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Figure 1. TSC4270 Evaluation Module

This user's guide describes the characteristics, operation, and use of the TSC4270 evaluation module
(EVM). The TSC4270EVM is an evaluation fixture for the TSC4270, a touch screen controller (TSC) for
capacitive touch panels. A complete circuit description, schematic diagram, and bill of materials are
included.

The following related documents are available for download through the Texas Instruments web site at
http://www.ti.com.

Table 1. EVM-Related Device Data Sheets

Device Literature Number
TSC4270 Data sheet available on request
LM3S3748 See LM3S3748 for the latest documentation
LM4F120 See LM4F120 for the latest documentation

Windows, Windows XP, Windows 7 are registered trademarks of Microsoft Corporation.
SPl is a trademark of Motorola, Inc.

I2C is a trademark of NXP Semiconductors.

All other trademarks are the property of their respective owners.
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1 EVM Overview
1.1 Features

The TSC4270EVM main features include:

e Full-featured evaluation board for the TSC4270 capacitive touch screen controller (TSC)

» Digital interface for use with external processors

» Easy-to-use evaluation software for computers with Microsoft Windows® operating systems

* USB-powered (with optional power supply)

* Complete control of board settings

The TSC4270EVM is a complete evaluation kit. This kit combines the TSC4270EVM daughterboard with

the Stellaris microcontroller-based TSC4270 EVM motherboard and evaluation software for use with a

personal computer (PC).

The TSC4270EVM motherboard allows the TSC4270EVM daughterboard to be connected to the computer

using an available USB port. This manual shows how to use the TSC4270EVM motherboard as part of the

TSC4270 evaluation module kit, but does not provide technical details about the TSC4270EVM

motherboard itself.

This manual covers the operation of the TSC4270EVM. Throughout this document, the terms

TSC4270EVM, evaluation board, evaluation module, and EVM are synonymous with the TSC4270

evaluation module, and the abbreviation of graphical user interface (GUI) is synonymous with the

TSC4270 GUI software.
1.2 Introduction

The TSC4270EVM can assist in the process of system prototyping, and firmware and software

development around the TSC4270 device.

The EVM allows for easy access to the TSC4270 with a user-specified host processor and software in

order to direct evaluation on the TSC4270 performance and operating characteristics. The EVM is a

complete evaluation and demonstration package for use with a personal computer equipped with a

Microsoft Windows XP® or Windows 7® operating system.

The TSC4270EVM-PDK includes the following items:

1. TSC4270EVM daughterboard

2. TSC4270EVM motherboard

3. Capacitive touch screen panel from Truly Semiconductor, installed on supporting fixture (see Figure 1)

4. Evaluation-software and related documentation (downloaded from ftp://ftp.ti.com/pub/evm-

pdk/TSC4270/)
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2 Hardware Overview

2.1 Analog Interface

The TSC4270 supports a 33-wire capacitive touch screen. A 36-pin FPC/FFC connector J1 (part number
FH12-36S-0.5SH) is installed on the TSC4270EVM daughterboard, and provides a direct connection to a

corresponding 36-pin flat cable from the capacitive touch screen.

Table 2 details the pinout of 36-pin connector J1 on a TSC4270EVM daughterboard and also shows the
suggested connection to the provided 20-row by 12-column capacitive touch screen panel.

Table 2. Analog Connection Through 36-Pin Connector J1

Pin Number TSC4270 20 x 12 Screen
J1.1 GND GND
J1.2 Pin 2 R8 Panel row 19
J1.3 Pin 2 R7 Panel row 18
J1.4 Pin 2 R6 Panel row 17
J1.5 Pin 2 R5 Panel row 16
J1.6 Pin 2 R4 Panel row 15
J1.7 Pin 30 R3 Panel row 14
J1.8 Pin 31 R2 Panel row 13
J1.9 Pin 32 R1 Panel row 12
J1.10 Pin 33 RO Panel row 11
J1.11 GND GND
J1.12 Pin 37 C13/R2 Panel column 11
J1.13 Pin 38 Ci12 Panel column 10
J1.14 Pin 39 Ci11 Panel column 9
J1.15 Pin 40 C10 Panel column 8
J1.16 Pin 41 Cc9 Panel column 7
J1.17 Pin 42 c8 Panel column 6
J1.18 Pin 43 C7 Panel column 5
J1.19 Pin 44 C6 Panel column 4
J1.20 Pin 45 C5 Panel column 3
J1.21 Pin 46 Cc4 Panel column 2
J1.22 Pin 47 C3 Panel column 1
J1.23 Pin 48 c2 Panel column 0
J1.24 GND
J1.25 Pin 1 R19/C1 Panel row 10
J1.26 Pin 2 R18/CO Panel row 9
J1.27 Pin 3 R9 Panel row 8
J1.28 Pin 4 R10 Panel row 7
J1.29 Pin 5 R11 Panel row 6
J1.30 Pin 6 R12 Panel row 5
J1.31 Pin 7 R13 Panel row 4
J1.32 Pin 8 R14 Panel row 3
J1.33 Pin 9 R15 Panel row 2
J1.34 Pin 10 R16 Panel row 1
J1.35 Pin 11 R17 Panel row 0
J1.36 GND GND

4 TSC4270 Evaluation Module SBAU208-April 2013
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2.2 Digital Interface

The TSC4270 EVM is designed to easily interface with multiple control platforms. A convenient 24-pin
socket J2 (Samtec SSM-124-X-SV) is installed on the TSC4270EVM daughterboard, and provides an
interface to digital signals between the TSC4270 device and the Stellaris LM3S3748 microprocessor on

the TSC4270EVM motherboard.

