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Figure 1. LMK61E2EVM Photo

Table 1. Ordering Information

EVM ID DEVICE ID DEVICE PACKAGE
LMK61E2EVM LMKG61E2-SIA 5 mm x 7 mm 8-pin QFM (SIA)
LMK61EOMEVM LMK61EOM-SIA 5 mm x 7 mm 8-pin QFM (SIA)
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Overview

The LMK61E2EVM and LMK61EOMEVM evaluation modules provide a complete evaluation platform to
evaluate the clock performance and flexibility of the Texas Instruments LMK61XX Ultra-Low Jitter Crystal
Oscillator family, with integrated tunable 50-MHz crystal, low noise PLL, universal output, and integrated
EEPROM.

The EVM can be used as a flexible clock source for compliance testing, performance evaluation, and
initial system prototyping. The onboard edge-launch SMA ports provide access to the LMK61XX’s
configurable clock output for interfacing to test equipment and reference boards using commercially
available coaxial cables, adapters, or baluns (not included). This connectivity enables integrated system
level testing between TI's LMK61XX and third-party FPGA/ASIC/SoC reference boards. A software
graphical user interface (GUI) platform can be installed on a Host PC to access the LMK61XX’s device
registers and EEPROM through the onboard USB-to-I>C interface.

Features
* Integrated low-noise, 50-MHz tunable crystal
— Fine frequency margining in ppm steps through the 1°C
« Coarse frequency margining in percentage steps through the 1°C
« Configurable output format
— LMK61E2EVM supports LVPECL, LVDS, or HCSL
— LMK61EOMEVM supports dual LVCMOS
» Programmable Output Enable polarity
» EEPROM allows for custom configuration for power-up defaults
» Footprint compatible with industry standard 5 mm x 7 mm XO package
— 2 additional pins allow for optional I?C programing
e GUI platform for full access to device registers and EEPROM
+ Onboard USB-to-I°C programming interface
» External power supply inputs or powered over USB
« LEDs indicators: Device Power and USB / I°C activity

SNAU188B-October 2015—Revised August 2017
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3

Configuring the EVM

The LMK61XX is a highly-configurable crystal oscillator with simple power supply requirements and
flexible clock output formats. To support a wide range of evaluation use cases, the EVM was designed for
maximum flexibility so various configurations or options that are not required in all typical system
applications have been included.

This section describes the jumpers and connectors on the EVM, as well as how to connect, set up, and
use the EVM. When operating the EVM, the power supply and clock outputs can be connected to the
SMA ports shown in Figure 2. Additionally, the USB port can be used to power the entire EVM without the
need for external power supplies. These SMA ports are labeled in the top silkscreen layer.
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Figure 2. EVM Board Layout

Configuring the Power Supply

The LMK61XX features a single VDD supply pin that operates from 3.3 V (+5%). This supply can be
powered directly from an external supply or through an on-board LDO regulator. Although the LMK61XX
has integrated LDO regulators for excellent power-supply-ripple-rejection (PSRR), the EVM’s onboard
regulator (U2) can allow a higher supply voltage (like 5 V) to power the EVM. The direct external supply or
onboard regulator can be independently routed for the VDD supply pin by configuring the power terminals
and jumpers shown in Figure 3. J1 (USB mini connector) is the default power supply for the EVM,
featuring a low noise regulator for voltage step-down. Power SMA Port EXTIN (P1) provides an alternative
connector style to apply power using coax cables. Using EXTIN while connected to USB power is not
required but can be useful when testing with externally regulated supplies.
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Figure 3. Power Terminals and Jumpers

Table 2 summarizes the EVM power configurations to connect and route power to the onboard LDOs and
LMK61XX. Refer to the EVM schematic for more details.

Table 2. Power Configurations

MODE EXTIN VOLTAGE J2 SETTING @ J3 SETTING @
USB Powered @ USB PWR

External Power + LDO 43Vto55V EXT PWR REG

External Power 33V Remove Jumper EXT PWR

@ Markings left of J2 indicate the orientation of jumper settings EXT PWR (pins 1 and 2 of jumper) and USB PWR / REG (pins 2

and 3 of jumper)

@ USB cable must be connected to J1 for operation
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5 Configuring the Control Pins

The LMK61XX has several control pins dedicated for control of 1°C communications, device I°C address,
and output enable control. These control pins can be configured through the jumpers shown in .
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Figure 4. Control Pin Interfaces (Default Jumper Settings Shown)

Jumpers J9 and J10 can be used to configure the corresponding control pin to either high or low state by
strapping the center pin to VDD position (tie pins 1-2) or GND position (tie pins 2-3), respectively.
Connections from the VDD position to the device supply or from the GND position to the ground plane are
connected by 4.7-kQ resistors.

