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LMKO01801 User’s Guide

This user’'s guide describes how to set up and operate the LMK01801 evaluation module (EVM). The
LMKO01801 Evaluation Board simplifies evaluation of the LMK01801 Dual Clock Buffer Divider. Configuring
and controlling the board is accomplished using Texas Instrument's TICS Pro software, which can be
downloaded from TI's website: http://www.ti.com/tool/ticspro-sw. The LMK01801 can also be configured to
operate in a pin control mode via headers on the PCB.
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Figure 1. LMK01801 EVAL
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1 Block Diagram

Figure 2 illustrates the functional architecture of the LMK01801 clock divider buffer. The LMK01801 is a
very low noise solution for clocking systems that require distribution and frequency division of precision
clocks. The LMK01801 features extremely low residual noise, frequency division, digital and analog delay
adjustments, and fourteen (14) programmable differential outputs: LVPECL, LVDS and LVCMOS (2
outputs per differential output). The LMK01801 features two independent inputs that can be driven
differentially or in single-ended mode. The first input drives output Bank A consisting of eight (8) outputs.
The second input drives output Bank B consisting of six (6) outputs.
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Figure 2. LMK01801 Block Diagram

2 Evaluation Board Kit Contents
The evaluation board kit contains:
 An LMKO01801 Evaluation board.
 USB2ANY-UWIRE
— Evaluation board instructions are downloadable from the product folder on Texas Instruments’
website, http://www.ti.com/.
TICS Pro is the recommended program to program the evaluation board with the USB2ANY interface
adapter and the USB2ANY-uWire Adapter Board.
Table 1. Clock Output Configuration
Clock Output Type Output Connector Installed
0 LVPECL Yes
1 LVPECL No
2 LVPECL Yes
3 LVPECL No
4 LVPECL Yes
5 LVPECL No
6 LVPECL Yes
7 LVPECL No
8 LVPECL Yes
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Table 1. Clock Output Configuration (continued)
Clock Output Type Output Connector Installed
9 LVPECL Yes
10 LVPECL Yes
11 LVPECL Yes
12 LVPECL Yes
13 LVPECL Yes
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3 Quick Start — SPI Mode (TICS Pro)
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Figure 3. Quick Start - SPI Mode Diagram
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3.1 Quick Start — SPI Mode (TICS Pro) Description
1. Connect a voltage of 3.3 V to either the V.. SMA connector or the alternate terminal block.
2. Connect a reference clock from a signal generator or other source. Exact frequency depends on
programming.

3. Connect the PC to USB2ANY. Connect the USB2ANY-uWire Adapter Board from USB2ANY with a 10-
pin ribbon cable. Install jumpers as shown in Figure 3 and connect another 10-pin ribbon cable to the
uWire header on the EVM.

4. Install jumpers on TYPEO, TYPEL, TYPEZ2, DivvalO, DivVall, DivVal2 in the middle uWire (pins 3,4)
position but NOT on EN_PIN_CTRL.

5. Program the device with TICS Pro. TICS Pro is available for download at http://www.ti.com/tool/ticspro-
SW.

1. Select USB2ANY mode from the Communication Setup window. To access this, select “USB
communications” — “Interface”. Confirm PC to USB communications by clicking “Identify” to see
blinking green LED on USB2ANY.

2. Select LMK04906 from the “Select Device” Menu. Click “Select Device” — “Clock Distribution with
Divider” — “LMK01801".

3. Select a default mode from the “Default configuration” Menu. For the quick start, use “Default
configuration”.

4. Ctrl+L must be pressed at least once to load all registers. Alternatively click “USB
communications” — “Write All Registers” or the “Write All Registers” button on the Raw Registers
page.

6. Measurements may be made at any CLKout port via its SMA connector if enabled by programming.

NOTE: If required to assert SYNC signals through USB2ANY, remove resistors R310 and R318.
Refer to Section C.2 for details. This is not required for basic functionality. These resistors
terminate an external SYNC signal.
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Figure 4. Quick Start - Pin Control Mode Diagram
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4.1 Quick Start — Pin Control Mode Description
1. Connect a voltage of 3.3 V to either the V.. SMA connector or the alternate connector.
2. Connect a reference clock from a signal generator or other source. Exact frequency depends on
programming.
3. Install a jumper on EN_PIN_CTRL header in either the High or Low position.

4. Install other jumpers on TypeO, Typel, Type2, DivValO, DivVall, and DivVal2 headers based on the
configurations shown in Table 2 and Table 3.

4.2 Pin Control Modes

For Table 2 and Table 3, LOW is defined as installing a jumper between pins 5 and 6 on the desired
header. A HIGH is defined as installing a jumper between pins 1 and 2 on the desired header.

If EN_PIN_CTRL = LOW (jumper installed between header positions 5 and 6) then the following table
describes possible output configurations:

Table 2. EN_PIN_CTRL = LOW Configuration

Header Output Groups Header = Low Header = Middle Header = High
CLKoutO to CLKout3 Powerdown
TypeO LVDS LVPECL
CLKout4 to CLKout7 LVCMOS (Norm/Inv)
Typel CLKout8 to CLKout11 LVDS LVCMOS (Norm/Inv) LVPECL
Type2 CLKout12 to CLKout13 LVDS LVCMOS (Norm/Inv) LVPECL
. CLKoutO to . - =
Divvalo CLKout3 Divider 1 w4 w2
. CLKout4 to . - .
Divvall CLKout7 Divider 1 4 w2
CLKout8 to . - -
) CLKout11 Divider 1 w4 w2
DivVal2 CLKoutL2 t
ou 0 . . .
CLKout13 Divider +8 512 16

If EN_PIN_CTRL = HIGH (jumper installed between header positions 1 and 2) then the following table
describes possible output configurations:

Table 3. EN_PIN_CTRL = HIGH Configuration

Header Output Groups Header = Low Header = Middle Header = High
CLKoutO to CLKout3 LVPECL
TypeO LVDS LVPECL
CLKout4 to CLKout7 LVCMOS (Norm/Inv)
Typel CLKout8 to CLKout11 LVDS LVCMOS (Norm/Inv) LVPECL
Type2 CLKout12 to CLKout13 LVDS LVCMOS (Norm/Inv) LVPECL
. CLKoutO to . N .
SO CLKout7 Dividers 1 w4 w2
. CLKout8 to . - -
Divvall CLKoutl1 Divider -1 4 22
. CLKout12 to . - -
Diwal2 CLKout13 Divider 4 w512 +16
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5 Using TICS Pro to Program the LMK01801

The purpose of this section is to walk the user through using TICS Pro to make some measurements with
the LMK01801 device. For more information on TICS Pro, refer to Appendix A. TICS Pro is available for
download at http://www.ti.com/tool/ticspro-sw.

Another option is to use CodelLoader4. The tool page for CodeLoader4 is located at
http://www.ti.com/tool/codeloader/.

Before proceeding, be sure to follow the Quick Start in Section 3 to ensure proper connections.

5.1 Start TICS Pro Application
Click “Start” — “Programs” — “Texas Instruments” — “TICS Pro”
The TICS Pro program is installed by default to the Texas Instruments application group.

5.2 Select Device
Click “Select Device” — “Clock Distribution with Divider” — “LMK01801".

Once started, TICS Pro will load the last used device. To load a new device click “Select Device” from the
menu bar, then select the subgroup “Clock Distribution with Divider” and finally the device to load. For this
example, the LMK01801 is chosen. Selecting the device does cause the device to be programmed.
However, it is advisable to press “Ctrl+L” to ensure programming.

TICS Pro - LMKO1801

File USB communications | Select Device | Options Tools Default configuration Help

Import User Device

Delete User Device(s) Channel Control
[ CLKout0_3 PL

User Devices

VN [ 1 CLKout4 7 _PL
=L g [ CLKout8_11_P
PLL +VCO > [ CLKout12_13_
Clock Distribution with Divider » LMK010x0 >
Clock Generator/Jitter Cleaner (Single Loop) » LMK01801
Clock Generator/Jitter Cleaner (Dual Loop) »
CDC Devices »

Figure 5. Selecting the LMK01801

5.3 Program/Load Device
Press “Ctrl+L"

Alternatively, click “USB communications” — “Write All Registers” from the menu to program the device to
the current state of the newly loaded LMK01801 file. “Ctrl+L" is the accelerator key assigned to the “Write
All Registers” option and is very convenient.
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[ TICS Pro - LMK01801

File | USB communications | Select Device Options Tools Default configuration Help

Interface N
Write All Registers Ctri+L Mode Control Channel Control
Bank A ' [ | RESET [ ] CLKout0_3 PD
Bank B 1 POWERDOWN [ CLKoutd_7_PD
Burst Mode
[] CLKout8 11_PD
[ ] CLKout12_13_P

Figure 6. Loading the Device

Once the device has been initially loaded, TICS Pro will automatically program changed registers, so it is
not necessary to reload the device upon subsequent changes in the device configuration. It is possible to
disable this functionality by ensuring there is no checkmark by the “Options” — “AutoUpdate”

Because a default mode will be restored in the next step, this step isn’t really needed but is included to

emphasize the importance of pressing “Ctrl+L” to load the device at least once after starting TICS Pro,
restoring a mode, or restoring a saved setup using the File menu.

