Tl Designs

9.8-GHz RF CW Signal Generator Using Integrated
Synthesizer Reference Design With Spur Reduction

w3 TeXAS INSTRUMENTS

Tl Designs Design Features
The TIDA-00626 is a 9.8-GHz wideband, low phase « Integrated Wide Band Frequency Synthesizer With
noise, integrated CW RF signal generator with a Output Range of 0.02 to 9.8 GHz
versatile spur reduction technique. The output level « Excellent Phase-Noise Performance Synthesizer
can be programmed from -31.5 to 9.4 dBm in 0.5-dB Phase Noise at 6 GHz
steps. This signal generator can be used as a local
oscillator for applications such as analog and vector — —111 dBc/Hz at 100-kHz offset
signal generators and can also be used as a clock — —133 dBc/Hz at 1-MHz offset
generator for RF ADCs. The TIDA-00626 can be «  Low Noise Synthesizer
controlled from any PC through the Tl USB2ANY
interface and also using the microcontroller — In-Band Spurs (-75 dBc)
MSP430F5529 LaunchPad™. e Programmable Output Level —31.5 to 9.4 dBm in
_ 0.5-dB Steps
Design Resources + Fine Output Frequency Resolution of 0.05 Hz
TIDA-00626 Design Folder + Versatile Boundary Spur Reduction Using
LMX2592 Product Folder LMK61E2
LP38798 Product Folder Featured Applications
LMK61E2 Product Folder
LM2776 Product Folder * Testand Measurement
TPS61170 Product Folder * Wireless Communications
SN74AHCT244 Product Folder » Military, Aerospace
MSP-EXP430F5529 Tools Folder « Radar Detector
e Microwave Backhaul

m H ASK Our E2E Experts

T E2E™

Community

External power

s
supply connector |

DC-DC converter 8vs5 LDO 8vo
(TPS61170) (LP38798)

3v3 -5V0 8V0

v v

LMX2592 Amplifier L gE oyt

A

()

(SPI) Attenuator

Q000

(GPIO)

b o

LaunchPad™ Copyright © 2016, Texas Instruments Incorporated

All trademarks are the property of their respective owners.

TIDUBM1A-April 2016—Revised May 2016 9.8-GHz RF CW Signal Generator Using Integrated Synthesizer Reference 1

Submit Documentation Feedback Design With Spur Reduction
Copyright © 2016, Texas Instruments Incorporated


http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=TIDUBM1A
http://www.ti.com/tool/TIDA-00626
http://www.ti.com/product/LMX2592
http://www.ti.com/product/LP38798
http://www.ti.com/product/LMK61E2
http://www.ti.com/product/LM2776
http://www.ti.com/product/TPS61170
http://www.ti.com/product/SN74AHCT244
http://www.ti.com/tool/msp-exp430f5529
http://e2e.ti.com
http://e2e.ti.com/support/applications/ti_designs/

13 TEXAS
INSTRUMENTS

Key System Specifications www.ti.com

2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

1 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATION
Frequency range 20 MHz to 9.8 GHz
Frequency step size 0.05 Hz
Output maximum amplitude 9.4 dBm at 3 GHz
Output range -31.5t0 9.4 dBm
Input reference frequency 5 to 1400 MHz
Phase noise maximum —107.1 dBc/Hz at 9.8 GHz at an offset of 100 kHz
Non-harmonics spur —75 dBc
Lock time 1ms
Current consumption 750 mA at 5-V input
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System Description

Signal generators are instruments that generate repeating or non-repeating signals used to develop,
troubleshoot, and repair electronic or electroacoustic devices. Figure 1 shows the block diagram of an
analog signal generator. An analog signal generator has a reference section to provide reference to the
synthesizer. The synthesizer is a phase locked loop (PLL), which generates RF frequencies, and the
output section is generally used to improve the dynamic output power range.
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Figure 1. Analog Signal Generator Block Diagram

RF signal generators are used in RF microwave laboratories to help develop RF systems and used for
testing components, receivers, and systems in a wide variety of applications including cellular
communications, Wi-Fi, WIMAX, GPS, satellite communication, radar, and electronic warfare. RF signal
generators are also widely used in electronic manufacturing centers, service centers, and institutions of
education. A signal generator has different variants available in the market including benchtop, modular
PXI, modular USB, handheld, or portable.

The TIDA-00626 is a 9.8-GHz wideband, low phase noise, integrated continuous wave (CW) RF signal
generator that uses a versatile spur reduction technique. The output level can be programmed from
-31.5t0 9.4 dBm in 0.5-dB steps. The signal generator can be used as a local oscillator for analog or
vector signal generators and could also be used as a clock generator for RF ADCs. This Tl Design can be
controlled from any Windows PC through a USB2ANY interface or by using the microcontroller
MSP430F5529 LaunchPad or any similar controller. This Tl Design is a good example for USB-based
signal generators, modular signal generators, and handheld or portable signal generators where power,
size, and cost are the key selection requirements.

An overall signal generator specification imposes significant requirements on size, power dissipation,
voltage requirements, cost, and spectral purity. Of all the requirements, phase noise and noise across
band such as spur are the most challenging to the designer. Phase noise is an indicator of the signal
quality. An ideal signal spectrum representation shows its total energy is concentrated in a singular
frequency. However, the real signals have a spectral distribution, and their energy is spread. The better
the signal quality, the higher the energy concentrated close to the carrier. Phase noise is the measure of
statistical spectral density measured relative to the signal’s total power. A spur is the measure of the
discrete, deterministic, periodic interference noise in the signal spectrum. Spurious signals are part of the
signal’s noise spectrum and represent any discrete spectral line not related to the signal itself. In a
system, there are spurs due to various reasons; see the LMX2592 datasheet (SNAS646) for spur
definitions and mitigation techniques.