Jumpers J5 and J6 can be configured in a static configuration through a high or low state by strapping the
center pin to VDD position or to the GND position. Similarly, these connections are made through a 4.7-kQ
resistor to the respective supply and ground planes. The third position, U2A, allows for control of the
respective control pins over software through the onboard microcontroller. Biasing is established externally
and is default set to a high state.

The LMK61XX control pins serve several functions unique to device pins. For a description of each pin’s
functionality and the device configuration based on their power-up state, refer to Table 3.
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Table 3. Control Pin Interfaces

COMPONENT NAME (TYPE) DESCRIPTION
J5 OE (passive or software control) | Output Enable Pin Output Enable Pin
OE state controls the differential output operation in LMK61E2EVM and
OUTP operation in LMK61EOMEVM. Polarity can be adjusted in the
LMK61XX's register settings. OUTN in LMK61EOMEVM is controlled by
register R24[4] and is disabled by default.
OE STATE OPERATING MODE (BASED ON
DEFAULT)
GND Differential Output Disabled in
LMK61E2EVM, OUTP Disabled in
LMK61EOMEVM
VDD (JP Default) Differential Output Enabled in
LMK61E2EVM, OUTP Enabled in
LMK61EOMEVM
J6 ADD (passive or software control) | I°’C Slave Address LSB Select pin
ADD is sampled on POR to configure the lower 2 bits of the 7-bit slave
address. The upper 5 bits of the slave address are initialized from
EEPROM (SLAVEADR][7:3] = 10110b). By configuring ADD, the
composite slave address can be selected as follows:
ADD STATE 7-BIT SLAVE ADDRESS (EXCLUDES
WI/R BIT)
GND 1011000b / 0x58
High Z (no connect) 1011001b / 0x59
VDD (JP Default) 1011010b / Ox5A
J9 J10 SCL SDA I>)C Serial Interface Pins
fylet
("C inputs) An I°C master device can interface with the LMK61XX over the I>C clock
line (SCL) and data line (SDA). The open-drain topology of the SCL and
SDA pins require an external pullup resistor. J9 and J10 should always be
set in the VDD position to ensure proper 1°C communication. The SCL
and SDA lines are connected with the onboard microcontroller, which is
controlled by the GUI.
J1 USB (not shown in Figure 4) USB port (Mini-B type) USB port (Mini-B type)

Using the GUI platform, USB controller (U4) provides the USB-to-1°C
interface to manage the LMK61XX device registers and EEPROM. When
USB communication is established with a Host PC running the GUI, LED
D5 should be lit solid green.

The USB port powers LDO regulator U1 to supply 3.3-V power for the
MCU and its peripheral circuitry.

J4 (not populated) U2A Optional Test Point Access to 1°C and Control pins
Pin 1: SDA Pin 2: SCL
Pin 4: N/C Pin 3: N/C
Pin 5: GND Pin 6: N/C
Pin 7: OE Pin 8: ADD
Pin 9: N/C Pin 10: N/C
SNAU188B—-0October 2015—Revised August 2017 LMK61E2EVM, LMK61EOMEVM User's Guide 9
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6 Configuring the Clock Output

The LMK61EZ2’s differential output is routed through 50-Q, single-ended traces to SMA ports (OUTN and
OUTP) through AC-coupling capacitors. The LMK61EOM's dual LVCMOS outputs are DC coupled and
routed directly to the SMA ports through the 50-Q traces. The output also has a series resistor (0 Q
populated by default, R25 ad R28) and emitter resistors (150 Q populated by default for LVPECL, R26
and R29). Common output format terminations are shown in Table 3. The output termination schematic is
shown in Figure 5.

Table 4. Output Termination Schemes

OUTPUT FORMAT COUPLING COMPONENT VALUE
LVPECL AC R25, R28 0Q
(C%’\:f'gulrgtzifr:;"" default  po6 R29 150 Q
C24, C25 0.01 uF
R27, R30, R31 DNP
DC® R25, R28, C24, C25 0Q
R26, R27, R29, R30, R31 DNP
LVDS® AC R25, R27, R28, R30 0Q
R31 100 Q
C24, C25 0.01 uF
R26, R29 DNP
DC R25, R27, R28, R30, C24, C25 0Q
R31 100 Q
HCSL AC R25, R28 0 Q (22 Q optional)
R26, R29 50 Q
C24, C25 0Q
R27, R30, R31 DNP
DC R25, R28 0 Q (22 Q optional)
R26, R29 50 Q
C24, C25 0.01 uF
R27, R30, R31 DNP
LVCMOS AC R25, R28 0Q
C24, C25 0.01 uF
R26, R27, R29, R30, R31 DNP
DC (LMK61EOMEVM R25, R28, C24, C25 0Q
default configuration) R26. R27. R29, R30, R31 DNP

@ 50 Q to Vce-2 V termination is required on receiver.
@ 100-Q differential termination (R31) is provided on the LMK61E2EVM. Removing the differential termination on the EVM is
possible if the differential termination is available on the receiver.

