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1 System Description

This system example illustrates how to build a Wi-Fi node with the TM4C1294 high-performance
microcontroller and CC3100 network processor. A user can remotely control the TM4C1294 through a
web browser. The functionalities used for this project can be extended in real applications requiring the
high performance features of the TM4C device and connection to a wireless domain.

The software accompanying this design works on an EK-TM4C1294XL LaunchPad and CC3100
BoosterPack. For remote access to the Wi-Fi node, the user must program the included .html files to the
CC3100 using the TI Uniflash tool.
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1.1 TMA4C1294NCPDT

The TM4C1294NCPDT is a 120-MHz, high-performance microcontroller (MCU) with a 1MB on-chip flash
and 256KB on-chip SRAM and features an integrated Ethernet MAC+PHY for connected applications. The
device has high bandwidth interfaces such as a memory controller and a USB 2.0 High-speed digital
interface. With the integration of a number of low-to-mid speed serials (up to 4 million samples per second
(MSPS)), a 12-bit ADC, and motion control peripherals, the TM4C1294CPDT microcontroller makes for a
unique solution for a variety of applications ranging from industrial communication equipment to smart
energy or smart grid applications. Figure 1 shows the block diagram for the TM4C1294NCPDT MCU.
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Figure 1. TM4C1294NCPDT Microcontroller High-Level Block Diagram
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1.2 CC3100
The CC3100 Wi-Fi network processor subsystem features a Wi-Fi Internet-on-a-chip™ integrated circuit
and contains an additional dedicated ARM MCU that completely offloads the host MCU. This subsystem
includes an 802.11 b/g/n radio, baseband, and MAC with a powerful crypto engine for fast, secure Internet
connections with 256-bit encryption. The CC3100 device supports Station, Access Point, and Wi-Fi Direct
modes. The device also supports WPA2 personal and enterprise security and WPS 2.0. This subsystem
includes embedded TCP/IP and TLS/SSL stacks, HTTP server, and multiple Internet protocols.
Wi-Fi driver
TCP/IP & TLS/SSL
Stacks
SPI
UART
H
:
Figure 2. CC3100 Hardware Overview
1.3 TM4C129/CC3100 Interface
Figure 3 shows the interface between the TM4C1294 and CC3100 devices. The TM4C1294 can reset
CC3100 through the reset pin. The TM4C1294 can also enable and disable the CC3100 by controlling the
nHIB pin. When the CC3100 requires service, it toggles the CC_IRQ signal to notify the TM4C1294
device. The TM4C1294 then transfers information with the CC3100 over the serial peripheral interface
(SPI) bus. The TI SimpleLink library driver is used to process the message and control the
communication. The user can process the request from the CC3100 device as http callback events
without the knowledge of the SPI messaging format.
I
Reset
P
nHIB
TM4C1294 «—— | CC3100
CC_IRQ
d [
SPI
Figure 3. TM4C129 and CC3100 Interface Overview
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2 Functional Block Diagram
The TM4C Wi-Fi node is configurable in two modes: Access Point and Station.

2.1 TMA4C Wi-Fi Node as Wi-Fi Access Point

The Wi-Fi web client is directly connected to the TM4C Wi-Fi node when the TM4C Wi-Fi node is
configured as a Wi-Fi access point (see Figure 4). This configuration does not allow connection to the
Internet through Wi-Fi. The Wi-Fi node serves as a host for a web server and allows remote control of the
Wi-Fi Node LaunchPad.

Wi-Fi Packet
Web Server Tx/RX

—————
- S~

Interface . .

<
o=  CC3100
7Y  BoosterPack

------------------- ¢ SPI
TX/RX

— LaunchPad
Wi-FiNode CMD Decode
and Response

Figure 4. General Setup and Dataflow for Wi-Fi Node Access Point

2.2 TMA4C Wi-Fi Node as Wi-Fi Station

When configured as a station, the Wi-Fi node connects with the existing network and acquires an IP
address. The Wi-Fi node is accessible using an Internet browser such as Microsoft Internet Explorer®,
Google Chrome™, or Mozilla Firefox® as a web server. The web server enables control of the LaunchPad
functions. When a particular function is asserted through the web server, a command is sent to the
CC3100 BoosterPack, which then passes the command to the LaunchPad. Upon receipt of the command,
the LaunchPad executes the action or task associated with the command and responds with the
appropriate data or acknowledgment as required.

