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Microwave PLL and synthesizer portfolio

TI’s broad portfolio of PLLatinume microwave phase locked
loop (PLL) and synthesizer (PLL with integrated VCO)
family offers the best choice for a variety of applications
ranging from performance demanding industrial RADAR,
make and test equipment, MC-GSM/FDD/TDD wireless
base stations and repeaters to low power applications

like Land Mobile Radio, USB powered test equipment

and wireless microphones. New high performance, high
frequency synthesizers are designed targeting applications
in the microwave and millimeter-wave (mm-wave) region
including 5G base stations and wireless testers.

Portfolio key features:

e Synchronize multiple PLLs

¢ Remove integer boundary spurs with easy
programming

e Generate SYSREF with fine delay adjustment for
clocking JESD204B compliant data converters

e Generate frequency ramps
e Support for FSK modulation
¢ Integrated LDOs for easy power supply design
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Feature rich, high performance products for the most
performance demanding applications

Texas Instruments PLL plus integrated VCO have Industry
leading performance with a PLL figure of merit (1 Hz carrier,
1 Hz phase detector frequency) down to -236 dBc/Hz,

flicker noise down to -129 dBc/Hz (1 GHz carrier,

10 kHz offset) and outstanding VCO phase noise. They are
the best choice for applications that demand the highest
performance. By integrating multiple VCOs going up to
15 GHz in LMX2594, Tl sets a new benchmark for SiGe
PLLs with integrated VCOs.
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LMX2594 make it easy to synchronize the output phase
of multiple devices in a system even when the PLL is
used in fractional mode. Once the output phases of the
fractional PLLs are aligned, it is possible to adjust the
phase of each device individually. This makes Multiple
Input, Multiple Output (MIMO) and beam-forming
applications easier to implement.
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LMX2572 and LMX2594 make it easier for users to implement “Beam Forming” in their applications
and provides an easy way to align phase across multiple devices.

SYNC

Tl Design \ Description \ Key Device
TIDA-00626 9.8 GHz signal generator LMX2592
TIDA-01410 Synchronizing multiple microwave PLLS LMX2594
TIDA-01021 JESD204B implementation with LMX2594 LMX2594
TIDA-00885 Powering LMX2592 directly with a DC-DC converter LMX2592
TIDA-00886 Low Power LMX2571 powered by single cell battery LMX2571
TIDA-01346 Get better than 40 fs RMS jitter using TI's microwave synthesizers LMX2594
Device | Max For (GHz) ~ PLLFOM | 1/f Noise* VCO Phase Noise Key Features

v Phase sync and phase adjust
LMX2594 15 2360BcHz | -129dBoMz | -126 dBo/Mz (1 MHz offset, 10.2 Gz carrien) | ¥, Soo0204B Support

v Frequency ramp

v Doubler free

v Phase sync and phase adjust
LMX2595 19 -236 dBc/Hz -129 dBc/Hz -126 dBc/Hz (1 MHz offset, 10.2 GHz carrier) v JESD204B support

v Frequency ramp
LMX2592 9.8 -231 dBc/Hz -126 dBc/Hz -134 dBc/Hz (1 MHz offset, 6 GHz carrier) v Phase adjust

*Normalized to 1 GHz carrier, 10 KHz offset
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Microwave PLLs for low power applications

TI’s low power microwave PLLs and synthesizers deliver
key features and exceptional performance within the
strictest power budgets for hand-held applications.

The LMX2571 and LMX2572 synthesizers are capable
of performing direct carrier FSK modulation for simpler
implementation of the digital transmission signal chain.
This closed-loop, self-calibrated method is immune to
errors due to process, voltage and temperature.
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Direct carrier FSK modulation spectrum example.

Current Min External VCO Internal VGO
Device Consumption (mA) Vee (V) Supported Supported FSK Supported | PLL FOM (dBc/Hz)
LMX2485E 5 2.5 Yes No No -210
:;En)c:(\lz—cs(-)ll)ption) 9 3.0 Yes Yes Yes -231
LMX2571 39 3.0 Yes Yes Yes -231
LMX2572 75 3.0 No Yes Yes -231

