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Introduction

The Texas Instruments LDC1101 evaluation module (EVM) helps designers evaluate the operation and
performance of the LDC1101 Inductance to Digital Converter. The EVM contains a low cost

MSP430F5528 microcontroller which comes with pre-loaded firmware to communicate with LabVIEW™
based PC controller software.

The EVM contains one LDC1101 soldered onto the EVM PCB.

Device and Package Configurations
Device IC

Package
Ul LDC1101 VSON-10

== ni:gu@) # ypcVoD R3

l'\\.:} I ', r-um- L £ ’—0‘1 ‘V.@"' i TEXAS

INSTRUMENTS
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Figure 1-1. LDC1101EVM
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EVM Features and Connections

This section describes the connectors on the LDC1101EVM and how to properly connect, set up and use
the LDC1101. The EVM block diagram is shown below.

Sensor: 14 mm O.D.
15 turns, 0.15 mm trace
width
4 Layer
7.2 uH, 390 pF

18V LP5951

SPI(SDO)

1.8V Out LDO

ey HUSB <

==~

LP5951 5V
2.5V OutLDO

25V usB

Host
Computer

SPI
LDC1101

A

(WSON10)

CLKIN |«

12 MHz

MSP430F5528

SPI

USB interface

12 MHz CLK to LDC1101
SPI connection to LDC1101
MSP430 runs at 2.5 V for
24 MHz operation

A
0

Level
Shifter o

0
SN74AVCHA4T245 :12 MHz

24-MHz

Xtal

Figure 2-1. EVM Block Diagram

2.1 Connector Description
EVM Connections
Connector Type Functionality
Jl Micro-USB connector Provides power and control via PC USB connection
J2 Phoenix Connector 1727010 (not Provides convenient screw-terminal adapter for connecting various
installed) sensors
J5 100mil header (not installed) SPY-Bi-Wire connection for Code Composer Studio support.
Break-Away | 7pin 100mil spaced pads The EVM can be separated at this point for remote placement of the
Header LDC1101 or to use a different MCU. Provides power and control interface
for the LDC1101.
VDD Via LDC1101 VDD supply voltage test point
GND Via Ground test point
LDC1101 VDD
| @
For Evaluation only; !
INSTRUMENTS not FCC approved for resale. ¥
Figure 2-2. Connector Locations
6 EVM Features and Connections SNOU137-May 2015
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EVM Interface

2.2 EVM Interface

The LDC1101EVM is powered via the USB connection on J1. Use a micro-USB to USB-A cable to
connect the EVM to a PC. The LDC1101EVM draws its supply current from the USB port. Do not use a
passive USB hub with the EVM.

When powered on, the LDC1101EVM performs a quick self-test; if the LDC1101EVM is working properly
and the default EVM sensor is connected, the Green LED will illuminate. If the sensor is different, then the
Red LED will illuminate. When connected to the GUI, the Red LED is used to indicate data streaming.

LED Indicator Behavior with GUI

LED Color Functionality

D2 Green Indicates MCU is powered and the default sensor (or a similar sensor) is
connected.

D3 Red Indicates LDC1101 is in streaming mode, transferring conversion results to
host when illuminated.

2.3 Break-Away Sections

WUoE! (UBE HS

‘3@

o[l
_.1°ND

q =
ey

Trace width:0.15mm. spacing.0,15mm
Sensor 2.2MHz, 14mm0, 15tums,
dlayers 22 Parolel-TTUH

or Evaluation onlys |
not FCC approved for resale.

1%
1m0

Figure 2-3. EVM Break-Away Sections

The LDC1101 EVM can be broken into 3 discrete sections — a sensor section, which contains the sensor,
an LDC1101 section, and an MSP430 section which includes the USB interface section.

E"El E"!]E

Break-Away Sensor Section

TEXAS
INSTRUMENTS
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Figure 2-4. Break-Away Sensor

9 c10

" For Evaluation only:
not FCC approved for vesale.

® LDC1101 EVM 20158 ®

The sensor section of the LDC1101EVM can be broken along the indicated line to separate the sensor
from the LDC1101 IC. A two pin header is available for connecting the LDC1101 to alternative inductive
sensors. If the cable connection between the sensor and the LDC1101EVM is longer than 2cm, use
connect the sensor to the LDC1101 section.

twisted pair or coaxial cable to

SNOU137-May 2015
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For Evaluation only;
not FCC approved for rvesale. |

R

[
=
et

Trace width:0. 15m

Figure 2-5. Default Inductive Sensor Section

The included sensor is a 4 layer circular coil with 2 parallel inductor paths. This is done to reduce the
parasitic series resistance (Rs) of the sensor for improved parallel resonant impedance (Rp) measurement
range. J3, a pair of 100mil separated thru-holes, is included for remote connection of the sensor.

A 1mm diameter un-plated thru-hole in the sensor center is available for mounting or alignment to an
external assembly.

LDC1101EVM Sensor Parameters

Parameter EVM Sensor Value
Outer Diameter 551 mils (14.0 mm)
Inner Diameter 191 mils (4.86 mm)
Number of turns 15
Trace Width 6 mils (0.152 mm)
Trace Spacing 6 mils (0.152 mm)
Number of layers 4
Trace Thickness 1 oz-cu (35 pm)
Inductance@ 3 MHz 7.2 uH
Sensor Capacitance 390 pF
fsensor (NO target) 3.0 MHz
Rs @ 3 MHz (no target) 1.80Q
Rp @ 3 MHz (no target) 10.3 kQ
Q@ 3 MHz 29
Approx. CPARASITIC 3 pF
SRF 33 MHz
5.0
4.5
4.0
35
c
P 3.0
2.5
20
1.5
1.0
00 10 20 30 40 50 60 70 80 90 10.0
Frequency (MHz)

Figure 2-6. LDC1101EVM Default Sensor Resistance Variation
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LDC1101 Recommended Register Settings for EVM Sensor

Register Address Value

0x01 0x36

0x02 0xDD

0x03 OxFD

0x04 0xCX (set lower nibble based on desired response time)

Sensor Configuration Options

Component footprints are available for a variety of configuration connections.

INA R1 SENSOR

o T 2 T T 13
C6 o 2 1 °
18pF 18pF CSensor2 0 1 2 * CSensor
{ | 390pF ‘ ‘ 390pF
1727010 TSW-1027-G-S

C5
—|_18pFrND INB_, R2 CND T18pF

Figure 2-7. Sensor Configuration Options

When operating in an electrically noisy environment or with extended distances to a remote sensor, it may
be necessary to populate C4+C5 to improve the measurement ENOB. The components are left
unpopulated by default, and the footprints are located on the bottom of the PCB. For additional noise
suppression, R1 & R2 can be removed and a common-mode choke (e.g. SRF3216-222Y) can be placed
into those two footprints.

SVU601158 A~
Figure 2-8. Unpopulated Footprints on EVM Bottom

In the rare case where EMI interference is caused by the LDC1101, it may be mitigated by populating
C6+C7 with capacitors that are approximately 10% of the value of Cggysor. The components are left
unpopulated by default, and the footprints are located on the bottom of the PCB.

