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LMKO04828 as a Clock Source for the ADS42JB69

Thomas Neu High Speed DC

ABSTRACT

The ADS42JB69 EVM includes the LMKO04828 jitter cleaner clocking solution. This application note
provides an overview of the different clocking configurations of the EVM and demonstrates how to achieve
the best possible signal-to-noise ratio (SNR) when clocking the ADS42JB69 with the LMK04828. The
LMKO04828 is a dual-loop PLL and frequency synthesizer and supports the JESD204B interface.

In order to achieve very low phase noise and clock jitter, the LMK04828 is operated with an external
100-MHz VCXO to generate the 250-MHz sampling clock for the ADC. Alternatively, the ADS42JB69
provides an option to use an external low jitter signal source. However, even with an external clock
source, in order to operate the JESD204B interface, the LMK04828 still must provide the SYSREF signal
to the ADS42JB69, as well as the capture card solution.
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1 ADS42JB69 EVM Overview

In default operating condition, the LMK04828 provides the sampling clock for the ADS42JB69 using an
external VCXO. The EVM provides a 10-MHz reference output to synchronize other signal generators for
a coherent measurement setup. The loop filter can be customized for different VCXO frequencies.

Shared pads on the ADS42JB69 clock input traces provide an option to use an external clock signal. This
connection can also be used to filter the clock output of the LMK04828 (available on the CLKOUT10 SMA
connectors) and then loop it back to the external clock input.
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Figure 1. ADS42JB69 EVM Functional Block Diagram
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2 Test Configuration Options

In this application note, two different clocking configurations using the LMK04828 are examined and
compared against the ideal scenario using an ultra-low-noise signal generator. Independent of
configuration, a 100-MHz VCXO is used to generate the 250-MHz output clock.

Option 1: Internal Clock The LMKO04828 is — ,ﬁl 77
configured to differential output signaling =TT S [ |
connected directly to the ADS42JB69 clock "™ '
inputs, without any filtering. Two different
output formats (LVPECL and HSDS) are 10 MHz Ain Bin
examined. REFOUTH

ADS42JB69

250 MHz
LMK04828 CLKIN

—
|

VCXO
100 MHz

Option 2: Internal Clock with External = = W
Filtering An external bandpass filter is used to e

e RS 7
é—&l—
clock output which is available on the

D

limit the jitter contribution of the LMK04828 Re'™N

CLKOUT10 SMA connectors. The filtered clock 10 MHz Ain  Bin
signal is then applied to the EXT_ADC CLK REFOLITH

SMA connector and used as the sampling —
clock. Additionally, using an external low- Ext_ADG_CLK 250 MHa

CLKIN

power, low-noise amplifier was investigated to
boost the clock amplitude in order to improve
slew rate, and thus the ADC aperture jitter.

Place the LNA prior to the bandpass filter in the LMK04828

signal chain so that its jitter degradation is

minimized. |_ VCXO J
125 MHz

Option 3: External Clock with Filtering An
external low jitter signal generator with
bandpass filter is used to provide the sampling
clock for the ADS42JB69.