C24 P2

F—e—H)

0AWF  SR27 "'

20" |||~

J ouT P R25 R OUT P ouTP

0 R31 N

R26 100

150

= lRrog R30
I c25 ’ P3
OUT N R28 R_OUT N |

| 1
I
0 0.1pF "'
|||
OUTN _L_

Figure 5. EVM Termination Schematic

10 LMK61E2EVM, LMK61EOMEVM User's Guide SNAU188B—-October 2015—Revised August 2017

Submit Documentation Feedback
Copyright © 2015-2017, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAU188B

I

TEXAS

INSTRUMENTS

www.ti.com

Using the USB Interface Connection

7

Using the USB Interface Connection

The onboard MSP430F5529 USB microcontroller (U4) provides an I>C host interface to the LMK61XX
slave device. The device registers can be controlled through USB using the GUI platform running on a

Host PC.

EVM Quick Start Guide

The following guide allows the user to quickly configure the LMK61XX to evaluate performance and device

flexibility

» 1. Set the Control Pin jumpers to the default configuration as noted in Table 1 and Table 3.

» 2. Confirm the EVM Default power configuration is set per Table 2 to power the LMK61XX in USB
POWER mode using the onboard LDO regulators and power supplied over USB.

« 3. Observe any active output clock on OUTN and OUTP SMA ports.
— 3.1. Default LMK61E2EVM configuration is AC-coupled LVPECL as noted in Table 4.

— 3.1. Default LMK61EOMEVM configuration is DC-coupled LVCMOS as noted in Table 4. By default
OUTP is enabled and OUTN is disabled.

— 3.2. Use 50-Q coax cables to connect the test equipment to the output SMA ports. If making a
single-ended measurement, terminate the unused SMA port with a 50-Q load.

— 3.3. Power LEDs, D3, and D5 should be illuminated when the EVM is connected to power
— 3.4. I’C activity can be seen on LED D4 (active with activity).

[ ]
N

. Refer to Table 5 for recommended device configurations configurable through the GUI.

Table 5. Recommended Device Configurations®

PARAMETER 156.25 MHz® ‘ 100 MHz ‘ 161.1328125 MHz
PLL Reference Doubler Enabled
N Divider 50 |48 51
Fractional Numerator 22500
Fractional Denominator 40000
VCO frequency 5000 MHz 4800 MHz 5162.25 MHz
Output Divider 32 16 32
Loop Filter Charge Pump Gain 6.4 mA 2.8 mA
Loop Filter Order 2nd Order 3rd Order
C1 5 pF 105 pF
Cc2 10 nF
C3 0 pF 35 pF
R2 800 Q 1.1kQ
R3 18Q 1.3 kQ
Modulator Order Integer Mode 1st Order
Dithering Disable Weak
Charge Pump Bleed None 85kQ1ns

@ Termination schemes should match device settings. See Table 4.

@ |LMK61E2EVM Device default

Recommended Test Instruments

For making accurate measurements on ultra-low noisel/jitter, high-speed clock signals, the following

instruments are recommended:

e Source Signal Analyzer: Keysight/Agilent E5052 for phase noise and jitter measurements
» Oscilloscope: Agilent DSA90000A series (or equivalent) for AC measurements and time-domain jitter

analysis with jitter software package

» Balun: M/A-COM H-183-4 (30-3000 MHz) 180° coupler, or equivalent

SNAU188B-October 2015—Revised August 2017
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10 Example Performance Measurements

RMS Jitter and phase noise measurements were taken on the differential output clock was measured
using a balun to a Keysight/Agilent E5S052B. Some phase noise plots are provided below.

Table 6. Typical Output RMS Jitter Summary

OUTPUT FREQUENCY OUTPUT FORMAT® RMS JITTER (fs),12k-20M REFERENCE PLOT
BAND, SPURS OFF
156.25 MHz LVPECL 90 Figure 6
LVDS 100 Figure 7
HCSL 100
161.1328125 MHz LVPECL 150
LVDS 150
HCSL 150 Figure 8

@ All measurements are AC coupled with recommended board terminations as in Table 4.