For some sensors, such as wire-wound inductors, it may not be easy to connect a sensor capacitor. A
second capacitor footprint — Cqensore - IS included for such a situation. This is left unpopulated by default,
with the footprint located on the bottom of the PCB.

SNOU137-May 2015 EVM Features and Connections 9
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For remote sensor usage it is recommended to use twisted pair or coaxial cable for the connection to the
LDC1101 section of the PCB as shown in Figure 2-9. The maximum distance that a sensor can be located
is a function of the sensor frequency, sensor Q, and level of environmental interference. Refer to the
Remote Sensor Calculator tool in the LDC Tools Spreadsheet (http://www.ti.com/lit/zip/slyc137) to
evaluate maximum sensor distances.

Figure 2-9. Remote Sensor with Twisted Pair Connection

Break-Away MSP430 Section

The MSP430 section of the LDC1101EVM can be broken along the indicated line to separate the MSP430
from the LDC1101 IC. A 7 position 100mil spacing connector can be used for connecting the LDC1101 to
the MSP430, or another MCU if necessary. The interface pins on the connector are labeled for proper
functionality.

This connector can also be used to supply an external clock input to the LDC1101. If necessary, R7, a
0603 footprint for a 50Q termination resistor, is present next to the LDC1101. R7 is not populated by
default. A ground via is also next to the CLKIN pad for connections using coaxial or twisted pair.
e

For Evaluation only: |

INSTRUMENTS | ot rcc sssroves for resate |

R
2 O

Traco wi
San

iz
5 @

Figure 2-10. MSP430 Section
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The LDC1101EVM uses PC-based application software for device configuration and to retrieve conversion
results. The LDC1101 EVM software can be used to evaluate the performance and functionality of the
LDC1101 in a simple and flexible GUI configuration. The controls provided correspond to various register
fields of the LDC1101 or EVM features (e.g. the RPMIN field setting for the LDC1101).

LDC1 1 01 EVM G UI [ Simulate Communication

e |COMPort % COM163 =l l D RP+L l l o LHR l lu Save Config l lg Load Config ]
< LHR
& Apps Calculator
X s:gﬁterc:onﬁgurat 94® Go to Configuration RP + L Measurement
L . . CAProgram Files (x86)\Texas Instruments\LDC1101 EVM GUI
[ Active/Sleep Mode @ Running [C]Enable Data Log Datalog\Sample xls [
Ll
i Status
H = = -
Ll POR_Read Ll RP_HI_LON Ll L_HI_LON
i Sensor Capacitor| 330pF [3] CLKIN Frequency| 12MHz |3 - - -
B . DRDYB 4 RP_HIMN . L_HIM L NO_SEMSOR_OSC
&
Data to display RP Data Datato display  Inductance
Raw Code |Z| Inductance (pH) Iz‘ Graph update rate | 1:1 Iz‘
58.135k- 6.20075-
58.13475k 6.2005-
58.1345k _ 6.20025-
I
58.13425k 2
3 3
[ 8 58.134k £ 619975+
2 58.13375k H g £.1995 -
I [ 2
i 58.1335k H — 6.19925-
| 58.13325k H 6.199-
58.133k-| 4 ] | 6.19875- , , , | !
0 2000 4000 G000 3000 9999 2000 4000 G000 8000 9999
samples = =PI Samples 2l
Minimum 58122k Counts Average 58.13385k Counts Minimum  6.19887 pH Average 6.19915 pH
| Maximum 58.135k Counts Std.de 0.438 Counts Maximum  6.20064 pH Std.dev 0.00065 pH
)
(| 1dle ] Version:1.0.0.4

Figure 3-1. LDC1101EVM GUI

3.1 Host Platform Requirements
The LDC1101EVM GUI can run on;
*  Windows XP
«  Windows 7 (32 & 64 Bit)
«  Windows 8 (32 & 64 Bit)

Other platforms are not supported and may not properly operate.

SNOU137-May 2015 LDC1101EVM PC Software (GUI) 11
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3.2

Software Installation

Download the latest version of LDC1101EVM GUI software from http://www.ti.com/product/LDC1101. The
software must be installed before connecting the LDC1101 to your PC.

To install the LDC1101EVM software:

» Connect to http://www.ti.com/products/LDC1101, and then scroll down to the Software Section to
download the latest LDC1101 software.

e Unzip the downloaded file and run the installer file, named “Texas Instruments LDC1101 EVM GUI
Setup.exe”

The installer will run through a standard Windows program install process. By default, the installer places
the control application into C:\Program Files (x86)\Texas Instruments\LDC1101 EVM GUI. During the
install, the install location can be changed if desired, at the step shown below.

[ Texas Instruments LDC1101 EVM GUI ESREE )

Choose Install Location "
Choose the folder in which to install Texas Instruments LDC 1101 EVM GUI, Q’

Setup will install Texas Instruments LDC1101 EVM GUI in the following folder. To install in a
different folder, dick Browse and select another folder. Click Mext to continue,

Destination Folder

:\Program Files (x85) Texas Instruments\LDC 1101 EVM GLL

Space required: 3. 5MB
Space available: 5.6GE

< Back ][ MNext = ] [ Cancel

Figure 3-2. Choose Install Location

A shortcut to the application will be available in the Start Menu and on the Desktop.

After installation, connect the LDC1101EVM to the computer with a micro-USB cable. The PC will install
the communication driver the first time the board is connected to the PC.

When the Found New Hardware Wizard appears, select the “No, not this time”, as the driver is already on
the computer.

During installation, the PC may warn that the driver is not compatible. This warning can be ignored; simply
press the “Continue Anyway” button to complete the installation. This will associate a COM Port with the
EVM.

12
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3.3 Software Launch
Launch the LDC1101EVM Software from either the Start Menu or the Desktop Icon:

B
E TILT,

LDC1101
EVM GLI

Figure 3-3. Desktop Icon

After the GUI starts, plug in the EVM to an available USB port.

3.4 Connecting the GUI to the EVM
The LDC1101GUI uses a virtual COM port to communicate with the LDC1101EVM through USB.

At the top of the GUI, use the pull-down menu to select the appropriate COM port for communication with
the EVM. The GUI verifies the port connection before enabling the interface.

LDC1101 EVM GUI ) simutate Communication

[CONM163] =

LPT1

& RP+L g LHR H Save Config @/ Load Config
| | | (2 tasocoms

*

& LHR

<> Apps Calculator

< Register Configurat
< About

RP + L Measurement

Refresh

Figure 3-4. COM Port Selection

SNOU137-May 2015 LDC1101EVM PC Software (GUI) 13
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On systems which have a large number of installed COM ports, it may not be obvious which COM port is
assigned to the EVM. To determine the correct COM port, open the Windows Device Manager and find

the COM port named “EVM” under Ports (COM & LPT). In the example below, the LDC1101EVM can be
seen on port 89.

