Y and Z axes. In this case, measure
vibration by connecting to the Y and Z test points of the accelerometer.

The axis of vibration can often be found in the actuator datasheet; if not, the axis is usually easily
determined by measuring all axes and finding the axis with the highest acceleration. Below are example
diagrams of ERM, LRA, and Piezo actuators and their axes of vibration.

NOTE: Not all actuators will have these same axes of vibration.

Eccentric Rotating Mass

The ERM motor in Figure 8 spins around the X axis and produces rotational vibration in the YZ plane.
Acceleration can be observed on the Y and Z accelerometer channels.

Oscilloscope

Figure 8. ERM Axes of Vibration Figure 9. Y and Z Axes Acceleration Measurement
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4.2 Linear Resonant Actuator

The following LRA motor (Figure 10) moves along the Z axis and produces vibration only on the Z axis.
Acceleration can be observed on the Z accelerometer channel.

Vibration

- - y -
A TG,
N - Y
= Nk
= A

Figure 10. Z-Direction LRA

4.3 Piezo

Oscilloscope

Figure 11. Z-Axis Acceleration Measurement

Figure 12 illustrates a piezo module. A Piezo module is made using a thin piece of piezo (a piezo bender),
a mass, and a mechanical housing. The piezo bender and mass will move side-to-side when a high-
voltage sine wave is applied to the module’s input terminals.

Vibration v

Figure 12. Piezo Module

Oscilloscope

X /\/\/\/\/

Figure 13. X Axis Acceleration Measurement
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5 Mounting Guidelines

In general, actuators should be mounted in an application using a combination of adhesion and
compression. The adhesive ensures the actuator remains in place and the compression mitigates
manufacturing tolerances and ensures that the vibration is transferred to the body of the device.

Case or Chassis

Cushion Tapg ——»

Adhesive
Transfer Tape

Linear Resonant Actuator Support
Actuator (LRA) Structure or Wall

Figure 14. LRA Mounting Stack Up

Actuators are often mounted using an adhesive transfer tape from 3M. This double-sided tape is very
strong and intended to withstand a long lifetime of vibration. Many actuator manufacturers provide the
option to include the adhesive tape on the actuator for production builds.

Table 4. Adhesive Transfer Tape for Mounting Actuators

Part Number Manufacturer Description
3-5-468MP 3M Adhesive transfer tape

Alternatively, some ERM and LRA actuators can be soldered to the PCB board directly to ensure long
lasting vibration performance; however, care must be taken to ensure that vibration is transferred from the
PCB to the chassis of the device.

6 Mounting an Actuator for Testing

The acceleration of an actuator often needs to be measured outside of the final system or application to
compare actuator strengths, run life-tests, or create haptic effects. The best way to measure acceleration
is to mount the actuator on a fixture that has similar mass to the final application. We call this a haptic test
fixture. To do this:

1. Create a test fixture that has a similar size and weight as the final application. An aluminum or similar
material block works well for most applications.

2. Place the actuator in a similar location as it would appear in the final application and attach it to the
mass using strong adhesive tape, epoxy, or glue.

3. Place the test fixture on a material that can isolate the vibration such as a piece of foam or a silicone
gel. The mechanical isolation prevents rattling and transferring vibration to the table. Test the material
and make sure it roughly mimics the final application environment.

4. Place the accelerometer board on the fixture using the adhesive tape, near the actuator and begin
measuring.

To measure the acceleration of an actuator for use inside a smartphone, place the actuator on a 100 g
block that has a similar size and shape as the phone. Next, place the block on a piece of packing or ESD
foam to represent a hand, which is where a phone is normally held. Finally, measure the acceleration of
the block on the foam and compare it to when a person holds it in their hand.
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7 Example Waveforms

The following waveforms are acceleration measurements taken with an LRA using the DRV2605L Haptic
Driver. The blue waveform is the acceleration and the orange waveform is the output voltage of the
DRV2605L.

Accelerometer

Measure P1pkpkiC3) PZ--- F3--- Fa--- Fa--- Phi---
value 149.2 my
status '

Figure 15. Click and Release Effect

Equation 3 is the measured acceleration calculation for Figure 15.

Acceleration = 1— =1.
2 x 57 mVp ©)

The peak-to-peak voltage of the accelerometer voltage waveform is divided by 2 to obtain the peak
voltage and then divided by 57 mVp to calculate the acceleration.
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Screw Hole Dimensions

. I |
- PR N | A1 |
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BT 1 'I't"'l""lh‘ o ||||“ |”H|" | \m ||||
i \ \
‘ || |‘ |I
o I
Measure ) P1:pkpkiC3) p2--- P35 P&

walue

165.8 my

status

Figure 16. Ramp Up and Pulsing Effect

Equation 4 is the measured acceleration calculation for Figure 16.
155.8 mVpp

2 x 57 mVp

Acceleration = =1.367 Gpeak

4
Alternatively, use the Math function to find the acceleration at each point in the graph automatically.

Screw Hole Dimensions

The accelerometer board can be mounted using the screw holes shown in Figure 17. Figure 17 is the
screw hole mechanical footprint.