The spurs in the synthesizer output are defined in the "Spur Definition Table" in the LMX2592 datasheet
(SNAS646). The reference-VCO spur signal is the prominent spur that arises in the following manner.
When in lock, the integer-N circuit's phase detector (being a digital part with limited speed) generates fast
spikes that will leak and modulate the VCO control line, generating spurious signals at the reference
frequency and its harmonics. The spikes are short, usually in the 1-ns range, thus generating a spectrum
of lines with reference frequency being the first and the hardest to filter. Harmonics of the line will also
appear if not filtered sufficiently. Higher harmonics are usually filtered out by the loop response.

The next prominent spur is the integer boundary spur (IBS). IBS arises, for example, if the desired output
signal is 6001 MHz for a reference frequency of 100 MHz. The N divider value is 30.005. The fractional
part results in a 500-kHz spur away from integer boundary.
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The TIDA-00626 provides solution to mitigate the reference spur and IBS. This Tl Design also reduces the
system complexity in terms of size, power, and cost. Any spur due to OSCin can be reduced by using a
programmable clock generator as reference. IBS can be reduced by the LMX2592 internal doubler and
dividers or by adjusting the reference with programmable clock generator. This Tl Design uses the
LMK61E2 ultra-low noise programmable reference clock to reduce the spurs without affecting the
integrated noise of the LMX2592. The LMK61E2 has an internal loop filter, which can be programmed to
make the noise level to the acceptable limit. The device has very low phase noise, and a wide output
range; therefore, this Tl Design uses the LMKG61E2 as a reference for LMX2592 to reduce spur.
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3.1

System Design Theory

The system consists of an integrated synthesizer with a reference generated by a programmable clock
generator. The output stage consists of an attenuator and RF amplifier to maintain the power level across
the band and vary the power level. This Tl Design also has a complete low-noise solution for the power

supply.

The spur due to OSCin coupling is reduced with a programmable clock rather than a fixed oscillator as
reference. Due to the VCO OSCin coupling, spurs that appear at an integer (for example, 1, 2, 3, 60, and
61) multiply the PLL reference frequency. For example, if the reference frequency is 100 MHz, there will
be spurs at 100 MHz, 200 MHz (second harmonic), 300 MHz (third harmonic), 6000 MHz (60th harmonic),
6100 MHz (61st harmonic), and so on. If the desired output signal in a system is 6001 MHz, then there will
be a spur at 6000 MHz that will appear at a 1-MHz offset from the desired output signal. Due to effective
sampling in the PLL system, this 1-MHz offset is aliased to both sides of the desired signal. Therefore,
when the desired output is 6001 MHz, spurious signals will be present at 6000 MHz and 6002 MHz, and
Fvco%OSCin will be the reference coupling.

Similarly for an output signal of 6000.1 MHz, the spur will appear at a 100-kHz offset from the desired
signal and for 6000.01 MHz, spur will be at 10-kHz offset from the output signal. In the same manner, for
6000.2 MHz, the spur will be at the 200-kHz offset, and for 6000.02 MHz, the spur will be at the 20-kHz
offset from the carrier.

The spur reduction technique can be explained by an example. If the output frequency is set at 6000.01
MHz, there is a spur at the 10-kHz offset if the reference frequency is provided by an oscillator of 100
MHz. These spurs are strongest if they fall in the PLL bandwidth. If the spur is at a lower offset, it will
contribute to the integrated noise; if the spur is at a higher offset, it will modulate or demodulate the
adjacent channel with the desired channel and distort the system. The spur can be attained based on the
loop filter BW and the offset from the output frequency. Now this spur can be shifted to a higher offset
frequency by changing the reference frequency. As an example, set the reference frequency at 102 MHz.
The Fvco%Oscin spur now shifts to 6017.99 MHz from the desired signal. Due to loop filter bandwidth roll-
off, the spur that appears at 17.99-MHz will be attenuated. In the same manner, the spur at 100 kHz for
6000.1 MHz and the spur at 1 MHz for 6001 MHz can be shifted away from the carrier. The spur reduction
algorithm can be implemented with the look-up table approach.

Frequency Synthesizer

The LMX2592 is a ultra-low noise 9.5-GHz synthesizer with integrated VCO supporting wide input
reference range from 5 to 1400 MHz. The device accepts input frequencies up to 1.4 GHz, which
combined with frequency dividers and programmable low noise multiplier allows flexible frequency
planning. This feature enables the use of a programmable clock as an input signal to implement the spur
reduction technique. Also, the phase detector (PFD) can take frequencies from 5 to 200 MHz, but also has
extended modes down to 0.25 MHz and up to 400 MHz. This device requires only a single supply of
3.3V, which further reduces the system complexity, power consumption, and cost. It is the lowest noise
Frac-N synthesizer on the market with excellent in-band spurs (-75 dBc), and hence well suited for Test
and Measurement applications. The critical design consideration in general for frequency generator
application are lock time, frequency resolution, power resolution, phase noise, spur, and integrated noise.
The LMX2592 has a lock time of 1 ms, which is well suited for benchtop test equipment. Its output power
level resolution (less than 0.5 dB) is the best among the available integrated synthesizers. The device
supports both fractional-N and integer-N modes with a 32-bit fractional divider, allowing a frequency
selection of less than 0.05 Hz. An integrated noise of 49 fs for a 6-GHz output makes it an ideal low noise
source. Combining a best-in-class PLL and integrated VCO noise with integrated LDOs, this device
removes the need for multiple discrete devices in high performance systems. It uses a spur reduction
technique to reduce the spur due to the OSCin VCO coupling, integer boundary spur, or any other spur
due to reference coupling. The loop filter for this synthesizer is external to the device and a typical loop
filter bandwidth is 100 kHz. See the LMX2592 datasheet (SNAS646) for recommended loop filter
components for this device. Also, see the Platinum Sim for details on loop filter design, which can be
programmed using SPI. This Tl Design has options for reference as onboard fixed oscillator, external
oscillator, and onboard programmable reference. The synthesizer is connected to the output section. The
LMX2592 is connected only to a 3.3-V supply and consumes approximately 350 mA.
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3.2