pPhiase Moise 10.00def Ref -20,00dBCHz

33 dBm

2000 P r Carrier 156,250021 MHeT 2,59
Sl d 1: 100/Hz| | -115.6398 decC/HZ
2 1 kHz -139.9565 dBc/Hz
20,00 3 10 kH=z -143. 5475 dBC/HZ
4: 100 kHz |-143.759% dBC/Hz
S: 1 MHz -150.0056 dBc/Hz
-40.00 =81 10 MHz -164. 8491 dEc/Hz
7 20 MHZ -1684.[8487 dBC/HZ
B:] 40 MHz -1/5.[8552 dBC/HzZ
-50.00 ®: Start 12 kHz
Stop 20 MHEZ
Center 10,006 MHZ
-60.00 Span 190988 MHz
=== NOi5E ===
Analysis Range x: Band Marker
-70.00 analysis Ranmge v: Band mMarker
Imtg Moise: -84,1356 |dBc / 19.650 MHz
RMS Moise: 87,8484 urad
-80.00 5. 03334 mdeqg
RMs Jitter: 89.482 fsec
o000 Residual FM: 404,779 H=
-100.0
-110.0
-120.0 4
-120.0
-140.0
2
-150.0 3 4
i
-160.0 ]
-170.0 %T:i
18005 #* s 165 2 - =
Figure 6. 156.25-MHz LVPECL Differential Phase Noise
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pPhiase Moise 10.00dB/ Ref -20.00dBC/Hz

2000 Carrier 156.249995 MHz—— -5.1892 dBm
i 1: 100/ Hz| |-115.7565 dBc/Hz
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4: 100 kHz |-143. 5188 dec/Hz
5: 1 MHz =149, 669 dBc/Hz
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Fi 20 MHZ -161.4915 dec/Hz
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-50.00 ®: Start 12 kHz
Stop 20 MHZ
Center 10.00&6 MHZ
-60.00 Span 190988 MHZ
=== Noisg ===
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-70.00 analysis range v: Band ™marker
Intg Wojse: -83.1620 |dBc / 19.65 MH=z
RME noise: 98.2686 urad
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Figure 7. 156.25-MHz LVDS Differential Phase Noise
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pPhase Moise 10.00de) Ref -20,00dBC,Hz

2000 Carrier 161, 132843 MHzT  2.7442 dBm
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-40.00 G110 MHz =160, 1157 dEc/Hz
7i 20 MHz -160.9340 dBC/Hz
81 40 MHzZ -1A2./A%30 dBc/Hz
-50.00 ®1 Start 12 kHz
Stop 20 MHZ
Center 10,006 MHZ
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=== NOj5E ===
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Figure 8. 161.1328125-MHz HCSL Differential Phase Noise
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Figure 12. Layer 4 (Bottom Side, View From Bottom)
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Symbol |[Hi1t Count |Tool Size Plated |Hole Type
o 1 7.874m11 ¢0.2mm> |PTH Round
X 1 Sm1l <0.22Smm) PTH Round
v 98 13m11 <O.33mm> PTH Round
& 1 22m1l <0.559mm> |PTH Round
o 2 35.433m11 ¢0.9mmINPTH Round
o 6 39.37m11 C({mmd> PTH Round
= 26 40m11 <1.016mm) |PTH Round
u] 4 157m1l ¢3.988mm) |NPTH Round
139 Total

Figure 15. Drill Drawing
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12 EVM Schematic

LMK61XX Evaluation Module (EVM)

DIMENSIONS:
-- Rectangular shape with height minimized (SMA spacing + board stand offs)
-- Final PCB thickness 62 mil +/- 10% ****

STACKUP:

-- Layer 1: Device layer, Power/GPIO Jumper/Switches, RF microstrip from DUT
t_of[/l_Ai:giBsc;ﬂnector, Silkscreens + Labeling HARDWARE AND MARKINGS
-- Layer 2: Ground Plane

===== FR4: 38 mil

-- Layer 3: Split Power planes for USB circuitry and DUT circuitry
=====FR4: 8 @ @ FID1
-- Layer 4: USB circuitry TCBS-6-01 TCBS-6-01 TCBS-6-01 TCBS-6-01

LAYOUT NOTE:
PLace 4 standoffs at corners of board.

H1 H2 H3 H4

Controlled Impedance Traces

-- TOP: 13 mil traces to be 50 ohm Zo +/- 5% reference to L2 FID2
PCB PCB
LOGO LOGO
Pb-Free Symbol FCC disclaimer
LBL1
PCB Label Table
LOGO PCB Label Vi Label Te
S O ‘ariant abel Text
Texas Instruments Size: 0.65"x 0.20
001 LMK61E2 EVM
- ASSEMBLY NOTES
Label Assembly Note
This Assembly Note is for PCB labels only
272
These assemblies are ESD sensitive, ESD precautions shall be observed.
2z3
These assemblies must be clean and free from flux and all contaminants. Use of no clean flux is not acceptable.
774
[ Assembly Note |

These assemblies must comply with workmanship standards IPC-A-610 Class 2, unless otherwise specified.
2Z5
Assembly Note
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Assembly Note
Default Shunt settings: SH4_2-3 means short Pins 2-3 of J6 jumper. For 3-way jumpers, Pin 4 is the 1-pin header.