350 mil (8.89 mm)

/

428 mil (10.87 mm)

Figure 17. Screw-Hole Footprint
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9 Schematic, Layout, and Bill of Materials
This section contains the schematic, PCB layout, and bill of materials.
9.1 Schematic
Figure 18 illustrates the DRV-ACC16-EVM schematic.
VDD
1 UsBsY +5_USB +3.3V
; ! % T I i U\ZN out 5 L Rz
o X e 7 ZLED1 SN no X ?lJEF ’
GND
8 F# o o] Green « TLV70030DCKT (ﬁ]
z F# FB2
o| > 600 ohm A —
ZX62-B-5PA(11) GND
i - = Cﬁ]
= GND
GND
o o (®]
TP4 PS5 TP6 “» fJS; L u1 » 0‘2
Gho Go | oo X Y ? 1 v o \
c3 0.014F
2o ST your pAO 4{
o o o ==t _ @ N oot b TA 0.01pF =
" 5 N 0.01pF =
% (3 3 ! GND
o v L
Sense Board 3 I =
1 ADXL326BCPZ
GED
T
GﬁD
Accelerometer Board
Figure 18. DRV-ACC16-EVM Schematic
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9.2 Layout
Figure 19 through Figure 25 display the DRV-ACC16-EVM printed-circuit board (PCB) layout.

TR 5 5 6 Fe,
t RO 0 o O li
= zkv-Acm 6-EVM _ AIBo3) Rev.A ” =
Figure 19. DRV-ACC16-EVM Top Overlay
Hg = o
ms mi:z: H HH
Ik

Figure 20. DRV-ACC16-EVM

Figure 21. DRV-ACC16-EVM Top Layer

Figure 22. DRV-ACC16-EVM Bottom Layer

Figure 23. DRV-ACC16-EVM Bottom Solder
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Symbol [Hit Count [Tool Size Plated |Hole Type
[a] 47 12ml ¢0.305mm> |PTH Round
o 7 63mil C1.6mm> PTH Round
v 3 108m1l <2.743mm)PTH Round
57 Total

Drill Table

o

o

o

o

oo

o "B v

DDDD o
Ooog Ope

f—590. 00—

Figure 24. DRV-ACC16-EVM Drill Drawing

250.00

246.00

<1000 (m1l)—>

11399. 61m1 1

Figure 25. DRV-ACC16-EVM Board Dimensions
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Figure 25 illustrates the DRV-ACC16-EVM fabrication drawing.

DESIGN_INFORMATION

[BOARD SZE  (REFER ALSO ARRAY/PANEL PROFILNG INFORMATION)
1: THIS BOARD IS RIGID-FLEX DESIGN. S90ML X _ 4950ML

2: LAYER COUNTIS 4 ON RIGID AREA AND 2 ON FLEX AREA —_—

3: FINISH BOARD THICKNESS: 0.062 RGID, 0.007 FLEX.

FABRICATION NOTES:

Number of Loyers : 4

4: DIELECTRIC CONSTANT:POLYCLAD 370 HR & POLYIMIDE. VL TRACK WDTHE 5L
MN. CLEARANCE: 8 ML
MN. VIA PAD SIZE: 24 ML

MNMUM ANNULAR RNG 0.05mm (2ML) EXTERNAL
PER PC-D—275 CLASS 2 LEVEL C
REGISTRATION TOLERANCES: METAL +,= 5 ML, HOLES+,~ 3 ML

MATERIAL:

] s FR—4 High Tg OTHER _Polyimide
THCKNESS: [X] 62 ML (1.6mm) +/~10% [_] OTHER
TOLERANCE: ANSI PC—6012 TYPE 3 CLASS 2

OTHER +/-
BOW & TWIST: ANSI PC—6012 TYPE 3 CLASS 2
[ omer +~

[COPPER THCKNESS (FINISHED):
AML (1oz) [ 2ML (1.402) []28ML (207)
INNER SIGNAL: 07ML (1/202) [_]28ML (202)

[DRILLING:
REFERENCE: AS SHOWN NC_DRIL FLES
PTH MIN COPPER THICKNESS: ML |:|OTHER'