Device Manager —_— - - -

Eile Action View Help
&= | m|HmE &
4 a LTAD4121824

@ Batteries
'8 Computer
b= Disk drives

, --"‘, Display adapters
ety DVD/CD-ROM drives
s ﬂm Human Interface Devices
» 2= Imaging devices
= Keyboards
B --E!, Mice and other pointing devices
b “_u Menitors
4 ¥ Network adapters
-y Cisco Systems VPN Adapter for 64-bit Windows
&¥ Dell Wireless 1540 802,11a/g/n (24GHz/5GHz)
g'* Intel(R) 82579LM Gigabit Network Connection
i ..&¥ VirtualBox Host-Only Ethernet Adapter
b B Portable Devices
47 Ports (COM & LPT)
P '?’ EGP-Primterfad (LPT1)
Y3 EVM (COMS9)
E Processon
-% Sound, video and game controllers
» £+ Storage controllers
1M System devices

1§ Umiversal Senal Bus controllers

Figure 3-5. EVM COM Port

At the bottom right of the GUI is the connection status indicator — it changes from “NOT CONNECTED” to
“CONNECTED” as appropriate.

| CONNECTED | Wid Texas lNSTRUMEN‘I‘S’.
NOT CONNECTED | Wi TEXAS lNSTRUMENTsr

Figure 3-6. EVM Connected/Not Connected Indication

When the software starts up, it reads all the registers of the LDC1101.

14 LDC1101EVM PC Software (GUI) SNOU137-May 2015
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3.5 Software Operation

3 LDC1101 EVM G E=EE—]
File Script Debug
LDC1101 EVM GUI ) smutate Communicaton
|| selection
Py COM Port % COM104 =l l 9 RP+L l l o LHR l lu Save Config l l@_/, Load Config
< LHR
< Register Configurat = .
& About il Goo Streaming RP + L Configuration
L . C\Program Files (x86)\Texas Instruments\LDC1101 EVM
Active/Sleep Mode @ Sleep [C1Enable Data Log GUNDatalog
3
Revision 1D Device ID
0 0
Rp INTB Configuration
| Minimurm Maximurm Response Time INTBPin Mode
4 kOhms - 32 kOhms | - 6144 cycles |- Data Ready (DRDY) -
. Time Constant 1 Rp Comparator Threshaold
L Capacitance Resistance Low High Proximity Data (Raw)
075 pF - 417 kOhms | = 0 0 0
Time Constant 2 L Comparator Threshold
Capacitance Resistance Low High Frequency Counter Data (Raw)
3pF - 835kDhms  |= 0 0 0
Idle Version1.0.0.0 CONNECTED | i3 TEXAS INSTRUMENTS
i — =

Figure 3-7. LDC1101EVM GUI

The top left section of the GUI is used to select the operating pages, which are the primary sections of the
GUI. Simply click on the label corresponding to the desired page. The pages of the LDC1101 GUI are:

» RP+L Page - this configures and executes Ry and Inductance (L) measurements

» LHR Page - this configures and executes High Resolution Inductance (LHR) measurements
» Apps Calculator — this is a tool to configure the LDC1101 R, measurement settings.

* Register Configuration Page — this provides direct reading and writing of LDC1101 registers

* About Page — provides information on the GUI Software and information on an attached
LDC1101EVM
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File

Script

Debug

Selection
*

< LHR

< About

< Apps Calculator
<» Reqister Configurat

oEEm oo

Figure 3-8. Page Selection

3.6 Active/Sleep Mode

The Active/Sleep Mode control changes the operating mode of the LDC1101; pressing the button toggles
between Sleep mode and Active mode. While in Sleep Mode the device can be configured with the
desired settings; it is recommended to make all device configuration changes in Sleep Mode.

In Active mode, the device is continuously converting and any enabled output plots are updated.

Active/Sleep Mode @ Sleep

Sleep Mode

Active/Sleep Mode @ Running

Active Mode

Figure 3-9. Sleep Mode/Active Mode

3.7 Sensor Configuration

The CLKIN Frequency should be set to 12MHz unless the frequency is changed using an external clock

source.

The default sensor comes with a sensor capacitance of 390pF; if the sensor capacitance is physically
changed then modify the Sensor Capacitor control setting to match the new capacitor value.

Sensor Capacitor 330 pF =

CLKIM Frequency 12MHz =

Figure 3-10. Sensor Configuration with changed Sensor Capacitor
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3.8 RP+L Page

The RP+L page allows for configuration of R, & Inductance measurements and plots conversion results.
The Streaming section displays the conversion results on two graphs. The left graph is the R, Data graph
and the right graph contains the Inductance graph.

’%GotoConﬁguraﬂon l RP + L Measurement

. ) C:AProgram Files (x86)\Texas Instruments\LDC1101 EVM GLI
Active/Sleep Mode @ Running [T Enable Data Log Datalog\Sample xls

Status
il POR_Fead il RP_HI_LON Ll L_HI_LON

Sensor Capacitor| 330pF |2 CLKIN Freguency| 12MHz |4 OROYE P i L i MO SENSOR 0SC

Datato display RP Data Datato display  Inductance
Raw Code |z| Graph update rate | 1:1 E
56.164k- £.199-
58.16375k 6.19875-
58.1635k _ B.1985-
58.16325k 3 5.19825-
g W
& 58.163k- § £.198 -
E 58 16275k~ 5 610775+
58.1625k- = §.1975-
58.16225k- 6.19725-
58.162k- ! ' 6.197 -, i i i i |
0 2000 4000 G000 8000 9999 0 2000 4000 6000 8000 9999
Samples BB 2] am| Samples ool Em
Minimum 58162k  Counts Average 58.16285k Counts Minimum  6.19709 pH Average 6.19836 pH
Maximum 58,164k Counts Std.de 0.39776 Counts Maximum  6.19887 uH Std.dev 0.0008 pH
Figure 3-11. LDC1101EVM Control Software: RP+L Page Streaming
Refer to Section 3.12 for information on the features and usage of the graphing areas.
Status
il POR_Read Gl RP_HI_LOMN Gl | HI_LOMN
=l DRDYB . RP_HIM o L_HIM L MO _SENSDOR_OSC
Figure 3-12. RP+L Status
The LDC1101 Status Register (address 0x20) returns information on the measurement status. This status
is reported as a set of colored indicators in the Status Section, where Green indicates the condition was
not reported (the corresponding bit = 0).
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Register STATUS - Address 0x20

Bit

Bit Field Name

Description

NO_SENSOR_OSC

Sensor Oscillation Not Present Error

Indicates that the sensor has stopped oscillating. This error may also be produced if
the MIN_FREQ is set to too high a value.

bO0: Error condition was not detected

bl: LDC1101 has not detected the sensor oscillation.

DRDYB

New Data Ready

b0: New conversion data is available.

bl: No new conversion data is available.

RP_HIN

RP_DATA High Threshold Comparator

Note this field will latch a high value.

b0: RP_DATA measurement has exceeded RP_THRESH_HI

bl: RP_DATA measurement has not exceeded RP_THRESH_HI

RP_HI_LON

RP_DATA Hysteresis Comparator

b0: RP_DATA measurement has gone below RP_THRESH_LO.

bl: RP_DATA measurement has gone above RP_THRESH_HI.