3.3

3.4

Programmable Clock Generator

The TIDA-00626 uses the LMK61E2 as a programmable reference. Spur reduction can be enabled by the
LMK61E2 as this device has output range matching with the wide input range of the LMX2592. The loop
filter of the LMKG61EZ2 is internal and can be programmed to get the best performance. This device has
excellent power supply ripple rejection (PSRR) due to internal power conditioning. The registers can be
programmed through I>C interface using CodelLoader 4 GUI. The passband noise of the LMK61E2 is very
low, so the device is used as reference for the LMX2592. The LMK61E?2 is connected to a 3.3-V supply
and consumes approximately 162 mA. The LMK61E2 has a very good phase noise of —143 dBc/Hz for a
5-GHz VCO output at a 10-kHz offset; hence, it meets the phase noise requirement for the overall system.
The device must be connected in LVPECL mode.

Output Section

The output section consists of an RF attenuator and an RF amplifier. The attenuator ensures the output
amplifier does not get saturated at lower output frequencies. The RF attenuator can be programmed and
has a wide attenuation range. The RF amplifier provides sufficient gain for higher frequencies such that
the output power level can be maintained over the complete frequency range. For example, the LMX2592
output power varies from 8 dBm at 20 MHz to —2 dBm at 9.8 GHz.

By using the attenuator and amplifier, the output power level can be increased to 1.7 dBm; the attenuator
has an insertion loss of 6 dB and the amplifier has a gain of 9.7 dB at 9.8 GHz. The attenuator is
connected to a —5-V supply, and the current consumption is approximately 17 mA. The RF amplifier is
connected to the supply voltage of 8 V and consumes approximately 133 mA.

Power Supply

External power
supply connector

LDO 3Vv3
8 (LP38798) >
DC-DC converter 8V5 LDO 8V0
(TPS61170) (LP38798) >

Switched capacitor —5V0|
inverter (LM2776)

Copyright © 2016, Texas Instruments Incorporated

Figure 2. Power Tree

The LP38798 is selected as the power supply for the LMX2592, LMK61E2, and CWX813-100 because of
its very low noise and high PSRR feature. It can provide a maximum current of 800 mA and can be used
for the RF applications.

The TPS61170 converts the 5-V input to 8.5 V. It can provide a maximum current of 1.2 A. An LDO is
used at the output of 8.5 V to prevent the switching noise coupling into the RF circuit. 8 V is generated by
the LP38798 LDO as a power supply for the RF amplifier.

The LM2776 is a switched capacitor inverter to provide -5 V to the attenuator. The switched capacitor
inverter has very low switching noise compared to DC-DC converter. The LM2776 can provide a maximum
current of 200 mA.

For better noise rejection, ferrite beads are used at the output of the 3V3 power supply.
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3.5 Programming Interface

SPI is used to program the LMX2592. See the LMX2529EVM user’s guide (SNAU195) to use the TICS
Pro GUI to program the LMX2592 using USB2ANY. Also, there is option to program LMX2592 using
MSP430F5529 LaunchPad or any other similar controller. See the LMX2592 datasheet (SNAS646) for
programming.

An I°C interface is used to program the LMK61E2. See the LMK61E2 datasheet (SNAS674) for
programming. Program the LMK61E2 by using the MSP430F5529 LaunchPad or any other similar
controller. Also, there is an option to program the LMK61E2 using the CodeLoader 4 GUI with USB2ANY.
See the CodeLoader 4 user’s guide (SNAUO83) on how to program the LMK61E2 using CodelLoader 4.
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4

4.1

41.1

Block Diagram

External power
supply connector

LDO 3v3
8 (LP38798) >

DC-DC converter 8V5 LDO 8V0
(TPS61170) > (LP38798) >

Switched capacitor —5V0|
inverter (LM2776)

3v3 3v3 -5V0 8V0

Refetence ¢ ¢ ¢

oscillator

Optional

3v3 LMX2592 Amplifier L » RF out

v

Clock
generator

A

(*c)

(SPI) Attenuator

OO CO0)

(GPIO)

MSP430

LaunchPad™ Copyright © 2016, Texas Instruments Incorporated

Figure 3. Block Diagram of CW RF Signal Generator (TIDA-00626)

Highlighted Products

LMX2592

The LMX2592 is a low-noise, wideband RF PLL with integrated VCO that supports a frequency range from
20 MHz to 9.8 GHz. The device supports both fractional-N and integer-N modes, with a 32-bit fractional
divider allowing fine frequency selection. Its integrated noise of 49 fs for a 6-GHz output makes the device
an ideal low noise source. Combining a best-in-class PLL and integrated VCO noise with integrated LDOs,
this device removes the need for multiple discrete devices in high performance systems. The device
accepts input frequencies up to 1.4 GHz, which combined with frequency dividers and programmable low
noise multiplier allows flexible frequency planning. The additional programmable low noise multiplier lets
users mitigate the impact of integer boundary spurs. In fractional-N mode, the device can adjust the output
phase by a 32-bit resolution. For applications that need fast frequency changes, the device supports a fast
calibration option, which takes less than 25 ps. This performance is achieved by using a single 3.3-V
supply. It supports two flexible differential outputs that can be configured as single-ended outputs as well.
Users can choose to program one output from the VCO (or doubler) and the second from the channel
divider. When not being used, each output can be muted separately.
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41.2

41.3

4.1.4

4.1.5

LMKG61E2

The LMK61E2 is an ultra-low jitter PLLatinum™ programmable oscillator with a fractional-N frequency
synthesizer with integrated VCO that generates commonly used reference clocks. The outputs can be
configured as LVPECL or LVDS or HCSL. The device features self-startup from on-chip EEPROM that is
factory programmed to generate a 156.25-MHz LVPECL output. The device registers and EEPROM
settings are fully programmable in-system through I°C serial interface. Internal power conditioning provides
excellent PSRR, reducing the cost and complexity of the power delivery network. The device operates
from a single 3.3-V = 5% supply. The device provides fine and coarse frequency margining options
through 1°C serial interface to support system design verification tests (DVT) such as standard compliance
and system timing margin testing.

