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General Description

The LMKO02000 Evaluation Board simplifies evaluation of the LMK02000 Precision Clock Conditioner.
The package consists of an evaluation board, an LPT to 10 pin uWire cable, and CodelLoader software.
The CodelLoader software will run on a Windows 2000 or Windows XP PC. The purpose of the

CodelLoader software is to program the internal registers of the LMKO02000 device through a
MICROWIRE™ interface.

Loop Filter #1
Phase Margin 64° Ko 400 uA
Loop Bandwidth 20 Hz Fcomp 1.2288 Mhz
Crystal Frequency 12.288 MHz Output Frequency 246.76 MHz
Supply Voltage 3.3 Volts VCO Gain 20 kHz/Volt
LMKO02000
CPout 1 1 v,
A C2
T 10uF
C1 1
560 nF ~T R2
3.3 kQ
Loop filter #1 is selected by placing a 0 ohm resistor on pads R68 and R69.
Loop filter #2 is selected by placing a 0 ohm resistor on pads R72 and R73 and is provided for
user convenience. That is, to experiment with a new loop filter while not changing the factory
default.
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Read first, Basic Operation

To prepare the computer for use with the evaluation board CodelLoader4 must be installed. Reference
the document, “Installing CodeLoader 4” and “Installing USB Driver” as needed to assist in this task
before continuing with the hardware setup.

For basic operation...
1) Setup hardware
a) Connect a low noise 3.3 V power supply to the Vcc connector located at the top left of the
board
b) Connectthe LPT to 10 pin uWire cable to the uWire header located in the lower left.
¢) Connect a suitable reference oscillator to OSCin. The default loop filter expects a 12.288 MHz
signal. If a signal generator is used, set the power level on a signal generator to 8 dBm.

e
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Read first, Basic Operation (Continued)

2) Connect...

PC directly to the evaluation board with the LPT to 10 pin uWire cable, plugging the cable into
an LPT port on the computer. This setup is shown below. The cable can be removed after
programming to minimize noise and EMI.

or
Available separately, the USB <--> uWire board can be connected to the PC with a USB cable.
The board provides a 10 pin ribbon cable to connect to the uWire header on the evaluation
board as done in step 1b (instead of the LPT to 10 pin uWire cable).

LPT Setup

LPT Cable to PC
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Read first, Basic Operation (Continued)

3) Start CodelLoader 4.

Uninstall CodeLoader ¢

4) Select the USB or LPT Communication Mode on the Port Setup tab as appropriate.

5) Select the default mode by clicking “Mode” - “12.288 MHz OSCin”

[l Lmkoz000
File Keyboard Controls Select Device Options BEEGEM USE  Help

=

—

PLL | Clock Dutputs |~

Registers

- Communication Mode

‘ | Select the o)
©USB & LPT ‘\ default mode f
"LP; Pt": d’;e‘”" B LE (LatchEnatie] B Addess Confict
— For ress - i
“ LPT1 ¢ LPT2 € LPT3 ( Other |378 gload Every |10 sec
) Fi Confiaurat N 10714 Pin Connector [ Top Yiew )
in Configuration v
= Select Comms c:.[:g.]\-,m.
~ Clock Bi [ ] [ ] HE L)
‘(’“1&‘2(‘3("4(‘5{"5(“7(\M°de 47 F"‘I’ ,??
( in
~ Data Bit \,\/
r‘1f‘2f"3r-‘4(‘5r*5r7r3r‘:rs‘r;__r;-:-‘
~LE Bit
‘(“1(“2'?3(*4(*565(*7(*‘;(*“r‘ur;__rm‘ e
_fEU1El‘2f‘3f‘4f‘5 g 7 8 (‘10(*11(‘12(‘14‘ [.'(Q“.\' . &
| i Q\. \Q\\... (e
—5YHE" SOSNo—1
‘(‘-1('2{?3(‘4(‘5 6 7 (8 PIDFHPQF‘H‘ DB 25 Connector
- TRIGGER
‘F1P2F3F4F5F5F7FB 5“10("11('12(_'14‘

—

COMM Mode: LPT | Selected device: LMKO2000
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Read first, Basic Operation (Continued)

6) Enable output to be measured , any of CLKout(0-7) or EN_Fout from either Clock Outputs or
Bits/Pins tab.
=i LMK02000 (=13
File Kevboard Controls Select Device Options Mode USE Help
Port Setup T Registers T Bits/Pins T BurstMode T PLL T Clock Outputs ]

Reference
Oscillator

©

[12288  MHz

PLL External Loop : External
i YCo

Filter
0SCin :

R=10 ;
PDF = 12288 kHz D : .

