
AN862: Optimizing Jitter Performance
in Next-Generation Internet Infrastructure
Systems

To realize 100 fs jitter performance of the Si534x jitter attenua-
tors and clock generators in real-world applications, designers
should consider a few simple guidelines to minimize crosstalk
and optimize overall jitter performance. These guidelines apply to
frequency synthesis of any high-speed clock generator.

Whenever a number of high frequency, fast rise time, large-am-
plitude signals are close to one another, there will be some
amount of crosstalk between them. The jitter of the Si534x family
is so low that what used to be relatively minor crosstalk is now a
non-trivial portion of the final measured output jitter. The source
of some of the crosstalk will be due to the Si534x device and
some will be introduced by the PCB. It is difficult to allocate the
jitter portions between the two sources because the jitter can
only be measured when the Si534x is mounted on a PCB. This
application note provides simple guidelines to enable designers
to optimize jitter performance.

KEY POINTS

• Select differential output format options
• Order clocks carefully by avoiding

placement of clocks beside each other if
they are within the integration bandwidth
(eg., 12 kHz to 20 MHz)

• Separate clocks with unused outputs
• Avoid using CMOS output formats in jitter-

critical applications
• Consider reducing the output swings and

I/O voltages
• Use the Clock Placement Wizard in

ClockBuilder Pro
• Contact Skyworks if you need more

information

APPLIED DEVICES

• Si534x
• Si539x
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1.  Four Simple Rules for Optimal Jitter Performance

1.1  Select the Differential Output Options (LVDS, LVPECL, HCSL)

Differential outputs produce balanced, complementary output signals designed to yield the best jitter performance. These differential
signal formats also inherently produce minimal common mode noise (minimizing EMI), and they generally consume less power than
CMOS formats.

1.2  Order the Output Clocks Carefully

One of the easiest ways to reduce crosstalk is to arrange the clock outputs so clocks that are more likely to experience crosstalk
between one another are not physically located next to one another. For networking applications, jitter integration bandwidths typically
come from the relevant communications standards that are important to the end system. Jitter outside of the integration bands is
considered to not be an issue. The details of the integration band will differ from application to application and from standard to
standard. The commonly used, default integration band of 12 kHz to 20 MHz comes from SONET OC-48 and is used in the following
example:

If two adjacent clock outputs are closer to each other than 20 MHz (the extent of the jitter integration band), then there might be
crosstalk issues. Consider the example of a 155.52 MHz clock output next to a 156.25 MHz clock output. Since 156.25 MHz – 155.5222
MHz = 730 kHz, the mixing differences between the two will be well within the 12 kHz to 20 MHz jitter mask band. Therefore, the
designer should avoid placing a 155.52 MHz clock next to an 156.25 MHz clock.

Note that this integration bandwidth proximity placement guideline does not apply to clocks that are simple integer multiples of one
another. For example, a 125 MHz clock can be located next to a 625 MHz clock because 125 MHz * 5 = 625 MHz. The simple integer
relationship means that the edges of one clock will not be moving with respect to the edges of the other clock.

1.3  Separate Clocks with Unused Outputs

Unused clock outputs can be used to physically separate clocks that would otherwise interfere with one another. For example, if there
is an unused clock output, it can be placed between a 155.52 MHz and a 156.25 MHz clock to physically separate them. Table 1 shows
the benefits of rearranging the used output clocks and strategically placing unused output clocks to improve jitter. In this example, a ten
output Si5345 was programmed in two different ways: one ignores the recommendations for rearranging clock outputs and the other
takes them into account. The jitter was integrated from 12 kHz to 20 MHz and all of the outputs are LVDS at 2.5 V. Clearly, rearranging
the outputs lowers the jitter and results in high performance at all outputs. See Appendix A to view the phase noise plots that generated
the data.

Table 1.1.   Impacts of Output Clock Ordering on Jitter Performance

Sub-optimal Clock Ordering Optimal Clock Ordering

Output Frequency (MHz) Jitter (fsec RMS) Frequency (MHz) Jitter (fsec RMS)

0 155.52 269 155.52 101

1 156.25 439 155.52 104

2 155.52 411 622.08 92

3 156.25 186 not used

4 200 123 156.25 121

5 100 165 156.25 119

6 622.08 92 625 102

7 625 103 not used

8 not used 200 122

9 not used 100 100
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1.4  Avoid Using CMOS Output Formats in Jitter Critical Applications

• Because CMOS output buffers swing rail-to-rail and are not balanced (unlike such output formats as LVPECL, LVDS, CML, and
HCSL), CMOS outputs create significant current surges at all of the clock edges and, therefore, are prime crosstalk aggressors. For
this reason, CMOS outputs should be avoided whenever possible for jitter sensitive applications.