Table 3. Pinout for Digital Interface P2

Pin Name Description
J2.1 DUT SCL 12C™ bus serial clock
J2.2 DUT SDA 12C bus serial data line
J2.31t0J2.6 Unused Unused

J2.7 DUT+1p8V +1.8 V power supply to the TSC4270 device
J2.8 GND Ground
J2.9 DUT+3p3V +3.3 V power supply to the TSC4270 device
J2.10 GND Ground
J2.11 Stellaris+3p3V +3.3 V power supply to the Stellaris device
J2.12 Unused Unused
J2.13 DUT RST TSC4270 reset, active low
J2.14 DUT IRQ TSC4270 interrupt, active low

J2.15t0 J2.20 Unused Unused
J2.21 DUT CS SPI™ bus chip selection, active low
J2.22 DUT MISO SPI bus master-in-slave-out data line
J2.23 DUT MOSI SPI bus master-out-slave-in data line
J2.24 DUT SCLK SPI bus sync clock

2.3 DUT and MCO Printed Circuit Boards (PCBs)
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Figure 2. TSC4270 DUT Board, Top View
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3 Power Supply
The power supplies to the TSC4270EVM kit are derived from the USB connected to your PC. On the
TSC4270EVM motherboard, the +5.0-V power from the USB is regulated by linear regulators U3, U4, and
US. These regulators generate +3.3 VDC to provide power supplies to the Stellaris microprocessors and
other circuitry on the TSC4270EVM motherboard, and also generate +3.3 VDC and +1.8 VDC to provide
power-supplies to the TSC4270 on the TSC4270EVM daughterboard.
As shown in Table 3, the +3.3 VDC and +1.8 VDC power supplies are provided to the TSC4270EVM
daughterboard through connector J2.
4 Installation
4.1 Hardware Description
The following items are provided in the hardware packet.
1. One TSC4270EVM daughterboard printed circuit board (PCB).
2. One TSC4270EVM motherboard PCB.
3. One TRULY Semiconductor, 20 x 12 channel capacitive touch screen, assembled on a fixture.
4. One USB connection cable.
5. TSC4270EVM-PDK evaluation software and related documentation (download from
ftp://ftp.ti.com/pub/evm-pdk/TSC4270)/).
Items 1, 2, and 3 arrive preassembled, as shown in Figure 1. Installing the EVM software, is described in
the following section.
4.2 Software Installation
The USB driver installation has to be carried out before running the GUI software.
1. 1. Based on the PC specifications, download the latest TSC4270EVM-PDK software package from
ftp://ftp.ti.com/pub/evm-pdk/TSC4270/.
2. Extract the software package to the local hard drive.
3. Prerequisites before installation:
(a) .NET Framework v4.0 or higher (ftp://ftp.ti.com/pub/evm-pdk/TSC4270/).
(b) Visual C++ redistributable 2010 or higher (ftp://ftp.ti.com/pub/evm-pdk/TSC4270/).
SBAU208-April 2013 TSC4270 Evaluation Module 7
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4. Install the USB driver:
(a) Plug the USB mini 5-wire cable from the PC to the application USB port shown in Figure 5.

Figure 5. Highlighted Application USB Port on the TSC4270EVM

(b) Ignore or cancel the Windows automatic driver installation.

(c) Navigate to TSC4270\TSC4270_Depends\libusb-win32-bin-1.2.6.0\bin in the unzipped folder.
(d) Run inf-wizard.exe.

(e) Click Next, as shown in Figure 6

Information

This program will create an .inf file for your device.

Before dicking T™ext” make sure that your device is connected to the system,

Figure 6. Inf-Wizard Startup Window
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(f) Select the TSC device with Vendor ID = Ox1CBE, and Product ID = 0x0003, and click Next, as
shown in Figure 7

-
gz libusb-win32 Inf-Wizard

Device Selection

Select your device from the list of detected devices below. If your device isn't listed
then either connect it or dick "Mext™ and enter your device description manually.

Vendor ID  ProductID  Description =
Ox8086 0x0189 Bluetooth USE Controller-11 from TOSHIBA !_
Ox1CBE 0x0003 T5C Device i 3
Ox 1BCF 0x233E TOSHIBA Web Camera - HD (Interface 0) e
Ox0DEC 00105 USE Multimedia Audio Device {Interface 3)
Ox0D8C 0x0105 USE Multimedia &udio Device (Interface 0)
0x08FF Ox168E Fingerprint Sensor 5
1

< Back | [_Next:v ] | Cancel

Figure 7. Inf-Wizard Device Selection

(g) Click Next, as shown in Figure 8.

-
gz libusb-win32 Inf-Wizard

Device Configuration

Vendor ID (hex format) 0x1CEBE
Product ID (hex format) 0x0003
MI {hex format)

Lurinary Micro Inc,

Manufacturer Mame

Device Mame T5C Device

Figure 8. Inf-Wizard Device Configuration
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(h) Select a location on the local hard disk and click Save, as shown in Figure 9.

-
3% Save As
@uw|. Desktop » Search Desktop
Organize = MNew folder o (7]
_4 W Favorites W e = [WTRE lgl
Deskto| = || System Folder =
- B - .!H.;l:ml_l -
& Downloads =
& Recent Places | Ramachandran, Gautham
& Systern Folder
4 5 Libraries .
N= ' | Computer
) j Hosuments L= Systemn Folder
P njl Git
b @ Music s Mok
I [=] Pictures = | System Folder =
File name:  TSC_Device -
Save as type: ’inffila (*.inf) v‘
“ Hide Folders [ save | [ cancel |

Figure 9. Inf-Wizard File Save Prompt

(i) Click Install Now.., as shown in Figure 10. After installation, unplug the device, and then plug it

back in.
- :
2% libusb-win32 Inf-Wizard
Information

Vendor ID: Ox1CBE |
Product ID: Ox0003
Device description: TSC Device
Manufacturer: Luminary Micro Inc.

Inztall Mow.. I

| Install this driver package now. }

Figure 10. Inf-Wizard Installation Prompt

() If the window shown in Figure 11 appears, click Install this driver software anyway.
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F Chi

(3} Windows can't verify the publisher of this driver software

S Don't install this driver software

You should check your manufacturer's website for updated driver software
for your device.

= Install this driver software anyway
Only install driver software obtained from your manufacturer's website or
disc. Unsigned software from other sources may harm your computer or steal
information.