N = 200 :
C[a5TE T MHe

N N N TN 3
Clock Clock Clock Mux Clock Output

Divider Delay
2 J {ops | [Bypassed |

ey [ CLKoutD 545%6  MH: ¢

2 f | CLKoutl

D {ops  ~| {Bypassed | | Disabled | v | MHz

X LMK02000 9[(=][t3

File Keyboard Controls Select Device Options Mode USE Help .
Port Setup T Registers T T BurstMode T PLL T Clock Outputs ] .

Power Program Pins .
I~ POWERDOWN i EE .

W SYNC* .

Miscellaneous [~ TRIGGER .
PLL_MUX *

Hz -

I~ Div4

I~ RESET Enable clocks on

el Ot Clock Outputs tab

| oul - -

I~ EN Pl or Bits/Pins tab

I EN_CLKou2 -
EN_CLKout3

-
[~ EN_CLKoutd
[~ EN_CLKout5
-
=

EN_CLKoutg
EN_CLKout?
v EN_CLKout_Global

7) Program the part by clicking “Keyboard Controls” - “Load Device” or by pressing Ctrl+L .

Il LMKO2000
File NEGEGRMGIEGES Select Device  Options  Mode USE  Help

==y
] Load Device Chrl+L Petallins T BurstMode T PLL TCIock l]utputs]

1 Step Frequency
( sSet WCO Frequency Chrl+F LPT Port Setup Diagram
Set Comparison Frequency  Ctrl+C O Clock B Other Pins
Set Crystal Frequency Chrl+X ] A Data B Ground
L ResetPort ] W LE [ Latch Enable | B Addiess Conflict

mg:‘.
& LPT1 ¢ LPTZ ¢ LPT3 " QOther |378 Reload Every |10 sec
10414 Pin Connector [ Top ¥iew )

T === e oa o |

- Pin Configuration

8) Make measurements... After programming, the uWire cable can be unplugged from the
evaluation board to minimize noise and EMI.
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Board Information

OSCin

By default the board is configured to use an off board reference. It is also possible to use the board
with a single ended or differential reference source at the OSCin port. Below are several possible
configurations for driving OSCin.

Single ended OSCin using off board reference [defau ]

0 ohm R15, R16
51 ohm R22
0.1 uF C6, C10 (C9is a 0.1 uF 0402 cap which may be moved to C10)
Open C9
R12

R9, R13, R1, R14 (if a TCXO is placed, open these resistors to
remove power from on-board oscillator for noise reasons)

No Effect R3, R4, R6, R7, R8

Differential OSCin using off board reference

0 ohm R15, R16, R20, R25

100 ohm R23 (other termination options are possible with R10, R11, R19, R22)
0.1 uF C6, C9 (C10is a 0.1 uF 0402 cap which may be moved to C6)

Open C4,C36

R11, R12, R14, R15, R16, R79

R9, R13, R1, R14 (if a TCXO is placed, open these resistors to
remove power from on-board oscillator for noise reasons)

No Effect R3, R4, R6, R7, R8

Loop Filter

The PCB allows for two separate loop filters to be placed. Loop Filter #1 is the factory default.
Loop Filter #2 allows for experimentation with a new loop filter while not altering the factory
default loop filter. Four resistors switch loop filter #1 or #2 into the circuit.

Loop Eilter Resistor Loop Filter Default Loop

P Switch Components Bandwidth
Loop Filter #1 | R68 & R69
[default] shorted C1,C2,C2p, R2 20 Hz
Loop Filter #2 | R72 & R73 C1_AUX, C2_AUX, No filter placed
[aux] shorted C2p AUX, R2_AUX P

Global Output Enable (GOE) pin

The evaluation board has removed the resistors connecting GOE to the CodeLoader cable so the
clock outputs are defaulted on all the time, therefore the GOE pin in CodeLoader has no effect.
This way the CodelLoader cable can be removed from the board to reduce noise for
measurements. To add GOE functionality, place a 15 k resistor on R76 and a 27 k resistor on
R75.
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Features of the board

Either one of two loop filters can be selected by shorting either (R68 & R69 or R72 &
R73).

