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1.5-GHz Low-Phase Noise Clock Evaluation Board

This user's guide discusses the general operation and configuration of the Texas Instruments CDCE72010

evaluation board.
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1 Features
» Easy-to-use evaluation board to generate low-phase noise clocks up to 1.5 GHz
» Easy device programming via host-powered USB port
» Fast configuration through provided graphical user interface (GUI) software interface
» Total board power provided either through USB port or separate 3.3 V and ground connections.
» Single-ended or differential input reference clock
» Crystal filter on output readily available for clocking high-speed analog-to-digital converters, if needed.
Figure 1. CDCE72010EVM Board
2 General Description
The CDCE72010 is a high-performance, low-phase noise clock synchronizer and jitter cleaner. It has one
main universal VCO/VCXO input buffer and an auxiliary universal input buffer. Either Input can drive the
outputs and/or the feedback path to the PFD. The maximum VCXO/VCO input frequency is 1.5 GHz. It
provides support for two redundant input references and using its on-chip PLL architecture can provide up
to ten differential or 20 single-ended low jitter outputs.
The CDCE72010 supports two reference inputs, which can be differential or single-ended. It also provides
two VCXO inputs, which can drive up to ten outputs.
The CDCE72010 then can be programmed through the SPI interface using the evaluation module (EVM)
programming GUIL.
The evaluation module (EVM) is designed to demonstrate the electrical performance of the device.
This fully assembled and factory-tested evaluation board allows complete validation of all device functions.
For optimum performance, the board is equipped with 50-Q SMA connectors and well-controlled 50-Q
impedance microstrip transmission lines.
2 1.5-GHz Low-Phase Noise Clock Evaluation Board SLAU250—May 2008
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3 Signal Path and Control Circuitry

The CDCE72010 provides support for selectable tri-inputs, and two of the inputs (PRI REF and SEC REF)
can accept a 8-kHz to 500-MHz frequency input from a differential signal source or a 8-kHz to 200-MHz
frequency input from a single-ended signal source.

The CDCE72010 provides support for up to ten differential (LVDS or LVPECL) or 20 single-ended
(LVCMOS) or any combination of outputs up to 1.5 GHz. On the CDCE72010EVM, output 1 and output 8
have a footprint option for installing crystal filters that can drive the phase noise floor down by 10 dB or 15
db. This filtered signal is intended to be used for clocking high-performance, high-speed analog-to-digital
converters (ADC).

The CDCE72010 requires an external loop filter. The loop filter selection determines the PLL loop stability
and also affects the phase noise of the output. The EVM provides four sets of filters optimized for a
30.72-MHz reference and 491.52-MHz VCXO. For any output of the CDCE72010, the frequency is
determined by the selection of the VCO/VCXO and the setting of the output divider. The output jitter
performance is determined by the PLL settings (including the PFD frequency, charge pump current, and
the loop filter). See the CDCE72010 data sheet for more details and configuration settings.

Each of the ten outputs of the CDCE72010 can be selected through the software interface as LVPECL,
LVDS, or LVCMOS. The CDCE72010EVM provides software selectable 150-Q current-setting resistors.

The LVCMOS outputs work for frequencies up to 250 MHz; the LVDS outputs run up to 800 MHz; and
LVPECL outputs function up to 1.175 MHz (these are all minimum frequencies).

4 Software Selectable Options

The provided GUI software allows users to easily send commands to the CDCE72010 through the
host-powered USB interface. The EVM includes a slave USB controller that transmits the commands to
the SPI programming interface included on the CDCE72010. The DC power for the USB controller can
either be derived from the 5-V power pin in the USB cable or by using an external 5-V DC adapter into the
slot available on the EVM. If the device is accessible for programming by the SPI programming interface
through the USB controller, the onboard LED D25 is illuminated on power up.

In addition to writing commands to the CDCE72010 RAM while the board is powered, commands also can
be stored in CDCE72010 EEPROM. This allows users to start the EVM in the desired state without
needing programming at power up.