5.4 Restoring a Default Mode

Click “Default configuration” — “Default Mode”; then
Press “Ctrl+L"

fid TICS Pro - LMK01801

File USB communications Select Device Options Tools | Default configuration | Help

4 |LMK01801 ~ Default Mode
User Controls
Raw Registers Mode Control Channel Control
Bank A [T RESET [ 1 CLKout0_3 PD
Bank B [ | POWERDOWN [ ] CLKout4_7_PD
Burst Mode
[ 1 CLKout8 11_PD

Figure 7. Setting the Default Mode

For the purposes of this walkthrough a default mode will be loaded to ensure a common starting point.

This is important because TICS Pro saves the state of the selected LMK01801 device when exiting the
software.

NOTE: Loading a mode does not automatically program the device, so it is necessary to press
“Ctrl+L" again to program the device.
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5.5 Enable Clock Outputs

To measure phase noise at the clock outputs:
1. Click on the Bank A page.
2. Enable an output.
3. Then set the:
¢ CLKout Type
« Divide value

Clock Output

CLKout0
Clock LVPECL 1.6 v ——— 12288 MHz
Divider

CLKout1
LVPECL 1.6 v| ——— 122.88 MHz

104l
=

~ et

Figure 8. Setting Divider, CLKout_TYPE, Enabled for CLKoutX on “Bank A” Page

NOTE: This CLKoutX frequency value is only valid if the correct clock in value is specified. It may
not necessarily represent the actual frequency unless manually entered. This is a
mathematical calculation only, not a measured value.

4. Connect the clock output SMAs to a spectrum analyzer or signal source analyzer.

e For ISVDS, a balun is recommended such as the ADT2-1T (for frequency range of 0.4 MHz to 450
MHz).

e For LVPECL
1. A balun can be used, or
2. One side of the LVPECL signal can be terminated with a 50-Q load and the other side can be

run to the test equipment single ended.
 For LVCMOS

1. One side of the LVCMOS signal can be terminated with a 50-Q load and the other side can be
run to the test equipment single ended.

— |LVPECL 1.6 <

Powerdown

LVDS

PECL (Low Power)
Reserved

LVPECL 1.6
LVPECL 2.0
LVCMOS (Norm\lnv)
LVCMOS (InviNarm)
LVCMOS (Norm\Norm)
LVCMOS (Inviinv)
LVCMOS (Off\Norm)
LVCMOS (Off\inv)
LVCMOS (Norm\Off)
LVCMOS (Inv\Off)
— LVCMOS (Off\Off)

Figure 9. CLKout_TYPEs
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5. The phase noise may be measured with a spectrum analyzer or signal source analyzer
See Appendix B for phase noise plots of the clock outputs
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6 Evaluation Board Inputs/Outputs
Table 4 contains descriptions of the various inputs and outputs for the evaluation board.
Table 4. LMK01801 Evaluation Board 1/O
Connector Name Input/Output Description
CLKoutO / CLKout0*,
CLKout2 / CLKout2", Populated connectors
" .
CLKout4 / CLKOUM*’ Differential clock output pairs. All outputs are configured in
CLKout6 / CLKout6*,
CLKout8 / CLKout8 LVPECL mode_.
. Output On the evaluation board, all clock outputs are AC-coupled
CLKout9/ CLKout9*, ; . .
CLKout10 / CLKout10* to allow safe testing with RF test equipment.
. All LVPECL/2VPECL clock outputs are terminated to GND
CLKout11/ CLKout11%, with a 240-Q resistor, one on each output pin of the pair
CLKout12 / CLKout12*, : putp pair.
CLKout13 / CLKout13*
Populated connector.
DC power supply for the PCB. Removing R1, R2, or R3
allow for splitting the power to various devices on the
Vv Input board.
ce P Note: The LMK01801 Family contains internal voltage
regulators for the VCO, PLL and related circuitry. The clock
outputs do not have an internal regulator. A clean power
supply is required for best performance.
Unpopulated connector.
Veeo Input Vcc input to power the output planes separately from the
Aux Plane. Refer to schematics for more information.
Populated connectors.
The default board configuration is setup for a single-ended
CLKInO/CLKINO*, reference source at CLKinO* (CLKinO pin is AC-coupled to
CLKin1/CLKin1* Input ground). . o .
If a DC-coupled clock is used to drive either of the inputs,
the high voltage level must be at least 2 volts and the low
voltage no greater than 0.4 volts.
Populated connector.
10-pin header programming interface for the board. Of
) Most important are the CLKuWire, DATAuWire, and
uwire Input/Output LEuWire programming lines from this header. Each of
these signals, TEST, and SYNCO, and SYNCL1 can be
monitored through test points on the board.
SYNCO, Inout Unpopulated connector.
SYNC1 P Access to SYNCO or SYNC1 of device.
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7 Recommended Test Equipment

7.1 Power Supply
The Power Supply must be a low noise power supply.

7.2 Phase Noise / Spectrum Analyzer

For measuring phase noise an Agilent ES052A Signal Source Analyzer is recommended. An Agilent
E4445A PSA Spectrum Analyzer with the Phase Noise option is also usable although the architecture of
the E5052A is superior for phase noise measurements. At frequencies less than 100 MHz the local
oscillator noise of the E4445A is too high and measurements will reflect the E4445A’s internal local
oscillator performance, not the device under test.
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TICS Pro Usage

TICS Pro is the recommended program to program the evaluation board with the USB2ANY interface
adapter and the USB2ANY-uWire Adapter Board. TICS Pro can also be used to generate register maps
for programming the device. This appendix outlines the basic purpose and usage of each page. TICS Pro
is available for download at http://www.ti.com/tool/ticspro-sw.

A.l1  TICS Pro Tips

* Mousing over different controls will display some help prompt with the register address, data bit
location/length, and a brief register description in the lower left Context help pane.

A.2 Communication Setup

The USB communications window allows the USB2ANY or DemoMode to be selected. In case multiple
evaluation boards are to be connected and run with multiple instances of TICS Pro, the dropdown box will
allow specific USB2ANY devices to be selected. Pressing the identify button will identify which USB2ANY
is currently selected. Devices used by other instances of TICS Pro won't display in this list.

16 TICS Pro Usage SNAU118A—-December 2011—-Revised February 2018
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A.3 User Controls

The User Controls page has controls not included on one of the previously discussed dedicated pages.

[ TICS Pro - LMKO01801 — O X

File USB communications Select Device Options Tools Default configuration Help

4 LMK01801 =
User Controls]
Raw Registers Mode Control CLKin SYNC Readback
Bank A [T RESET CLKin0_BUF_TYPE SYNC1_QUAL [ SYNCO_FAST [ uWireLock
Bank B [ POWERDOWN Bipolar - off . [ SYNC1_FAST
Burst Mode
CLKin1_BUF_TYPE [¥/ SYNCO_POL_INV ["] SYNCO_AUTO
(:r“aSCELEt%"'5°'pD Bipolar - [ SYNC1_POL_INV [ SYNC1_AUTO
[ CLKoutd_7_PD [ NO_SYNC_CLKout0_3
O CLKuut8_11_ PD [ NO_SYNC_CLKoutd_7
General Context [ CLKout12_13_PD [ NO_SYNC_CLKout8_11

[ NO_SYNC_CLKout12_13

Field Name:
SYNC1_QUAL

Register Name: R3 ~

Start Bit : 11 Program Pins

Stop Bit 12

Length : 2 [ SYNCO
[ SYNCA1
[ TRIGGER

Loading Device LMK01801...
Detected 1 USB2ANY interfaces
Completed loading Device LMK01801. Version = 2017-01-09, v2.0.1

Protocol: UWIRE

comnctonveso wimm. WP TEXAS INSTRUMENTS

v

Figure 10. TICS Pro - User Controls Page
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A4

Raw Registers Page

The Raw Register page displays the register map including address. The address bits have the shaded
background and are not editable. The unshaded bits are the data bits. This register map may be directly
manipulated by clicking into the bit field, moving around with the arrow keys, and typing ‘1’ or ‘0’ to change

a bhit.

All registers may be read or written in addition to individual registers. For individual register read/write, the
active register is highlighted in the list of registers and displayed in the top right. An individual register or
field may be read back by entering the name into the bottom right and clicking the “Read” button.

Register maps may be exported, but also imported. The import format may simply be the address and
register data in hex format as illustrated in the address/value column, one register to a line.