Test points for each of the uWire lines are scattered in the lower left corner of the board
and include: GOE_TP, DATAuWire, CLKuWire, LEuWire, SYNC_TP, and LD_TP.

Ground is located on the unstuffed 10 pin header on the left side of the board.
Ground is located on the GND_tp2 in the upper left corner of the board and GND_tp1l
located to the right of the Vcc SMA connector.

Ground is located on the bottom side of the board on each pad of the unstuffed 10 pin
header GND_J2.

Vcc is located on the unstuffed 10 pin header on the upper left side of the board.
Vcc is located on VccPlane test point located to the right of the Vcc SMA.

Vcc is located on the bottom side of the board on each pad of the unstuffed 10 pin
header VCC_J2

Other Important Notes

Board v1.0, 3-29-2007 ERRATA: B4 pin 1 is flipped. Pin 1 should be next to CLKout2
SMA. Not B4 label as shown.

Toggle the SYNC* pin to synchronize the clock outputs when in divided mode.

For both loop filters, a helper silkscreen is offset from the loop filters to help identify the
components according to National Semiconductor’s traditional reference designators
associated with loop filters.
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Recommended Equipment

Power Supply
The Power Supply should be a low noise power supply. An Agilent 6623A Triple power supply with

external LC filters or an HP E3610A with external LC filters was used in creating these evaluation board
instructions. The LC filters on the outputs help to reduce noise from the power supplies.

Phase Noise / Spectrum Analyzer

Due to the high performance of the LMK02000 and VCXO the local oscillator noise of most spectrum
analyzers is too high and measurements will be of the local oscillator of the spectrum analyzer, not the
LMKO02000/VCXO under test. An Agilent E5052A was used for all phase noise measurements in this
document.

Oscilloscope
For measuring delay an Agilent Infiniium DSO81204A was used.

Reference Oscillator
A recovered clock (LVDS or LVPECL) may drive OSCin. If a signal generator (sine wave) is used,
program the power to 8 dBm to ensure a fast slew rate.

10
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o
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| IF Gain 20d8 | Freq Band [93M-1.5GHz] | it Lo Cpt [=150kHz] | §53pts | Corre 10/
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A note on jitter measurements between 245.76 MHz and 61.44 MHz

Theoretically jitter after a divider will be the same as the jitter before the divider because the benefit gained from a lower phase
noise curve will be offset by the lower frequency. In the plots above the jitter for 245.76 MHz from 100 Hz to 20 MHz is 121.8 fs.
The jitter for 61.44 MHz (after a divide by 4) from 100 Hz to 20 MHz is 263.1 fs. The reason the 61.44 MHz jitter is not also
~121.8 fs is the phase noise curve didn't gain 12 dB along the entire integrated bandwidth because the residual noise floor of the
outputs was reached.
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A note on LVDS phase noise

LVDS drivers expect a 100 ohm differential load for optimal phase noise performance. We recommended that a balun be used
when making single ended (unbalanced) measurements (like the phase noise measurements above).
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Delays

These delay measurements illustrate how skew errors due to different length traces may be tuned out.
The delay may be adjusted in steps of 150 ps.

File: Control Setup

20,0 GSafs  1.00 kpts

Delays 150, 300, 450, 600, 750

[T
[
[T

CLKoutO_DLY =0 ps

=]

CLKoutl_DLY = all delays
programmed: O, 150, 300, 450,
600, 750, 900, 1050, 1200,
1350, 1500, 1650, 1800, 1950,
2100, and 2250 ps

B

Simngle ended owtput (mv)
&

-300 o 300 GO0 900 1200 1500 1800 2100 2400
Time {ps)
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CodelLoader Settings

E=i Lmko2000
File Keyboard Controls  Select Device  Options Wi/

USE  Help

T Registers T PLL T Clock Outputs ]
— Communication kMode - — 1 —LPT Port Setup Diagram
 USB & LFT O Clock B Other Fins
g B Data B Ground
[LPT Port Setup B Addess Conflict
heRi B LE [Latch Enable )