Note that the CDCE72010 has a permanent EEPROM lock mode. After this mode is selected, the
EEPROM within the CDCE72010 cannot be changed. This is useful when setting final configurations.

The CDCE72010EVM software also provides support for the device GUI configurations to be saved into a
configuration file, which can be opened at a later time with this GUI.

5 Installing the GUI Interface and USB Driver
To start installation, run the CDCE72010 Control GUI v1.X.X.msi file.

Make note of the installation folder because you may need to refer to it when the USB cable is connected
and asks for the location of a driver file.

After the setup wizard has completed, start the GUI interface from the start menu (Start —~ CDCE72010
Control GUI).

SLAU250—-May 2008 1.5-GHz Low-Phase Noise Clock Evaluation Board 3
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I'E CDCET2010 Control GUI Setup ﬂ

@ Welcome to the CDCE72010
Control GUI Setup Wizard

The Setup \Wizard will allow you to change the way
CDCEF2010 Control GUI Features are installed on waour
computer or even bo remove COCET2010 Control GUT From
waur computer, Click Mext to continue or Cancel bo exit the
Setup Wizard,

Mext = i Cancel

e o AT

Connect the USB cable to the EVM. If The Windows™ operating system asks for an appropriate driver, do
not use the automatic search option. Select a manual installation, and when prompted for the driver
location, browse to the CDCE72010 GUI file folder that was used during instillation. If the Windows
operating system does not ask for a driver, no action is required.

After the USB driver installation, the GUI software must connect properly and be ready for use. A green
light in the USB Status and SPI Bus Status boxes indicates good USB connection, and a red light
indicates faulty USB connection or faulty SPI bus.

IE CDCE72010 Control GUI Setup = x|
Select Installation Folder
This is the folder where CDCE72010 Contral GUT will be installed, @

Toinstall in this Folder, click "Mext”. Toinstall to a different folder, enter it below or click
"Browse",

Eolder:

Note program file location as the
|C:'|,Program Files\Texas Instrument\CDCE72010 Conkral GUTY

USB controller driver is in the
same location!

Browse, ..

Advanced Installer

Cancel

< Back.

4 1.5-GHz Low-Phase Noise Clock Evaluation Board SLAU250—May 2008
Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU250

i3 TEXAS
INSTRUMENTS
www.ti.com CDCE72010 Control GUI Interface

6 CDCE72010 Control GUI Interface

ﬁE&Untitled - CDCET2010 Control GUI ¥1.2.7
File Edit View Tool Help

I I=[E)

TI CDCE72010 Control GUI Interface

7.1 Using Software-Enabled PLL Selection
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The illustration in the software shows the block diagram of the CDCE72010. In this illustration, the user
can change the Input Frequency, Input Divider, Input type, Input selection, PFD Charge Pump, Output
Divider, and Output type. The rest are selected by the software with user-selectable options as described
in the steps below. If the power to the CDCE72010 is derived from the USB, the Enable EVM Power
button needs to be checked. If the power to the CDCE72010 is derived from an external source, the
Enable EVM Power button needs to be unchecked.
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Step 1: External Control Pins Selection
Before programming the PLL, select the External Control Pins button in the EVM Status section of the
GUI. The selections on this popup window, as shown in the following illustration, must be selected

according to the desired working configuration of the CDCE72010.

DETERM-Elock,

b AUX dock present

e -.U9P Innut

7. 1A .ol =
Activity — » 0 PLL LOCK
@ PriN V Dividle by 1 j—. Lack Hald
» o
7 | 0.000000 M-Dis by 1, 0.0000 MHz
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Step 2: Primary/Secondary Reference Input Selection
The primary or the secondary reference input buffer section on the GUI can be clicked for a popup window
that opens up, as shown in the following illustration. This illustration shows selections on the external input

signal type (differential or single ended), the external signal connection to the CDCE72010

primary/secondary inputs (AC or DC termination), input buffer internal termination (enabled or disabled),
input buffer VBB voltage polarity (normal or inverted), input buffer hysteresis, and fail-safe mode (enabled

or disabled).