Detected 1 USB2ANY interfaces
Completed loading Device LMK01801. Version = 2017-01-09, v2.0.1

TICS Pro - LMK01801 — ] X
File USB communications Select Device QOptions Tools Default configuration Help
4 LMK01801 Map
UserCon_troIs Register Name Value/Address 3322 2222 2222 1111 1111 1100 0000 00O00O ‘
RawjReqisters 1098 7654 3210 9876 5432 1098 7654 3210 Data
Bank A RO (INIT) Ox4810B020 0100 1000 0001 0000 1011 0000 0010 0O0O0CO 0x4810B020
Bank B RO 0x48108000 0100 1000 0001 0000 1011 0000 0000 0000O - -
Burst Mode Write Register
R1 0x00020021 0000 0000 OOOO 0O0O10 0O0OOO OOOO OO10 OOO1
R2 0x00200022 0000 0000 0O0O10 0000 0000 0000 OOL1O0 OO1IO Read Register
R3 0x0030c003 0000 0000 0OO0O11 0000 1100 0000 OOOO OO11 2
R4 0x04540054 0000 0100 0101 0100 0000 0000 0101 0100 -
Read All R i(
RS 0x00020495 0000 0000 0000 0010 0000 0100 1001 0101 et el
R15 0Ox000005EF 0000 0O00OOO OOOO OOOO 0OOOO 0101 1110 1111 Write All Registers
Import Register Map
General | Context
Export Register Map
Register Name: RO
(INIT) .
E:g;ft;gxgame(m Register/Field Name
Name
Value
Read
[] Address Bits
Loading Device LMK01801...
Protocol: UWIRE

camectontoso e Wp TEXAS INSTRUMENTS

Figure 11. TICS Pro - Raw Registers Page

A.5 Bank A Page
The Bank A page allows control of the clock outputs format and other options relating to the clock
outputs, 0 through 7.
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Ef T1CS Pro - LMK01801 - m} X
File USB communications Select Device Options Tools Default configuration Help
4 | MK01801
User Controls
Raw Registers Clock Output
CLKout0
Bank B Glock PECL (Low Powe v | ———— 122.88 MHz
Burst Mode Divider
CLKout1
Powerdown v | —_—— MHz
'H
. CLKout2
Refe CLKin0 [ Powerdown Powerdown v| —— MHz
eference Divider
CLKout3
ny 5 Powerdown v| ———— MHz
General | Context gi
Clock CLKout4
122.88 MHz [ Enable Divider PECL (Low Powe v | ———— 12288 MHz
Field Name:
CLKout0_3_DIV CLKout5
1 Powerdown v MHz
Register Name: RS Ei
start Bit: 4 51 _CLkout6 MH
Stop Bit 1 6 | Powerdown Powerdown — z
Length ;3
CLKout?7
Powerdown v| —— MHz
Loading Device LMKO01801... . TE
Detected 1 USB2ANY interfaces rotocok
‘Completed loading Device LMK01801. Version = 2017-01-09, v2.0.1 =
comvcton o s W TEXAS INSTRUMENTS

Figure 12. TICS Pro - Bank A Page

A.6 Bank B Page

The Bank B page allows control of the clock outputs format and other options relating to the clock outputs
8 through 13. For outputs 12 and 13, the user can enable and set the clock output delay value.

Ff TICS Pro - LMK01801 - m} X
Eile USB communications Select Device Options Tools Default configuration Help
4 | MKO01801
User Controls
Raw Registers
Bank A
Bank B Clock Output
Burst Mode
Clock PECL (Low Powe v CLKOUS 427 g8 MHz
Divider
CLKout9
Powerdown v —2 MHz
H
. CLKout10
Reference CLKin1 [ Powerdown Powerdown v | — MHz
Divider
General | Context B : ~1 _CLKout11 MHz
oweraown .
2 gi Analog Delay
Field Name: Clock CLKout12
CLKout8_11 DIV 122.88 MHz [ Enable Divider | \0PS 7| |NoDelay “ — [PECL(LowPowe | — —— 12288 MHz
Register Name: R5 CLKout13
Stgrt Bit: 10 1;{ — Ops v NoDelay ¥ | — | Powerdown v| —— MHz
Stop Bit 12 -
Length © 3 Digital Delay
P d
| Powerdown 5Fi [ Half Step
Loading Device LMK01801... Prsfieaal: UNTE
Deteocted 1 USB2ANY interfaces rotocot
Completed loading Device LMK01801. Version = 2017-01-09, v2.0.1 "
comvecton voce. s WP TEXAS INSTRUMENTS

Figure 13. TICS Pro - Bank B Page

SNAU118A-December 2011 —-Revised February 2018 TICS Pro Usage 19

Submit Documentation Feedback
Copyright © 2011-2018, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU118A

13 TEXAS
INSTRUMENTS

Burst Page www.ti.com

A.7  Burst Page
The Burst page allows the user to program sequences of register programming or pin control.

TICS Pro - LMKO1801 - d X

File USB communications Select Device Options Tools Default configuration Help

4 | MK01801
User Controls
Raw Registers Delay
Bank A
Bank B 1 Sec

Burst Model

Operations

Load Register

Set Pins
General | Context
Burst Mode Edit Options
I Delete ]
| Delete All |

[] Overwrite?

] ["] Loop?

Load ] [ Save l [ Run l I Stop ] I Pattern

Loading Device LMK01801...
Detected 1 USB2ANY interfaces
Completed loading Device LMKO01801. Version = 2017-01-09, v2.0.1

Protocol: UWIRE

Connection Mode: [ISEBERN | % s "wroves

Figure 14. TICS Pro - Burst Page
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B.1

B.2

Clock Outputs

Typical Phase Noise Performance Plots

The LMKO01801 Family features LVDS, LVPECL, 2VPECL, and LVCMOS types of outputs. Include are the

phase noise plots for the following outputs.

Table 5. Phase Noise Output Test Configuration

Device

CLKoutX

Output Divide

Output Type

LMKO01801

8

1

LVPECL

LVPECL

2VPECL

2VPECL

LVDS

LVDS

LVCMOS(Norm/Inv)

DD |0©0|00| 00

IS I N SN I O TSN IS

LVCMOS(Norm/Inv)

Clock Output Measurement Technique

The measurement technique for each output type varies.
LVPECL/2VPECL — Measured by using an Minicircuits ADT2-1T balun on the input and on the output.
LVCMOS and LVDS — Measured by using an Minicircuits ADT2-1T balun on the output and single ended

input.
Table 6. LMK01801 Test Conditions

Parameter Test Case 1 Test Case 2 Test Case 3 Test Case 4

Input Source Wenzel XTAL Wenzel XTAL SMHU ROhdesf‘ASBhwarz
Input Frequency 100 MHz 100 MHz 983.04 MHz 983.04 MHz

Input Power 0 dBm 0 dBm 0 dBm 0 dBm
Output Divider 1 4 1 4

Figure Figure 15 Figure 16 Figure 17 Figure 18

SNAU118A-December 2011—Revised February 2018
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B.2.1 LMKO01801 Phase Noise, CLKin = 100 MHz, Output Divider =1
Phase Noise with Output Divider =1
-80
-90
-100
110 Wenzel 100 MHz XTAL
120 —— CLKout8_2VPECL
—— CLKout8_LVPECL
-130 -
—— CLKout4_LVDS
-140
CLKout4_LVCMOS(NORM/INV)
-150
-160
-170
-180 T T .
10.0E+0 1.0E+3 100.0E+3 10.0E+6
Figure 15. LMK01801 Phase Noise @ 100 MHz with Output Divider =1
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B.2.2 LMKO01801 Phase Noise, CLKin = 100 MHz, Output Divider = 4

Phase Noise with Output Divider = 4

-80

-90
-100 \\\1‘
-110 -\ Wenzel 100 MHz XTAL
120 _\\ ———CLKout8_2VPECL

\‘\\ —— CLKout8_LVPECL
-130 A
Y CLKout4_LVDS
-140 “m.
\‘:?ﬁalﬂl CLKout4 LVCMOS(NORM/INV)

160 Lk
-170
-180 T 1 1 T I

10.0E+0 100.0E+0 1.0E+3  10.0E+3 100.0E+3 1.0E+6

Figure 16. LMKO01801 Phase Noise @ 100 MHz with Output Divider = 4

B.2.3 LMKO01801 Phase Noise, CLKin = 983.04 MHz, Output Divider =1

Phase Noise with Divider=1

-60
-80
-100 ——LVDS /1
——LVCMOS /1
-120
——2VPECL/1
LVPECL /1
-140
—SMHU
-160
'180 I T 1 I I 1
10.0E+0 100.0E+0 1.0E+3 10.0E+3 100.0E+3 1.0E+6 10.0E+6
Figure 17. LMK01801 Phase Noise @ 983.04 MHz with Output Divider =1
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B.2.4 LMKO01801 Phase Noise, CLKin = 983.04 MHz, Output Divider =4
o Phase Noise with Divider = 4
-80
-100
——LVDS /4
-120 ——LVCMOS /4
——2VPECL /4
LVPECL /4
-140
—SMHU
-160
'180 1 I 1 I T 1
10.0E+0 100.0E+0 1.0E+3 10.0E+3 100.0E+3 1.0E+6 10.0E+6
Figure 18. LMK01801 Phase Noise @ 983.04 MHz with Output Divider = 4
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Phase Noise Measurement

B.3 Phase Noise Measurement

Power
Supply
Signal R oubut @ Agilent
1 GHz, 0dB
Source L st 5052A
CLKinO or CLKoutX /
CLKinl CLKoutX*

Laptop or PC

Figure 19. Phase Noise Measurement Set-Up

The phase noise of the signal source will impact the measured phase noise of the LMK01801.
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Phase Noise of Noisy vs Clean Source
=]
100 e — -
Clean Signal

-110 Source!

120
\‘\ — PN E4421B
130 \\ —— PN WENZEL

dBc/Hz

-140

'1 60 I 1 I 1
1000 10000 100000 1000000 10000000100000000
Offset (kHz)
Figure 20. Noisy vs. Clean Phase Noise
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LMK01801 Sample Output Waveforms

Help

4:58 PM

oS

www.ti.com
LMKO01801 Sample Output Waveforms
Setup  Measure  Analyze

B.4

File  Control

4.00 GSafs #Awvgs: 64

D
r .
o - || K 0| R =

T Y =]
Figure 21. LMK01801 Sample Clock Output Waveforms

The output waveforms shown in Figure 21 were taken at a clock in frequency of 122.88 MHz, AC coupled

These measurements follow the VID voltage convention — See Appendix F for more information.
The output modes are as follows:
Table 7. Clock Output Modes
Trace Clock Output Output Type
A CLKout0 2VPECL
B CLKoutl PECL (Low Power)
c CLKout4 LVDS
D CLKout5 LVCMOS (Normal/Invert)

B.5

LMKO01801 Analog Delay Sample Data
in Figure 23, we added 100 ps of delay and the resulting delay is approximately 550 ps.