@ LPT1 (7 LPT2 ¢ LPT3 (" Other ]3?8 Reload Every |10 zec
= 10/14 Pin Connector [ Top View ]

1~ Pin Configuration

[E=h B
— Clock Bit- 1 .?‘,.a??:?a
C i S e e e e TR ST s o .
L i}
—Data Bit |
(R e R o e e gk e (b g Ee RS i
l-LEBit
o L T B T e AR G e DEA
.(§D1Ef"2f"3f‘4f"5 (8 i L f"1Df"11f‘12f"14. [.uo’oﬁbk g el
2 Q\GO\G\\GGG @@
- 5YMC* 1 N \\\—llll
i e S T R SR SR e G S i 2 S

| DB 25 Connector
- TRIGGER 1
C ST Saa s S Ee ™ e SRR SR R

COMM Mode: LPT | Selected device: LMKO2000

The Port Setup tab tells CodeLoader what signals are assigned to which pins. If this is wrong,
the part will not program.

The default mode for all programming registers can be restored to the default state by clicking
Mode > “12.288 MHz OSCin” The default reference oscillator used for these instructions is
12.288 MHz and the restored mode expects a 12.288 MHz OSCin signal. For the loaded mode
to take affect the device must be loaded by pressin g Ctrl+L. However, this will not restore
the default Pin Configuration. If any Pin Configuration settings are accidentally changed, refer to
the above diagram to fix the Pin Configuration.
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The Bits/Pins tab shows some of the internal registers which are not accessible from any of the
other visual tabs like “PLL" and “Clock Outputs.” Right click on any of the bits for description.

I LmKo2000

File Kevboard Controls  Select Device

Options Mode USE Help

Port Setup

[

Registers

BurstMode PLL T Clock Outputs ]

[ | [

Power

[ POWERDOWMN

Mizcellaneous
PLL_ML

HiZ

[~ Divd
[~ RESET

Channel Outputs
[~ EM_CLKoutd
[~ EM_CLKout1
™ EM_CLKout2
EN_CLK.out3
MN_CLK.outd
MN_CLK.outs
MN_CLK.auts
MN_CLK.aut?
MN_CLK.aut_Global

-
[T E
[T E
[T E
[T E
E

v

COMM Mode: LPT

v GOE
v SYHC*
[~ TRIGGER

Selected device: LMKO2000

Frogram Finz

Program Bits

POWERDOWN Powers the part down.
Programmable to many different values to support Lock Detect or aid
PLL_MUX X
- troubleshooting.
DIV4 Shall be checked for PDF frequencies greater than 20 MHz.
RESET The registers can be defaulted by checking and unchecking RESET.

Software bits will not reflect this.

EN_CLKout0..7

Enable CLKout bits from CLKoutO to CLKout7. Also accessible from Clock
Outputs tab.

EN_CLKout_Global

Enable all clock outs. If unselected then the EN_CLKouts are overridden
and the outputs are all disabled.

Program Pins

Set Global Output Enable to high or low logic level. GOE is not used.

GOE See Board Information section for usage of this pin.
SYNC* Set SYNC* pin to high or low logic level.
TRIGGER Set auxiliary trigger pin to high or low logic level.

15
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The Registers tab shows the raw bits which will be programmed when device is loaded by
clicking Keyboard Controls = Load Device or Ctrl+L.

IZi LMK02000
File Kevboard Controls Seleck Device Options Mode USE  Help

Port Setup T Bits/Pins T BurstMode T PLL T[Zlnck I]utputs]