L_HIN

L_DATA High Threshold Comparator

Note this field will latch a high value.

b0: L_DATA measurement has exceeded L_THRESH_HI

bl: L_DATA measurement has not exceeded L_THRESH_HI

L_HI_LON

L_DATA Hysteresis Comparator

b0: L_DATA measurement has gone below L_THRESH_LO.

bl: L_DATA measurement has gone above L_ THRESH_HI.

POR_READ

Device in Power-On-Reset

Indicates the device is in process of resetting. Note that the device cannot accept any
configuration changes until reset is complete. Wait until POR_READ = 0 before
changing any device configuration.

bO0: Device is not in reset.

b1: Device is currently in reset; wait until POR_READ = 0.
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While on the Streaming view, press the “Go to Configuration” button to modify the RP+L device settings.
The page will change and appear as below. Press the “Go to Streaming” button to return to the Streaming

view.
iyl Go to Streaming ] RP +L Conﬁgu ration
. CA\Program Files (x86)\Texas Instruments\LDC1101 EVM GLII
Active/Sleep Mode ¢ ) Sleep [C1Enable Data Log Datalog\Sample xis
Revision ID Device ID INTE Disable INTB Function
0 0 Donot Report Data Ready E‘ Disabled Iz‘
Rp
Minimum Maximum Sensor FMin Response Time
0.75kOhms [=] 96 kOhms  [=] 500kHz [=] | 614dcycles [+] |l Single Conversion Sample
Time Constant 1 Rp Comparator Threshold
Capacitance Resistance Low High Proximity Data (Raw)
075pF  [=| | #417kORms [+] 0 3 0 3 0
Time Constant 2 L Comparator Threshold
Capacitance Resistance Laow High Frequency Counter Data (Raw)
ipF [=] | 235KONMS [+] 0 3 0 = 0
Figure 3-13. RP+L Page Measurement Configuration
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RP+L Configuration Controls
Control Function Recommended LDC1101 Register Field
Setting for
LDC1101EVM
sensor
RP Minimum Sets the maximum current drive. 1.5kQ RP_MIN
For higher loss cails, or if there is a larger amount
of conductive material in the vicinity of the sensor,
this setting may need to be decreased.
RP Maximum Sets the minimum current drive. 12 kQ RP_MAX + RPMAX_DIS
For low-loss coils without a large amount of
conductive materials, it may need to be increased;
setting to “Disable” will set the LDC1101
RPMAX_DIS.
Time Constant 1 Capacitance Sets Time Constant 1 capacitance. 6.0 pF CINT1
Time Constant 1 Resistance Sets Time Constant 1 resistance. 41.6kQ RINT1
Time Constant 2 Capacitance Sets Time Constant 2 capacitance. 24 pF CINT2
Time Constant 2 Resistance Sets Time Constant 2 resistance. 49 kQ RINT2
Sensor Fmin Set the Minimum Sensor Frequency. This is used | 2.7 MHz MIN_FREQ
for checking if oscillation has died.
Response Time Adjusts the measurement resolution and - RESP_TIME

measurement time. A higher value response time
setting has higher measurement resolution and
lower sample rate

RP Comparator Low

The LDC1101 can compare the RP conversion
result against a high and low threshold. This

RP_THRESH_LO

RP Comparator High control is provided for completeness, although the |~ RP_THRESH_HI
functionality is not available with the GUI.
L Comparator Low The LDC1101 can compare the L conversion - L THRESH_LO
: result against a high and low threshold. This _
L Comparator High control is provided for completeness, although the L_THRESH_HI
functionality is not available with the GUI.
INTB Function This control configures the INTB functionality; this | - INTB2SDO

feature is not used as the LDC1101 FW
periodically polls the conversion results.

Single Conversion Sample

Returns a single conversion result
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3.9 LHR Page

The LHR Page allows for configuration of the High Resolution Inductance measurements and plots
conversion results. The Streaming section displays conversion result on a graph.

I%GotoConﬁguraﬂon ] LHR Measurement
CAProgram Files (x86)\Texas Instruments\LDC1101 EVM GLII
Active/Sleep Mode @ Running [CIEnable Data Log Datalo%\Sample.xEs :
Sensor Capacitor 330pF 2| CLKIM Frequency 12MHz = Inductance

Data to display

Count E Graph update rate 1:1 E|
Status 4.92125M-
“ ERR_ZC 4921000 1 AT
Ll | HR_DRDY 4.92075M-
Ll ERR_OR 4.92050M-
Ll ERR_UR o 4.02025M-
Ll ERR_OF 2 4.92000M-
© 191975M-H He U 1
4.91950M
4.91925M - -
Minimum 4918979 Counts 4.91900M | |
. 4'918T5M_| 1 1 1 1 1 1 1 1 1 1
Maximum 4921084 Counts 0 1000 2000 3000 4000 5000 6000 7000 8000 9000 9999
Samples .
Average 4920311.116 Counts -
Std.dev A79.703 Counts

Figure 3-14. LDC1101 Control Software: LHR Page Streaming

Refer to Section 3.13 for information on the features and usage of the graphing area.

Status

el ERR_ZC
sl L HR_DRDY
il ERR_OR
bl ERR_UR
il ERR_OF

Figure 3-15. LHR Status

The LDC1101 LHR_Status Register (address 0x3B) returns information on LHR measurement status. The
status is reported as a set of colored indicators in the Status section, where Green indicates the condition
was not reported (the corresponding bit = 0).
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Register LHR_STATUS - Address 0x3B
Bit Bit Field Name | Description
4 ERR_ZC Zero Count Error
Zero count errors indicate that no cycles of the sensor occurred in the programmed measurement
interval. This indicates either a sensor error or the sensor frequency is too low.
b0: No Zero Count error has occurred since the last read of the STATUS register.
bl: A Zero Count error has occurred.
3 ERR_OR Conversion Over-range Error
Conversion over-range errors indicate that the sensor frequency exceeded the reference frequency.
b0: No Conversion Over-range error has occurred since the last read of the STATUS register.
bl: A Conversion Over-range error has occurred.
2 ERR_UR Conversion Under-range Error
Conversion under-range errors indicate that the output code is negative; this occurs when
programmed LHR offset register value is too large.
b0: No Conversion Under-range error has occurred since the last read of the STATUS register.
bl: A Conversion Under-range error has occurred.
1 ERR_OF Conversion Over-flow Error
Conversion over-flow errors indicate that the sensor frequency is too close to the reference
frequency.
b0: No Conversion Over-flow error has occurred since the last read of the STATUS register.
b1: A Conversion Over-flow error has occurred.
0 LHR_DRDY b0: No unread conversion data is available.
b1: Unread conversion data is available.

e, Go to Streaming ]

LHR Configuration

CAProgram Files (x86)\Texas Instruments\LDC1101 EVM GUN
Active/Sleep Mode (B Sleep [C|Enable Data Log Datalo%\SampIe.xEs } v
Revision ID Device ID INTE Disable o
0 Donot Report Data Ready E [C]Optimize LHR measurement
LHR Configuration
Reference Count Offset INTBE Function Sensor FMIN
8192 s 0 s Disabled [=] 500 kHz [=]
RP
Clock Divider Minimum
Not Divided [ 075 kOhms [=]

Figure 3-16. LDC1101EVM LHR Configuration
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The GUI controls provide the following functions:

LHR Configuration Controls

Control Function Recommended LDC1101
LDC1101 Setting | Register Field
RP Minimum Sets the maximum current drive. 4kQ RP_MIN

For higher loss coils, or if there is a larger amount of
conductive material in the vicinity of the sensor, this
setting may need to be decreased.