\-r See details

Figure 11. Driver Installer Authentication

(k) Optional verification: navigate to the Windows Control Panel and open the Device Manager. If
installation was successful, libusb-win32 device and TSC device is visible in the tree.

5. Plug in the EVM and run the TSC 4270 EVM Application.exe file from the project folder.
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5 Operation
The following sections of this user guide provide information on operating the TSC4270EVM.

5.1 Quick Start

After both hardware and software installation processes have been successfully completed, connect the
USB cable from the PC to the TSC4270EVM motherboard (J9 on the motherboard).

As configured at the factory, the TSC4270EVM motherboard is powered from the USB interface.
Therefore, an external power supply is not required. Upon USB connection, the green indicator LEDs on
the TSC4270EVM motherboard light up, and the +3.3 V and +1.8 V LEDs on the daughterboard also light
up.

After the TSC4270EVM is powered on, launch the TSC4270 EVM Application.exe file. The software
should automatically find the TSC4270EVM, and the GUI startup screen appears, as shown in Figure 12.

[Foudh Report |maE Report | Calibration Report | Device jon |
X ' Frc. ©°  TID
Touch Map
12
e .
- 1296+———F—1+—1+—
Plot Opti
3 [Line Mode -~
‘CI r Graph: ‘
1408 2816 424 5632 704 Full Speed Log |
Figure 12. GUI Startup Screen
12 TSC4270 Evaluation Module SBAU208-April 2013
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5.2 GUI Operation

After plugging the EVM into a USB port and starting the TSC4270EVM-PDK software, the GUI is
displayed, as shown in Figure 12. Use the TSC4270EVM GUI to test different functions of the TSC4270.
There are five main tabs in the GUI:

1. Touch Report

2. Node Report

3. Calibration Report
4. Device Information
5. Applications

These tabs are described later in this document. After a successful enumeration of the hardware EVM by
the GUI, the startup screen is displayed, as shown in Figure 13. The main regions of the GUI map are
shown in Figure 13.

rocscas | ;
 Touch Report | Node Report | alibration Report | Device ion | Applications| DI
] X ' Frc. ©°  TID
Touch Map
" Vinfo.Coni o
c 23 [Line Mode -~
Clear Graphs
W s e s T [ Full SpeedLog |
A Button menu.
B  Runtime configuration grid.
C  Tunable flash parameters grid.
D  Tabs for user control.
Figure 13. GUI Block Description
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5.2.1

5.2.2

Button Menu
The button menu is shown in Figure 14.

t ¥

% e d

| Il T \Y; V VI

Figure 14. Button Menu

The individual buttons are described as follows:

(i) Upload run-time parameters from TSC: This button gets the current run-time parameters (that is, filter
enables, report rate, and more from the TSC) and populates it on the runtime configuration grid from
Figure 13.

(i) Download run-time parameters to TSC: This button flashes the TSC with the values set in the runtime
configuration to the TSC4270.

(i) Save run-time parameters to disk: This button saves the configuration from the runtime configuration
to an XML file on your hard drive.

(iv) Load run-time parameters from disk: This button loads the configuration from an XML file on your hard
drive to the runtime configuration.

(v) Reset TSC: This button issues a hardware reset to the TSC. Note that any run-time configuration
changes are erased and set to default values.

(vi) Reload GUI: This button cancels any changes made, and reloads the GUI in case an error occurs
during operation. Unplug the EVM before pressing this button.

Options Menu

The options drop-down menu contains the following items:

1. Upload flash parameters from TSC: This menu item retrieves the current tunable flash parameters from
the TSC and populates it in the tunable flash parameters grid, as shown in Figure 13. A window pops
up asking for the Service Key provided by Texas Instruments. The keyboard shortcut is Ctrl+U.

2. Download flash parameters to TSC: This item downloads the current tunable flash parameters from the
tunable flash parameters grid to the TSC. A window pops up asking for the service key provided by
Texas Instruments. The keyboard shortcut is Ctrl+D.

3. Save flash parameters to disk: This item writes all the items from the tunable flash parameters grid to
an xml file for later use.

4. Load flash parameters from disk: This item uploads an xml file to the tunable flash parameters grid.
This file can be altered and flashed to the TSC, if needed.

5. Load flash image: This item flashes the firmware on the TSC after mass erasing the device. To
complete this action, enter the provided service key and ISP key in the subsequent popup window. The
keyboard shortcut is Ctrl+F.

6. Exit: This item shuts down the program. Keyboard shortcut is Ctrl+Q.

14
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5.2.3 Adjusting the Settings

The TSC4270 behavior can be adjusted by changing the values of the the runtime configuration grid and
the tunable flash parameters grid and writing it to the TSC4270.

5.2.3.1  Runtime Configuration Grid

Use the runtime configuration grid to adjust the TSC4270 dynamic settings that do not require to change
the state of the TSC4270. Permitted operations include changing the report rate and turning the filters on
or off. This operation does not require service or ISP keys. After changing the values, the TSC4270 must
be updated with the current settings from the grid by clicking button ii shown in Figure 14. Also, button i
retrieves the current settings present in the TSC4270 and populates the settings on the runtime
configuration grid. The settings of this grid can be reverted to default valuess by using the Reset button on
the GUI, or by pressing the reset switch on the TSC4270EVM device.

[ T 4270 BV Ay

Options  Help
1t ¥ i
s slE® b~ ;
B3| Touch Report |Node Report | alibration Report | Device Information | Applications|
« Adjustable (n:fig = % X v Fic o D
o Touch Map
Off -
on 121
off
off
off
on
972.
94|
> a.Sensor Configuration
b. AFE_Config 0
. AFE_Config 1 729.
> d. AFE_Config 2
€. DSP_Config 0
£.DSP_Config1
h. DSP_Config 3
> i Touch Config
j. Adaptive Parameters
k. OP_Config
> IInfo_Config
Plot Options
243, ‘Line Mode v‘
Clear Graphs
1408 2816 4224 32 T4 Full SpeedLog |
a. Sensor Configuration
Figure 15. Runtime Configuration Grid, Expanded View
SBAU208-April 2013 TSC4270 Evaluation Module 15

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAU208

Operation

13 TEXAS
INSTRUMENTS

www.ti.com

5.2.3.2

Tunable Flash Parameters Grid

Use the tunable flash parameters grid to adjust the flash parameters of the TSC4270. Changing the
tunable flash parameters grid affects the behavior of the TSC4270. Uploading flash parameters requires
the service keys that are entered in the window that appears when selecting Download Flash Parameters
to TSC from the Options menu. Parameters such as sensor configuration and AFE settings are adjustable

using the tunable flash parameters grid.