• When CMOS formats must be used, the CMOS clocks should be “quarantined” and kept away from critical clock outputs that are not
the same frequency.

• Select the "complementary" output option (instead of the in-phase option) in ClockBuilder Pro to help balance the output current
surges during transitions.

• If one of the output sides of the CMOS pair is unused but actively toggling, do not terminate the load.
• Consider using an external, low-jitter, differential mode to CMOS buffer (seehttps://www.skyworksinc.com/en/Products/Timing-Clock-

Buffers). Place the buffer away from the Si534x device on the PCB to avoid coupling.
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2.  Spurs, Jitter Integration Band, and Harmonics

Jitter performance degrades when nearby clock outputs couple into an output clock. As an example, consider that a 155.52 MHz clock
output is located next to a 156.25 MHz clock output. The difference in frequency between the two is 156.25 MHz – 155.52 MHz = 730
kHz. As a result, there is a spur located at 730 kHz off of the 155.52 MHz carrier, corresponding to the first harmonic that is labeled
“1st” in Figure 1. As expected with a square wave produced by a CMOS output clock, the second harmonic is significantly smaller,
which is located at 2 * 730 kHz = 1.46 MHz off of the carrier and is labeled “2nd”. The third harmonic is larger than the second but
not as large as the first. It is located at 3 * 730 kHz = 2.19 MHz and is labeled “3rd”. Because all of these and the other harmonically
related spurs are located within the 12 kHz to 20 MHz jitter integration band, they all can contribute to degrading the jitter performance
(shown in Table 1) for differential output clocks. The magnitude of this degradation (which can be hundreds of femtoseconds when
CMOS clocks couple to other CMOS clocks) is dependent on many factors, among them I/O voltage, signal format, and PCB layout.

Figure 2.1.  Spurs and Harmonics Example for CMOS to CMOS Outputs
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3.  Conclusion

By following the basic guidelines in this application note, designers can achieve 100 fs class jitter performance with the Si534x jitter
attenuators and clock generators. For clocks that demand this level of jitter performance, designers should:
• Select differential formats for all jitter-sensitive clocks.
• Order the output clocks carefully (by frequency and integration bandwidth proximity).
• Separate coupling-sensitive clocks by placing unused outputs between outputs.
• Choose CMOS format only for clocks where jitter performance is not critical.

The ClockBuilder Pro Software has a built-in Clock Placement Wizard, which automatically takes the frequency plan and optimizes
the output placements for minimized jitter. For more information on the Clock Placement Wizard, see “AN898: Optimizing Jitter
Performance Using the CBPro Clock Placement Wizard”.
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4.  Appendix—Phase Noise Plots

The following phase noise plots apply to Table 1.1 Table 1 on page 2. The phase noise equipment used was the Agilent E5052B
Signal Source Analyzer connected to a Skyworks Si5345-EVB (evaluation board) with a 48 MHz crystal as the XAXB reference. The
differential signals had a Pulse Engineering CX2156 balun between the evaluation board and the E5052B. For the plots, all of the clock
outputs were 2.5 V LVDS.

Recommended, differential

Figure 4.1.  Recommended, LVDS, Output 0
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Figure 4.2.  Recommended, LVDS, Output 1

Figure 4.3.  Recommended, LVDS, Output 2
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Figure 4.4.  Recommended LVDS, Output 4

Figure 4.5.  Recommended LVDS, Output 5
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Figure 4.6.  Recommended LVDS, Output 6

Figure 4.7.  Recommended LVDS, Output 8
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Figure 4.8.  Recommended LVDS, Output 9

AN862: Optimizing Jitter Performance in Next-Generation Internet Infrastructure Systems • Appendix—Phase Noise Plots

Skyworks Solutions, Inc. • Phone [781] 376-3000 • Fax [781] 376-3100 • sales@skyworksinc.com • www.skyworksinc.com
10 Rev. 1.1 • Skyworks Proprietary Information • Products and Product Information are Subject to Change Without Notice • December 14, 2021 10



Copyright © 2021 Skyworks Solutions, Inc. All Rights Reserved.
Information in this document is provided in connection with Skyworks Solutions, Inc. (“Skyworks”) products or services. These materials, including the 
information contained herein, are provided by Skyworks as a service to its customers and may be used for informational purposes only by the customer. 
Skyworks assumes no responsibility for errors or omissions in these materials or the information contained herein. Skyworks may change its documentation, 
products, services, specifications or product descriptions at any time, without notice. Skyworks makes no commitment to update the materials or 
information and shall have no responsibility whatsoever for conflicts, incompatibilities, or other difficulties arising from any future changes.