W 332222222222111111111100000000000

Q 10987654321 0987654321098765432110 Hex Value

RO[INIT) 10000000000000000000000700000000 _Load RO (IMIT] 0x2000 0100
RO 0000O0O0COO0OQOOOCOOOOOOOC01OO0D0C0O0O00 _Leoad RO 000000100
B1 j00o000O0COO0OQOOOCOOOOOOOOTOO0D0C0O001 _Leoad R1 00000 0101
R2 0000000000000 OOOOOO0OOOO0T0O0O000010 _Lead R2 0x0000 0102
R3 |0o0o00O0O00O0OO0OO00OOOCOOOOO0COIO0000011 _Load R3 0x0000 0103
B4 00000DO0COOOQNOOOCOOOOOOOOO01OO000100 _Load R4 000000104
B5 00000O0COO0OQOOOCOOOOOOOO1OO000101 _Load RS 00000 0105
R6 0000000000000 0O0O0O0O0O00000T0O0O000110 _Lead RE 00000 0106
R7 0000000000000 O0OOOO0O0O0D010O0O000111 _Lead R7 00000 0107
B11 0000000010000 0100000000C000001 011 _Load R11 0x0082 000
B14 00101001 000000000000000100001110 _Load R14 0x2900 010E
R15 [11000000000000000001010000001111 _Load R15 0xC0O00 140F

COtM Mode: LPT Selected device: LMKO2000

The Clock Outputs tab allows the user to visualize the clock distribution portions of the device.
From this tab the device’s dividers, delays, clock output muxes, and output drivers can be
programmed along with internal loop filter values. The PLL block shows the R and N divider
values however to change these values either click on the PLL tab or the blue PLL box to access
the PLL tab to make changes to the PLL.

F=i LmMkoz000
File Keyboard Controls  Select Device  Options Mode USE  Help
Port Setup T Reagisters T Bits/Pins T BurstM ode T PLL

Reference H .
P : PLL Esternal Loop :  External

Oszcillator : . Filter : VED

@ £05Cin — :
FDF = 12288 kHz D

12288 MHz! N =20
: - = N ~ .
: Clock Clock Clock Mux Clock Output 5
' Divider Delay ]
: = T 1 r v 1_| CLKoutD MHz
: |2 = L | | Bupassed _.j |D_Jsab__d 1 :
: B :J {ops | [Eypassed ~| [Disabled = |ookeutl MHz |
: i2—;j| R b [T [Disabled |~ |- M s
EFin e E
i |2 ﬂl iB_p$ l]l iBypassed Lj iDis’abled LJI e MHz :
i |2 ;jl iﬂps _VJI JIBypassed _.j iDjsablad _VJI Clkoud MHz .
B :J {ops | [Eypassed ~| [Disabled = |-okouts H
i2—;j| R b [T [Disabled | < |- M s
i T2 :Jl i@_p$_- ljl iBypassed Lj iDis’abled LJI Gl MHz .
: . \ S Y p, :

COMM Mode: LPT | Selected device: LMEO2000
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The PLL tab shows a conventional PLL diagram.

X LMko2000
File Keyboard Controls Select Device Options Mode USE  Help
Port Setup T Reqisters T Bitz/Pinz T BurstMode T T[Zlock I]utputs]
Reference
Dscillator (,_ —\
R Counter
~ d5Cin 1 - Phaze Charge Charge
| Detectar  Pump Purnp .
Polaiity  Gain State Loop Filer
12288 MHz Phase Detectar Freg
12288 ﬂkHz + 3200w | Active Zlg]
Jj_/_
Fin .
IEI:I
=
\\ M Counter j
PLL
YCO
©
245 76 MHz
COMM Mode: LPT Selected device: LMKO2000
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Appendix A: Schematic

LMK02000 - Mein Boad LMK02000 - Qutputs
LMK02000 - Mein Board.sch LMK02000 - Qutputs:sch
Fl
VA CONN
Vae Voo
G\D JL Yookl
1 2 1 2
3 Z 3 Z
5 6 5 6
7 8 7 8
9 10 9 10
HEADER 25 HEADER 25
= = Ve Voo
G\D 2 VeC 2
1 2 1 2
3 Z 3 Z
5 6 5 6
7 8 7 8
9 10 9 10
HEADER 2G5 HEADER 2G5
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Appendix B: Bill of Materials