Automotive qualified microwave PLLs

LMX2492-Q1 automotive Grade-1 qualified PLL
enables high performance automotive RADAR
applications with its low PLL noise floor and provides
an easy way to generate frequency ramps up to 8
segments. This feature also makes this PLL popular
in Industrial Frequency-Modulated Continuous-Wave
(FMCW) RADAR applications.
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3 Feedback
g 15156 Input Charge
c Frequency | PLL Pump Analog
1.5106> .
IE Device Range (GHz) Supply (V) | Supply (V) | Package
§ 1.505G LMX2492-Q1 0.5t014 -227 13.15t05.25 3.151t03.45 QFN-24
E LMX24850-Q1 0.51t0 3.1 -210 | 2.5t03.6 2.510 3.6 QFN-24
1.5006
1.4956
1.4906G
-im -1m
Sawtooth frequency ramping with FSK modulation superposition.
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TI’s broad range of PLLs cover basestation standards
from GSM to 5G and satellite communication bands

TI’s pin-compatible family of PLLatinum Microwave

Synthesizers are ideally suited for basestation (for every &
standard from GSM to 5G), wireless repeaters, microwave
backhaul and satellite communication applications. All of
these devices use a single 3.3-V supply and have integrated
LDOs, thus simplifying the power supply connections.

The family of devices have two high frequency differential
outputs to reduce the device count for high density boards.
The devices support high phase detector frequency to
enable lower in-band phase noise.

The LMX2582, LMX2594 and LMX2572 have a P 9 g

programmable multiplier in the reference path, making it easy
to remove Integer Boundary Spurs (IBS), hence allowing

a higher number of channels to be available for wireless
transmission.
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1: 100Hz -84.0162 dBC/Hz LMX2582 1.8 GHz VCO meets the stringent MC-GSM requirements.
2: 1kHz -94.4656 dBC/Hz
3: 10kHz -104.7805 dBC/Hz
4: 100kHz -107.5165 dBC/Hz I a Mkr1 100 kHz
5: 1iIMHz -114.7458 dBC/Hz Ref @ dBm Atten 10 dB -64.771 dB
6: 10MHz -141.7698 dBC/Hz f:;"” *
7: 40Mz -150.1983 dBC/Hz 10 =1 T I 1
8: 95Mz -148.5787 dBC/Hz 8/
>9: 100Mz -147.6257 dBC/Hz
....... Noise.-u-u
Analysis Range X: Band Marker
Analysis Range Y: Band Marker LoRv
Intg Noise: -48.5870 dBc/19.69 MHz e
RMS Noise: 5.26219 mrad $3 FC
301.501 mdeg ece
RMS Jitter: 55.833 fsec 50k
Residual FM: 6.1638 kHz Sp
Center 960,100 MHz Span 1 MHz
Res BH 9.1 kHz YBW 9.1 kHz Sweep 46.08 ms (601 pts)

LMX2594 enables mm-wave 5G with excellent closed loop

performance at 15 GHz without an internal doubler. LMX2571 plot with SpurBGone removal of integer boundary spurs.
Device Max Fout (GHz) PLL FOM Phase Detector Frequency VCO Phase Noise
LMX2594 15 -236 dBc/Hz 400 MHz -126 dBc/Hz (1 MHz offset, 10.2 GHz carrier)
LMX2572 6.6 -232 dBc/Hz 200 MHz -127 dBc/Hz (1 MHz offset, 6.6 GHz carrier)
LMX2582 55 -231 dBc/Hz 200 MHz -144.5 dBc/Hz (1 MHz offset, 1.8 GHz carrier)
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Design resources and references

A fast, simple and accurate simulator for our PLL’s  The filter optimizer is specifically designed to help find

Simulating and optimizing a PLL from Texas Instruments the perfgct loop filt.er.. Th.e.) optimizer will quickly obtgin
has never been easier with the PLLatinum Sim a loop filter to minimize JITT(eI’. The fast and responsive
software platform. A simple, easy-to-use interface ‘c‘:losed_ Igop pha_se noise simulation allows qwc_k
allows the PLL designer to simulate all TI’'s devices what if Scenarios t.o mal.<e sure you are selecting the
in minutes. Simulation models are based on device m_o_st desirable configuration.

measurements leading to accurate results. Device  Visit ti.com/pll today and download a standalone
selection, loop filter design and optimization, closed ~ €oPY for your next PLL design. Also, take the

loop phase noise, spur calculator and lock time are opportunity to download TI's evaluation module
easy-to-use features that will help obtain the best control software Texas Instruments Clocks and

[ PLLatimum Sim
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PLLatinum simulator.

To learn more about TI’s family of PLLs and microwave synthesizers, visit ti.com/pll.
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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).
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