LP38798

The LP38798-ADJ is a high-performance linear regulator capable of supplying a 800-mA output current.
Designed to meet the requirements of sensitive RF and analog circuitry, the LP38798-ADJ implements a
novel linear topology on an advanced CMOS process to deliver ultra-low output noise and high PSRR at
switching power supply frequencies. The LP38798SD-ADJ is stable with both ceramic and tantalum output
capacitors and requires a minimum output capacitance of only 1 pF for stability. The LP38798-ADJ can
operate over a wide input voltage range (3 to 20 V), making it well suited for many post-regulation
applications.

LM2776

The LM2776 CMOS charge-pump voltage converter inverts a positive voltage in the range of 2.7 to 5.5 V
to the corresponding negative voltage. The LM2776 uses three low-cost capacitors to provide 200 mA of
output current without the cost, size, and electromagnetic interference (EMI) related to inductor-based
converters. With an operating current of only 100 yA and operating efficiency greater than 90% at most
loads, the LM2776 provides the ideal performance for battery-powered systems that require a high-power
negative power supply. The LM2776 has been placed in TI's 6-pin SOT-23 to maintain a small form factor.

TPS61170

The TPS61170 is a monolithic, high-voltage switching regulator with integrated 1.2-A, 40-V power
MOSFET. The device can be configured in several standard switching-regulator topologies, including
boost and SEPIC. The device has a wide input-voltage range to support applications with input voltage
from multi-cell batteries or regulated 5-V and 12-V power rails. The TPS61170 operates at a 1.2-MHz
switching frequency, allowing the use of low-profile inductors and low-value ceramic input and output
capacitors. External loop compensation components give the user flexibility to optimize loop compensation
and transient response. The device has built-in protection features such as pulse-by-pulse overcurrent
limit, soft start, and thermal shutdown. The FB pin regulates to a reference voltage of 1.229 V. The
reference voltage can be lowered using a 1-wire digital interface (Easyscale™ protocol) through the CTRL
pin. Alternatively, a pulse width-modulation (PWM) signal can be applied to the CTRL pin. The duty cycle
of the signal reduces the feedback reference voltage proportionally. The TPS61170 is available in a 6-pin
2-mmx2-mm QFN package, allowing a compact power-supply solution.
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4.1.6

4.1.7

SN74AHCT244

These octal buffers and drivers are designed specifically to improve both the performance and density of
3-state memory-address drivers, clock drivers, and bus-oriented receivers and transmitters.

MSP430F5529

The TI MSP430™ family of ultra-low-power microcontrollers consists of several devices featuring
peripheral sets targeted for a variety of applications. The architecture, combined with extensive low-power
modes, is optimized to achieve extended battery life in portable measurement applications. The
microcontroller features a powerful 16-bit RISC CPU, 16-bit registers, and constant generators that
contribute to maximum code efficiency. The digitally controlled oscillator (DCO) allows the devices to wake
up from low-power modes to active mode in 3.5 ps (typical).The MSP430F5529, MSP430F5527,
MSP430F5525, and MSP430F5521 microcontrollers have integrated USB and PHY supporting USB 2.0,
four 16-bit timers, a high-performance 12-bit analog-to-digital converter (ADC), two universal serial
communication interfaces (USCI), a hardware multiplier, DMA, a real-time clock (RTC) module with alarm
capabilities, and 63 1/O pins. The MSP430F5528, MSP430F5526, MSP430F5524, and MSP430F5522
microcontrollers include all of these peripherals but have 47 1/0O pins. The MSP430F5519, MSP430F5517,
and MSP430F5515 microcontrollers have integrated USB and PHY supporting USB 2.0, four 16-bit timers,
two universal serial communication interfaces (USCI), a hardware multiplier, DMA, an RTC module with
alarm capabilities, and 63 I/O pins. The MSP430F5514 and MSP430FF5513 microcontrollers include all of
these peripherals but have 47 I/O pins. Typical applications include analog and digital sensor systems,
data loggers, and others that require connectivity to various USB hosts.
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5 Getting Started Hardware

5.1 TIDA-00626 Connector Configuration
Figure 4 shows the TIDA-00472 connector configuration.

RF output connector

SLNFWMELSN]
Svxa) *

USB2ANY connector Programming

; ik |
Revi.g I

MSP-EXP438F5523LP '

Power supply
connector (J1)

External OSCin_P
connector ——p»

- External OSCin_M
<4—— connector

GND 5V

Figure 4. TIDA-00626 PCB Connectors

* Power
Power supply connector J1: This pin is used to connect the input power supply. Set the power supply
to 5 V with a 1-A current limit.