N
IN
©

Assembly Note
Default Shunt settings: SH5_2-3 means short Pins 2-3 of J9 jumper. For 3-way jumpers, Pin 4 is the 1-pin header.

IE

Assembly Note
Default Shunt settings: SH6_2-3 means short Pins 2-3 of J10 jumper. For 3-way jumpers, Pin 4 is the 1-pin header.
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USB MINI-B CONNECTOR 3.3V, 150 mA REGULATOR FOR USB2ANY 3.3V, 250 mA REGULATOR FOR LMK61XX
VBUS VBUS_FILT VBUS_FILT VDD
33 R1__0402 DN R2 J2
= 33 3 02 D P Sy Ut U2 3V3 3 U2 ! EXTIN
1 Ra = 6 1N out 1 T @ f 1N vout -5 VD@ REG
B E
c1 1.5k 2 2 3
of -
us | 01uF 402 PUR EN NS 104F o1 SH1_2.3 ReG sul EN
FE 22uF 75V 7 {oap  GND |2 EXTIN i i i 4 {ne oND |2
g €8 0805 R 1 R6 PES0TME3 3G 3
s1 LP5900SD-3.3/NOPB Lo Lo Lo S LP5907MFX-3.3/NOPB IC suP
o L 15 3 uUSe = = A2 10uF | 1pF | 0ApF
2 33 0.1uF B220A-13-F W
g =8 BSL 20V LAYOUT NOTE, VDD
R7 c1 Place C10 and C4 on the same side as U SH2 2.3
©| || TPDAEOO4DRYR 1.2Meg 220pF 12 and as close to the package as possible. Use o
LABEL SW: BSL GND GND GND 0.1pF wide and short traces. ?1&0
= <
E |
&
?
£]
VDD
Green
U2A 3V3
USB2ANY HEADER (VERTICAL) ON-BOARD USB2ANY/MSP430
u4 .
21{ P1.0TAOCLKIACLK P2.0/TA1.1 |22
SDA scL P1.1/TA0.0 P2.1/TA1.2 D4
3 P1.2/TA0.1 P2.2/TA2CLK/SMCLK Orange
B 12C
U2A_GPIO2 U2A_GPIO3 o) P1.3TAO2 P23TA20 (<F32
P1.4/TA0.3 P2.4/TA2.1 7y
6 P1.5/TA0.4 P2.5/TA2.2 —
1 P1.6/TA1CLK/CBOUT P2.6/RTCCLK/DMAEO 35 R9
U2A GPIO4 U2A_GPIOS S P1.7TA1.0 P2.7/UCBOSTE/UCAOCLK [<s38. 270
U2A_GPIOB U2A_GPIOT | P3.0/UCBOSIMO/UCBOSDA P4.0/PM_UCB1STE/PM_UCATCLK [<ed2. 0 R10 SDA
g P3.1/UCBOSOMI/UCBOSCL P4.1/PM_UCB1SIMO/PM_UCB1SD/ _S, » SDA
P3.2/UCBOCLK/UCAOSTE P4.2/PM_UCB1SOMI/PM_UCB1SCL
= J7 connects to J5 of USB2ANY module via Ribbon cable 0l P3 3/UCAOTXD/UCAQSIMO P4.3/PM_UCB1CLK/PM_UCA1STE %< 0 R12 U2A GPIOE U2 3V 0,R11 SCL Sl
LABEL PINS: 12cPU 1 P3.4/UCAORXD/UCAOSOMI P4.4/PM_UCA1TXD/PM_UCA1SIMO EA2YS
21 P3.5/TBO5 P4.5/PM_UCATRXDIPM_UCA1SOMI [<r22
iﬁ P3.6/TB0.6 P4.6/PM_NONE i 0,R13 U2A_GPIOS
P3.7/TBOOUTH/SVMOUT P4.7/PM_NONE 5[)5 LAYOUT NOTE.
TP3 —Q<ZD P5.0/ABIVREF+/VEREF+ P6.0/CBO/AD 7 MSP_LED Place LED on L1, other components can be on L4
ci3 —1%} P5.1/A9IVREF-IVEREF- P6.1/CB1/AT el Green
0 %] ps.2/XT2IN P6.21CB2IA2 (<L
30pF I T P5.3/XT20UT P6.3/CB3/A3 R14
P = P5.4/XIN P6.4/CB4/A4 270
P5.5XOUT P6.5/CBS/AS (<625
cl4 (\I gfigiAD-zo-st-TR P5.6/TB0.0 P6.6/CB6/AG [t ——
0 P5.7TB0.1 P6.7/CBTIAT [ard—
30pF <S4 P7.0/CBBIA12 P8.0 15 1 B;S”S
OE / ADD JUMPERS 2630 PT.1/CBIIA13 P8.1 :Ei
b P7.2/CB10/A14 P8.2 U2A 3V3
<4 P7.3/CB11/A15 - N
S e P7.47T80.2 PJ.OTDO | L
P7.5/TB0.3 PJAMDITCLK I =
R16 EXT3.3V_ EN e e i R15
00K EXT3.3V_FAULT 33k LAYOUT NOTE
VDD VDD P7.7/TBOCLKIMCLK PYATCK e . - § o stubs
LABEL PINS. 2 LABEL PINS. o Place 0-ohm footprints close to USB2ANY Header pins to minimize trace stubs
e e ST D10 26 when 0-ohm resistors are de-populated (to disconnect the on-board MSP430).
2= <JP NAME> JP NAME> TEST/SBWTCK ja-L5¢ i
3=VvDD R17 DD R18 Vi o 6 Dp = c15 USER NOTE
4= 1.5k 2A 1.5k VCORE 2] V18 PU.O/DP W@C 2200pF De-populate the 0-ohm resistors connected to "U2A_GPIOx" and "U2A_3V3"
JB ﬁ VCORE PU1/DM [t nets before attaching the External USB2ANY module to the USB2ANY Header.
3 3
c17 c18 63 PUR
U2A_GPIO4 1 2 U2A_GPIOS1 2 pUR |82 _PUR =
- 1 22 2200F | 047uF —7Re—S8vaus ! USER NOTE:
T = VvusB vssu—1 Features not supported by On-board or External USB2ANY circuiry
GE R19 ADD R20 ARV g 1 Avsst 14 - Switched +3.3V_EXT supply
Bk 5K Ty 5 Aveet Avss2 8 - Switched +5V_EXT supply
pvcet DVSS1 - ADCs 0-4
50 bveez Dvss2 40 -DACs 0-1
- PWMs 0-3
SH3.2.3 i s MSP430F55291PN _ Pl interface (12C/SMBus only)
GND
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LMK61XX
LABEL PINS: LABEL PINS:
1=VDD VDD 1=VDD VDD
2=<JP NAME> 2 =<JP NAME>
3=GND 3=GND
{R21 R22 ;
4.7k 4.7k A
3 3
2 2 2 23 LAYOUT NOTE G4 h
001F | 47uF Place shunt resistors f—e—
SH5 23 55 SHE 23 5 : near the output pins. OWF s
R23 R24 = = R25
4.7k 4.7k GND GND OuT P 5 ROUT P
I R o0
= = 4 150
o oo vee outp _{
7 5
SDA SDA OUTN = R29 DNP
Ser 8 ofsct ) 180 c25 P3
ADD ouT N R28 R QUT N & I
1
oe aNp 2 0 0.1 EEN
|y
ADD LAYOUT NOTE LAYOUT NOTE
LMK0B00TSIA = Individual vias to Place close to SMA  OUTN Lo
GND GND on shunt ports.
resistors.
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13 LMK61E2EVM Bill of Materials