[BOARD FINISH:
Sureore roe [ Jeorrou
T ]—  [_Copper Foil _0.50z/ Plate to .00z min Layer 1 SUKSCREN COLR: [x]wnme [Jomer
Pro-prog 0.0276" (370HR) | W Pro-prog 0.0276" (370 HR) SOLDER RESIST COLOR:
o | Copper Fol 0502 ] Horen [Xawe [ omer
[ Pre-preg 0.00197" (POLYIMIDE) [SURFACE FINISH: IMMERSION GOLD (ENG) [ ] Pb—FREE HASL
|y — Copper Foil 0.50z ‘ L] orer
—— - Adhesive —— -
Pre-preg 0.0276" (370 HR) I Pro-preg 0.0276" (370 HR) [ARRAY/PANEL:  [] CUT AND TRM PER MECH LAYER 1
[ [ Coppor ol _05ox/plateto 6azminiayer [ we. roure \ scomt
SOLDER MASK [CERTFICATION: ~ MATERALS AND WORKMANSHP FOR ALL PCBS
Symbol |Hi1t Count |Tool Size Plated |Hole Type TO MEET OR EXCEED THE REQUREMENTS OF:
Gl 47 T2miL <0, 306mm |PTH Round NS PC-A-s00F cLass —> [ i 2 3
=] 7 63ml <1.émm) PTH Round L 94V-0 RoHS OTHER _PER ORDER
v 3 108m1 (2.743mmyPTH Round |ADDITIONAL REQUREMENTS: U
57 Total MCROSECTION: || YES
Dr1ll Table BARE BOARD ELEC. TEST: [ |NONE [X]REQURED [ ] PER GRDER
MANUFACTURER'S D/LOGO: | | RAL  [_JMETAL
250.00 .
> b Texas
[N B 5 5 o, e ly INSTRUMENTS
34 : e 0% o Bo o ® o0 g 8
ot o | . L oo B9 Moo M FROECT TE:
2 oooe 8% 0 °%a 3 Y. 7 & DRU-ACCL6-EUN
tloo o B oo
11399, 61mLL Public Release
ALE NAVE:
na— AIPO35A. PcbDoc
2L ARTUORK ULEWED FROM 0P SIDE S0ARD # AIPOIS T SUN REU Not In Uer stomControl | 7o Insiruments Tl snaver 1t Ticensors do not varrant ihe accuracy or completencss of (his specification Err LAvour v
or any anfornation contained therein. TI andsor 1ts lacensors do not uarrant that this design ull meet Brian Burk Krypton Solutions LLO
T S ——, the specifications, wll be surtable for your appLicCation or it for any particular purpose, or will operate in
an TI andsor 1ts licensors do not uarrant that the design 1s production worthy. You should ALTUM DESIGNER VERSION:
PLOT NAME = Fabrication Drawing GENERATED  : 8/13,2014  2:47:50 PH ‘ TEXAS INSTRUMENTS | completely validate and test your design inplementation 1o confarn the system functaonalacy for wour applacation. SCALE: 0.96 10.0.0.27009

Figure 26. DRV-ACC16-EVM Fabrication Drawing
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9.3 Bill of Material (BOM)

Table 5 lists the DRV-ACC16-EVM bill of materials (BOM).

Table 5. Bill of Materials

Designator Qty Value Description Package Reference Part Number Manufacturer

C1 1 0.1uF CAP, CERM, 0.1 pF, 6.3V, +/- 10%, X5R, 0402 0402 C1005X5R0J104K TDK

C2,C3,C4 3 0.01uF CAP, CERM, 0.01uF, 10V, +/-10%, X5R, 0402 0402 GRM155R61A103KA01D Murata

C5 1 1uF CAP, CERM, 1uF, 25V, +/-10%, X5R, 0402 0402 C1005X5R1E105K050BC TDK

FB1, FB2 2 600 ohm Ferrite Bead, 600 ohm @ 100MHz, 2A, 0805 0805 MPZ2012S601A TDK

H1 1 EVM EVA Black zipper case with Tl Logo Used in PnP output TI-EVACASE-BLACK Royal Case

H2 1 CABLE USB-A TO MICRO USB-B 2M Used in PnP output AK67421-2-R Assmann WSW

Components
H3 TAPE TRANSFER ADHESIVE 3" X 5YD Used in PnP output 3M9724-ND 3M (TC)
Jl Connector, Receptacle, Micro-USB Type B, R/A, Micro USB-B ZX62-B-5PA(11) Hirose Electric Co. Ltd.
Bottom Mount SMT receptacle

LED1 1 Green LED, Green, SMD 1.6x0.8x0.8mm LTST-C190GKT Lite-On

R1 1 1.50k RES, 1.50k ohm, 1%, 0.063W, 0402 0402 CRCWO04021K50FKED Vishay-Dale

R2 1 0 RES, 0, 5%, 0.063 W, 0402 0402 ERJ-2GEOR0OOX Panasonic

TP1, TP2, TP3 3 Black Test Point, Multipurpose, Black, TH Black Multipurpose 5011 Keystone
Testpoint

TP4, TP5, TP6 3 Orange Test Point, Multipurpose, Orange, TH Orange Multipurpose 5013 Keystone
Testpoint