* Input signal
Option 1: The onboard oscillator (Y1) is powered on and outputs a 100-MHz signal to OSCin_P (Pin 8)
of the device input. While using Y1, disconnect the clock input from LMK61E2 (U5) by bypassing the
resistors R13 and R15.
Option 2: The onboard oscillator (U5) is powered on and factory programmed to generate a
156.25-MHz LVPECL output. While using input clock from U5, disconnect Y1 by bypassing R11. U5
can be programmed to generate different clock frequencies using an I>C interface.
Option 3: Connect the external reference to External OSCin_P and OSCin_M connectors, while
connecting external reference disconnect Y1 and U5 by bypassing R13, R15 and R11 resistors on
board. Connect to OSCin_P or OSCin_M if you have a single ended signal. Connect to both if you
have a differential signal.

e Output
Connect RFq; to a phase noise analyzer. It is a single-ended output.
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Programming interface

I2C interface for LMKG61E2 (J3): Connect the 1°C SDA (Pin 1), SCL (Pin 2), and GND (Pin 5) of the
USB2ANY connector to the J3 connector on the board. See the USB2ANY datasheet for pin
configurations. Connect the other end of the USB2ANY to the PC through any USB port.

Connections on J3 connector:
— SDA: Pin 19
— SCL: Pin 17
— GND: Pin4

SPI for LMX2592 (USB2ANY interface): Connect USB2ANY to the USB2ANY connector shown in
Figure 4. Connect the other end of the USB2ANY to the PC through any USB port.

SPI for LMX2592 (using MSP430F5529): Make the connections as per J2 and J3 connector.
Connections on the J2 connector:

— SDI: Pin 12

— CSB: Pin 18

Connections on the J3 connector:
— SCK: Pin 13

Program the attenuator by using the MSP430F5529 or any other GPIO. The level translator,
SN74AHCT?244, is used onboard to translate the 3.3-V control voltage from the MSP430F5529 to 5 V for
attenuation control bits.
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6 Getting Started Firmware

6.1 LMX2592 Software Start-up Instruction

1. Download the TICS Pro GUI from Tl.com: http://www.ti.com/tool/TICSPRO-SW.
2. To start the software, open TICS.exe from installed directory. Open the software as shown in Figure 5.

g

= T = Y
[ Tics Pro - LMDZSE2 (= ) ]
File USB communications Select Device Oplions Tools Default configuration Help
4 LMX2582 Set " Readback * on MUXOUT _SEL and place 0 ohm [
User controls resistor on A3 to enable readback: | MUXOUT_SEL
Raw Registars Fosc Lock Detect  ~
PLL Doubler Ptfll. Muttiplier ll' . pa—— L J
Burst Mode L - . FiiG
\ Gain Gain
100 MHz Fpd ? Muitiplier State
[2ema_~ '
100 wmeiz| prp ) -[N:hve -; -
Pre-N Divider 26mA -] ‘-‘
= = .__—U:/ Effactive Charge Pump Gain (mA) = 5
2 0 5 =
N Divider 1000 =5+ Y
Fraction —
Approximate VCO Gain (MHzV) = 446
woows (Fo=——) Fveo /,D & FCAL_EN
VCO Output Fraquency (MHz) = 6000 . S 000 ez N/ Toggle FCAL_EN to lock
VCO after changing frequency
VCO oulput - 15 =k RFowiA
- i) Dangnd J t - =1 cooo MHz "
- —3 =
Context i
General | Contex o Divider MUX | |
S SEGT Output MUX Power Settings
Field Name: FCAL_EN 3_ = | \—
Register \ane RO Total Divide = 3 | outB
Start Bit : 3 = o odt o 15[ | —Drous
Stop Bit : 3 - — 2000 MHz
Length =l
Description: Enables
freguency
calibration for
internal VCO

Wrole Register Rx® as 009 0302
Wrote Register ROvE as (02 1084
Wrote Register RO as 0x07 2862
Wrole Register R0x1 as 0x01 0806
Wrole Register R0 as 000 221C

r Protocol SP

| cometonvecs vy | WP TEXAS INSTRUMENTS

Figure 5. TICS PRO GUI Screenshot

The following describes the interface layout and their functions:

e Top menu

File: Load or save a setting and export or import the registers in HEX value.
USB communications: Check connections with the USB2ANY module (if there is new software,

follow the on-screen instructions to upgrade). Load the device (the keyboard shortcut is CTRL+L),
which programs all the registers into the device.

Default configuration: Load a pre-set setting file given to start from a known state.
To select the LMX2592, click Select Device on top menu. Then click PLL + VCO and select LMX2592.

» Left panel:

User controls: Configure registers, which are organized by function. Hover the mouse over a

register and its information will appear in the "Context" tab on the left panel.

Register to program that value.

Raw registers: See the entire register map. Enter a HEX value in the Data cell then click Write

To read registers, connect the MUXout pin (Pin 20) to the USB2ANY (by default, it is connected to the
LED, switch R40 to R39 for readback). Also set MUXOUT_SEL = 0 for readback. Registers are also listed
by name in the "Register/Field Name" section.
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* PLL

Fosc: Enter the input signal frequency between 5 to 1400 MHz.

Doubler: Can double the input signal frequency (input must be 50% duty cycle to use this)
Pre-R divider: Divides frequencies up to 1400 MHz

Multiplier: Multiplies frequencies between 40 to 70 MHz and outputs between 180 to 250 MHz
R divider: Divides frequencies below 5 MHz for very low PFD

Charge pump gain: This tab will auto-update UP and DN to be equal. Go to the Bits/Pins section to
force different values.

Gain multiplier: Multiplies the charge pump gain by a factor
State: Changes the charge pump output state

FCAL_EN: Every time the output frequency is changed, toggle this off and on to calibrate the
device to the frequency.

Fvco: Sets the VCO frequency between 3550 to 7100 MHz
1X or 2X: Enables the VCO doubler from 3550 to 4900 MHz for frequencies up to 9800 MHz

Divider MUX: Determines which of the three segments are included for a total division between
2t0 192

Output MUX: Selects the signal from the VCO output or the divider
Power Settings: Changes the output power (increase 0 to 31, then additional boost with 49 to 63)

* Burst Mode

Enter a register in "Load Register" or delay in seconds.
Runs and stops the commands in a single burst or continuous loop.
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6.2 LMKG61E2 Software Start-up Instruction

1. Download the CodeLoader 4 software from Tl.com: http://www.ti.com/tool/Codeloader4
2. To start the software, open the Codeloader4.exe from the installed directory. Open the software as

shown in Figure 6.