B

REFOUT1

ADS42JB69

s sy Ext_ADC_CLK
_— ::‘l i 250MHz | ) N
gmnatg |/ \ L1

LMK04828

|_ VCXO J

100 MHz
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3 Phase Noise Comparison
The phase noise or clock jitter contribution of the three different configuration options is best compared
using a phase-noise analyzer.
Figure 2 illustrates that the external bandpass filter limits the far end noise floor and thus the clock jitter to
about 4-MHz offset from the fundamental frequency. Furthermore, the filter impact diminishes if the clock
amplitude itself gets too low (see LVPECL + BPF — Option 2").
-100 ,
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@ | \/PECL - Option 1
-110 LVPECL + BPF - Opti 1
i — ption 2
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Figure 2. Phase Noise Comparison of Different Clocking Options
The jitter is calculated by integrating the phase noise between upper and lower integration bandwidths. If a
bandpass filter is used, it sets the upper integration limit. For unfiltered clock inputs, the far end noise
should be estimated flat and integrated to ~2x the sampling clock frequency, which equals an offset
frequency of 1x the sampling rate (see SLYT389).
In reality, the far end noise floor is slightly lower than indicated in the measurement because the phase
noise analyzer doesn’t have a brick wall 40-MHz input filter but aliasing from higher input frequencies
occurs. This should be taken into consideration when estimating jitter from unfiltered clock sources.
The lower integration limit is application dependent. If, for example, the closest adjacent carrier is 200
kHz, the jitter contribution within ~100 kHz offset can be ignored. When taking FFT measurements, the
number of points determines the bin size. For example, a 65 k FFT with 250 MSPS results in a bin size of
3.81 kHz. Since the primary bin is centered around the fundamental, phase noise within ~1.9 kHz offset is
lumped into the bin of the fundamental frequency and doesn’t degrade SNR.
Integration Bandwidth 1 kHz — 40 MHz 10 kHz — 40 MHz 100 kHz — 40 MHz
External signal generator 35fs 34 fs 32fs
LVPECL — no BPF 117 fs 113 fs 101 fs
LVPECL — with BPF 120 fs 117 fs 104 fs
HSDS - no BPF 110 fs 107 fs 100 fs
HSDS — with BPF 101 fs 99 fs 84 fs
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Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.ti.com/lit/pdf/SLYT389
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA567

13 TEXAS
INSTRUMENTS
www.ti.com

Measurement Results

4

Measurement Results

The different clocking options were examined by sweeping the input frequency from 10 MHz to 230 MHz

with a full-scale input amplitude of 2 Vpp and 2.5 Vpp.

As expected, the SNR showed a big dependence on the clock jitter and clock slew rate, while SFDR

degraded a little bit with a slower slew rate. It can be observed that the bandpass filter improves the SNR
performance quite a bit — at an input frequency of 170 MHz, the SNR improves approximately 0.8 dB from

71.7 dBFS to 72.5 dBFS.
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Figure 3. SNR versus Input Frequency (2 Vpp)
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Figure 4. SNR versus Input Frequency (2.5 Vpp)
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5 Unfiltered Clock
Next, the default clocking option on the ADS42JB69 EVM was closely examined. The LMK04828 is
connected directly to the ADS42JB69 clock input without any bandpass filtering. As can be seen from the
phase noise plot (Figure 2), the far end noise floor beyond 40-MHz offset frequency is about —160 dBc/Hz.
Setting the upper integration bandwidth to 250 MHz (from 250 MHz to 500 MHz = 0- to 250-MHz offset
frequency), the jitter calculates to ~150 fs (1 kHz to 250 MHz).
The SNR of the ADC is limited by the quantization noise (96 dB for a 16-bit ADC), the thermal noise (74.1
dBFS at 2 Vpp for ADS42JB69) the clock jitter which sets the SNR for higher input frequencies.
SNR 2 SNR 2 SNR 2
Quantizatoin Noise Thermal Noise _ Jitter
SNRjpc[dBc] =-20xlog. || 10 20 +{10 20 +/10 20
(1)
The SNR limitation due to sample clock jitter can be calculated with Equation 2.

SNR jiger [dBc] = ~20 x log (27 x fiy x Tjer ) )
The total clock jitter (T ) has three components — the internal aperture jitter which is set by the noise of
the clock input buffer, the external clock jitter, and the jitter from the analog input signal. It can be
calculated using Equation 3.

TJitter = \/(-I-Jitter,Ext.Clock_Input)2 + (TAperture_ADC)2 + (TJitter,AnaIog_input)2 3)
Assuming the ADS42JB69 has a thermal noise of 74.1 dBFS (2 Vpp) and 85 fs of aperture jitter, the ADC
SNR depending on input frequency can be calculated for the different clocking options:

» 35 fs for external signal generator

e 100 fs for filtered clock output

e 150 fs for unfiltered clock output

Input Frequency (MHz)

SNR (dBFS) 10 70 100 130 170 230

35 fs (calculated) 74.1 74.0 73.8 73.6 73.3 72.8

Ext. Clock Generator (measured) 74.1 74.0 73.7 73.7 73.4 72.8

100 fs 74.1 73.8 73.5 73.2 72.6 71.7

HSDS with BPF 74.1 73.8 73.5 73.1 72.5 715

150 fs 74.1 73.6 73.2 72.6 71.8 70.5

LVPECL unfiltered 74.1 74.0 73.1 72.6 71.8 70.6
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Figure 5. SNR (2 Vpp) versus Input Frequency and External Clock Jitter

It can be seen that the calculated values match the measured SNR extremely well for a given amount of
clock jitter. By adding the clock filter, the total external jitter improves from ~150 fs to ~100 fs and
improves the SNR to within ~0.8 dB of data sheet values at an input frequency of 170 MHz.