Set Input Buffer Properties

Primary Input Buffer VBB Yoltage :

INDrmaI j

Input BuFfer Termination

IEnaI:uIed

Marrnal j ..........

Input BuFfer Hysterisis Fail

Safe Mode

IDisabIed

j IDisabIed j

x|

Input Buffer Select

1111111 I LHCMOS j

ACIDC Terminakion

--------- IF'.C Termination j

Cancel |

Step 3: Reference Input Selection through Smart MUX
The Smart MUX section of the GUI can be clicked for a popup window that opens up as displayed in the
following illustration, showing selections of Primary, Secondary, Auto ( with Primary preference), and

Input Reference Seleck

—3elect Ref Input ——

None.

.............

& Primary
™ Secondary

™ Auko

|

04

Cancel
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Step 4: PFD and Charge Pump Selection

The PFD and Charge Pump section of the GUI can be clicked for a popup window that opens up. The
following illustration shows selections on the charge pump current and charge pump pulse width.

Charge Pump Settings x|

select Charge Pump Current a4
Cancel
1.00mA =
_F Yoltage Option P Current Cuktpuk Direction
+ 3y ¥ Positive
T oy i Megative

[ Preset CP Output Yolkage ko WCC_CPJ2

Step 5: Output Divider

The CDCE72010 has 10 outputs and 8 Output Dividers. Outputs 0 and 1 share the same divider, and
outputs 8 and 9 share the same divider. The Output Divider and the Output Phase Adjust are accessed by

clicking on the divider needed.

Output Divider 1 x|

— Output Divider

[ Enable Output Divider

Divide By:

1 |
Output Phaze Adjust:

1 [0.07) |

COutput Bias 071
IN-:I Current Feduction j

8 1.5-GHz Low-Phase Noise Clock Evaluation Board

SLAU250—May 2008
Bubmit Documentation Feedbach



http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAU250

i3 TEXAS
INSTRUMENTS

www.ti.com TI CDCE72010 Control GUI Interface

Step 6: Output Type Selection

The Output Buffer section of the GUI for each of the five outputs can be clicked for a popup window that
opens up, as displayed in the following illustration. For each output clock source, the user can select
LVPECL, LVPECL High Swing (in which cases the output 150-Q termination is automatically enabled),
LVDS, LVDS High Swing, or LVCMOS. In CMOS mode, the P and N outputs become separate CMOS
outputs running at the same frequency. Either CMOS output can be active, inverting, tri-state or low. Each
output can be independently disabled.

Output Buffer Config 2 x|
Cukput Buffer

Qukput Buffer Type Cancel

LYCMOS =]

Output Termination
LVPECL
LWPECL High Swin
LLvps ? ? v Enable Cukput Terrmination
L¥DS High Swing
|EEEEL-:": Disabled — 1500

Fermination

Megative Pin Cukpuk

|.ﬁ.ctive ﬂ

Step 7: Write to CDCE72010 EEPROM

To write any particular setting to the EEPROM (locked or unlocked), the menu item at the top of the GUI
entitled Tool must be clicked which reveals the items Write EEPROM Unlocked and Write EEPROM
Locked as part of a drop-down menu. Choosing the appropriate one after setting the desired PLL
configurations results in writing to the EEPROM in the selected mode.

gﬂ-”ntitled - CDCE72010 Control GUI ¥1.2.7

File Edit Miew | Tool Help

Actvity SPI Debug...