"8 LMKe1E2

[sTa =]

File Keyboard Controls  Select Device  Options

Mode LPT/USB Help

Port Setup | Registers | Bits/Pins | BurstMode | PLL

| EZ Config |

-Communication Mode

TRIGGER
C1C203C4C5 Cg O3

C8

COMM Mode: USE | Selected device: LMKETE2

USB2UWIRE-FACE Port Setup

C LPT & LS iy O Clock
0 Data Ground
t Addr B LE (Latch B Address
& o (o (5 378 Reload 10 lser 0 Reserved
: 5 10/14 Pin Connector { Top View)
Pin Configuration
Clock Bit
C10C20C30C4CE5CEC7? G8 (oo o) 5
n
Data Bit
C1C203640C6 C6C?PC8C, €L CC
LE Bit
C1E2C3C4CE C6 7 C8 (o) (o) 4 (o)
CE
f‘1{‘2{‘3(‘4{‘5{‘5{-‘;(“5{"(‘1'{“{"

12C Configuration

Set2C Address 0B

Scan 12C Bus

Figure 6. CodeLoader 4 GUI Screenshot

Other Pins
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LMK61E2. This opens the EZ Config tab.

8 LtMKs1E2
File

3. To select the LMK61EZ2: Click Select Device on top menu. Then click clock conditioners and select

Keyboard Controls  Select Device Options Mode LPT/USE  Help

Port Setup | Registers | Bits/Pins | BurstMode | PLL | EZ Config |

-

LMK61E2 Easy Configuration GUI

1. Click the “Find I2C Address” bution 1o select the correct device 12C address.
2. Enter the desired output fraquency.
= LVPECL is valid from 10 MHz 1o 1 GHz
- LVDS is valid from 10 MHz to 300 MHz
= HCSL is valid from 10 MHZ to 400 MHz
3. Select the desired cutput format.
- Ensure device termination schame is configured on the EVM.
4, Click the bautton to configure the device and oplimize]
loop filter. Results are displayed in the " Advanced * saction below.
5, Once the desired configuration has been selecled, press the “Program EEPROM™ button to

initialize the EEFROM programming sequence.

Device Address
Find 12C Address |

Output Configuration

102 Mz

Device Programming

Frogram EEFROM

|LvPECL =

Genearate Configuration

Ad d Device C

PLL Configuration Loop Filter Configuration

VCO Freq 5100 R2 (700 -

UL ®3 [0.018 kehm ~

TIP: Recommended Loop Filter | PLL Settings

= Integer-N Mode: DSM Order: Integer, Dither: Disable, LF Order: 2nd Order
-VCO @ 5 GHz: CP Gain 6.4 mA, C1 5pF, C3 0 pF, R2 700 ohms, R3 18 chms

= Frac-N Mode: LF Order: 3rd Order
-VCO @ 5.15625 GHz, CP Gain 1.6 mA, C1 105 pf, C3 35 pF, R2 1.1 kOhms, R3 1.113 kOhms

PLL_NDIV 51 e [spF =

PLL_NUM 0 cz 10nF

PLL_DEN § cs [GpF =

Doutier ¢ PLL_D CP Gain m
LF Order ’m

DSM Order | |nteger hMor +

Dither |Disable =

Device Controls

XO_CAPCTRL

NVMCNT

512
]

Figure 7. LMK61E2 Programming Using CodeLoader 4 GUI

4. Follow the steps given in Figure 7 to program LMK61E2 registers. The LMK61E2 has a programmable
internal loop filter. See Table 5 of the LMK61E2 EVM guide (SNAU188) to set the filter values for
optimum output. See the CodeLoader 4 user’s guide (SNAUO083) for details on device programming
using CodelLoader 4.
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7 Test Setup
Figure 8 shows the test setup used in the lab to test the signal generator.

Spectrum analyzer

5-V input [

Board USB2ANY

Figure 8. TIDA-00626 Test Setup

Figure 9 shows the connections for LMX2592 and LMK61E2 programming with TICS Pro GUI and
Codeloader 4 using USB2ANY.

RF output connector

I°C interface for LMK61E2

SPI for LMX2592

External reference input 5-V external power supply connector

Figure 9. LMX2592 and LMK61E2 Programming Using TICS PRO GUI and CodelLoader 4 Using USB2ANY
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8 Test Data

8.1 Output Power versus Frequency Range

Table 2 shows the output power results for the signal generator output frequencies. The maximum output
power is 9.4 dBm at 3 GHz. The minimum power is 2 dBm at the highest frequency of 9.8 GHz.

Table 2. Output Power versus Frequency Range

OUTPUT FREQUENCY (dBm) OUTPUT FREQUENCY (MHz)
7.9 20
8.1 100
8.9 1000
9.4 3000
6.0 6000
2.0 9800

8.2 Closed-Loop Phase Noise Performance

Table 3 shows the closed-loop phase noise performance of the signal generator for 1.24 GHz, 3 GHz,
6 GHz, and 9.8 GHz at an offset of 100 kHz, 1 MHz, 10 MHz, and 100 MHz, respectively. The maximum
phase noise observed is —107.1 dBc/Hz at 6 GHz, 100-kHz offset. The results are as shown in Figure 10.