DESIGNATOR DESCRIPTION MFR PART NUMBER QTY

C1, C8, C9, C12, C15, C19, C20, | CAP, CERM, 0.1 pF, 16 V, +5%, Kemet C0603C104J4RACTU 10

C21, C24, C25 X7R, 0603

C2,C3,C6 CAP, CERM, 10 pF, 10 V, +20%, TDK C1608X5R1A106M 3
X5R, 0603

C4, C7, C10 CAP, CERM, 1 pF, 10 V, +10%, Kemet C0603C105K8PACTU 3
X5R, 0603

C5 CAP, CERM, 22 pF, 10 V, +20%, Taiyo Yuden LMK212BJ226MG-T 1
X5R, 0805

Cl11, C17 CAP, CERM, 220 pF, 50 V, +1%, AVX 06035A221FAT2A 2
COG/NPO, 0603

C13, C14 CAP, CERM, 30 pF, 50 V, +5%, AVX 06035A300JAT2A 2
COG/NPO, 0603

C16 CAP, CERM, 2200 pF, 50 V, +10%, | Kemet C0603C222K5RACTU 1
X7R, 0603

C18 CAP, CERM, 0.47 pF, 10 V, £10%, | MuRata GRM188R71A474KA61D 1
X7R, 0603

Cc22 CAP, CERM, 0.01 pF, 100 V, 5%, | AVX 06031C103JAT2A 1
X7R, 0603

C23 CAP, CERM, 4.7 pF, 10 V, +10%, Kemet C0603C475K8PACTU 1
X5R, 0603

D1 Diode, Zener, 7.5 V, 550 mW, SMB | ON Semiconductor 1SMB5922BT3G 1

D2 Diode, Schottky, 20 V, 2 A, SMA Diodes Inc. B220A-13-F 1

D3, D5 LED, Green, SMD Lite-On LTST-C190GKT 2

D4 LED, Orange, SMD Lite-On LTST-C190KFKT 1

FB1 Ferrite Bead, 60 Q at 100 MHz, 3.5 | TDK MPZ1608S600A 1
A, 0603

H1, H2, H3, H4 HEX STANDOFF SPACER, 9.53 Richco Plastics TCBS-6-01 4
mm

Jl Connector, Receptacle, Mini-USB TE Connectivity 1734035-2 1
Type B, R/A, Top Mount SMT