PR Tcres

Touch Report | Node Report | Calibration Report | Device Information | Applications|

4 Adjustable Config
Set_Report Rate
Calibration

“ Fiter Enables
Spatial_Filter
Red_Peak El
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4 [, Sensor Confiquration

ha ACTIVE_ROW
h2 ACTIVECOL

2 LCD_X_DIMENSIONS
2 LCD_Y_DIMENSIONS
d2_PRE_CONV_COLSET
d2_Row_Order 0

2 Row_Order. 1

62 Row_Order 8
d2_Row_Order 9

d2_Row_Order.16
2 Row_Order 17

d2_Row_Order_18
2_Row_Order_19
d2_Row_Order_20

. Sensor Configuration

230

on

e Off

on
off
off
off
on

O0OFFFFF
3FFC
1216
704

Touch Map

972

729.

2432

1408 2816 4224 5632 74

Plot Options

[tine Mode -]

Clear Graphs

Full Speed Log |

Upload Success
Upload Success

'

Upic
Upload Success
Upload Success

Figure 16. Tunable Flash Parameters
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5.2.4 Touch Report Tab

The default startup tab of the EVM GUI is the Touch Report tab. This tab consists of a touch map that can

be used to visualize finger and palm touches on the panel. Figure 17 shows the three available plotting
options:
() Line Mode: For continuous drawing and linearity tests (keyboard shortcut: press 1).

(ii) Instant Mode: For visualizing real run-time fingers and finger motion on the panel (keyboard shortcut:

press 2).
(i) Dot Mode: History-enabled tracking of finger coordinates (keyboard shortcut: press 3).

NOTE: Use the number keys on the upper left side of your keyboard for keyboard shortcuts. The
keyboard shortcuts do not work when using the numpad.

Touch Map Touch Map Touch Map
1216 1216 1216
\ ! ! !
9728 9728 9728
7286 729.6 729.6
4864 436.4 486.4
® H
2432 ,1 2432 24321 * . .
.
0 2 2 4274 2 704 o o +
1408 2816 4224 SEIZ 04 1408 2816 4224 5632 704 1408 2816 4224 5632 704
i. Line Mode ii. Instant Mode iii. Dot Mode

Figure 17. Plot Options Available on Touch Report Tab

There is also a real-time list of the finger X and Y coordinates, force, and touch ID.

The Full Speed Log button is a feature where the TSC finger output is logged into a comma-separated
variable (csv) file at the report rate of the TSC.
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5.2.5

Node Report Tab

The second tab is the Node Report tab, as shown in Figure 18. Select this tab to retrieve the current run-
time configuration from the TSC and to change back the bit selection on the run-time parameters to
request the TSC to generate node reports. The Node Report tab requires a finger or an object on the
panel to generate node reports, unless the Cont_Read Enable register from the runtime configuration grid
is turned on.

s oWl®OO -

| Touch Report | Node Report | calibration Report | Device Information | Applications|

4 Adjustable Config

Set_Report Rate 240
Calibration Stop Cont Read
“ Fiter Enables
Spatial_Filter on co =3 o2 ] ca cs cs 7 cs cs cio e
Red_Peak Eliminate Enable Off ro o o a -1 a o -t -2 o o 1 o
s = = RL o 1 1 o o o 2 o 1 1 g o
r2 o 1 o i o i 5 a 1 1 i o
off ra o o a 1 o 2 s 1 2 1 % 1
S off Ra p o a o a 1 4 s 2 1 1 o
rs o I 1 1 1 1 4 1 i 1 1 I
Polygon_Filter_Enable off e U E i 9 i 3 E: 3 i 3 b= E
Jitter Fiter_Enable on |||rr : o o o 2 s 17 13 3 o o o
e re 1 o 3 1 s a4 e s 12 2 o 1
elbeation, RS 1 1 a -1 s 52 104 75 13 3 1 o
Rt0 -1 -t o - 2 21 e u 13 3 ¥ o
Rl -1 o o - -2 o b B 4 s F: o
B2 o 0 a - -1 -2 -2 1 2 2 1 0
B8l R o o o o o o o o o 1 1 1
a2 | R4 0 1 a 1 1 -1 E) -2 o 1 i o
4 a.Sensor Configuration ~|||rs o o 1 2 2 -1 -5 -2 o 1 2 o
" OOOFEFFF Ris o 1 H i 1 o -2 2 o o p o
REACTVE ROW E7 0 o T o o o 1 o 1 o o o
h2 ACTIVE COL 3FFC Ris o ° o o o o 2 1 -1 o 1 °
2 1CD X DIMENSIONS 1216 R3S 0 1 o o 1 o 1 o o o o

@2 LCDY_DIMENSIONS 704
2 PRECONV.COLSET 2

d2_Row_Order 0 19

2 Row_Order. 1 18
9
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12

i 13

2 Row_Order 7 14
62 Row_Order 8 15

d2_Row_Order 9 16

d2_Row_Order_10 17

62_Row_Order_11 o

1
2
3
a
d2_Row_Order.16 5
2 Row_Order 17 6
d2_Row_Order_18 #

8

[

Upload Success

2_Row_Order_19
Upload Success

d2_Row_Order_20

'

Upic
a.Sensar Configuration Upload Success
Upload Success

Figure 18. Node Reports from the TSC When a Finger is Present on Panel
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5.2.6 Calibration Report Tab

The Get Cal Data button in the Calibration Report tab retrieves the current TSC calibration data and
displays it as shown in Figure 19.

i Tsc 420 0
Options  Help
1)
v sl@d Qi D
= [Touch Report | Node Report| Calibration Report | Device Information | Applications|