TP7 1 Red Test Point, Multipurpose, Red, TH Red Multipurpose 5010 Keystone
Testpoint

ul 1 Small, Low Power, 3-Axis 16 g Accelerometer, QFN16, 4x4 mm ADXL326BCPZ

QFN16
u2 1 Single Output LDO, 200 mA, Fixed 3 V Output, 2 to DCKOO005A TLV70030DCKT Texas Instruments

5.5 V Input, with Low IQ, 5-pin SC70 (DCK), -40 to
125 degC, Green (RoHS & no Sh/Br)
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STANDARD TERMS AND CONDITIONS FOR EVALUATION MODULES

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

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms and conditions that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

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

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for any defects that are caused by neglect, misuse or mistreatment
by an entity other than TI, including improper installation or testing, or for any EVMs that have been altered or modified in any
way by an entity other than TI. Moreover, Tl shall not be liable for any defects that result from User's design, specifications or
instructions for such EVMs. Testing and other quality control techniques are used to the extent Tl deems necessary or as
mandated by government requirements. TI does not test all parameters of each EVM.

If any EVM fails to conform to the warranty set forth above, TI's sole liability shall be at its option to repair or replace such EVM,
or credit User's account for such EVM. Tl's liability under this warranty shall be limited to EVMs that are returned during the
warranty period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to
repair or replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall
be warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:

3.1

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

This kit is designed to allow product developers to evaluate electronic components, circuitry, or software associated with the kit
to determine whether to incorporate such items in a finished product and software developers to write software applications for
use with the end product. This kit is not a finished product and when assembled may not be resold or otherwise marketed unless
all required FCC equipment authorizations are first obtained. Operation is subject to the condition that this product not cause
harmful interference to licensed radio stations and that this product accept harmful interference. Unless the assembled kit is
designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must operate under the authority of
an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

3.1.2 For EVMs annotated as FCC — FEDERAL COMMUNICATIONS COMMISSION Part 15 Compliant:

CAUTION

This device complies with part 15 of the FCC Rules. Operation is subject to the following two conditions: (1) This device may not
cause harmful interference, and (2) this device must accept any interference received, including interference that may cause
undesired operation.

Changes or madifications not expressly approved by the party responsible for compliance could void the user's authority to
operate the equipment.

FCC Interference Statement for Class A EVM devices

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



3.2

3.3

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210
Concerning EVMs Including Radio Transmitters:

This device complies with Industry Canada license-exempt RSS standard(s). Operation is subject to the following two conditions:
(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'‘émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAEMAIZ
BATNDFHMEAFY b, R—RIZOVTRK, KOECAZEZEBLSEE,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required by Radio Law of
Japan to follow the instructions below with respect to EVMs:

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

BHFEMERBEIC OV TORRFY FESHEVICEZBOEESEICODVTR, KOl BLIEE
Lo http://lwww.tij.co.jp/Isdsl/ti_ja/general/eStore/notice_02.page

4 EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by Tl, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY WRITTEN DESIGN MATERIALS PROVIDED WITH THE EVM (AND THE
DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." Tl DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY
THIRD PARTY PATENTS, COPYRIGHTS, TRADE SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS AND
CONDITIONS SHALL BE CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY
OTHER INDUSTRIAL OR INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD
PARTY, TO USE THE EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY
INVENTION, DISCOVERY OR IMPROVEMENT MADE, CONCEIVED OR ACQUIRED PRIOR TO OR AFTER DELIVERY OF
THE EVM.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS AND CONDITIONS. THIS OBLIGATION
SHALL APPLY WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY
OTHER LEGAL THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS ANDCONDITIONS OR THE USE OF THE EVMS PROVIDED HEREUNDER, REGARDLESS OF WHETHER TI HAS
BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED
TO, COST OF REMOVAL OR REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS
OR SERVICES, RETESTING, OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS,
LOSS OF SAVINGS, LOSS OF USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL
BE BROUGHT AGAINST TI MORE THAN ONE YEAR AFTER THE RELATED CAUSE OF ACTION HAS OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY WARRANTY OR OTHER OBLIGATION
ARISING OUT OF OR IN CONNECTION WITH THESE TERMS AND CONDITIONS, OR ANY USE OF ANY TI EVM
PROVIDED HEREUNDER, EXCEED THE TOTAL AMOUNT PAID TO TI FOR THE PARTICULAR UNITS SOLD UNDER
THESE TERMS AND CONDITIONS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE CLAIMED. THE EXISTENCE
OF MORE THAN ONE CLAIM AGAINST THE PARTICULAR UNITS SOLD TO USER UNDER THESE TERMS AND
CONDITIONS SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and TI may seek injunctive relief
in any United States or foreign court.

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



IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

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

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

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

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

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

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

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

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

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

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

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

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

www.ti.com/medical

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

www.ti.com/video

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