If the Optimize LHR measurement is set, then only the
RP_MIN setting is used to control sensor signal amplitude.

Optimize LHR measurement Disables R, measurement sensor modulation. This can Enabled D_CONFIG +
improve L measurement accuracy. ALT_CONFIG

Reference Count Set the LHR mode reference count — which is the number | >1000 LHR_REF_CO
of reference clock cycles used to measure the sensor UNT

frequency. The higher this number, the higher the
resolution of the frequency, although the measurement will

take longer.

Offset Sets the LHR mode offset count — this value is subtracted |0 LHR_OFFSET
off of the measurement.

Clock Divider Set LHR Sensor Divider. Only necessary when fggysor > Not divided SENSOR_DIV
fREFERENCE'

This control is included only to provide comprehensive
configuration control, as the LDC1101EVM Reference
frequency of 12MHz is greater than the maximum sensor
frequency of 10MHz.

Reference Frequency Source Used to bring LDC1101 out of shutdown. Normal SHUTDOWN

This control is included only to provide comprehensive
configuration control and is not necessary for EVM

functionality.
INTB Disable Set INTB reporting. Do Not Report INTB_FUNC
This control is included only to provide comprehensive DRDY
configuration control and is not necessary for EVM
functionality.
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3.10

Datalogging Conversion Results

The LDC1101EVM GUI can save conversion results to a file for later evaluation with other applications. To
start saving data, simply check the “Enable Data Log” check box — a window will pop-up asking for the
location to save the file. While the default extension is an “xIs” file, the save format is tab-delimitated
ASCII text. If the file is opened in Excel, Excel may issue a warning that the file is corrupt, but it will still
properly open the output file.

To stop saving, simply un-check the “Enable Data Log” check box.

LDC1 1 01 EVM GUI ["| Simulate Communication

j ‘ g RP+L ‘ ‘ g LHR ‘ ‘.—] Save Config ‘ ‘% Load Config

LHR Measurement

unning [C1Enable Data Log GUNDatalog

C:AProgram Files (x86)\Texas Instruments\LDC1101 EVM

Figure 3-17. Datalogging

The file data structure is formatted as columns of data, with a header at the beginning of the file which
indicates the column data. The columns are separated by tabs.
Time Stamp RP Raw Code RP Min Rp Max RP (Ohms) Fref(Hz) C(pF) L count L

calculated (uH)
Fref(Hz) C(pF) Offset LHR Count LHR calculated (uH)

11/17/2014 11:35 AM 0 0 0 0 0 0 0 0 12000000.0 330.0 0
5219578 5.507225

11/17/2014 11:35 AM 0 0 0 0 0 0 0 0 12000000.0 330.0 0
5219578 5.507225

11/17/2014 11:35 AM 0 0 0 0 0 0 0 0 12000000.0 330.0 0
4846751 6.387078

3.11 Configuration Saving and Loading
The Save Config and Load Config buttons enable saving the programmed register settings. After
configuring the register settings to the desired values (which is the same as setting the configuration
controls to the desired settings), simply press the Save Config Button. Enter a filename for the save file.
The file data is formatted as ASCII text.
To retrieve the configuration at a later time (e.g. after restarting the GUI), press the Load Config button
and select the desired configuration file.

:| ‘H Save Config ‘ ‘@ Load Config
Figure 3-18. Save Config and Load Config Buttons
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3.12

Plot Display Controls and Options
Right-clicking on a plot opens the plot control options, as shown in Figure 3-19 below.

y 12MHz x Datato display,  Inductance (uH) [+
Inductance

Descripticn and Tip...
Visible Itemns

Clear Graph
Create Annotation

TR TN - FT N
[y
7

Delete All Annotations

4 ButoScale X
5.5- 4 AutoScale Y
J Smooth Updates

1 1 1 | I
6000 7000 8000 9000 9999

Export

Graph updaterate | 1:10 E

Figure 3-19. Graph Right-Click Menu

3.12.1 AutoScale

The graph can automatically scale the Y axis to only show range of data variation.

3.12.2 Graph Data Export

Plotted data currently shown on the Graph can be exported as an image file, as clipboard data or Excel
data. If the data is exported to Excel, then the data will be inserted into a temporary workbook. Clipboard
data is exported as ascii text. Both clipboard data and Excel data will have a header at the top, and a
maximum of 10k samples of data available.

Note that this feature is independent of the Datalogging functionality described in Section 3.10.

3.12.3 Graph Update

3.13

To the bottom right of the plot is the Graph Update rate setting. If the graph rate is updating too quickly,
change the update rate to slow down the graph. For example, selecting the 1:10 rate setting will reduce
the plotting speed by a factor of 10x.

R, Apps Calculator Page

This page is used to calculate appropriate settings for the RPMIN, RPMAX, C1, C2, R1, and R2 LDC1101
settings for a sensor. Setting these parameters are necessary for optimal R, measurements. The
LDC1101EVM does not need to be connected to determine the appropriate settings for a sensor.

Use of the Apps Calculator is simple:
1. Enter the Cgensors Lsensor, @nd the sensor Rg.

2. Select the largest value possible for C1 and C2; if the settings are not recommended, the bar
underneath the control will turn red.
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3. The L variation is used to compensate for target interaction with the sensor. If the target movement
causes a maximum shift in inductance of 20%, then enter (1-20%), or 0.8 into the Lvariation field.

4. Adjust the RPvariation — this factor is used to compensate for eddy current losses. This factor is
generally quite small and should be 1.02 or less, as the majority of the R shift with target position is
due to the sensor frequency shifts.

Once a setup is configured, if an LDC1101EVM is connected, press the Update Registers button to write
the appropriate values to the LDC1101 registers.