The sample analog delay data was taken at a clock in frequency of 122.88 MHz, output format of
2VPECL. Notice in Figure 22 that with analog delay enabled there is approximately 460 ps of delay. Then,

Typical Phase Noise Performance Plots
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File Control Setup Measure Analyze tilittes  Help 4:39 PM

8.00 GSass  #Aves: 256 [N T

0 > R @ e2combined 1 KRN = @ (34 Combinea)

L 4 T

s e~ RO Bk

More
1| | Measurements | Scales
: user def ined current mean std dev min max
Cloar ATime(1+)-( +)  463.3 ps 460.32 ps 4.49 ps 444.2 ps 488.7 ps
All
Figure 22. CLKout12 and CLKout13 No Analog Delay
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8.00 GSass  #Aves: 256 [N T
OV IEERME e Qoiccomined @ NN @t Combined

174—% kel TT

s e~ RO Bk

More
(10f 2
[ current mean std dev min max
Cloar ATime (1+)-( +) 547.5 ps 552.69 ps 4.49 ps 516.4 ps 573.6 ps
All
Figure 23. CLKout12 with 100 pSec of Delay Relative to CLKout13
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Cl1l

Power Supply

., Direct Power

Vee
Ve ? 329 VccCLK_olgtP\aneA Vec2 330 VccCLK_olgtP\aneA \/ccCLK%lPIaneA a3t Vec2_CLKin0
ot CLKinO
s TESTPOINT 1000 —Lc:nz —Lcaws J—0314 1000 p){rc315 p)fpc3te DYpC317 -]—0318 °  p)fpcssr
A 10uF | 1WF 0.14F 10uF / \1uF 0.14F 0.1pF 100pF
= VeeCLKoutPlaneB = = = VeeCLKoutPlaneB = = = = =
R332 1T R333 1T R334 Rags GND Vo1 CLKout CGO
1000 —L0319 —Lcszo J—c321 1000 p){pc322 p)fpc32s p)fpcaz4 ) T T o CGO
10uF | 1uF 0.1pF 10uF / \1uF 0.14F C325 —=C326 D)PC327 p){pc3s7
1uF 0.14F /\0.014F 100pF
VecAuxPlane = = = = = = /N
R179 T = = = =
GND Vce3_CLKout_CG1
1000 —L054 —Lcss —Lcss R336 R337 - - CG1
10uF | 1pF 0.1pF =
1000 Lz Lcan p){pc33o O pyfcssz
= = = 1uF 0.1pF 0.01pF 100pF
° ) ° GND  Vcc8_Digital
R338 L.
PSS Digital
. p){pc331 €353
of ofg# LDO Power Options o1F o1F
= L
U300 V_LM3878-ADJA VeeCLKoutPlaneA = oND
4 5 T R341
IN  ouT T 7 ’m‘oo‘
o &30 Ay [ _L oKS3e2
51k 0333 ZR34S  DYeC3ss HF VeeCLKoutPlaneB Veos_CLKint
2 1 2200pF 32.00k 104F R344
X2 NC BYP =L T .
g ne =+ = CLKin1
3 = 1000 |
p){pc33s DAP GND - o oua p){pc33s C355
4.7uF e _OutA 0.1uF 100pF
LP3878SD-ADJ C337 R345 TESTPOINT
0.01pF iy L
866 = =
GND
Vee10_CG3_pa7 Vee5_CLKout CG2
¢ ¢ R346 T R347 CcG2
= VocAuP! 1000 L cass —Lcaso p){pc340 0 p){pc3se
Ragg ocAuxPlane 1uF 0.1pF 0.01uF 100pF
LP3878-ADJ 3.3 V com£onent values:
C350 =4.7 ul 350=2.00 k 1000 = =3 = =
uF R351= 866 C341 Vec13_CGO_p64 GND Vce7_CLKout_CG3
€352 = 10 uF. R349= 51k 10F R349 < R350 cG3
C351=22nF
= 1000 —Lcs42 —Lcs43 p){pc344 0 p){pC3s4
LP3878SD-ADJ 1pF 0.1pF 0.01pF 100pF
U301 V_LM3878-ADJB VecCLKoutPlaneB
4w our |8 + phit = = = =
” 1000 GND Vce4 Bias
R353 8l 55 aoy LB C345 R352 .
51k €346 SR354 C347 WF 1 0 B|aS
2 1 2200pF  32.00k C348 p){pc36o
Y51 NC  BYP 10uF — 0.1uF 100pF
g Ne 3 - !
L DAP GND = — —
——=C349 LDO_outB N =
4.7yF LP3878SD-ADJ gsoﬁt); R3s5 ToSTONT GND
-OTH 866
VecAuxPlane —é—
R356 LP5900SD-3.3 LDO_LP5900
0 U302 V_LM5900
N out H 1
1 1 TESTPOINT
C351 R357 2 C352
0.47yF EN NG X 0.47uF
e o o

NC
DAP GND
LP5900SD-3.3

LP5900 Component values
C367 =0.47 uF

C368 =0.47 uF

R359 =51k

GND

Populate R215 and Open R227
to use low-noise LP5900
regulator option to power CG1
and CG2 supply planes.
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Main - LMK01801

C.2 Main - LMK01801

IC_SYNC1 ),

Vce8_Digital  Vee7_CLKout_CG3 Vee6_CLKin1
- R310 O
I—_ 510
GND
IC_uWireDATA ), < < < < < <
IC_uWireCLK )
'8 P4 P4 o
r\’)‘ 2 o~ N‘ Z‘ ﬂ.‘
3 3 3 3 gl =
X 4 4 4 4 4
o I I I 2=
ol o] of © ol O
@ ~ © 2] < [l o — o (2] «© ~
LMK01801
S22 2 s & g @ oz oz
8 8 9 3 5 %5 3 82 2 g & k
3332288235 c30o0
S 8 8 3 ¥ % 3 38 5 © I
5 5 > 9 05 0 9 ¥ @ k4
o 9 o S
2 N
8 E g ¢
1 3= & 36 ClKoutt1 p ==
IC_uWireLE Yy—————11 LEuWire/CLKoutDIV2© & CLKout11 (=2 CLroutll 7 ~2-=
o~ —
ZO= CLKoWO P 2| o oo ClKouti1+ |35 ClKout1t N 0=
—~ o~
/~~ CLKoutO N 3 CLKouto* CLKout10* 34 CLKout10 N =~
—~ o~
2= CLKoWt N 4| o \oiae ClKoutto L33_ClKouto p 0=
-~
CLKoutt P 51 ) koutt Vees_CLKouts_9_10_11 22 {Vees_CLKout_CG2
—
Vee1_CLKout_CGO} 81 Veel_CLKouto_1_2 3 CLKoutg -3 CLKout9 P
—~ o~
LMKO01801
= ClKow2 P 7| oo Clkoutg |-30_ClKout N_<0=
—~ o~
2= CLKou2 N 8| oo Clkoutg |29 ClKouts N 0=
-~ ~
2 CLKouB N 9| ¢ yeoytar O paPPAD ClKoutg (28 CLKout8 P =
—

CLKoutd P 101 ) kout3 = ENPIN.CTRL F2—— IC_EN_PIN_CTRL
1C_TEST)p————— 11| TestICLKoUtTYPED Bias |22 |
IC_SYNCO Y 12| SYNCO/CLKoUtTYPE1 - Veod_Bias -2 Mocass

R318 o 1uF
51.0 m:
= —
L —ca50 =
== 2 3 1uF GND
= < . < -
GND 258 Y HEE8gERY Y
E E 3333 43 3 3 8 )
X 5 8 % 5 5 % 8% 5 %X +—|Vced_Bias
o O > 0o O 0O O > 0o O O O
< of o o o o o of =
I 2 2 S 2 2 ] & Q]S
o z z a o z z o
b I o 2l o o ¢ o] &
CEREEEEREEEE
I I I B = = I
o| © o| o] of © O] O] ©f o

Designators greater than and equal to 200 are placed on bottom of PCB

Figure 24. NOTE: The 51 Q resistors R310 and R318 will need to be removed for the USB2ANY to assert IC_SYNCO and IC_SYNC1.