> Adjustable Config

256 266 271 273 271 270 266 270 285 422 e85 248

Calibration Get Cal Dat: -222  -232  -288  -233  -240 240 -244 248 246 269 408 -247
Filter Enables Gt Saktato -230  -240  -2a1 245  -246 248 -247  -254 258 267 28 202
231 244 -283 246  -245 250  -253  -256 266 262 s28 210

o TRsnout sl tatistisgt — -236  -243  -2a5 252  -254 256 ~-258 263 -272 260 423 211
a6 s 2se 250 260 266 262 <263 293 255 420 217

Log Cal Data 289 266 267 210 269 274 273 262 206 233 Ale  -224

261 218 218 276 276 282 203 250 298 208 403 -240

Touch Report Group

266 —281  -284 287  -289  -300  -300  -317 346 21 PrEm—
-238  -306  -300 293 -236  -231 282  -280 264 383 a7 251
-a01 -a13 -a1 -ato -309 o308 -5 -293 262 3Al 245 20
-s04  -als -3z 313 -3l -30s  -304  -300 288 362 283 301
-a16  -a22  -ale  -al7  -316  -3sa  -3a11  -307 295 380 267 298
-a1s  -323 -3 320 -3 -3al2  -313 -3 302 378 266 -303
= -31s  -326 -328 324  -318  -317  -309 -3l -307 371 265 -309
Timeout and Interrupt -az5  -332  -335  -331  -335  -343  -305  -312  -305 371 247 -314
-sz6  -3s7  -3a0 332 -s26  -asl -1l -s17  -als 36l 238 -3z
-327  -33€ -39 333 -331  -329  -320 -318  -3al2 381 248 324
-3ss  -334  -327 323 -3a0 331 -a2z  -320 a4 379 265 -aze
-633  -677  -658  —G43  -654 666 665  -663 663 163 242 316

» a.Sensor Configuration
b. AFE Config 0
. AFE Config L

> d.AFE Config2
e. DSP_Config 0
£.DSP_Config 1
g. DSP_Config2
h. DSP_Config3

> i Touch Config
J Adaptive Parameters
k. OP_Config

> Llnfo_Config

[4270 EVM Connected
Upload Success

a.Sensor Configuration

Figure 19. Calibration Data

The Log Cal Data button writes the current calibration value into a csv file.
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5.2.7

Device Information Tab

The Device Information tab retrieves the current configuration, firmware ID, and other device-specific
information, as shown in Figure 20. This tab also shows the mapping of all the keyboard shortcuts
available in the EVM GUI. The Copy to Clipboard button copies the information displayed in the box and

enables the information to be sent to the developer in case of issues.

s azio e

Options  Help

PN YelEs

> Adjustable Config
Calibration
Filter Enables

> Timeout and Interrupt
Touch Report Group

Timeout and Interrupt

=H

> aSensor Configuration

£.DSP_Config 1
g.DSP_Config2
h. DSP_Config 3

» i Touch Config
j-Adaptive Parameters
k. OP_Config

> LInfo_Config

. Sensor Configuration

| Touch Report | Node Report | calibration Report | Device Information | Applications|

Firmware ID (Major/Minor/Build)
Report Rate (Hz}

Reset Reason

Number of Rows

Number of Columns i 12

: CABOEDB71248

GUT Version © 1.0.2.01

System State : Touch State 2

Chip Info I niea
Device ID : 0L - 00

: MD 03/01/0017 DSP 03/02/0005

GUI Shortcuts:

Key1  :Line Mode in Touch Report Tab
Key2  :Instant Mode in Touch Report Tab
Key3  :Dot Mode in Touch Report Tab
Ctrl + M : Adjust chart area

fetreiving System Irfomation
retraval success
retrival success
etreiving System Infomation
etrival success
retrival success

Figure 20. Device

Information
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5.2.8 Applications Tab

Currently, there are four different applications in the EVM GUI. Switch between multiple applications by
turning the App. Selector Knob, as shown in Figure 21.

5.2.8.1 Sense Force Application

The sense force application is used to demonstrate the force exerted by a finger on the panel. The
deflections in the force meter are proportional to the touch force on the panel. By adjusting the threshold

slider, control over the plot in the graph is achieved. Note that the sense force application supports one-
finger drawing only.

B Tsc a2 M
Options _ Help,

@'g N PCYE)

| Touch Report | Node Report | Calibration Report | Device Information ; Applications
> Adjustable Config
Calibration Applications
Filter Enables Sense App.
> Timeout and Interrupt
Touch Report Group

Foree Cal.

1216

Frger pant !

o - Mut-force
e r— u\) 972

Crientatian

B
> a.Sensor Configuration

729.

e. DSP_Config 0
£.DSP Config 1
g. DSP_Config2
h. DSP_Config3
» i Touch Config
j Adaptive Parameters
k. OP_Config
> Linfo_Config

486.4

232

2915 5632
1408 4224 704

fetreiving System Infomation
retreval success

retreival sucoe:
i

2. Sensor Configuration

Figure 21. Sense Force Application
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5.2.8.2  Finger Paint Application

The finger paint application is used to differentiate between the draw of a light stroke and a heavy stroke,
as shown in Figure 22. The thickness of the line is dependent on the touch force intensity. Note that the
finger paint application supports one-finger drawing only.

EETsc 0 v
Options  Help.

o sW@0O

| Touch Report | Node Report | Calibration Report | Device Information| Applications

=157

 Connected

> Adjustable Config
Calibration Applications
Filter Enables Finger Paint
> Timeout and Interrupt

Touch Report Group
Click to Clear ~

Finger Paint

Sense force - | - Muti-Foree /,—//
Timeout and Interrupt

Orientation 972.