. PRI_IN Write EEPR.CM Unlocked
T ‘Wit EEPROM Locked
0

") SEC_E

0, 000000
extern REF_3I

JEEEEL

TI USE k
Download Firrmaare ko EYM
Save YCXO XTAL Freq To EMM

Force USE Driver Install

r=- ik '-.-'CXD e
! m
' g FB Div by 4,
: = Twpe=CMOS
! '-.-'CXO clock present
i —
]
1
1
1
1
1
1
1
1
1
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8

8.1

8.2

8.3

Configuring the Board

The CDCE72010EVM can be powered from the USB power supply or from an external source. The
CDCE72010EVM only needs a USB cable attached for programming purposes. However, for test
measurements, it is recommended to also use an external 3.3-V power supply. Test measurements also
can be taken with only the USB-supplied power. However, due to USB port power limitations, results may
degrade. It is also possible to program the CDCE72010 and then disconnect the USB cable (may require
minor board configuration changes).

Default Configuration for Programming and Testing With USB Cable Attached

The CDCE72010EVM is configured by default to operate with the USB cable attached and a 3.3-V power

supply added to EXT VDD and GND. In this configuration, the USB microcontroller is powered by the USB
port’s 5-V supply whereas the CDCE72010 is powered by the 3.3-V external supply. This setup is optimal

for programming the CDCE72010 while also taking measurements. This configuration removes the power

variation found in USB power supplies by isolating the CDCE72010 from the USB supply.

Configuration for Programming With USB Cable Attached

The CDCE72010EVM can use power supplied through the USB cable as its sole power source. However,
due to power supply variances in the USB supply, this configuration is not recommended for
measurements. This setup is for saving configuration settings to the CDCE72010 and later powering the
device from its internal memory (useful if a USB port is unavailable in a laboratory or test chamber). In this
configuration, JP_3_3 must be moved from its default position to the new position shown in the following
illustration. Also, the Enable EVM Power box must be checked on the EVM GUI interface software.

Using external 3.3V

supply

JP_3 3 Diagram

Configuration for Testing From a Saved Configuration With USB Cable Removed
After Programming

When operating the CDCE72010 without the USB programming cable (useful in laboratory settings in
which a PC is unavailable at the laboratory station), the CDCE72010 needs to be configured and saved in
the EEPROM in one of the preceding configurations and then reconfigured for external power supply
usage.

Prior to making these board modifications, the CDCE72010 settings must be saved with one of the USB
cable attached configurations. The Write EEPROM Unlocked or Write EEPROM Locked software button
must be used to save the CDCE72010 to its internal EEPROM. After the settings are saved to EEPROM,
the USB cable can be removed. Once the cable has been disconnected, JP_3_3 must be in the Using
External 3.3V Supply position (as seen in the preceding diagram). The EVM now is ready for use without
the USB cable connected. The CDCE72010 always starts from its saved configuration state in this mode.

10
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8.4

Configuration for Onboard Reference Input Biasing. If the on-chip biasing is not used in the
CDCE72010 for AC-coupled reference input signals for PRI_REF or SEC_REF, the CDCE72010EVM
alternately can be set up to provide onboard biasing for LVPECL or LVDS inputs. These bias voltages of
1.2 V for LVDS and 1.9 V for LVPECL are derived from the onboard voltage divider. The bias points are
available for every leg of the differential signals at both PRI_REF and SEC_REF and can be enabled by
using the jumpers on the CDCE72010EVM, JP_3_4 and JP_3_5 for PRI_REF and JP_3 6 and JP_3 7
for SEC_REF. Each of these jumpers can be configured as shown in the following diagram for either
LVPECL or LVDS bias.

LVPECL

Svid
SAaAl

o
123dA0 | [ ] |
®
®

JP 3 4,JP 3.5,JP 3 6,JP 3 7 Diagram

Configuration for Onboard External Loop Filter

If the CDCE72010 is chosen to be operated as a jitter cleaner, it requires use of the partially external loop
filter which is located at the back side of the CDCE72010EVM. The EVM provides four external loop filter
options. The external loop filter topology is shown in the following diagram. The device can handle more
complex filter topologies, including active loop filters, but the EVM is only designed to illustrate
second-order filter topology. Remember that the loop filter is calculated for and operates with a particular
PFD frequency, charge pump current, and PLL gain (determined by the feedback divider settings).

i3
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The external loop filter can be chosen by selecting one from the four available options on the
CDCE72010EVM using the dip switches, SW9 and SW10, located at the back side of the EVM as shown
in the following illustration. The four options are Filter1 = 1 kHz, Filter2 = 520 Hz, Filter3 = 120 Hz, and
Filter4 = 15 Hz.