No license, whether express, implied, by estoppel or otherwise, is granted to any intellectual property rights by this document. Skyworks assumes no liability 
for any materials, products or information provided hereunder, including the sale, distribution, reproduction or use of Skyworks products, information or 
materials, except as may be provided in Skyworks’ Terms and Conditions of Sale.

THE MATERIALS, PRODUCTS AND INFORMATION ARE PROVIDED “AS IS” WITHOUT WARRANTY OF ANY KIND, WHETHER EXPRESS, IMPLIED, STATUTORY, OR 
OTHERWISE, INCLUDING FITNESS FOR A PARTICULAR PURPOSE OR USE, MERCHANTABILITY, PERFORMANCE, QUALITY OR NON-INFRINGEMENT OF ANY 
INTELLECTUAL PROPERTY RIGHT; ALL SUCH WARRANTIES ARE HEREBY EXPRESSLY DISCLAIMED. SKYWORKS DOES NOT WARRANT THE ACCURACY OR 
COMPLETENESS OF THE INFORMATION, TEXT, GRAPHICS OR OTHER ITEMS CONTAINED WITHIN THESE MATERIALS. SKYWORKS SHALL NOT BE LIABLE FOR 
ANY DAMAGES, INCLUDING BUT NOT LIMITED TO ANY SPECIAL, INDIRECT, INCIDENTAL, STATUTORY, OR CONSEQUENTIAL DAMAGES, INCLUDING WITHOUT 
LIMITATION, LOST REVENUES OR LOST PROFITS THAT MAY RESULT FROM THE USE OF THE MATERIALS OR INFORMATION, WHETHER OR NOT THE RECIPIENT 
OF MATERIALS HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Skyworks products are not intended for use in medical, lifesaving or life-sustaining applications, or other equipment in which the failure of the Skyworks 
products could lead to personal injury, death, physical or environmental damage. Skyworks customers using or selling Skyworks products for use in such 
applications do so at their own risk and agree to fully indemnify Skyworks for any damages resulting from such improper use or sale.

Customers are responsible for their products and applications using Skyworks products, which may deviate from published specifications as a result of 
design defects, errors, or operation of products outside of published parameters or design specifications. Customers should include design and operating 
safeguards to minimize these and other risks. Skyworks assumes no liability for applications assistance, customer product design, or damage to any 
equipment resulting from the use of Skyworks products outside of Skyworks’ published specifications or parameters.

Skyworks, the Skyworks symbol, Sky5®, SkyOne®, SkyBlue™, Skyworks Green™, Clockbuilder®, DSPLL®, ISOmodem®, ProSLIC®, and SiPHY® are trademarks or 
registered trademarks of Skyworks Solutions, Inc. or its subsidiaries in the United States and other countries. Third-party brands and names are for 
identification purposes only and are the property of their respective owners. Additional information, including relevant terms and conditions, posted at 
www.skyworksinc.com, are incorporated by reference.

Portfolio
www.skyworksinc.com/ia/timing

SW/HW
www.skyworksinc.com/CBPro

Quality
www.skyworksinc.com/quality

Support & Resources
www.skyworksinc.com/support

ClockBuilder Pro
Customize Skyworks clock generators, 
jitter attenuators and network 
synchronizers with a single tool. With 
CBPro you can control evaluation 
boards, access documentation, request 
a custom part number, export for 
in-system programming and more!

www.skyworksinc.com/CBPro

Skyworks Solutions, Inc.  |  Nasdaq: SWKS  |  sales@skyworksinc.com  |  www.skyworksinc.com
USA: 781-376-3000  |  Asia: 886-2-2735 0399  |  Europe: 33 (0)1 43548540  |    


	1. Four Simple Rules for Optimal Jitter Performance
	1.1 Select the Differential Output Options (LVDS, LVPECL, HCSL)
	1.2 Order the Output Clocks Carefully
	1.3 Separate Clocks with Unused Outputs
	1.4 Avoid Using CMOS Output Formats in Jitter Critical Applications

	2. Spurs, Jitter Integration Band, and Harmonics
	3. Conclusion
	4. Appendix—Phase Noise Plots