Web Server o 1--_\

Interface el Wi-Fi Packet ~~~_
. Wi-Fi Packet Tx/RX RIS

p’ Tx/Rx AN
o CC3100

%Y  BoosterPack

------------------- ¢ SPI

TX/Rx
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Figure 5. General Setup and Dataflow for Wi-Fi Node Station
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3 Getting Started Hardware
The hardware used in this example is the EK-TM4C129XL Connected LaunchPad and the CC3100
BoosterPack. The EK-TM4C129XL Connected LaunchPad board is connected to the SimpleLink CC3100
BoosterPack board through the BoosterPack connector 1 on EK-TM4C129XL. Table 1 shows the signal
Table 1. Signal Mapping
BOOSTERPACK CC3100 TM4C1294
CONNECTOR BOOSTERPACK CONNECTED LAUNCHPAD
P1.1® 33V 33V
P1.2 Open PE4
P1.3 CC_UART1_TX PC4_U7RX
P1.4 CC_UART1_RX PC5_U7TX
P1.5® CC_nHIB PC6
P1.6 Open PES
P1.7® CC_SPI_CLK PD3_SSI2CLK
P1.8 Open PC7
P1.9 Test_3 PB2
P1.10 FORCE_AP PB3
p2.1® GND GND
p2.2® CC_IRQ PM3
p2.3® CC_SPI_CS PH2
P2.4 Open PH3
p2.5® MCU_RESET_IN RESET
P2.6® CC_SPI_DIN PD1_SSI2XDATO
p2.7® CC_SPI_DOUT PDO_SSIXDATAL
P2.8 Test_63 PN2
P2.9 Test_64 PN3
P2.10 Test_18 PP2
P3.1® 5V 5V
P3.2® GND GND
P3.3 Open PEO
P3.4 Open PE1
P3.5 Open PE2
P3.6 Open PE3
P3.7 Open PD7
P3.8 Open PA6
P3.9 Open PM4
P3.10 Open PM5
P4.1 Test_29 PF1
P4.2 Test_30 PF2
P4.3 Open PF3
P4.4 CC_URT1_CTS PGO
P4.5 CC_UART1_RTS PL4
P4.6 Open PL5
P4.7 CC_NWP_UART_TX PL1
P4.8 CC_WL_UART_TX PL2
P4.9 CC_WLRS232_RX PL3
P4.10 CC_WLRS232_TX PL4
Denotes that this pin is required for this design.
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The block diagram in Figure 3 shows the TM4C1294/CC3100 interface. The TM4C1294 device controls
the reset and enable/disable switches of the CC3100 device. When the CC3100 device requires service, it
toggles the “CC_IRQ” pin to notify the TM4C1294. The TM4C129 reads the CC3100 request through the
SPI port and performs the rest of the communication. The following TM4C1294 1/O pins are used as the
interface to CC3100:

e SSI2 in three-pin SPI mode (CLK, MOSI, and SOMI)

* GPIO output pin PH2 is manually controlled as SPI CS for CC3100

* GPIO input interrupt on pin PM3 is enabled to capture the request from CC3100
* GPIO output pin PC6 is configured to enable or disable CC3100

The following additional TM4C1294 peripherals are also enabled in the system:
» Timer 1 to generate 1-ms system tick

* Timer 2 to toggle LED with variable periods

» Timer 0 to sample buttons and internal temperature sensor every 10 ms

* GPIO output pin PNO to toggle LED

e GPIO input pins PJO and PJ1 to sample the button states

e ADCO channel 3 to read the internal temperature sensor

» UART 0 is configured to 8N1 and a baud rate of 115200 as a diagnostic port
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4 Getting Started Software

Figure 6 shows the architecture of the TM4C1294 software. The Tl SimpleLink library driver processes the
message between the TM4C1294 and CC3100 devices. Use TI's real time operating system (RTOS) to
schedule the processing. Use the Tl TivaWare ™ library to control the hardware on the TM4C1294 device.

Wi-Fi node
SimpleLink Library
TI-RTOS

TivaWare for C Series

Figure 6. TM4C1294 Software Architecture Block Diagram

The following TI-RTOS functions are statically configured in the TI-RTOS configuration file.