Eet
» a.Sensor Configuration =
—
b. AFE Config 0
<. AFE Config L 729
> d. AFE Config2 S ——
e. DSP_Config 0

h. DSP_Config3 i
> i Touch Config
J Adaptive Parameters
k. OP_Config
» LInfo_Config

2432

etreiving System Irfomation
retrival success
retreival success
etriving System Infomation
2. Sensor Configuration reival success
etreival success

Figure 22. Finger Paint Application
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5.2.8.3  Multi-Force Application

Multi-Force application demonstrates the force numbers of all the ten fingers on the panel, as shown in
Figure 23. Ten-finger support included in multi-force application.

W8 75 4270 EUM Application 3
Options _Help " Comneded

sel@®d Q= ;

| Touch Report | Node Report | Calibration Report | Device Information| Applications

Applications

Calibration
Filter Enables. Multi-Force

> Timeout and Interrupt
Touch Report Group

Finger Paint

Sense Force 3 - Muti-Force
Timeout and Interrupt

Orientation

B
» a.Sensor Configuration
b. AFE Config 0
€ AFE Config L
> d.AFE Config2
ig 0

> i Touch Config

j Adaptive Parameters
k. OP_Config
> Linfo_Config
retreiving System Infomnation
etreival
retreiv
etreiving System Infomation
a.Sensor Configuration etreival success
retreival success

Figure 23. Force Values of Fingers
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5.2.8.4  Orientation Application

With this application, the orientation of each finger in degrees is obtained by the TSC. Orientation lies
between (0,180), as shown in Figure 24. This applicaton supports only one-finger orientation.

@‘? @b

> Adjustable Config
Calibration
Filter Enables

> Timeout and Interrupt
Touch Report Group

Timeout and Interrupt

» a.Sensor Configuration
b. AFE Config 0
€ AFE Config L

> d.AFE Config2
e. DSP Config 0

g. DSP_Config
h. DSP_Config3
> i Touch Config
j Adaptive Parameters
k. OP_Config
> Linfo_Config

a.Sensor Configuration

Force Cal.

Touch Report | Node Report | Calibration Report | Device Information | Applications

Applications

Orientation

Finger Paint
Sense Force - | - Muti-Force
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euving System rfomaton
etreival
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Figure 24

. Orientation Plot
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Bill of Materials

6 Bill of Materials

Table 4 and Table 5 contain a complete bill of materials for the modular TSC4270EVM daughterboard and
motherboard, respectively.

Table 4. TSC4270EVM Daughterboard Bill of Materials

Ref Des Description Part Number Manufacturer
U2, Us 4-Bit Bidirectional Voltage-Level Translator TXB0104 Texas Instruments Inc
ue ‘?’%\Qﬁgéh'ggl\l SILICON LOW SATURATION SWITCHING ZXTDO9INS0DES Diodes Inc
D1 Diode, Schottky 30mA 30V Low IR MA3J741 Panasonic
C8, C10 CAP, CERM, 10uF, 10V, +/-10%, X7R, 0805 GRM21BR71A106KE51L MuRata
C2,C20, Cc21 CAP, CERM, 0.1uF, 16V, +/-5%, X7R, 0603 0603YC104JAT2A AVX
C9, Cl11 CAP, CERM, 0.1uF, 16V, +/-10%, X7R, 0805 GRM219R71C104KA01D MuRata
gi’z,ccgi?élci’ Sh | cAP, CERM, 2.2uF, 10V, +/-10%, X5R, 0603 C0603C225K8PACTU Kemet
R14 RES, 11.5k ohm, 1%, 0.1W, 0603 CRCWO060311K5FKEA Vishay-Dale
R1, R2, R12, R13 RES, 1.00k ohm, 1%, 0.1W, 0603 CRCWO06031K00FKEA Vishay-Dale
C7, C16 CAP, CERM, 0.1uF, 50V, +/-10%, X7R, 0603 C1608X7R1H104K TDK
R16, R17 RES, 2.2k ohm, 5%, 0.1W, 0603 CRCWO06032K20IJNEA Vishay-Dale
R7, R10, R11 RES, 20.0k ohm, 1%, 0.1W, 0603 RCO0603FR-0720KL Yageo America
R20 RES, 220k ohm, 1%, 0.1W, 0603 RC0603FR-07220KL Yageo America
R9 RES, 0 ohm, 5%, 0.1W, 0603 RC0603JR-070RL Yageo America
R15 RES, 27k ohm, 5%, 0.1W, 0603 RCO0603JR-0727KL Yageo America
J2 SSM-124-X-SV Samtec
Ul TSC4270 Texas Instruments
J3 Connector, 0.050", 25-Pin, Samtec TFM-125-01-L-S-RA Samtec
D2, D3 Green LED 0603 SMD L29K LG
u10 PCA9306DCU PCA9306DCU Texas Instruments
SW1 SPST-NO SW416-ND Omron
Ji Touch Sensor Connector FH12-36S-0.5SH Hirose
R3, R4, R5, R6, R8,
.ﬁ%i $Eé $E§ $E? Uninstalled DNI N/A
TP8
Table 5. TSC4270EVM Motherboard Bill of Materials
Ref Des Description Part Number Manufacturer
J10 Cut From TSW-150-07-G-S TSW-124-07-G-S Samtec
J7, 39 USB 2.0 Type Mini-B Connector 548190572 Molex Inc
Ul11, Ulﬁ,lléla u17, ?g\gBlSJIASI__rg:N SILICON LOW SATURATION SWITCHING ZXTDOINSODESTA Diodes Inc
U3 1.8V 250mA LDO Regulator TPS73418DRVT Texas Instruments Inc.
U4, Us 3.3V 250mA LDO Regulator TPS73433DRVR Texas Instruments Inc.
Y1 16MHz Crystal HCM49-16.000MABJ-UT Citizen
C15 CAP, AL, 150uF, 10V, +/-20%, 0.021 ohm, SMD EMVY250ADA220MF55G Nippon Chemi-Con
C1, C35, C36, C37,
gig: 8431?1: gjg: ggi: CAP, CERM, 0.1UF, 25V, +/-10%, X7R, 0603 C0603X104K3RACTU Kemet
C52, C53
C3, C4, C5, C6, C7,
C11, C1%5%33, C34, | CAP, CERM, 0.01uF, 50V, +/-10%, X7R, 0603 C0603X103K5RACTU Kemet
C14, C17, C20, C24 | CAP, CERM, 2.2uF, 16V, +/-10%, X5R, 0603 GRM188R61C225KE15D MuRata
C9, C10, C45, C46 | CAP, CERM, 10pF, 50V, +/-5%, COG/NPO, 0603 06035A100JAT2A AVX
R44 RES, 1.00Meg ohm, 1%, 0.1W, 0603 CRCWO06031MO0OFKEA Vishay-Dale
R1 RES, 330 ohm, 5%, 0.1W, 0603 CRCWO0603330RINEA Vishay-Dale
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Table 5. TSC4270EVM Motherboard Bill of Materials (continued)
Ref Des Description Part Number Manufacturer
C8, ClSé;i?»Z, c43, CAP, CERM, 1uF, 16V, +/-10%, X5R, 0603 C0603C105K4PACTU Kemet
C47, C48 CAP, CERM, 27pF, 50V, +/-5%, COG/NPO, 0603 06035A270JAT2A AVX
R2, R3, 55112 RS, RS, RES, 10.0k ohm, 1%, 0.1W, 0603 CRCWO060310KOFKEA Vishay-Dale
R7, R43 RES, 100 ohm, 1%, 0.1W, 0603 CRCWO0603100RFKEA Vishay-Dale
R8, R13 RES, 100k ohm, 1%, 0.1W, 0603 CRCWO0603100KFKEA Vishay-Dale
R56, R65 RES, 7.32k ohm, 1%, 0.1W, 0603 CRCWO06037K32FKEA Vishay-Dale
C55 CAP, CERM, 0.01uF, 50V, +/-5%, X7R, 0603 C0603C103J5RACTU Kemet
C16, C19, C22, C23 | CAP, CERM, 0.1uF, 50V, +/-10%, X7R, 0603 GRM188R71H104KA93D MuRata
C18, C21, C25 CAP, CERM, 0.01uF, 50V, +/-10%, X7R, 0603 GRM188R71H103KA01D MuRata
R17, R18, R19, R20, )
R31, R32, R64 RES, 1.0k ohm, 5%, 0.1W, 0603 CRCWO06031K00JNEA Vishay-Dale
R58, R66 RES, 11.5k ohm, 1%, 0.25W, 1206 RC1206FR-0711K5L Yageo America
R55, R73 RES, 27.0k ohm, 1%, 0.25W, 1206 RC1206FR-0727KL Yageo America
RS54, R5a7367’ R70, RES, 45.3k ohm, 1%, 0.25W, 1206 RC1206FR-0745K3L Yageo America
R69 RES, 5.10k ohm, 1%, 0.25W, 1206 RC1206FR-075K1L Yageo America
R36 RES, 9.10k ohm, 1%, 0.1W, 0603 RCO0603FR-079K1L Yageo America