Table 3. Closed-Loop Phase Noise for Output Frequencies

OUTPUT CONDITION MIN TYP MAX UNITS
100 kHz -121.7
1 MHz -142.7
1.24 GHz
10 MHz -149.6
100 MHz -156.8
100 kHz -117.5
1 MHz -139.7
3 GHz
10 MHz -142.7
100 kHz -153.5
dBc/Hz
100 kHz -111.3
1 MHz -133.3
6 GHz
10 MHz -150.8
100 MHz -154.0
10 kHz -107.1
1 MHz -127.2
9.8 GHz
10 MHz -138.2
100 MHz -139.5
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PPhase Motse 10,0008/ Ref -20.00dEc/Hz
2000 Carrier 5999977406 GHz __ 5.9952 dém

100 kHz -111.5614 dBC/HE
1 mMHz -133.2741 dBC/HEz
10 | MHZz -150.8532 dBCc/HZ

o 100 MHz  86.4564 dBC

FAAT ST

Kd

-40.00

-20.00

-60.00

-a0.00

=
=}

-90.00

-100.0

Stop 100 MHz

Figure 10. 6-GHz Output—Closed-Loop Phase Noise
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8.3 Results for Spur Reduction Technique

Figure 11 shows the VCO OScin coupling spur at a 10-kHz offset for a 6000.01-MHz signal with reference
frequency of 100 MHz. The spur level is —32.01 dBc/Hz.

Phase Noise Start 1 kHz

[PFhase Hoise 10,0008/ Ref -20.00d8c/He
20,00, I o ) o __ Carrier 5.999987003 GHz __ 6.0092 dBm
' 1: 100 kHz -111.3563 dBc/Hz
5 2: 1 mHz -133.3541 dec/Hz
30.00 V 3: 10 mH2z =150, 6060 dBC/Hz
4: 100 MHz +86./7849 dBC
. >5:| 10 kHz -32.0154 dec
=-40.00
-50.00
-60.00
70,00
-80.00
-a0,00 &
-100.0
-110.0
-120.0 3
-130.0
-140.0 2
-150.0
3
-160.0
170.0
-180.0 4 -3 - 188 - A = - 108w
IF Gain 20cB Band [250M-7GHz Spur. LO Opt [<150kHz] B46pts

Stop 100 MHz IR

Figure 11. Spur at 10-kHz Offset From 6000.01-MHz Carrier due to VCO OSCin Coupling
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Figure 12 shows the result of spur reduction technique by setting the reference to 102 MHz. VCO OScin
coupling spur at 10-kHz offset for a 6000.01-MHz signal with a reference frequency of 100 MHz got shifted
to 17.99 MHz from the carrier with a reduced spur level due to the loop filter roll-off.

I»Fhase noise 10.00dE/ Ref -20.00dBc/Hz
20,00 b Carrier 6,083996471 GHz _5.8003 dB
: 1:| 100 kHz -112.1497 dBc/Hz
2: 1 MmHz -123,.2315 dBc/Hz
-30.00 3: 10 MHz -150. 5847 dBc/Hz
4:| 100 MHz -154.4342 dBc/Hz
>5: 10.18 kHz | -78.5335 dBc/Hz
-40.00
-50.00
-60,00
-70.00
5
-80.00
-90,00
100.0
-110.0
-120.0 E
-130.0
-140.0 2
-150.0
e PP | P
3 il
-160.0 4
-170.0
-180.0 4 g 18 El 18 108w
IF Gain 20cB Freq Band [250M-7GHz] Spur. Lo <150kHz 646pts|

Stop 100 MHz BRI

Figure 12. Spur Reduction by Setting the Reference Frequency to 102 MHz
(No Spur at 10-kHz Offset)
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Figure 13 shows the VCO OScin coupling spur at a 100-kHz offset for a 6000.1-MHz signal with a
reference frequency of 100 MHz. The spur level is =57.1 dBc/Hz.

r}llhase Noise 10,00dB{ Ref -20.00dBc/Hz
20,00 Carrier 65.000076901 GHz 6.0136 dBm
) 1: 100 kHz -111.2376 dBc/Hz
2: 1 /MHz -133.2395 dBc/Hz
30,00 3: 10 MHz -150.1300 dBc/Hz
o 4: 100 MHz -86.5928 dBc
>5: 101.801 kHz -57.1518 dBc
-40,00
50,00 5
v
60.00
~70.00
80,00
Q0,00 ,A
100.0
-110.0
i
. 1
-120.0
-130.0
140.0 2
-150.0
- LSURUEREN I
-160.0
170.0
1800 4 10K T - 18 108
|IF Gain 20dE Band | 7GHz Spur| Lo <150kHz 646pts

Stop 100 MHz IR

Figure 13. Spur at 100-kHz Offset From 6000.1-MHz Carrier due to VCO OSCin Coupling
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Figure 14 shows the result of the spur reduction technique by setting the reference to 102 MHz. The VCO
OScin coupling spur at a 100-kHz offset for a 6000.1-MHz signal with a reference frequency of 102 MHz
got shifted to 17.9 MHz from the carrier with a reduced spur level due to the loop filter roll-off.

I»FPhase Noise 10.00dB/ Ref -20.00dBc/Hz
20,00 Carrier 6.000076615 GHz __5.9912 df
: 1: 100 kHz -107.9616 dec/Hz
2: 1 MHz -133.3333 dec/Hz
_a0.00 3: 10 MHz -151.7865 dBc/Hz
U 4:| 100 MHz -155.2053 dBCc/Hz
>5: 10,18 kHz -91.2630 dBc/Hz
-40,00
-50.00
-60.00
-70.00
-50.00
3
-90.00
-100.0
-110.0
1
-120.0
-130.0
-140.0 2
-150.0
”‘NMM e
-160.0 3 é&
-170.0
-180.0 ¢ - 185 5 189 108
IF Gain 20d8 Freq Band [250M-7GHz] Spur. LO <150kHz Baepts

se Start 1 kHz Stop 100 MHz

Figure 14. Spur Reduction by Setting the Reference Frequency to 102 MHz
(No Spur at 100-kHz Offset)
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Figure 15 shows the VCO OScin coupling spur at a 1-MHz offset for a 6001-MHz signal with a reference
frequency of 100 MHz. The spur level is —81.8dBc/Hz.

r}llhase Noise 10.00dBf Ref -20.00dBcfHz

20,00 Carrier 6.000976846 GHz 6.0107 dBrm
' 1:| 100 kHz -111.0393 dBc/Hz
2:| 1 MHzZ -81.8511 dBc
30,00 3:0 10 MHz -150.1328 dBc/Hz
o 4: 100 MHz -88.6438 dbBc
>5: 200.598 kHz -118.3655 dBc/Hz
-40,00
-50,00
-60.00
-70.00
80.00
A
90.00 1 A
3
-100.0
-110.0
1
-120.0
130.0 \\

-140.0

-150.0 I

-160.0 ?