» CLKO: 1-ms system tick generated by timer 1

» HWIO: GPIO interrupt on PM3 for capturing the CC3100 request and setting semaphore

» HWIL: Timer 2 interrupt with variable period for toggling the LED

* HWI2: 10-ms timer O interrupt for sampling buttons and internal temperature sensor

e TASKO: Perform all tasks requested by CC3100 (controlled by the semaphore set in HWI 0)

The software was developed as an extension of the CC3100 SDK examples. The SimpleLink library itself
is not device specific. All device specific information must be included in the application program interface
(API) functions defined in the following files:

e board.c: APIs for setting up hardware on the board

e spi.c: APIs SPI communication

» cli_uart.c: APIs for the universal asynchronous receiver and transmitter (UART) port (debugging)

Two additional files (io.c and buttons.c) contain APIs for controlling the peripherals used for the demo. The
Wi-Fi processing functions are included in the file main.c. The software release is in the .zip file format.

The Access Point Mode and Station Mode are in separate projects for TI's Code Composer Studio™
(CCS) software.
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5 Demo Installation

To rebuild the demo the user must install the following Tl tools and software packages.
* TMA4C1294 Connected LaunchPad

+ CC3100 BoosterPack

» Code Composer Studio (CCS) v6.0.1 or above

» Uniflash for CC3100/CC3200 v3.2.0

+ (CC3100 SDK 1.1.0

e TI-RTOS for TIVA v2.12.01.33 (TivaWare v2.1.0.12573 is included)

Unzip the software release .zip file. Place the extracted “wifi_node_ap_tirtos” and
“wifi_node_station_tirtos” directories under the “EK_TM4C1294XL" subdirectory in the TI-RTOS
installation (see Figure 7).

i
€[> RAIIC irtos tivac 212 01_33\tirtos tivac 2 120133 eamples ek Tvic 1200 IR REY | IS r ] )
File Edit ‘iew Tools Help
Organize v = Open Include in library + Share with = New folder =+ MO '@
A Favorites i MNarme Date modified Type Size -
Bl Desktop ) tepEchoTLS 57112015 11:20 &M File folder
& Downloads . uartconsole 5/11/2015 11:20 AM  File folder
| Recent Places . uartecho 371172015 11:20 AR File folder
. uartlogging 5/11/2015 11:20 &AM File folder
- Libraries . udpEcho 541172015 11:20 &AM File folder
=i guest . udpEchoCC3100 5/11/2015 11:20 AM  File folder
= Documents . udpEcholPu 5/11/201511:20 &AM File folder
J\ Music = . usbcdecmousedevice 5/11/2015 11:20 &AM File folder
&= Pictures . usbkeyboarddevice 5/11/2015 11:20 AM  File folder
5 subversion . usbkeyboardhost 5/11/2015 11:20 AM  File folder
E Videgs . usbmousedevice 5/11/201511:20 AM  File folder
. usbrnousehost 5112015 11:20 &AM File folder
18 Computer . usbserialdevice 5/11/2015 11:20 AM  File folder =
E__’ 0SDisk (CH . watchdog 5/11/2015 11:20 AM  File folder
. wifi_node_ap_tirtos 371142015 1:55 PM File folder
, wifi_node_station_tirtos 5/11/2015 1:44 PM File folder
|| makedefs 4/17/2015 9:29 PM File 3IKB
- || makefile 4/17/2015 9:29 PM File 1KB -
wifi_node_ap_tirtos Date modified: 5/11/2015 1:55 PM
File folder
Figure 7. Placement of Extracted Directories
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Figure 8 shows the details of the project directory. The http callback function is in main.c and the
wifi_node_ap.cfg is the TI-RTOS configuration file for the project. The sl_common.h contains information
about the service set identifier (SSID) and security key for the access point.