Csensor 330p (F) z Lvariation 0.7

Lsensor (Initial) 9u (H) = Lsensor (Final) 6.30u (H)

Fosc (Initial) 2.92M (Hz) Fosc (Final] 3.48M (Hz)
Rs_parasitic 1.5 (Ohms) = Rpvariaticn 07
Rp_parasitic 18.18k (Ohms) Rp_parasitic 891k (Ohms)
Rp_Min 3k (Ohms)  [¥] Rp_Min 3k (Ohms)  [=|
Rp_Max | 24k (Ohms) [+ ] Rp_Max 24k (Ohms)  [=]
Qmin 11010 Qmin nn

C2 (Initial) 12p (F) E 2 (Final} 12p (A |Z|
R (Initial) | 165.00k (Ohms) R2 (Final) 165.00k (Ohms)

1 (Initial) 3p A E 1 (Final} 3p (F) Iz‘
Rl Initial) 85.63k (Ohms) Rl (Final) 71,65k (Ohms)

| &7 Update Registers

Figure 3-20. Apps Calculator to Configure R, Measurements

3.14 Direct Register Access Page

If desired, the LDC1101 registers can be viewed and directly modified on the Register Map page of the

GUI. The register names, addresses, and current values are displayed in a table format in the middle of
the window, and the Write register or Read Register allow for direct manipulation of the registers. Care

should be taken to ensure that any write commands are correct and are not writing any incorrect values
into the reserved fields.

To set a register, first select the desired register, and then fill in the desired hex value into the Write Data
field. Once the data is entered, press the “Write Register” button to update the selected register.

The current configuration can be saved by pressing the “Save Config” button to store the configuration,
and the “Load Config” button will restore a previously saved configuration. The files can be read by an
ASCII file editor.
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Register Map
Block / Register Name Address| Defauli Mode | Size | LW* LR* | Write Data Register Data
= LDC1101 EVM Registers . 7
7 [[] RPMAX_DIS[0]

ICl 0x02 | 0x00 |R/W |8 0x00 | 0x00 B | [[]RP_MAXZ]

TC2 0x03 | 0x00 |R/W |8 0x00 | 000 | 5[] [[]RP_MAX[1]

DIG_CONF ox04 | ox07  |R/WO |8 0x07 | 0x07|F 4| [F]RP_MAX[O]

ALT CONFIG 0x05 |0x00 |R/W |8 0x00 | 0x00 3] [F]UNUSED

RE_THRESH HI L5B |o0x06 |0x00 |B/W |2 0x00 | 0x00 et g 27| [R]RP_MIN[Z]

RE_THRESH HI MSE | 0x07 |ox00 |R/W |2 0x00 | 0x00 1 RP_MIN[1]

RE THRESH LO LSB  |0x08 |o0x00 |R/W |2 ox00 |oxoo | [* 7 0[J] [#]RP_MIN[O]

RE_THRESH LO MSB  |0x03 |ox00 |R/W =2 ox00 | ox00

INTB_MODE ox02 |o0x00 |R/W |8 |ox00 |ox00

START CONFIG 0x0B  |0x00 |R/W |8 ox01 | ox01

D _CONFIG 0x0C | 0x00 |R/W |8 0x00 | 0x00

L_THRESH HI LSB oxlé |ox00 |R/W |8 0x00 | 0x00

L THRESH HI MSB 0x17 |oxoo |R/w | ox00 | ox00 Current Address

L THRESH 10 LSB oxle |oxo0 |R/W |8 0x00 | 0x00

L _THRESH 1O MSE 0xls |ox00 |R/W |8 0x00 | 0x00 -

*LW-—= Last Write ; *LR—=> Last Read

Register Description

RPMAX_DIS[7:7]
RP_MAX Disable: ‘

Load Config

Save Config

n »
-
I I )

This setting improves the RP measurement accuracy for high Q coils (Q=20) by
setting RPMAX current drive to DA,

p0: Programmed RP_MAX is driven (default value)
b1: RP_MAX current is ignored; current drive is off.
RP_MAX]E:4]

RP_MAX setting:

Figure 3-21. LDC1101 Control Software: Register Map Page

In the Register Map table, all of the LDC1101 registers are listed, along with the address, default setting,
the Last Written value (LW column), and the Last Read value (LR column).

At the bottom left of the Register Map page, the Register Description section of the page provides
information on each field in the register.

To the right of the Register Map table are the register read and write controls. Enter a desired Hex value
to program the register value, or click on the desired fields farther to the right. Press the Write Register
button to update the LDC1101 with the new value. The LW column in the Register table for the selected
register will update to reflect the new value written.
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TeRtoW

Write Data Register Data

bt T

RPMAX_DIS[0]

Write Register | © RP_MAX[2]

RP_MAX]1]

n

Write All 4 RP_MAX[0]
3 UMUSED
2 JIRP_WMIM[Z]
Read Data
1 JIRP_WMIM[1]
0 J RP_WIM[O]

Read All

X 7
Read Register

Current Address

Load Caonfig

Save Config

il

Figure 3-22. Register Read/Write Controls

3.15 EVM FW Protocol

The EVM communicates with the PC using a Com port interface running on USB. Interfacing the
LDC1101EVM with PC based tools which can manage Com port communications is feasible. Setting a
data rate of 115200 baud, 8 data bits, 1 stop bit with no parity and no flow control are recommended com
port settings. Note that the EVM returns values in binary format and not ASCII. For example, the EVM
may return the value of 0x00, which is not printable as an ASCII character.

Example: Setting Register 0x31 to 0x6B:

First, take the set Register command, 0x02, as ASCII characters ‘0’ and ‘2’ in array positions 0 and 1.
Append the register address, 0x31, as ‘3’ and ‘1’ into positions 2 and 3, followed by the write data, 0x6B,
formatted as ‘6’ and ‘B’ into positions 4 and 5.

The resulting string “02316B”", followed by a carriage return, then a line feed.

The EVM response is an array of 8bit integers:

Position 0 1 2 3 4 5 6 7
Value 0x00 0x6B 0x00 0x00 0x00 0x00 0x00 0x00

Where [00] corresponds to a return value of 0x00 and is not a printable ASCII character. The desired
return value is in position 1 (starting count from 0), and is the byte value of 0x6B, which appears as “k”,
when displayed in an ASCII interface.
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FW Protocol
Command Command Parameters Return Value
Value (Hex)

SPI Byte Write 0x02 2,3: SPI Address 1: Data Byte write confirmation
4,5: SPI Data byte

SPI Byte Read 0x03 2,3: SPI Address 4: Data Byte read back

Enable BSL 0x04 none none

Stream Convert data 0x06 2,3: SPI Address 4kbyte integer array. Refer to
SPI Address 0x20: Stream RP+L conversion Table 3-1 for structure.
results
SPI Address 0x38: Stream LHR conversion
results

Stop Conversion Stream 0x07

Read FW Version 0x09 none 6,7,8,9: FW version

Table 3-1. Streaming Data Structure

Position RP+L Streaming LHR Streaming

0 Contents of Register 0x20 (RP_STATUS) Contents of Register 0x3B (LHR_STATUS)

1 Contents of Register 0x22 (RP_DATA_MSB) Contents of Register Ox3A (LHR_DATA_MSB)
2 Contents of Register 0x21 (RP_DATA_LSB) Contents of Register 0x39 (LHR_DATA_MID)