J2, 33, J5, J6 Header, 100 mil, 3x1, Gold, TH Samtec TSW-103-07-G-S 4

J7,J8 Header, 100 mil, 1pos, Gold, TH Samtec TSW-101-07-G-S 2

J9, J10 Header, 100 mil, 3x1, Tin, TH TE Connectivity 5-146278-3 2

P1, P2, P3 Connector, End launch SMA, 50 Q, | Emerson Network Power 142-0701-851 3
SMT

PCB1 Printed-Circuit Board Any SV601195 1

Q1 MOSFET, N-CH, 50 V, 0.22 A, Fairchild Semiconductor BSS138 1
SOT-23

R1, R3 RES, 33 Q, 5%, 0.063 W, 0402 Vishay-Dale CRCWO040233R0JNED 2

R2, R5, R6, R15 RES, 33 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060333K0JNEA 4

R4 RES, 1.5 kQ, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04021K50INED 1

R7 RES, 1.2 MQ, 5%, 0.1W, 0603 Vishay-Dale CRCWO06031M20JNEA 1

R8 RES, 510, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603510RJINEA 1

R9, R14 RES, 270 Q, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603270RJINEA 2

R10, R11, R12, R13, R25, R28 RES, 0 ohm, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06030000Z0EA 6

R16 RES, 100 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603100KINEA 1

R17, R18, R19, R20 RES, 1.5 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K50INEA 4

R21, R22, R23, R24 RES, 4.7 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06034K70JNEA 4

R26, R29 RES, 150, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603150RJINEA 2