Part Manufacturer |Part Number bnt Iblentifier
Capacitors
C13, C16, C18, C20, C22, C23, C25, C28, C29, C32,
100 pF Kemet C0402C101J5GAC 14 | C33, C36, C38, C42
100 pF Kemet C0603C101J5GAC 1 C83
C6, C10, C34, C40, C84, C85, C86, C87, C88, C89,
0.1uF Kemet C0402C104J4RAC 20 | C90, C91, C92, C93, C94, C95, C96, C97, C98, C99
C31, C45, C47, C48, C50, C51, C53, C54, C59, C61,
0.1 uF Kemet C0603C104J3RAC 16 | C62, C64, C65, C67, C69, C81
560 nF Kemet C0603C564K8PACTU 1 C1
C46, C49, C52, C55, C56, C57, C58, C60, C63, C66,
1 uF Kemet C0603C105K8VAC 14 | C68, C70, C71, C72
1 uF Kemet C0603C105K8VAC 1 C73
10 uF Kemet C0805C106K9PAC 5 C2p, C14, C15, C17,C21
10 uF Kemet C0805C106K9PAC 1 C80
Resistors
0 ohm Vishay CRCWO0603000ZRT1 7 C37, C41, R40, R41, R49, R77, R144
0 ohm Vishay CRCWO0603000ZRT1 9 R5, R16, R24, R30, R52, R63, R68, R69, R78
0 ohm Yageo RC0805JR-070RL 3 R15, R33, R46
51 ohm Yageo CRCW040251R0FKED 1 R22
51 ohm Vishay/Dale CRCWO060351R0IJNEA 1 R107
82 ohm Vishay/Dale CRCW040282R0JNED 2 R44, R45
R31, R32, R109, R110, R125, R126, R129, R130, R133,
120 ohm Vishay CRCW0402120RJINED 12 | R134, R137, R138
3.3k Vishay/Dale CRCWO06034K70JNEA 1 R2
15k Vishay CRCWO0603153JRT1 5 R55, R57, R59, R60, R82
27k Vishay CRCWO0603273JRT1 4 R54, R56, R58, R84
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Other

ADT2-1T Minicircuits ADT2-1T 1 B4
CLKoutO, CLKout0*, CLKout2, CLKout4, CLKout4*,

SMA Johnson Components 142-0701-851 12 | CLKout7, CLKout7*, Fin, Fin*, OSCin, OSCin*, Vcc

LMK02000 National Semiconductor | LMK02000 | 1 Ul

245.76 VCXO Epson-Toyocom TCO-2111-AA, 245.76 MHz 1 Y3

PCB Printed Circuits Corp LMK02000 EB PCB 1 F1

HEADER_ 2X5 FCI Electronics 52601-S10-8 1 uWire

Open

Open - Open 3 B1, B2, B3
C2, C2_AUX, C4, C5, C7, C8, C11, C12, C19, C26,
C27, C30, C39, C74, C75, C76, C77, C78, C79, C82,
R1, R2_AUX, R3, R4, R6, R7, R8, R9, R12, R13, R14,
R17, R18, R19, R20, R21, R26, R27, R28, R29, R38,
R47, R48, R50, R61, R62, R64, R65, R66, R67, R70,
R71, R72, R73, R74, R75, R76, R79, R80, R81, R83,

Open - 0603 64 | R141, R145, R147

Open - Open 4 Cl AUX, C2p AUX, C3,C24
C35, R34, R35, R36, R37, R39, R42, R43, R51, R85,
R86, R87, R88, R89, R90, R91, R92, R99, R100, R103,
R104, R108, R111, R112, R113, R114, R115, R116,
R117, R118, R119, R120, R127, R128, R131, R132,

Open - 0603 40 | R135, R136, R139, R140
C9, C43, C44, R10, R11, R23, R93, R94, R95, R96,
R97, R98, R101, R102, R105, R106, R121, R122, R123,

Open - 0402 21 | R124, R142
CLKoutl, CLKoutl*, CLKout2*, CLKout3, CLKout3*,
CLKout5, CLKout5*, CLKout6, CLKout6*, Fout, Fout*,

Open - Open 15 | GOE, LD, SYNC*, Vtune

Open - Open 4 GND J1, GND J2,VCC J1,VvCC J2

Open - Open 2 OSC _Vcc, VCO_VCXO _Vcc

Open - 0805 4 R25, R53, R143, R146

Open - Open 1 Y1, Y2, Y4
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Appendix C: Build Diagram
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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 TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI 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 TI 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 TI 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.

Tl 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 TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl 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, TI 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
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 dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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