. <« OSDisk (C:) » ti » tirtos tivac.2.12 01 33 » tirtos_tivac 2 12 01 33_examples » TI » EK_TM4C1294XL » wifi_node_ap_tirtos »

File Edit View Tools Help

Organize v Include in library = Share with » New folder =~ [ @
St Favorites Name ) Date modified Type Size it
Ml Desktop cc3100_filesystem 5/11/201511:35 AM  File folder
8 Downloads | Debug 5/12/2015 9:06 PM File folder
| Recent Places simplelink 5/11/201511:35 AM  File folder
J sIC 5/12/2015 9:06 PM File folder
4l Libraries targetConfigs 5/11/201511:35 AM  File folder
1) guest |#| .cesproject 5/11/20151:38 PM  CCSPROJECT File 1KB
[ Documents |#| .cproject 5/11/20151:52 PM CPROJECT File 32KB
J‘ Music | .project 5/11/201511:39 AM  PROJECT File 6 KB
[&=] Pictures | xdchelp 4/8/2015 8:04 AM XDCHELP File 0 KB
5] Subversion || board.c 4/15/201510:36 AM  C File 8 KB
B videos | board.h 12/22/2014 11:07 H File 6 KB
@_] boostpack_connector.xlsx 12/9/201412:00 PM  Microsoft Excel W 14 KB
1M Computer | buttons.c 5/11/2015 2:05 PM C File TKB
&, 0sDisk (C:) |_| buttons.h 7/15/2014 4:27 PM H File 4KB
L | ch_uart.c 12/22/2014 11:05 C File 5KB

11

| cli_uart.h 12/22/2014 11:07 H File 4KB
Ll io.c 5/13/2015 9:06 AM C File 15KB
El ioh 5/12/201510:50 AM  H File 3KB
| macros.ini_initial 12 14 4:17 PM INI_INITIAL File 1KB

| main.c 5/12/2015 3:14 PM C File 35 KB
| readme et 4/21/2015 3:02 PM Text Document 1KB
| sl_common.h 2/13/2015 2:09 PM H File S KB
L spic C File 5KB
=l spi.h H File 6KB
| 2| tmécl294ncpdt.cmd CMD File 2KB
| vart.c C File 5KB
| varth H File 6 KB
| | userh H File 30 KB
|#| wifi_node_ap.cfg 5/11/20152:45PM  CFG File 2KB |
, 32 tems
Figure 8. Content of “wifi_node_ap_tirtos” Directory
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Figure 9 shows the linked path for compiling the project. The paths in Figure 9 are obtained using the
default locations for the software installation. If the user does not install the software to the default
location, then the linked path must be changed to match the actual installation location.

<« Properties for wifi_node_ap_tirtas = @@
type filter text Linked Resources [ v
4 Resource
R Path Variables | Linked Resources
Resaurce Filters Path variables specify locations in the file system, including other path variables with the syntax "${VAR]",
CCS General The locations of linked resources may be specified relative to these path variables.
a4 CCSBuild Defined path variables for resource "'wifi_node_ap_tirtos":
4 ARM Compiler . MNarne Walue | Mewy..,
Processor Options .
Optimization (= CC3100_SDK_ROOT CAENCCIL00SDK_1,1.0%cc3100-5dk Fdit
Include Options > CCS_BASE_ROOT Civtiveosvblcos_base
MISRA-C:2004 (> CCS_INSTALL_ROOT Cihtivecswb Remawe
Advanced Options == CG_TOOL_ROOT Cihtiveosvb\toolshcompilerharm_5.1.5
- BRM Linker = ECLIPSE_HOME CittivcesvBleclipsel
ARM Hex Utility [Disabled) [ EXTERMNAL_BUILD_ARTL..
> XDCtools (> PARENT_LOC Ci\Users\guestwvorkspace_v_l
Builders (= PROJECT_LOC Civtivtirtas_tivac_2_12_01 33\tirtos_tivac_2_ 12 01 33_.
C/C++Build (= TMANFARE_ROOT Civtivtirtos_tivac_2_12_01_3Tpraducts\TivaWWare_C_S...
C/C++ General (= WORKSPACE_LOC C:AlUsers\guestyworkspace_v6_{

Debug

Praoject References
Refactoring History
Run/Debug Settings

':_7': Hide advanced settings 0K I [ Cancel

Figure 9. Linked Paths for Project
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The HTML code for this example is also included in the “cc3100_filesystem” subdirectory (see Figure 8).
Program the code into the CC3100 BoosterPack using Uniflash with the project file oob.ucf found in the
following directory: “cc3100_filesystem\uniflash_template\oob.ucf".