Adding the low-noise amplifier to boost the clock slew rate further improves the SNR by ~0.2 dB.
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The following screen shots were made using the ADS42JB69SEK, along with the TSW1400 capture card
at Fs = 250 MSPS and f,, = 170 MHz with a full-scale of 2 Vpp.
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Figure 6. Default Clocking Option LVPECL Clock (Unfiltered)
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Figure 7. HSDS Clocking Option With External Bandpass Filtering
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6 LMK04828 Setup

The LMK04828 was set up using the clock design tool. The PLL1 loop bandwidth was set to 1 MHz with
an external 10-MHz reference and the PLL2 loop bandwidth was set to 100 MHz for the external 100-MHz
VCXO. This calculates the values for loop filter components to:

« Cl=27pF
« R2=0.68kQ
. C2=27nF
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Figure 8. Clock Design Tool

The clock design tool is useful for checking the expected phase noise performance. If the loop filter is
designed incorrectly, it can create peaking in the phase-noise response which is visible in the ADC output
spectrum, degrading the SNR.
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Figure 9. Phase-Noise Response Peaking
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7

Tips and Tricks

In order to maximize the SNR performance of the ADS42JB69, the clock amplitude should be larger than
~1 Vpp. A bandpass filter on the clock input limits the jitter contribution but also removes the higher-order
harmonics of the clock signal which help achieve a high slew rate. In addition, the insertion loss of the
bandpass filter also reduces the clock amplitude which, in turn, further reduces the slew rate. A 1:4 step
up transformer or a low noise amplifier can be used to improve clock amplitude and slew rate again.
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72

/ e 2.5 \/pp
71 ‘ el ) Vpp b —
70 /

69

SNR (dBFS)

0 0.5 1.5 2

1
Clock Amplitude (Vpp)
Figure 10. SNR (dBFS) versus Clock Amplitude (f;, = 170 MHz)

The LMK04828 has two internal high-frequency VCOs. For the measurements in this application note,
internal VCO1 was used which showed slightly better phase-noise performance.

Special care should be given to the power supply filter design for the external VCXO (100 MHz). With
insufficient power supply filtering, it is observed that a 100-MHz and 50-MHz spur couple into the
LMKO04828 clock output, which causes spurs in the ADC output spectrum at f,, £100 MHz and f;,, £50 MHz.
Unused outputs of the LMK04828 should be powered down, whenever possible. This can reduce the
amplitude of low-level spurs in the ADC output spectrum.

The SYSREF output of the LMK04828 should be operated in pulse mode instead of continuous mode, if
possible. Providing a constant SYSREF signal to the ADS42JB69 appears like an additional clock input
signal which may cross couple internally and cause additional low-level spurs in the output spectrum.

10

LMKO04828 as a Clock Source for the ADS42JB69 SLAA567—April 2013

Submit Documentation Feedback
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLAA567

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

Tl warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI 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 such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated


http://www.ti.com/audio
http://www.ti.com/automotive
http://amplifier.ti.com
http://www.ti.com/communications
http://dataconverter.ti.com
http://www.ti.com/computers
http://www.dlp.com
http://www.ti.com/consumer-apps
http://dsp.ti.com
http://www.ti.com/energy
http://www.ti.com/clocks
http://www.ti.com/industrial
http://interface.ti.com
http://www.ti.com/medical
http://logic.ti.com
http://www.ti.com/security
http://power.ti.com
http://www.ti.com/space-avionics-defense
http://microcontroller.ti.com
http://www.ti.com/video
http://www.ti-rfid.com
http://www.ti.com/omap
http://e2e.ti.com
http://www.ti.com/wirelessconnectivity

	LMK04828 as a Clock Source for the ADS42JB69
	1 ADS42JB69 EVM Overview
	2 Test Configuration Options
	3 Phase Noise Comparison
	4 Measurement Results
	5 Unfiltered Clock
	6 LMK04828 Setup
	7 Tips and Tricks