3 Contents of Register 0x24 (L_DATA_MSB) Contents of Register 0x38 (LHR_DATA_LSB)

4 Contents of Register 0x23 (L_DATA_LSB) Ox5A

5 Ox5A Sample Index

6 Sample Index Ox5A

7 O0x5A O0x5A
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Layer Usage

Layer Functionality

Top Signals, Components, and ground-fill
Mid-layer 1 Ground

Mid-layer 2 Signals and section transition routing
Bottom MSP430 Power and optional components

o\ Toree5V @ e

€20 c2
Tig Id l] 2 For Evaluation. only;
'_'H i not FCC approved-for-resale.
o.’_‘onczs czg soofs = °
O O P c3 8 °
U2|_||_| CLKINDCLKINO U1|_||—u—| o

C °
T SCLK SCLK =5 st of - :| & nmo

A ; 5 a
'|—|G7 SDI sm .GND N °;|2 n

3 J2 Trace width:0. 15mm;-spacing:0.15mm
SPY-BI -WIRE 4 o C13

E < {sto Uy cw;l[ "]cs LDC1 1 01 EVM ©2015 Sf:yseor;' gxzzmpizrgwgfﬁ;fqmms'
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Figure 4-2. Mid-Layer 1 Routing
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I3 TEXAS Chapter 5
INSTRUMENTS SNOU137—May 2015

EVM Design - Schematic

SNOU137-May 2015 EVM Design - Schematic 31

Submit Documentation Feedback
Copyright © 2015, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOU137

EVM FW Protocol

13 TEXAS
INSTRUMENTS

www.ti.com

The MSP430F5528 needs >2.4V for 24MHz operatio
24MHz operation is needed for USB functionality.

To interface to the 1.8V LDC1101, a level shifter is
needed for the MSP430 outputs.

The LDC1101 SDO output with Vdd=1.8V is sufficien
drive the MSP430 with Vdd=2.5V.

n;

AAM

Vi

tto

+2.5V +1.8V
0.1uF | 1uF U1
Level Shifter oy .
= 9 1
c26 U7 {0.1 uF SND VDD SDO/INTB fp—mr—m—e—m———
0.1uF
L 3 {veea vees 2 o | —INA 7 FiNa
GND Place RY for termination if = INB 6 | INB
4 | 1DIR 1BE | using an external 500 ¢R7 GND
clock input. *49.9 cLDo 10 CLDO
MCU _CLKIN 6 15 CLKIN 2
e
MCU SCLK _7°] (ap o = CLKIN c3
+2.5V | SCLK 3 = SCLK | 0.015uF
—I_—SD 2DIR 20E <|16—| —é— —
MCU_SDI 8 13 GND sDI 4 GND
= 2A1 2B1 (1= = SDI
MCU CSB 9} oa2 282 q>12—| csB s GND j—_l_
= CSB PAD
GND |—12 =
GND 11 GND
LDC1101DRC
SN74AVCHAT245RSVR =
GND
INA R1 _ _ . SENSOR
| o i J2 J3 Sensor:15turns, 14mm OD
C4 Cé6 ol—2 1 g 6mil trace/space.
18pF 18pF CSensor2 o1 2 | g CSensor dlayers (2x 2layer coils in parallel)
390pF 390pF 8.7uH||390pF—Fsensor= 2.7MHz
Cs — — c7 1727010 TSW-10207-G-S
[ 18FGND INB L R2 GND L 18pF
0

- Populate C6+ C7 in case of EMI emissions issues with long wires.

- Populate C4+ C5 in case of EMI susceptibility issues with long wires.
- Replace R1+R2 with Common-mode choke (e.g. SRF3216-222Y) in case of EMI issues with long wires.
- Use C_SENSORZ2 with sensors where it is not easy to attach a sensor cap.

Figure 5-1. LDC1101, Sensor, and Level Shifter Schematic
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2.5V LDO for MSP430
LP5951MG-2.5/NOPB

C22
2.2uF

GND

Stuff R14

and depopulate U5 for

+2.5V 2.5V operation of the LDC1101.

R14
0

U4
i TN ouT 2
i(:20 c21 ’ 3 4.
10pF | 0.4pF 1N NC —=
GND
GND  GND ~
GND
1.8V LDO for LDC1101
5V LP5951MG-1.8/NOPB
us
_T_ o— IN ouT —2
__gzth 3 -l EN NC —2=¢
GND
GND o~
GND

Figure 5-2. Power Conditioning Schematic
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U2
MCU CLKIN 13 P1.0/TAOCLK/ACLK P2.0/TA1.1 gﬁ MGCU CSB
;:‘E:p P1.1/TAD.0 P2.1/TA1.2 ﬂ%: VCLK
2%t P12TAD. P2.2TA2CLK/SMCLK (c2 c
AL P1LITAO2 P2.3TA20 (a2
‘22 P1.4/TA0.3 P2.4/TA2.1 q1>3—1,-( PIo
;?34> P1.5/TAD.4 P2.5/TA2.2 1 —
;!?4<J> P1.6/TA1CLK/CBOUT P2.6/RTCCLK/DMAED 22
S25.1 PLTITALD P2.7/UCBOSTE/UCAOCLK ka2
+34 1. P3.0/UCBOSIMO/UCBOSDA P4.0/PM_UCB1STE/PM_UCA1CLK ket MCU SCLK
5351 P3.1/UCBOSOMI/UCBOSGCL P4.1/PM_UCB1SIMO/PM_UCB1SDA |32
£36 1| P3.2/UCBOCLK/UCAOSTE P4.2/PM_UCB1SOMI/PM_UCB1SCL k2
se DX 370 b3 3/CAOTXD/UCADSIMO P4.3/PM_UCB1CLK/PM_UCA1STE qé‘%:
S Bx 387 p3 4/UCAORXD/UCAOSOMI P4.4/PM_UCA1TXD/PM_UCA1SIMO MCU SDI
P4.5/PM_UCA1RXD/PM_UCA1SOMI j? SDO
P4.6/PM_NONE
P4.7/PM_NONE 28— GPI04.7
GLED S| P 0/ABIVREF +/VEREF + P5.0/CBO/AD sk
RLED See P5. 1/AIIVREF-VEREF- P6.1/CB1/AT ks
R5 R6 Ll N — CPU;TN;S P57 | p5.2iXT2IN P6.2/CB2/A2 <u>i+:
o ) ok 2 o 5 58 1.1 P5.3/XT20UT P6.3/CBI/A3 kyibs!
: 1 4 H-8 c16 —<|>;§ P5.4/XIN P6.4/CB4/A4 <u>—g;:
LEDA RLEDA ABMB-24 000MHZ-B2-T | 18pF -~ PS-SXOUT Eg:ggggﬁg e
- - 24MHz Caor P6.7/CBTIAT [’
' 2D2 !fD»’*_:_ MSP_DP 50 60 . 2.5V
¢ = . PU.O/DP PJOMDO kS
Green GND = MSP DM 52 ] py), 1/om PJLATDITCLK %1
o Red Onp MSP_PUR_ 51 PJ‘ZHMS“‘% R4
MSP PUR 51 |pyr PJATCK 82 23K
= = MSPV18 55 = 64 JTAG RST
= = V18 RST/NMISBWTDIO =g
GND GND - MSPVCore 17_| yooRE TESTISBWTCK |t 29__JTAG TEST T orr
C12 J—013 53 65 2200pF
VBUS QFN PAD ol
220nF p.47uF VUSB 54 VUSB VSsSuU 49
J_ 2.3V 14 | | =
1 . AVSS1 e
= = g;énF + 1| aveet AvVsS2 —38 GND
GND GND 15 DVCC1 DVSS1 16
1 c 40 | pvoce Dvas2 29 TSW-102-07-G-S
GND 0.1pF 25V MSP430F5528IRGC = TP1
GND TP1 labeled as
= sV "GND" on PCB
(_ll\[]
—ECQ —c10 ==c11 =
GND