-170.0

-180.0 4p 0K i A ) i 108w
|IF Gain 20dB Freq Band [250M-7GHz Spur. LO Opt [<150kHz]| B46pts,

tart 1 kHz Stop 100 MHz IETEEEE

Figure 15. Spur at 1-MHz Offset From 6001-MHz Carrier due to VCO OSCin Coupling
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Figure 16 shows the result of the spur reduction technique by setting the reference to 102 MHz. The VCO
OScin coupling spur at a 1-MHz offset for a 6001-MHz signal with a reference frequency of 102 MHz got
shifted to 17 MHz from the carrier with a reduced spur level due to the loop filter roll-off.

I»FPhase Noise 10.00dB/ Ref -20.00dBc/Hz
20.00 Carrier 6000976624 GHz 59931 dBim
! 1: 100 kHz -110.7736 dbBc/Hz
2: 1 /MHz -132.6783 dBc/Hz
20.00 3: 10 MHz -150.2826 dBC/Hz
""" 4: 100 MHz -153.8748 dBc/Hz
>5: 10,18 kHz = -96.0157 dBc/Hz
-40,00
-50.00
-60.00
70.00
-80.00
20,00 5
-100.0
110.0
1
120.0
-130.0
140.0 2
-150.0 |
Mt i = PSSR
3 A
-160.0 4
-170.0
-180.0 ¢ - 185K ] 18 108w
\]F Gain 20dB Band [250M-7GHz Spur| LO Opt [«150kHz] 646pts

Start 1 kHz Stop 100 MHz IFTEEGEE

Figure 16. Spur Reduction by Setting the Reference Frequency to 102 MHz
(No Spur at 1-MHz Offset)
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9 Design Files

9.1 Schematics
To download the schematics, see the design files at TIDA-00626.

9.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-00626.

9.3 PCB Layout Recommendations

In general, the following layout guidelines are similar to most other PLL devices:
» Place output pullup components close to the pin.

» Place capacitors close to the pins.

» Make sure the input signal trace is well matched.

» Do not route any traces that carry the switching signal close to the charge pump traces and external
VCO.

» Also place all RF circuits in the output section away from the switching signal.
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Figure 17. Layout Example for Input Reference and LMX2592
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Figure 18. Layout Example for Output Section
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9.3.1

Power Supply Recommendations
Place 100 nF close to each of the power supply pins. If fractional spurs are a large concern, use a ferrite
bead to each of these power supply pins to reduce spurs to a small degree.

_Reeg

]@7._,1: I_jrgswl_,

2 O
e i)

1 [+ 3+ B
L_Ju oo o
0o

o
o Vcc _TPL
e o

Figure 19. Layout Example for Power Supplies

Layout Prints
To download the layer plots, see the design files at TIDA-00626.

9.4 Altium Project
To download the Altium project files, see the design files at TIDA-00626.

9.5 Gerber Files
To download the Gerber files, see the design files at TIDA-00626.

9.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-00626.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS

Texas Instruments Incorporated (‘TI") reference designs are solely intended to assist designers (“Designer(s)”) who are developing systems
that incorporate Tl products. Tl has not conducted any testing other than that specifically described in the published documentation for a
particular reference design.

TI's provision of reference designs and any other technical, applications or design advice, quality characterization, reliability data or other
information or services 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 reference designs or other items.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its reference designs and other items.

Designer understands and agrees that Designer remains responsible for using its independent analysis, evaluation and judgment in
designing Designer’s systems and products, and has full and exclusive responsibility to assure the safety of its products and compliance of
its products (and of all Tl products used in or for such Designer’s products) with all applicable regulations, laws and other applicable
requirements. Designer represents that, with respect to its applications, it has 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. Designer agrees that prior to using or distributing any systems
that include TI products, Designer will thoroughly test such systems and the functionality of such TI products as used in such systems.
Designer may not use any TI products in life-critical medical equipment unless authorized officers of the parties have executed a special
contract specifically governing such use. Life-critical medical equipment is medical equipment where failure of such equipment would cause
serious bodily injury or death (e.g., life support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such
equipment includes, without limitation, all medical devices identified by the U.S. Food and Drug Administration as Class Il devices and
equivalent classifications outside the U.S.

Designers are authorized to use, copy and modify any individual TI reference design only in connection with the development of end
products that include the TI product(s) identified in that reference design. HOWEVER, 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 Tl 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 Tl products or
services are used. Information published by Tl regarding third-party products or services does not constitute a license to use such products
or services, or a warranty or endorsement thereof. Use of the reference design or other items described above 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 REFERENCE DESIGNS AND OTHER ITEMS DESCRIBED ABOVE ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS
ALL OTHER WARRANTIES OR REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING THE REFERENCE DESIGNS OR USE OF
THE REFERENCE DESIGNS, 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 DESIGNERS AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS AS
DESCRIBED IN A TI REFERENCE DESIGN 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 THE REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, AND REGARDLESS OF WHETHER TI
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

TI's standard terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products. Additional terms may apply to the use or sale of other types of Tl products and services.

Designer will fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.
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