To generate the HTTP “get” event with the CC3100 device, the “Ajax” method is required. The following
code passage shows an example of the “Ajax” function for generating an HTTP “get” event:

function getTokenValue(paramPage, tokenld, successFn, failFn)
{
$.ajax({
"type': "GET".
"url™: paramPage,
“'cache": false,
"dataType': "html"
b
// define callback for get request success
.done( function(getdata, status, xhr)
{
successFn($(getdata) . filter("#"+tokenld).text());
b

-fail(function(Jgxhr, settings, exception)

failFnQ;
:;
}

The following function uses the getTokenValue() function to generate an HTTP “get” event to acquire the
updated number of button 1 presses.

function get_buttonl()
{
getTokenValue
( Tio_http_params.htm®, “buttonl_count_status”®,
// successFn callback, val is the token value
function(val)

{

¥,
// failFn callback
function()

{
}

document.getElementByld("'buttonl_count™).value = val;

_count = _count + 1;

);
3

In the get_button1() function, the getTokenValue function is called to generate an HTTP “get” event of
“buttonl_count_status” (defined in a separate .html file io_http_params.htm). The returned value is saved
in variable “val”. Then “val” is used to update the display of the “button1_count” window in the website.
View further details in the released source files.
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6 Demo Execution

The TM4C Wi-Fi node can work as an access point or a station. There are separate CCS projects for
each mode. The website is the same for both modes. Figure 10 shows the client website.

R EK-TMAC1294XL Evabuanc X
e o mysimplelink.net/f:

13 TEXAS Tiva™ C Series TM4C1294XL Evaluation Kit
INSTRUMENTS EK-TM4C1294XL

Tiva™ C Series Overview /0 Control Demo

TM4C1234NCPDT Block
Diagram

This demonstration shows how to perform control and status reporting using HTTP requests embedded within Javascript code on the web page itself. Using this method, it is possible to
219 FTRFEIVIMIERTEY  update sections of text on the current page without the need to refresh the entire page

Page
Toggle USER LED and report the state of the LED
Tiva™ TMA4C129x Family
Product Page
LED Control OFF = ON
170 Control Demo
(HTTP Requests) LED Toggle OFF ® ON © Toggling Speed (10 % [ Set Speed

Control other I/Os on the host MCU

Get Button 1 Counts o Clear Button 1 Counts

Get Button 2 Counts 0 Claar Button 2 Counts

Get Temperature 109 € @

Figure 10. Website for Wi-Fi Node

The “LED Control” field determines the state of LED1 on the EK-TM4C129XL board. The “LED Toggle”
field determines if LED1 is at a steady state or toggling between “ON” and “OFF”. At 1% of the toggling
speed, LED1 switches at a period of 2 seconds. At 100% of the toggling speed, LED1 switches at a period
of 20 milliseconds. LED1 remains “OFF” if the LED control is “OFF", regardless of the “LED Toggle”.

The website can also request the counts of button presses and the reading from the on-chip temperature
sensor. The counts of button presses can be cleared from the website. The temperature readings can be
displayed in Celsius or Fahrenheit.

6.1 Access Point

When the TM4C Wi-Fi node functions as a Wi-Fi access point, the Wi-Fi client can connect directly to the
TMA4C Wi-Fi node, as Figure 4 shows. For this selected configuration there is no internet connection.
Access the TM4C Wi-Fi node website by searching for “mysimpleLink.net” in a web browser. The login ID
and password are all “admin”.

6.2 Station

When the TM4C Wi-Fi node functions as a Wi-Fi station, both the TM4C Wi-Fi node and the Wi-Fi client
must be connected to the Internet (see Figure 5). After connecting the Internet, the TM4C Wi-Fi node
dynamically acquires an IP address. This information outputs on the diagnostic UART port. Access the
TMA4C Wi-Fi node website by searching for this IP address from a web browser. The login ID and
password are still all “admin”.
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7 Software and Resource Files

To download the software files and resource files for this reference design, please visit the following
website: http://www.ti.com/tool/TIDM-TM4C129XWIFI.

8 References

1. Texas Instruments, Driver Installation Instructions SPMU287B — August 2012 — Revised January
2014 , Driver Installation Instructions (SPMU287)
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate Tl semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, IS GRANTED HEREIN, including but not limited to 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.

TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products 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 for TI components 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.

Reproduction of significant portions of Tl information in Tl data books, data sheets or reference designs 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.

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 that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use of any TI components in
Buyer's 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 Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that 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 that
have not been so designated is solely at Buyer's risk, and 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.
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