Figure 2. CDCE72010EVM External Loop Filter Topology

8.5 Configuration for PLL Lock Detect

The CDCE72010 PLL lock detect can be chosen on the CDCE72010EVM as either an analog lock detect
or a digital lock detect using the jumper, JP_3_12, located at the back side of the CDCE72010EVM. This
jumper can be configured as shown in the following diagram for either analog or digital lock detect.

Analog Lock Digital Lock
Detect Detect
o oo

238 R33 REZ

JP_3 12 Diagram

12 1.5-GHz Low-Phase Noise Clock Evaluation Board SLAU250—May 2008
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CDCE72010EVM Board Schematic Diagram

CDCE72010EVM Board Schematic Diagram
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EVALUATION BOARD/KIT IMPORTANT NOTICE

Texas Instruments (TI) provides the enclosed product(s) under the following conditions:

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl to be a finished end-product fit for general consumer use. Persons handling the product(s) must have
electronics training and observe good engineering practice standards. As such, the goods being provided are not intended to be complete
in terms of required design-, marketing-, and/or manufacturing-related protective considerations, including product safety and environmental
measures typically found in end products that incorporate such semiconductor components or circuit boards. This evaluation board/kit does
not fall within the scope of the European Union directives regarding electromagnetic compatibility, restricted substances (RoHS), recycling
(WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these directives or other related directives.

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 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.

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. Due to the open construction of the product, it is the user’s responsibility to take any and all
appropriate precautions with regard to electrostatic discharge.

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.

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.

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 contact the Tl application engineer or visit yww-Ti.com/esH.

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.

FCC Warning

This evaluation board/kit is intended for use for ENGINEERING DEVELOPMENT, DEMONSTRATION, OR EVALUATION PURPOSES
ONLY and is not considered by Tl 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 rules, which are
designed to provide reasonable protection against radio frequency interference. Operation of this equipment in other environments 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.

EVM WARNINGS AND RESTRICTIONS

It is important to operate this EVM within the input voltage range of 3 V to 3.6 V and the output voltage range of 0 V to 3.6 V.

Exceeding the specified input range may cause unexpected operation and/or irreversible damage to the EVM. If there are questions
concerning the input range, please contact a Tl field representative prior to connecting the input power.

Applying loads outside of the specified output range may result in unintended operation and/or possible permanent damage to the EVM.
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 120°C. The EVM is designed to operate
properly with certain components above 85°C as long as the input and output ranges are maintained. These components include but are
not limited to linear regulators, switching transistors, pass transistors, and current sense resistors. These types of devices can be identified
using the EVM schematic located in the EVM User's Guide. When placing measurement probes near these devices during operation,
please be aware that these devices may be very warm to the touch.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by Tl regarding third-party products or services does not constitute a license from Tl 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 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. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

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

TI products are not authorized for 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, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, Tl will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmp Audio vww i.com/audid

Data Converters Fafaconverter-ii.com Automotive vww ir.com/automotivg

DSP Bsp.fi.con Broadband vww Ti.com/broadband

Clocks and Timers vww Ti-com/clocky Digital Control www Tr-com/digitalcontro]

Interface [nferfacefi.com Medical www i -com/medical

Logic [ogicircom Military [vww ir-com/military

Power Mgmt power-fi-con Optical Networking vww fi.com/opficalnefwor

Microcontrollers icrocontroller-ti.com Security [yww T-com/securi

RFID [vww Ti-rfid-co Telephony www Ti.com/telephony

RF/IF and ZigBee® Solutions [vww-ti.com/Ipr Video & Imaging yww i-com/vided
Wireless WW i.com/wirelesg

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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