[ 10pF 0.1pF | 0. 1pF

I\

GND

Figure 5-3. MCU Schematic
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MSP_PUR

UGND
[ap] Rl
~ |||~
J1
ZX62R-B-5P
oND |2 _
s =
D GND
D+ 3 J)Proute Rhlg
R11 10.0
D 2 DMroute . MSP DM
= Vﬁ‘v
VBUS 10.0
VBUS |— -
= 3101 NC —2=
S 02
R9 1 4
223 VCC  GND
TPD2EO001DRLR |
= C18 ——=C19 GND
GND | 22uF | 0.1uF
GND

Figure 5-4. USB Connection Schematic
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Item # | Designator Part Number Manufacturer Description
1 IPCB1 SV601159 Any Printed Circuit Board
2 C1, C8, C10, C11, C1005X7R1H104K050B | TDK CAP, CERM, 0.1 pF, 50 V, +/- 10%, X7R, 0402
C19, C21, C26, C27 B
3 C12,C14 C1005X7R1A224K050B | TDK Corporation CAP, CERM, 220nF, 10V, 10%, X7R, 0402
B
C13 C0603C474K8RACTU Kemet CAP, CERM, 0.47uF, 10V, +/-10%, X7R, 0603
5 C15, C16 GRM1555C1H180JA01 | MuRata CAP, CERM, 18 pF, 50 V, +/- 5%, COG/NPO, 0402
D
6 C17 C1005X7R1H222K TDK CAP, CERM, 2200 pF, 50 V, +/- 10%, X7R, 0402
C18 C2012X5R1C226K125A | TDK CAP, CERM, 22uF, 16V, +/-10%, X5R, 0805
C
8 Cc2 GRM155R61A105KE15 | MuRata CAP, CERM, 1uF, 10V, +/-10%, X5R, 0402
D
9 C22, C24, C25 C0603C225K8PACTU Kemet CAP, CERM, 2.2uF, 10V, +/-10%, X5R, 0603
10 C3 C0603C153J3GACTU Kemet CAP, CERM, 0.015 pF, 25V, +/- 5%, ,NP0 0603
11 C4, C5, C6, C7 GRM1885C2A180JA01D | MuRata CAP, CERM, 18pF, 100V, +/-5%, COG/NPO, 0603
12 C9, C20 C1608X5R1A106M TDK CAP, CERM, 10uF, 10V, +/-20%, X5R, 0603, CAP,
CERM, 10 pF, 10 V, +/- 20%, X5R, 0603
13 Csensor, Csensor2 CCO0603FRNPO9BN391 | Yageo America CAP, CERM, 390 pF, 50 V, +/- 1%, COG/NPO, 0603
14 D1 MMSZz5232B-7-F Diodes Inc. Diode, Zener, 5.6V, 500mW, SOD-123
15 D2 LG L29K-G2J1-24-Z OSRAM LED, Green, SMD
16 D3 SML-LX0603SRW-TR Lumex LED, Super Red, SMD
17 J1l ZX62R-B-5P Hirose Electric Co. Ltd. | Connector, Receptacle, Micro-USB Type B, SMT
18 J2 1727010 Phoenix Contact Conn Term Block, 2POS, 3.81mm, TH
19 J3,J5 TSW-102-07-G-S Samtec, Inc. Header, TH, 100mil, 2x1, Gold plated, 230 mil
above insulator
20 L1 VLS201610ET-100M TDK Inductor, Shielded, Ferrite, 10 pH, 0.4 A, 1.38 ohm,
SMD
21 LBL1 THT-14-423-10 Brady Thermal Transfer Printable Labels, 0.650" W x
0.200" H - 10,000 per roll
22 R1, R2 CRCWO08050000Z0EA Vishay-Dale RES, 0 ohm, 5%, 0.125W, 0805
23 R10, R11 CRCWO040210ROFKED | Vishay-Dale RES, 10.0, 1%, 0.063 W, 0402
24 R12 ERJ-2GEJ152X Panasonic RES, 1.5k ohm, 5%, 0.10W, 0402
25 R13 CRCWO04021M00JNED | Vishay-Dale RES, 1.0 M, 5%, 0.063 W, 0402
26 R14 CRCWO06030000Z0EA Vishay-Dale RES, 0 ohm, 5%, 0.1W, 0603
27 R3 CRCWO06030000Z0EA Vishay-Dale RES, 0 ohm, 5%, 0.1W, 0603
28 R4 CRCWO040233K0JNED | Vishay-Dale RES, 33k ohm, 5%, 0.063W, 0402
29 R5, R6 CRCWO04021K00JNED | Vishay-Dale RES, 1.0k ohm, 5%, 0.063W, 0402
30 R7 RTO603BRDO0749R9L Yageo America RES, 49.9, 0.1%, 0.1 W, 0603
31 R9 CRCWO060333R0OJNEA | Vishay-Dale RES, 33 ohm, 5%, 0.1W, 0603
32 TP1 5001 Keystone Test Point, Miniature, Black, TH
33 Ul LDC1101DRC Texas Instruments 1.8V High Resolution Inductance to Digital
Converter, DRC0010J
34 u2 MSP430F5528IRGC Texas Instruments Mixed Signal MicroController, RGC0064B
36 EVM Bill of Materials SNOU137-May 2015
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Item # | Designator Part Number Manufacturer Description

36 UK TPD2EOO1DRLR Texas Instruments Low-Capacitance + / - 15 kV ESD-Protection Array
for High-Speed Data Interfaces, 2 Channels, -40 to
+85 degC, 5-pin SOT (DRL), Green (RoHS & no
Sb/Br)

37 u4 LP5951MG-2.5/NOPB Texas Instruments Micropower, 150mA Low-Dropout CMOS Voltage
Regulator, 5-pin SC-70, Pb-Free

38 U5 LP5951MG-1.8/NOPB Texas Instruments Micropower, 150mA Low-Dropout CMOS Voltage
Regulator, 5-pin SC-70, Pb-Free

39 u7 SN74AVCHA4T245RSVR | Texas Instruments 4-Bit Dual-Supply Bus Transceiver with
Configurable Voltage Translation and 3-State
Outputs, RSV0O016A

40 Y1 ABM8-24.000MHZ-B2-T | Abracon Corportation Crystal, 24.000MHz, 18pF, SMD
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Revision History
DATE REVISION NOTES
May 2015 * Initial release.
38 Revision History SNOU137-May 2015
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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
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