Vce2 CLKinO

Vee3_CLKout_CG1
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C.3 Inputs
C31 Inputs Page 1

SYNC1 or OutType2

R309

VcceCLKoutPlaneB

uWire Header and Level Translation

uWire_LE or DivValue2

uWire_SYNC1))
R312

27k D)fPc30s
33pF

SYNCO or OutType1

VecCLKoutPlaneA

316
ORb7k

R317

VeeCLKoutPlaneA

..||, g
-|||—|m >|~—|

VccCLKoutPlaneA

uWire_SYNCO

R320
27k D){PC308
33pF

Test or OutTypeO

VeccCLKoutPlaneA

VccCLKoutPlaneA

323
ORtb7k

I
"||—|m 5,N—|

TYPEO

ES IC_TEST
TESTPOINT '~

uWire_TEST )

27k pf{pC310
33pF

..||,

o

2
)
&
N
&

—
EIINN

Enable Pin Control

HEADER_2X3

EN_PIN_CTRL_TP|c_EN_PIN_CTRL
TESTPOINT A

EN_PIN_CONTROL
1

33pF

VecCLKoutPlaneB VeeCLKoutPlaneB
326
7k
R327 2
uWire_EN_PIN_CTRL ) 4
15k ] 6
R328
27k DfPC311

HEADER_2X3

VeeCLKoutPlaneA
Ic_SYNC1 LEuWirc TP
NA TESTPOINT DivVal2 o 306
TYPE2 SYNCI_TP 1 2 7k
TESTPOINT SYNCI IC_uWireLE ) 3 4 R308
5 6 1 15k
SMA HEADER 2X3 R311
HEADER_2X3 27k
Placehold for 50 ohm resistor - [\ S—
cose to IC on Core Schematic = —
page. — =
. - H i KoutPlaneA
For use with high frequency uWire CLK or DivValue1 A WWire
SYNC signals. —€eLKuWire TP VeeCLKoutPlaneA
TESTPOINT —
DivVal1 313 )
2 oy wwi - TEST> 5 . WWire SYNCO L
1C_uWireCLK > 3 7 R314 uWire CLK UWireEN PIN CTRL
5 6 A UWire DATA Wire SYNG1 ~
HEADER _2X3 D] R315 EADER 2X5
27k
1c_SYNCO 1 | I |
SYNCO_TP t R =
TvpEt st | svco uWire_DATA or DivValueO  ~
VeeCLKoutPlaneA ccCLKoutPlane
DATAuWire_TP
A TESTPOINT  uvo olgse
HEADER_2X3 1 2 3
Placehold for 50 ohm resistor IC_uWireDATA ) 3 7 R321
cose to IC on Core Schematic 5 6 1 oK
page.
= HEADER_2X3 R322
For use with high frequency 27k
SYNC signals. | I
TEST_TP
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Inputs
C3.2 Inputs Page 2
i GND
CLKinO oo
V_LM5900 VeeCLKoutPlaneA
1
300 R2 CLKin0* D g c1
D P - -
ViuneTP 1000 cikino 4 N__R3 CLKin0 3 R4 clkino2 N R® 1l CLKInO N
Ve R301 TESTP()INT? vz I\ - [N 0 \ 0 0“1uF Mece -
o){pcs 6 R7 0.1uF
smaT  o)pcaoo :lzmo04 Lo T e = 0.1pF o570 51.0
R I 0.1uF 0ApF | 1uF 104F =
R302 CVHD-950-122.88 )
39 122.88 MHz VCXO
R303
1000 VCXO_GND
CLKin0 Ccé
R304 R9 == clLking 4 p R10 == CLKin0 3 Pl R11 L= CLKin0 2 p R12 >< CLKinG P
b= DNP—, = -
R308 vexo GnpCNP * M, 0 ofs"® 0 v ° \ oo 7
5 a ol olB1s 0.1F
= 70 70
= L L
GND = =
VCXO_GND  GND
CLKin1
CLKinl* c8
R16 X>=  ClKint 2%1 R17 1 ” CLKin1_N
SMA 0 0 0.1uF D)fPCo
18 19 0.1uF
= offs off/? R20
100 =
= =
CLKinl c10
R21 <= ckint2p R I} CLKin1_P
SMA 0 0.1pF PC11
0.1uF

\f [
Dx %o
=

o
|| F————
==
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C.4  Clock Outputs
C41 Clock Outputs Page 1
CLKoutO Default: LVPECL, AC coupled CLKout1 Dpefault: LVPECL, AC coupled
VeeCLKoutPlaneA VeeCLKoutPlaneA = =
0
25 28 29 R30
of¥% o ofE7 1.0
—~ CLKout0 o~ Cc13 I CLKout1*
CLKout0_P ° d CLKout1_N i\ I } CLKout! 1
R31 R33 .
240 SMA 240
ot oo
o~ c1 o~ CLKout0* A~
CLKouto_N ? % H ICLK"“‘O LN CLKout1_P
R39 0.1pF R40
40 41 42 43 240
Dx 20 D ?20 D E1 0 ?SMA
= L L =
GND VccCLKoutPlaneA = = GND
CLKout2 Default: LVPECL, AC coupled CLKout3 Default: LVPECL, AC coupled
VccCLKoutPlaneA = = VeeCLKoutPlaneA = =
o
47 48 49 50 51 R52
Dx 20 ngz.o DRE1 0 D Ezo I:’xgz.o 51.0
- c18 CLKout2 o clo | CLKout3*
CLKout2_P o\ I L CLKou 1 P CLKout3 N d | CLKous 1 ><
<R53 54 0.1pF R55
2240 of> R57 SMA 240 Y
GﬁD Dl GﬁD
—~ 2 o~ CLKout2* o~ CLKout3
CLKout2_N ? % Il TCLK"“‘Z LN CLKout3_P v
R61 0.1pF R62
3240 63 64 65 240 66
off s o ?SMA G —é— MA
= L L =
GND VecCLKoutPlaneA = = GND VecCLKoutPlaneA
Notes:
1. Designators greater than and equal to 300 are placed on bottom of PCB
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CA4.2 Clock Outputs Page 2
CLKout4  pefault: LVPECL, AC coupled CLKout5  Default: LVPECL, AC coupled
VocCLKoutPlaneA = = VeeCLKoutPlaneA = =
W0 N ' N
69 70 71 72 73 R74
Dx 20 off0 ofBT ofrs off>? 51.0
. c24 CLKoutd o c2s CLKguts*
ClKoutd_P \ 'I'CLKout4 1 P CLKouts_N y\ I } CLKouts 1 X
R75 R76 .
240 D SMA 240 2 | Sma
s | o
- C2! CLKoutd* - CLKouts
CLKoutd_N v % i} glibod 1N CLKouts_P y ><
R83 0.14F R4
240 85 86 87 s 3240 88
D§P20 S Bl B ?SMA DRF20 _%_ A
= i - =
GND VecceCLKoutPlaneA = = GND VccCLKoutPlaneA
CLKout7 Default: LVPECL, AC coupled
CLKout6 Default: LVPECL, AC coupled P
VeoCLKoutPlaneA = = VeeCLKoutPlaneA = =
0 N o 0 '
91 92 93 94 95 R96
Dx 20 b ofBYS Dx 20 ofE>s 1.0
. CLKout6 - ct | CLKgut7*
CLKout6_P d CLKout7_N { I ¢ CLKout7 |
RO7 RO8 Eeg 0.1pF
240 SMA 2240 DRE, R102 Y
= = !
GND GND of
3. CLKout6* A CLKout7
== L == CLKout6 1 N == I _ CLKout7 1
CLKout6_N CLKout7_P
- | - )
R105 \ 0.14F \ 1R106 \ \ 0.1pF ><
240 107 108 109 3240 110 111 R112 S
of0 off0 ofB!3 ?SMA ofEs off5 1.0 _%_ A
= e L L = T L
GND VecCLKoutPlaneA = = GND VccCLKoutPlaneA = =
Notes:
1. Designators greater than and equal to 300 are placed on bottom of PCB
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C.4.3 Clock Outputs Page 3
VccCLK%tF'IaneB = = VccCLKgIE(PIaneB = =
CLKout8  pefautt: LvPECL, AC coupled o » " CLKout9  pefault: LVPECL, AC coupled e . e
ok of) s ) o} off0 51.0
C36 CLKout8 c37 CLKqut9*
CLKouts_P v\ | -LKou$ | P CLKouto_N ’\ I & CLKout9 ‘><\A
R119 120 0.1yF SMA R121 :
240 D gz R123 240 A
GND o GND
Ca CLKout8* CLKout9
CLKouts_N ’ % i} T(“‘"”“‘ LN ClLKouto_P
R127 0.14F SMA R128 o120 N
240 130 131 132 240 20 h
D Ezo D ?20 D §1.0 = =
. L L
= J_ = VcceCLKoutPlaneB
GND VecCLKoutPlaneB = = GND
VocClKoutPlaneB = = . -
VecCLKoutPlaneB = =
N N e T
CLKout10  pefaut: LVPECL, AC coupled  ofs135 ofe o5 CLKout11  Dpefault: LvPECL, AC coupled offrss ofgrse 140
: 20 20 1.0
. A c42 euto 1 p CLKout10 cas CLKoutl1*
! —~ |
CLKout10_P I ou CLKoutt1_N \ 1 } CLKout11 1
R141 142 0.1pF SMA R143
240 ° EZ R145 L 240
GND A oo
~ O CLKout10*
CLKout10_N ’ L CLKoutl0 1 N ClKouti P o
R149 0.14F SMA - R150 \
240 151 152 153
of5 ofE,5 ofE!? = 240 oI
= L = = =
GND VecCLKoutPlaneB = = GND VecCLKoUPlaneB == =
VecClKoutPlaneB = = - -
= = VecClKoutPlaneB == =
CLKout12  pefautt: LvPECL, AC coupled  offsrsr — ofgrss ofgise CLKout13  pefaut: LVPECL, AC coupled | gro faer ofpre2
~ A c?s LKoutl2 1 P CLKout12 % 20 c49 10 CLKout13*
out —~
CLKout12_P I CLKout13 N ’h I '|'CLKout13 1 N
R163 164 0.14F SMA
240 b gz R167 1 ;}gﬁ - SMA
GND =
o GND
CLKout12*
== == cs! CLKoutl3
CLKoutl2 1 N o o
CLKout12_N \f [ CLKoutt3_P 1 % ” T(LKOull} 1P
R171 0.14F
240 173 174 175 SMA R172 0-1WF SMA
D| D| 0| L 240 176 177 178
x%m Ezo ?1.0 = D Ezo D Ezo D E1 0 =
= hid £ £ = i = =
GND VecCLKoutPlaneB = = GND VecCLKoutPlaneB = =
Notes:

1. Designators greater than and equal to 300 are placed on bottom of PCB
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SNAU118A-December 2011—-Revised February 2018

Bill of Materials

Table 8. Common Bill of Materials for Evaluation Boards

Item | Designator | Description | RoHS | Manufacturer ‘ PartNumber Quantity
CAPACITORS
C1, C7, C8, C10, C12,
C13, C16, C17, C18,
C19, C22, C23, C24,
C25, C28, C29, C30,
1 C31, C35, C36, C37, CAP, CERM, 0.1 pF, 25V, 5%, v Kemet C0603C104J3RACT 37
C40, C41, C42, C43, X7R, 0603 U
C46, C47, C48, C49,
C52, C53, C56, C301,
C302, C304, C314,
C321
CAP, CERM, 100 pF, 50 V, +5%, C0603C101J5GACT
2 |c4 COG/NPO, 0603 Y Kemet U !
C5, C55, C313, C320,
3 C325, C328, C338, CAP, CER)I\:IéquL uOIZ,O:IéO V, £10%, Y Kemet 00603C1(L)JSK8PACT 9
C342, C359 ’
4 C34, C326, C329, C339, | CAP, CERM, 0.1 pF, 25V, +10%, v Kemet CO0603C104K3RACT 5
C343 X7R, 0603 U
CAP, CERM, 10 pF, 10 V, £10%, C0805C106K8PACT
5 C54, C303, C312, C319 X5R, 0805 Y Kemet U 4
CAP, CERM, 0.1 pF, 16 V, £10%,
6 C318, C348 X7R, 0603 Y TDK C1608X7R1C104K 2
CAP, CERM, 1 pF, 16 V, £10%,
7 C341, C345 X7R, 0603 Y TDK C1608X7R1C105K 2
CAP, CERM, 2200 pF, 100 V,
8 C333, C346 +5%, X7R, 0603 Y AVX 06031C222JAT2A 2
CAP, CERM, 10 pF, 10V, +20%, C0805C106M8PAC
9 C347 X5R, 0805 Y Kemet TU 1
CAP, CERM, 4.7 pF, 10 V, £10%, C0603C475K8PACT
10 C349 X5R, 0603 Y Kemet U 1
CAP, CERM, 0.01 pF, 25V, 5%,
11 C337, C350 COG/NPO, 0603 Y TDK C1608C0G1E103J 2
CAP, CERM, 0.47 pF, 25V, £10%, GRM188R71E474K
12 C351, C352 X7R, 0603 Y MuRata A12D 2
CONNECTORS
CLKin0*, CLKin1,
CLKin1*, CLKoutO,
CLKout0*, CLKout2,
CLKout2*, CLKout4,
CLKout4*, CLKout6, Connector, SMT, End launch SMA Emerson
13| CLKout6*, CLKouts, 50 Ohm Y | Network Power |  14%70701-851 21
CLKout8*, CLKout10,
CLKout10*, CLKout12,
CLKout12*, CLKout13,
CLKout13*, Vcc, Vtune
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Table 8. Common Bill of Materials for Evaluation Boards (continued)

Item | Designator Description RoHS | Manufacturer PartNumber Quantity
CONN TERM BLK PCB 5.08 MM .
14 J1 >POS OR Y Weidmuller 1594540000 1
RESISTORS
R2, R179, R303, R329,
15 | R332, R334, R336, FB, 1000 Q, 600 mA, 0603 Y Murata BLM18HE102SN1D 10
R344, R346, R349
R3, R5, R10, R16, R17,
R21, R22, R301, R305,
16 |R331, R335, R337, RES, 0 Q, 5%, 0.1 W, 0603 Y Vishay-Dale | CREWOS0S000020 |47
R338, R347, R350,
R352, R356
17 |R4, RI1 RES, 0 Q, 5%, 0.125 W, 0805 Y Vishay-Dale | CRCW0805000020 2
R7, R30, R46, R52,
R68, R74, R90, R96,
18 R112, R118, R134, RES, 51.0 Q, 1%, 0.1 W, 0603 Y Yageo America | RC0603FR-0751RL 15
R140, R156, R310,
R318
. RCO603FR-
19 R20 RES, 100 Q, 1%, 0.1 W, 0603 Y Yageo America 07100RL 1
R31, R33, R39, R40,
R53, R55, R61, R62,
R75, R76, R83, R84,
R97, R98, R105, R106, . RCO603FR-
20 R119, R121, R127, RES, 240 Q, 1%, 0.1 W, 0603 Y Yageo America 07240RL 28
R128, R141, R143,
R149, R150, R163,
R165, R171, R172
R35, R36, R57, R58,
R79, R80, R101, R102, . CRCWO060368R0JN
21 R123, R124, R145, RES, 68 Q, 5%, 0.1 W, 0603 Y Vishay-Dale EA 14
R146, R167, R168
22 | R302 RES, 39k Q, 5%, 0.1 W, 0603 Y Vishay-Dale | CRCWOO0B39KOIN 1
R311, R312, R315,
23 | R320, R322, R325, RES, 27k Q, 5%, 0.1 W, 0603 Y Vishay-Dale | CREWOSOS27KON 7
R328
R308, R309, R314,
24 | R317, R321, R324, RES, 15k Q, 5%, 0.1 W, 0603 Y Vishay-Dale | CREWOSOSISKON 7
R327
25 R342, R353, R357 RES, 51k Q, 5%, 0.1 W, 0603 Y Vishay-Dale CRCWO?EO:SlKOJN 3
26 | R343, R354 RES, 2.00k Q, 1%, 0.1 W, 0603 Y | Vishay-Dale | CROWOGOSZKOOFK |,
27 R345, R355 RES, 866 Q, 1%, 0.1 W, 0603 Y Vishay-Dale CRCWO?EOA?’866RFK 2
INTEGRATED CIRCUITS
28 Ul LMK01801 1
Micropower 800 mA Low Noise
'‘Ceramic Stable' Adjustable Texas
29 U300, U301 Voltage Regulator for 1 Vto 5V Y Instruments LP3878SD-ADJ 2
Applications
Ultra Low Noise, 150 mA Linear Texas
30 U302 Regulator for RF/Analog Circuits Y Instruments LP5900SD-3.3 1
Requires No Bypass Capacitor
31 | uwire Low Profile Voerltécg.‘.' Header 2x5 Y FCl 52601-G10-8LF 1

38 Bill of Materials

SNAU118A-December 2011 —Revised February 2018

Copyright © 2011-2018, Texas Instruments Incorporated

Submit Documentation Feedback


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU118A

13 TEXAS

INSTRUMENTS

www.ti.com

Bill of Materials

Table 8. Common Bill of Materials for Evaluation Boards (continued)

Item

Designator

Description

RoHS

Manufacturer

PartNumber

Quantity

32

Divval0, Divvall,
Divwal2,
EN_PIN_CONTROL,
TYPEO, TYPEL, TYPE2

Header, 2.54mm, 3x2, Gold, SMT

Samtec

TSM-103-01-L-DV

OTHER

33

Kitting Item

USB2ANY-UWIRE

Any

SV600857-001

34

SH_DivVal0_3-4,
SH_DivVvall_3-4,
SH_DivVal2_3-4,
SH_EN_PIN_CONTROL
_6-FLOAT,
SH_TYPEOQ_3-4,
SH_TYPE1_3-4,
SH_TYPE2_3-4

Jumper, Shunt, 100mil, Gold
plated, Black

3M

969102-0000-DA

35

S1, S2, S3, S4, S5, S6

0.875" Standoff

VOLTREX

SPCS-14

SNAU118A-December 2011—Revised February 2018
Submit Documentation Feedback

Copyright © 2011-2018, Texas Instruments Incorporated

Bill of Materials

39


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU118A

I3 TEXAS
INSTRUMENTS

Appendix E

SNAU118A-December 2011—-Revised February 2018

Balun Information

E.1 Typical Balun Frequency Response
The following figure illustrates the typical frequency response of the Mini-circuit's ADT2-1T balun.
Typical Balun Insertion Loss
10
9
8
7 I\
g [\
©
- 5 ADT2-1T
(7]
: [ \
- [\
2 /
1 - =
0 1 1
10 100 1000
Frequency (MHz)
Figure 25. Typical Balun Frequency Response
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Differential Voltage Measurement Terminology

F.1

The differential voltage of a differential signal can be described by two different definitions causing
confusion when reading datasheets or communicating with other engineers. This section will address the
measurement and description of a differential signal so that the reader will be able to understand and
discern between the two different definitions when used.

The first definition used to describe a differential signal is the absolute value of the voltage potential
between the inverting and non-inverting signal. The symbol for this first measurement is typically VID or
VOD depending on if an input or output voltage is being described.