R31 RES, 100, 1%, 0.1 W, 0603 Vishay-Dale CRCWO0603100RFKEA 1

S1 Switch, Tactile, SPST-NO, 0.05 A, | TE Connectivity 4-1437565-1 1
12 V, SMT
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DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
SH1_2_3,SH2_2 3, SH3_2_3, Shunt, 100 mil, Gold plated, Black | 3M 969102-0000-DA 6
SH4 2 3,SH5_2 3,SH6_2_3
TP2 Test Point, Miniature, Red, TH Keystone 5000 1
TP3 Test Point, Miniature, Black, TH Keystone 5001 1
Ul Ultra-Low Noise, 150-mA Linear Texas Instruments LP5900SD-3.3/NOPB 1
Regulator for RF/Analog Circuits
Requires No Bypass Capacitor, 6-
pin LLP, Pb-Free
u2 ULTRA-LOW NOISE, 250-mA Texas Instruments LP5907MFX-3.3/NOPB 1
LINEAR REGULATOR FOR RF
AND ANALOG CIRCUITS
REQUIRES NO BYPASS
CAPACITOR, DBV0OO05A
u3 ESD-Protection Array for High- Texas Instruments TPD4EOO4DRYR 1
Speed Data Interfaces, 4 Channels,
—40 to +85 °C, 6-pin SON (DRY),
Green (RoHS & no Sb/Br)
u4 Mixed Signal MicroController, Texas Instruments MSP430F55291PN 1
PNOO80OA
us LMK61E2SIA, SIA0008B Texas Instruments LMK61E2-SIA 1
Y1 Crystal, 24.000 MHz, 20 pF, SMD ECS Inc. ECS-240-20-5PX-TR 1
14 LMK61EOMEVM Bill of Materials
DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
C1, C8, C9, C12, C15, C19, C20, | CAP, CERM, 0.1 pF, 16 V, +5%, Kemet C0603C104J4RACTU 8
c21 X7R, 0603
C2,C3,C6 CAP, CERM, 10 pF, 10 V, +20%, TDK C1608X5R1A106M 3
X5R, 0603
C4, C7, C10 CAP, CERM, 1 pF, 10 V, +/-10%, Kemet C0603C105K8PACTU 3
X5R, 0603
C5 CAP, CERM, 22 pF, 10 V, +/-20%, | Taiyo Yuden LMK212BJ226MG-T 1
X5R, 0805
C11, C17 CAP, CERM, 220 pF, 50 V, +/-1%, |AVX 06035A221FAT2A 2
COG/NPO, 0603
C13, C14 CAP, CERM, 30 pF, 50 V, +/- 5%, AVX 06035A300JAT2A 2
COG/NPO, 0603
C16 CAP, CERM, 2200 pF, 50 V, +/- Kemet C0603C222K5RACTU 1
10%, X7R, 0603
C18 CAP, CERM, 0.47 pF, 10 V, +/- MuRata GRM188R71A474KA61D 1
10%, X7R, 0603
Cc22 CAP, CERM, 0.01 pF, 100 V, +/- AVX 06031C103JAT2A 1
5%, X7R, 0603
c23 CAP, CERM, 4.7 pF, 10 V, +/- 10%, | Kemet C0603C475K8PACTU 1
X5R, 0603
D1 Diode, Zener, 7.5 V, 550 mW, SMB | ON Semiconductor 1SMB5922BT3G 1
D2 Diode, Schottky, 20 V, 2 A, SMA Diodes Inc. B220A-13-F 1
D3, D5 LED, Green, SMD Lite-On LTST-C190GKT 2
D4 LED, Orange, SMD Lite-On LTST-C190KFKT 1
FB1 Ferrite Bead, 60 Q at 100 MHz, 3.5 | TDK MPZ1608S600A 1
A, 0603
H1, H2, H3, H4 HEX STANDOFF SPACER, 9.53 Richco Plastics TCBS-6-01 4
mm
Jl Connector, Receptacle, Mini-USB TE Connectivity 1734035-2 1
Type B, R/A, Top Mount SMT
J2,J3, J5, J6 Header, 100 mil, 3x1, Gold, TH Samtec TSW-103-07-G-S 4
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DESIGNATOR DESCRIPTION MFR PART NUMBER QTY
J7,J8 Header, 100 mil, 1 pos, Gold, TH Samtec TSW-101-07-G-S
J9, J10 Header, 100 mil, 3x1, Tin, TH TE Connectivity 5-146278-3
P1, P2, P3 Connector, End launch SMA, 50 Q, | Emerson Network Power 142-0701-851
SMT
PCB1 Printed-Circuit Board Any SV601195
Q1 MOSFET, N-CH, 50 V, 0.22 A, Fairchild Semiconductor BSS138 1
SOT-23
R1, R3 RES, 33 Q, 5%, 0.063 W, 0402 Vishay-Dale CRCWO040233R0JNED 2
R2, R5, R6, R15 RES, 33 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO060333K0IJNEA 4
R4 RES, 1.5 kQ, 5%, 0.063 W, 0402 Vishay-Dale CRCWO04021K50INED 1
R7 RES, 1.2 MQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031M20JNEA 1
R8 RES, 510, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603510RJINEA 1
R9, R14 RES, 270 Q, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603270RJINEA 2
R10, R11, R12, R13, R25, R28, |RES, 0 Q, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06030000Z0EA 8
C24, C25
R16 RES, 100 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO0603100KINEA 1
R17, R18, R19, R20 RES, 1.5 kQ, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06031K50INEA 4
R21, R22, R23, R24 RES, 4.7 k, 5%, 0.1 W, 0603 Vishay-Dale CRCWO06034K70INEA 4
R31 RES, 100, 1%, 0.1 W, 0603 Vishay-Dale CRCWO0603100RFKEA 1
S1 Switch, Tactile, SPST-NO, 0.05 A, | TE Connectivity 4-1437565-1 1
12 V, SMT
SH1_2_3,SH2_2 3, SH3_2_3, Shunt, 100 mil, Gold plated, Black | 3M 969102-0000-DA 6
SH4 2 3,SH5_2 3,SH6_2_3
TP2 Test Point, Miniature, Red, TH Keystone 5000 1
TP3 Test Point, Miniature, Black, TH Keystone 5001 1
Ul Ultra-Low Noise, 150-mA Linear Texas Instruments LP5900SD-3.3/NOPB 1
Regulator for RF/Analog Circuits
Requires No Bypass Capacitor, 6-
pin LLP, Pb-Free
U2 ULTRA-LOW NOISE, 250-mA Texas Instruments LP5907MFX-3.3/NOPB 1
LINEAR REGULATOR FOR RF
AND ANALOG CIRCUITS
REQUIRES NO BYPASS
CAPACITOR, DBV0OO05A
u3 ESD-Protection Array for High- Texas Instruments TPD4EOO4DRYR 1
Speed Data Interfaces, 4 Channels,
—40 to +85°C, 6-pin SON (DRY),
Green (RoHS and no Sh/Br)
u4 Mixed Signal MicroController, Texas Instruments MSP430F55291PN 1
PNOO80OA
us LMK61EOMSIA, SIA0008B Texas Instruments LMK61EOM-SIA 1
Y1 Crystal, 24.000 MHz, 20 pF, SMD ECS Inc. ECS-240-20-5PX-TR 1
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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 © 2017, 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 © 2017, Texas Instruments Incorporated
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