R16, R21, R22, R23,
R24, R25, R26, R27,
R28, R29, R30, R33,
R34, R35, R37, R38,
R39, R40, R41, R45,
R46, R47, R48

RES, 0 ohm, 5%, 0.1W, 0603

ERJ-3GEYOROOV

Panasonic

R49, R50, R51, R52,
R53, R59, R60, R61,
R62, R63, R71, R72

RES, 165 ohm, 1%, 0.1W, 0603

RCO0603FR-07165RL

Yageo America

Y2 Crystal, 8MHz, 18pF 535-10870-1-ND Abracon Corp

Y3 Crystal, 4.194304MHz 300-8529-1-ND Citizen

U9 ESD Protected, High-Speed USB 2.0 1:2 Multiplexer Switch TS3USB221ARSER Texas Instruments Inc.
u2 ESD-Protection Array for High-Speed Data Interface TPD2E001DRSR Texas Instruments Inc.

D3, D4, D5, D6, D9,
D10, D11, D12, D13,

Green LED 0603 SMD

SML-310MTT86

Rohm Semiconductor

D14
SW2, SW3 Jumper, 3 Pos, Right Angle 3M9468-ND 3M
SW1, Sw4 Off-Mom Tactile Switch PTS645SK43SMTRLFS C & K Components
D7, D8 Red LED 0603 SMD SML-310VTT86 Rohm Semiconductor
Ul Stellaris In-Circuit Debug Interface LM4F120 Texas Instruments Inc.
us Stellaris Microcontroller LM3S3748 Texas Instruments Inc.
C2, C26, C27, C28,
C29, C30, C31, D1,
D2, J2, J3, J4, J5, J6,
R9, R10, R11, R12,
R14, R15 TPL, TP2, Uninstalled DNI N/A

TP3, TP4, TP5, TP6,
TP7, TP8, TP9, TP10,
TP11, TP12, TP13,
TP14, TP15, U6, U7,
U10, U13, U14, U15

7 Schematics
The schematics for the TSC4270EVM are appended to this data sheet.
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EVALUATION BOARD/KIT/MODULE (EVM) ADDITIONAL TERMS

Texas Instruments (TI) provides the enclosed Evaluation Board/Kit/Module (EVM) under the following conditions:

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies TI from all claims
arising from the handling or use of the goods.

Should this evaluation board/kit not meet the specifications indicated in the User's Guide, the board/kit may be returned within 30 days from
the date of delivery for a full refund. THE FOREGOING LIMITED WARRANTY IS THE EXCLUSIVE WARRANTY MADE BY SELLER TO
BUYER AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED, IMPLIED, OR STATUTORY, INCLUDING ANY WARRANTY OF
MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. EXCEPT TO THE EXTENT OF THE INDEMNITY SET FORTH
ABOVE, NEITHER PARTY SHALL BE LIABLE TO THE OTHER FOR ANY INDIRECT, SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
DAMAGES.

Please read the User's Guide and, specifically, the Warnings and Restrictions notice in the User's Guide prior to handling the product. This
notice contains important safety information about temperatures and voltages. For additional information on TI's environmental and/or safety
programs, please visit www.ti.com/esh or contact TI.