The second definition used to describe a differential signal is to measure the potential of the noninverting
signal with respect to the inverting signal. The symbol for this second measurement is VSS and is a
calculated parameter. Nowhere in the IC does this signal exist with respect to ground, it only exists in
reference to its differential pair. VSS can be measured directly by oscilloscopes with floating references;
otherwise this value can be calculated as twice the value of VOD as described in the first section

Figure 26 illustrates the two different definitions side-by-side for inputs and Figure 27 illustrates the two
different definitions side-by-side for outputs. The VID and VOD definitions show VA and VB DC levels that
the non-inverting and inverting signals toggle between with respect to ground. VSS input and output
definitions show that if the inverting signal is considered the voltage potential reference, the non-inverting
signal voltage potential is now increasing and decreasing above and below the non-inverting reference.
Thus the peak-to-peak voltage of the differential signal can be measured.

VID and VOD are often defined in volts (V) and VSS is often defined as volts peak-to-peak (VPP).

Vb Definition Vss Definition for Input

7y X
Non-Inverting Clock /

Va K K
i G L
Vg A

-_— -_— A -
\ Inverting Clock/

Vip=|Va-Vg]| Vss = 2*Vp

GND

Figure 26. Two Different Definitions for Differential Input Signals
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Vop Definition Vss Definition for Output
= & 'y
Non-Inverting Clock /

Va —p—\- - -

Y
XX
A A
\ Inverting Clock

Voo =|Va-Ve| Vss = 2*Vop

d

GND

Figure 27. Two Different Definitions for Differential Output Signals
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STANDARD TERMS FOR EVALUATION MODULES

Delivery: Tl delivers Tl evaluation boards, kits, or modules, including any accompanying demonstration software, components, and/or
documentation which may be provided together or separately (collectively, an “EVM” or “EVMs”) to the User (“User”) in accordance
with the terms set forth herein. User's acceptance of the EVM is expressly subject to the following terms.

11

1.2

EVMs are intended solely for product or software developers for use in a research and development setting to facilitate feasibility
evaluation, experimentation, or scientific analysis of Tl semiconductors products. EVMs have no direct function and are not
finished products. EVMs shall not be directly or indirectly assembled as a part or subassembly in any finished product. For
clarification, any software or software tools provided with the EVM (“Software”) shall not be subject to the terms and conditions
set forth herein but rather shall be subject to the applicable terms that accompany such Software

EVMs are not intended for consumer or household use. EVMs may not be sold, sublicensed, leased, rented, loaned, assigned,
or otherwise distributed for commercial purposes by Users, in whole or in part, or used in any finished product or production
system.

Limited Warranty and Related Remedies/Disclaimers:

21

2.2

2.3

These terms do not apply to Software. The warranty, if any, for Software is covered in the applicable Software License
Agreement.

Tl warrants that the TI EVM will conform to TI's published specifications for ninety (90) days after the date Tl delivers such EVM
to User. Notwithstanding the foregoing, Tl shall not be liable for a nonconforming EVM if (a) the nonconformity was caused by
neglect, misuse or mistreatment by an entity other than TI, including improper installation or testing, or for any EVMs that have
been altered or modified in any way by an entity other than TI, (b) the nonconformity resulted from User's design, specifications
or instructions for such EVMs or improper system design, or (¢) User has not paid on time. Testing and other quality control
technigues are used to the extent Tl deems necessary. Tl does not test all parameters of each EVM.
User's claims against Tl under this Section 2 are void if User fails to notify Tl of any apparent defects in the EVMs within ten (10)
business days after delivery, or of any hidden defects with ten (10) business days after the defect has been detected.

TI's sole liability shall be at its option to repair or replace EVMs that fail to conform to the warranty set forth above, or credit
User's account for such EVM. TI's liability under this warranty shall be limited to EVMs that are returned during the warranty
period to the address designated by Tl and that are determined by TI not to conform to such warranty. If Tl elects to repair or
replace such EVM, Tl shall have a reasonable time to repair such EVM or provide replacements. Repaired EVMs shall be
warranted for the remainder of the original warranty period. Replaced EVMs shall be warranted for a new full ninety (90) day
warranty period.

Regulatory Notices:

3.1

United States
3.1.1 Notice applicable to EVMs not FCC-Approved:

FCC NOTICE: This kit is designed to allow product developers to evaluate electronic components, circuitry, or software
associated with the kit to determine whether to incorporate such items in a finished product and software developers to write
software applications for use with the end product. This kit is not a finished product and when assembled may not be resold or
otherwise marketed unless all required FCC equipment authorizations are first obtained. Operation is subject to the condition
that this product not cause harmful interference to licensed radio stations and that this product accept harmful interference.
Unless the assembled kit is designed to operate under part 15, part 18 or part 95 of this chapter, the operator of the kit must
operate under the authority of an FCC license holder or must secure an experimental authorization under part 5 of this chapter.

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

CAUTION

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

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

FCC Interference Statement for Class A EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class A digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference when the equipment is
operated in a commercial environment. This equipment generates, uses, and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to radio communications.
Operation of this equipment in a residential area is likely to cause harmful interference in which case the user will be required to
correct the interference at his own expense.



3.2

3.3

FCC Interference Statement for Class B EVM devices

NOTE: This equipment has been tested and found to comply with the limits for a Class B digital device, pursuant to part 15 of
the FCC Rules. These limits are designed to provide reasonable protection against harmful interference in a residential
installation. This equipment generates, uses and can radiate radio frequency energy and, if not installed and used in accordance
with the instructions, may cause harmful interference to radio communications. However, there is no guarantee that interference
will not occur in a particular installation. If this equipment does cause harmful interference to radio or television reception, which
can be determined by turning the equipment off and on, the user is encouraged to try to correct the interference by one or more
of the following measures:

« Reorient or relocate the receiving antenna.

« Increase the separation between the equipment and receiver.

« Connect the equipment into an outlet on a circuit different from that to which the receiver is connected.
« Consult the dealer or an experienced radio/TV technician for help.

Canada
3.2.1 For EVMs issued with an Industry Canada Certificate of Conformance to RSS-210 or RSS-247
Concerning EVMs Including Radio Transmitters:
This device complies with Industry Canada license-exempt RSSs. Operation is subject to the following two conditions:

(1) this device may not cause interference, and (2) this device must accept any interference, including interference that may
cause undesired operation of the device.

Concernant les EVMs avec appareils radio:

Le présent appareil est conforme aux CNR d'Industrie Canada applicables aux appareils radio exempts de licence. L'exploitation
est autorisée aux deux conditions suivantes: (1) I'appareil ne doit pas produire de brouillage, et (2) l'utilisateur de I'appareil doit
accepter tout brouillage radioélectrique subi, méme si le brouillage est susceptible d'en compromettre le fonctionnement.

Concerning EVMs Including Detachable Antennas:

Under Industry Canada regulations, this radio transmitter may only operate using an antenna of a type and maximum (or lesser)
gain approved for the transmitter by Industry Canada. To reduce potential radio interference to other users, the antenna type
and its gain should be so chosen that the equivalent isotropically radiated power (e.i.r.p.) is not more than that necessary for
successful communication. This radio transmitter has been approved by Industry Canada to operate with the antenna types
listed in the user guide with the maximum permissible gain and required antenna impedance for each antenna type indicated.
Antenna types not included in this list, having a gain greater than the maximum gain indicated for that type, are strictly prohibited
for use with this device.

Concernant les EVMs avec antennes détachables

Conformément a la réglementation d'Industrie Canada, le présent émetteur radio peut fonctionner avec une antenne d'un type et
d'un gain maximal (ou inférieur) approuvé pour I'‘émetteur par Industrie Canada. Dans le but de réduire les risques de brouillage
radioélectrique a l'intention des autres utilisateurs, il faut choisir le type d'antenne et son gain de sorte que la puissance isotrope
rayonnée équivalente (p.i.r.e.) ne dépasse pas lintensité nécessaire a I'établissement d'une communication satisfaisante. Le
présent émetteur radio a été approuvé par Industrie Canada pour fonctionner avec les types d'antenne énumérés dans le
manuel d'usage et ayant un gain admissible maximal et I'impédance requise pour chaque type d'antenne. Les types d'antenne
non inclus dans cette liste, ou dont le gain est supérieur au gain maximal indiqué, sont strictement interdits pour I'exploitation de
I'émetteur

Japan

3.3.1 Notice for EVMs delivered in Japan: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page BAEMAIZ
BAEShZFHMEAFY M. R—RICOVTR., KOEZREIBILEETL,
http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_01.page

3.3.2 Notice for Users of EVMs Considered “Radio Frequency Products” in Japan: EVMs entering Japan may not be certified
by Tl as conforming to Technical Regulations of Radio Law of Japan.

If User uses EVMs in Japan, not certified to Technical Regulations of Radio Law of Japan, User is required to follow the
instructions set forth by Radio Law of Japan, which includes, but is not limited to, the instructions below with respect to EVMs
(which for the avoidance of doubt are stated strictly for convenience and should be verified by User):

1. Use EVMs in a shielded room or any other test facility as defined in the notification #173 issued by Ministry of Internal
Affairs and Communications on March 28, 2006, based on Sub-section 1.1 of Article 6 of the Ministry’'s Rule for
Enforcement of Radio Law of Japan,

2. Use EVMs only after User obtains the license of Test Radio Station as provided in Radio Law of Japan with respect to
EVMs, or

3. Use of EVMs only after User obtains the Technical Regulations Conformity Certification as provided in Radio Law of Japan
with respect to EVMs. Also, do not transfer EVMs, unless User gives the same notice above to the transferee. Please note
that if User does not follow the instructions above, User will be subject to penalties of Radio Law of Japan.
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3.3.3 Notice for EVMs for Power Line Communication: Please see http://www.tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page
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Iwww . tij.co.jp/Isds/ti_ja/general/eStore/notice_02.page

3.4 European Union
3.4.1 For EVMs subject to EU Directive 2014/30/EU (Electromagnetic Compatibility Directive):

This is a class A product intended for use in environments other than domestic environments that are connected to a
low-voltage power-supply network that supplies buildings used for domestic purposes. In a domestic environment this
product may cause radio interference in which case the user may be required to take adequate measures.

4  EVM Use Restrictions and Warnings:

4.1 EVMS ARE NOT FOR USE IN FUNCTIONAL SAFETY AND/OR SAFETY CRITICAL EVALUATIONS, INCLUDING BUT NOT
LIMITED TO EVALUATIONS OF LIFE SUPPORT APPLICATIONS.

4.2 User must read and apply the user guide and other available documentation provided by Tl regarding the EVM prior to handling
or using the EVM, including without limitation any warning or restriction notices. The notices contain important safety information
related to, for example, temperatures and voltages.

4.3 Safety-Related Warnings and Restrictions:

4.3.1 User shall operate the EVM within TI's recommended specifications and environmental considerations stated in the user
guide, other available documentation provided by TI, and any other applicable requirements and employ reasonable and
customary safeguards. Exceeding the specified performance ratings and specifications (including but not limited to input
and output voltage, current, power, and environmental ranges) for the EVM may cause personal injury or death, or
property damage. If there are questions concerning performance ratings and specifications, User should contact a Tl
field representative prior to connecting interface electronics including input power and intended loads. Any loads applied
outside of the specified output range may also result in unintended and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface electronics. Please consult the EVM user guide prior to connecting any
load to the EVM output. If there is uncertainty as to the load specification, please contact a Tl field representative.
During normal operation, even with the inputs and outputs kept within the specified allowable ranges, some circuit
components may have elevated case temperatures. These components include but are not limited to linear regulators,
switching transistors, pass transistors, current sense resistors, and heat sinks, which can be identified using the
information in the associated documentation. When working with the EVM, please be aware that the EVM may become
very warm.

4.3.2 EVMs are intended solely for use by technically qualified, professional electronics experts who are familiar with the
dangers and application risks associated with handling electrical mechanical components, systems, and subsystems.
User assumes all responsibility and liability for proper and safe handling and use of the EVM by User or its employees,
affiliates, contractors or designees. User assumes all responsibility and liability to ensure that any interfaces (electronic
and/or mechanical) between the EVM and any human body are designed with suitable isolation and means to safely
limit accessible leakage currents to minimize the risk of electrical shock hazard. User assumes all responsibility and
liability for any improper or unsafe handling or use of the EVM by User or its employees, affiliates, contractors or
designees.

4.4 User assumes all responsibility and liability to determine whether the EVM is subject to any applicable international, federal,
state, or local laws and regulations related to User's handling and use of the EVM and, if applicable, User assumes all
responsibility and liability for compliance in all respects with such laws and regulations. User assumes all responsibility and
liability for proper disposal and recycling of the EVM consistent with all applicable international, federal, state, and local
requirements.

5. Accuracy of Information: To the extent Tl provides information on the availability and function of EVMs, Tl attempts to be as accurate
as possible. However, Tl does not warrant the accuracy of EVM descriptions, EVM availability or other information on its websites as
accurate, complete, reliable, current, or error-free.
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6.

10.

Disclaimers:

6.1 EXCEPT AS SET FORTH ABOVE, EVMS AND ANY MATERIALS PROVIDED WITH THE EVM (INCLUDING, BUT NOT
LIMITED TO, REFERENCE DESIGNS AND THE DESIGN OF THE EVM ITSELF) ARE PROVIDED "AS IS" AND "WITH ALL
FAULTS." Tl DISCLAIMS ALL OTHER WARRANTIES, EXPRESS OR IMPLIED, REGARDING SUCH ITEMS, INCLUDING BUT
NOT LIMITED TO ANY EPIDEMIC FAILURE WARRANTY OR IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS
FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF ANY THIRD PARTY PATENTS, COPYRIGHTS, TRADE
SECRETS OR OTHER INTELLECTUAL PROPERTY RIGHTS.

6.2 EXCEPT FOR THE LIMITED RIGHT TO USE THE EVM SET FORTH HEREIN, NOTHING IN THESE TERMS SHALL BE
CONSTRUED AS GRANTING OR CONFERRING ANY RIGHTS BY LICENSE, PATENT, OR ANY OTHER INDUSTRIAL OR
INTELLECTUAL PROPERTY RIGHT OF TI, ITS SUPPLIERS/LICENSORS OR ANY OTHER THIRD PARTY, TO USE THE
EVM IN ANY FINISHED END-USER OR READY-TO-USE FINAL PRODUCT, OR FOR ANY INVENTION, DISCOVERY OR
IMPROVEMENT, REGARDLESS OF WHEN MADE, CONCEIVED OR ACQUIRED.

USER'S INDEMNITY OBLIGATIONS AND REPRESENTATIONS. USER WILL DEFEND, INDEMNIFY AND HOLD TI, ITS
LICENSORS AND THEIR REPRESENTATIVES HARMLESS FROM AND AGAINST ANY AND ALL CLAIMS, DAMAGES, LOSSES,
EXPENSES, COSTS AND LIABILITIES (COLLECTIVELY, "CLAIMS") ARISING OUT OF OR IN CONNECTION WITH ANY
HANDLING OR USE OF THE EVM THAT IS NOT IN ACCORDANCE WITH THESE TERMS. THIS OBLIGATION SHALL APPLY
WHETHER CLAIMS ARISE UNDER STATUTE, REGULATION, OR THE LAW OF TORT, CONTRACT OR ANY OTHER LEGAL
THEORY, AND EVEN IF THE EVM FAILS TO PERFORM AS DESCRIBED OR EXPECTED.

Limitations on Damages and Liability:

8.1 General Limitations. IN NO EVENT SHALL TI BE LIABLE FOR ANY SPECIAL, COLLATERAL, INDIRECT, PUNITIVE,
INCIDENTAL, CONSEQUENTIAL, OR EXEMPLARY DAMAGES IN CONNECTION WITH OR ARISING OUT OF THESE
TERMS OR THE USE OF THE EVMS , REGARDLESS OF WHETHER Tl HAS BEEN ADVISED OF THE POSSIBILITY OF
SUCH DAMAGES. EXCLUDED DAMAGES INCLUDE, BUT ARE NOT LIMITED TO, COST OF REMOVAL OR
REINSTALLATION, ANCILLARY COSTS TO THE PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES, RETESTING,
OUTSIDE COMPUTER TIME, LABOR COSTS, LOSS OF GOODWILL, LOSS OF PROFITS, LOSS OF SAVINGS, LOSS OF
USE, LOSS OF DATA, OR BUSINESS INTERRUPTION. NO CLAIM, SUIT OR ACTION SHALL BE BROUGHT AGAINST TI
MORE THAN TWELVE (12) MONTHS AFTER THE EVENT THAT GAVE RISE TO THE CAUSE OF ACTION HAS
OCCURRED.

8.2 Specific Limitations. IN NO EVENT SHALL TI'S AGGREGATE LIABILITY FROM ANY USE OF AN EVM PROVIDED
HEREUNDER, INCLUDING FROM ANY WARRANTY, INDEMITY OR OTHER OBLIGATION ARISING OUT OF OR IN
CONNECTION WITH THESE TERMS, , EXCEED THE TOTAL AMOUNT PAID TO Tl BY USER FOR THE PARTICULAR
EVM(S) AT ISSUE DURING THE PRIOR TWELVE (12) MONTHS WITH RESPECT TO WHICH LOSSES OR DAMAGES ARE
CLAIMED. THE EXISTENCE OF MORE THAN ONE CLAIM SHALL NOT ENLARGE OR EXTEND THIS LIMIT.

Return Policy. Except as otherwise provided, Tl does not offer any refunds, returns, or exchanges. Furthermore, no return of EVM(s)
will be accepted if the package has been opened and no return of the EVM(s) will be accepted if they are damaged or otherwise not in
a resalable condition. If User feels it has been incorrectly charged for the EVM(s) it ordered or that delivery violates the applicable
order, User should contact TI. All refunds will be made in full within thirty (30) working days from the return of the components(s),
excluding any postage or packaging costs.

Governing Law: These terms and conditions shall be governed by and interpreted in accordance with the laws of the State of Texas,
without reference to conflict-of-laws principles. User agrees that non-exclusive jurisdiction for any dispute arising out of or relating to
these terms and conditions lies within courts located in the State of Texas and consents to venue in Dallas County, Texas.
Notwithstanding the foregoing, any judgment may be enforced in any United States or foreign court, and Tl may seek injunctive relief
in any United States or foreign court.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated



IMPORTANT NOTICE FOR TI DESIGN INFORMATION AND RESOURCES

Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “Tl Resources”) are intended to assist designers who are
developing applications that incorporate TI products; by downloading, accessing or using any particular TI Resource in any way, you
(individually or, if you are acting on behalf of a company, your company) agree to use it solely for this purpose and subject to the terms of
this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its TI Resources.

You understand and agree that you remain responsible for using your independent analysis, evaluation and judgment in designing your
applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such Tl products as used in such applications. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.

You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the Tl product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY 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 products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.

TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

You agree to fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of your non-
compliance with the terms and provisions of this Notice.

This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, Tl products and services.
These include; without limitation, TI's standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2018, Texas Instruments Incorporated
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