No license is granted under any patent right or other intellectual property right of Tl covering or relating to any machine, process, or
combination in which such TI products or services might be or are used. Tl currently deals with a variety of customers for products, and
therefore our arrangement with the user is not exclusive. Tl assumes no liability for applications assistance, customer product design,
software performance, or infringement of patents or services described herein.

REGULATORY COMPLIANCE INFORMATION

As noted in the EVM User’s Guide and/or EVM itself, this EVM and/or accompanying hardware may or may not be subject to the Federal
Communications Commission (FCC) and Industry Canada (IC) rules.

For EVMs not subject to the above rules, this evaluation board/kit/module is intended for use for ENGINEERING DEVELOPMENT,
DEMONSTRATION OR EVALUATION PURPOSES ONLY and is not considered by TI to be a finished end product fit for general consumer
use. It generates, uses, and can radiate radio frequency energy and has not been tested for compliance with the limits of computing
devices pursuant to part 15 of FCC or ICES-003 rules, which are designed to provide reasonable protection against radio frequency
interference. Operation of the equipment may cause interference with radio communications, in which case the user at his own expense will
be required to take whatever measures may be required to correct this interference.

General Statement for EVMs including a radio

User Power/Frequency Use Obligations: This radio is intended for development/professional use only in legally allocated frequency and
power limits. Any use of radio frequencies and/or power availability of this EVM and its development application(s) must comply with local
laws governing radio spectrum allocation and power limits for this evaluation module. It is the user’s sole responsibility to only operate this
radio in legally acceptable frequency space and within legally mandated power limitations. Any exceptions to this are strictly prohibited and
unauthorized by Texas Instruments unless user has obtained appropriate experimental/development licenses from local regulatory
authorities, which is responsibility of user including its acceptable authorization.

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

Caution

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

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

FCC Interference Statement for Class A EVM devices

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.


http://www.ti.com/corp/docs/csr/environment/ESHPolicyandPrinciples.shtml

FCC Interference Statement for Class B EVM devices

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.

For EVMs annotated as IC — INDUSTRY CANADA Compliant

This Class A or B digital apparatus complies with Canadian ICES-003.

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

Concerning EVMs including radio transmitters

This device complies with Industry Canada licence-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.

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.

Cet appareil numérique de la classe A ou B est conforme a la norme NMB-003 du Canada.

Les changements ou les modifications pas expressément approuvés par la partie responsable de la conformité ont pu vider I'autorité de
I'utilisateur pour actionner I'équipement.

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) I'utilisateur de I'appareil doit accepter tout
brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

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
I'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 l'intensité 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.



[Important Notice for Users of this Product in Japan]
This development kit is NOT certified as Confirming to Technical Regulations of Radio Law of Japan

If you use this product in Japan, you are required by Radio Law of Japan to follow the instructions below with respect to this product:

1. Use this product 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 this product only after you obtained the license of Test Radio Station as provided in Radio Law of Japan with respect to this
product, or

3. Use of this product only after you obtained the Technical Regulations Conformity Certification as provided in Radio Law of Japan with
respect to this product. Also, please do not transfer this product, unless you give the same notice above to the transferee. Please note
that if you could not follow the instructions above, you will be subject to penalties of Radio Law of Japan.

Texas Instruments Japan Limited
(address) 24-1, Nishi-Shinjuku 6 chome, Shinjuku-ku, Tokyo, Japan

http://www.tij.co.jp
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EVALUATION BOARD/KIT/MODULE (EVM)
WARNINGS, RESTRICTIONS AND DISCLAIMERS

For Feasibility Evaluation Only, in Laboratory/Development Environments. Unless otherwise indicated, this EVM is not a finished
electrical equipment and not intended for consumer use. It is intended solely for use for preliminary feasibility evaluation in
laboratory/development environments by technically qualified electronics experts who are familiar with the dangers and application risks
associated with handling electrical mechanical components, systems and subsystems. It should not be used as all or part of a finished end
product.

Your Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, State and local regulatory requirements (including but not limited to Food and Drug
Administration regulations, if applicable) which relate to your products and which relate to your use (and/or that of your employees,
affiliates, contractors or designees) of the EVM for evaluation, testing and other purposes.

2. You have full and exclusive responsibility to assure the safety and compliance of your products with all such laws and other applicable
regulatory requirements, and also to assure the safety of any activities to be conducted by you and/or your employees, affiliates,
contractors or designees, using the EVM. Further, you are responsible to assure 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.

3. You will employ reasonable safeguards to ensure that your use of the EVM will not result in any property damage, injury or death, even
if the EVM should fail to perform as described or expected.

4. You will take care of proper disposal and recycling of the EVM’s electronic components and packing materials.

Certain Instructions. It is important to operate this EVM within TI's recommended specifications and environmental considerations per the
user guidelines. Exceeding the specified EVM ratings (including but not limited to input and output voltage, current, power, and
environmental ranges) may cause property damage, personal injury or death. If there are questions concerning these ratings please 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 result in unintended and/or inaccurate operation and/or possible permanent damage to the EVM and/or
interface electronics. Please consult the EVM User's 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, some circuit components may have case temperatures
greater than 60°C as long as the input and output are maintained at a normal ambient operating temperature. These components include
but are not limited to linear regulators, switching transistors, pass transistors, and current sense resistors which can be identified using the
EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during normal operation, please
be aware that these devices may be very warm to the touch. As with all electronic evaluation tools, only qualified personnel knowledgeable
in electronic measurement and diagnostics normally found in development environments should use these EVMs.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold T, 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 use of the EVM that is not in accordance with the terms of the agreement. This obligation shall apply whether Claims
arise under law of tort or contract or any other legal theory, and even if the EVM fails to perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate the components for possible use in safety critical applications (such
as life support) where a failure of the Tl product would reasonably be expected to cause severe personal injury or death, such as devices
which are classified as FDA Class Il or similar classification, then you must specifically notify Tl of such intent and enter into a separate
Assurance and Indemnity Agreement.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, 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.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which 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 Tl 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 Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

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

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

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of 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.

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

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

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

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

interface.ti.com

logic.ti.com

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 © 2013, Texas Instruments Incorporated
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