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Considerations for Measuring Phase Noise in
Differential Oscillators
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1 Introduction

SiTime's differential oscillators feature excellent phase jitter performance for their respective class of
products. For example, the SiT9501 oscillator features 70 fs rms of phase jitter, measured by integrating
phase noise over an offset-frequency range of 12 kHz to 20 MHz. SiTime's differential oscillators employ
a differential output driver with excellent power-supply noise rejection and an ultra-low output-noise
floor. The differential driver also reduces common-mode noise sources internal to the device and power
supply noise, as illustrated in Figure 1, leading to better than -170 dBc/Hz at a 156.25 MHz clock
frequency for the SiT9501. This document describes test methodologies to measure the true
performance of the following ultra-low jitter devices using differential measurements.

e SiT9501 — 70 fs phase jitter (rms)
e SiT937x — 200 fs phase jitter (rms)

Common mode noise that is equally present on both outputs of a differential
driver is cancelled out by a differential receiver
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Figure 1: Common-mode noise cancellation in differential signaling
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2 Key Considerations

When measuring phase noise using an instrument with only a single-ended input, such as a spectrum
analyzer and phase noise analyzer (e.g. Keysight Technologies E5052B Signal Source Analyzer), it is often
convenient to connect one of the differential outputs to the equipment and apply a dummy termination
to the other output to balance the load (Figure 2). This approach often yields acceptable results but in a
low noise device the phase noise measurement may suffer a few dB of noise floor degradation at offsets
above 10 MHz. As illustrated in Figure 2 this is due to the fact that common mode noise cannot be
cancelled out in a single-ended receiver and will be measured by the instrument as part of the signal
under test. Since a receiver in the end application is differential, the single-ended measurement diagram
shown in Figure 2 introduces errors compared to the actual device’s performance in the application.

When phase noise is measured using only one side of the differential output, the common
mode noise cannot be cancelled out and degrades the measurement noise floor
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Figure 2: Common mode noise affecting measurement noise floor in single-ended measurement

To resolve this issue, it is recommended to use a balanced-unbalanced (balun) transformer to convert a
differential signal into a single-ended signal without performance degradation (Figure 3). This balun
takes the differential input and produces a single-ended output that is the difference between OUTP
and OUTN. Common-mode noise present on individual conductors of a differential-pair get attenuated
inside the balun.
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Figure 3: A balun is recommended to measure phase noise in differential devices when connecting to
an instrument with a single input
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Figure 4 compares single-ended (Figure 2) with differential measurements using a balun (Figure 3).
Because the noise floor at offsets above 20 MHz approaches that of the E5052B signal source analyzer,
it’s important to use cross-correlation to remove instrument noise and observe the true phase noise of
the SiT9501. Using an instrument such as the E5052B with cross-correlation features can cancel
instrument noise. The amount of noise cancellation depends on the number of correlations. For
example, 100 times correlation can produce a 10 dB phase noise sensitivity improvement.[1]

A cross-correlation value of 64 was sufficient to observe the SiT9501 performance when starting the
E5052B measurement at a 100 Hz offset frequency. The overall 12 kHz to 20 MHz integrated phase noise
difference is 2 fs between the two cases. More importantly, the noise floor measured in single-ended
mode is up to 2 dB higher at offsets above 20 MHz. For more information on cross-correlation and other
phase noise measurement methods, plus recommendations on setting up and connecting to an
analyzer, refer to AN10062 Phase Noise Measurement Guide for Oscillators.
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Figure 4: SiT9501 156.25 MHz LVPECL phase noise data measured by optimally-set E5052B instrument
(cross correlation = 64) comparing single-ended (orange curve) versus differential measurements
using a balun (blue curve).

3 Conclusions

Measuring the true phase noise of SiT9501 and SiT937x differential oscillators is best achieved using a
balun to remove common-mode noise when measuring with a phase noise analyzer, to observe the
same performance as observed by a differential receiver. Additionally, for devices that have an ultra-low
phase noise floor, such as SiT9501, implementing cross-correlation in the phase-noise analyzer, e.g.,
E5052B, can further improve the measured phase noise at far-offset frequencies.

SiT-AN10067 Rev 1.0 Page 3 of 5 www.sitime.com


file:///C:/Users/olenas/Desktop/SiTime%20DTP/Product%20Briefs/Application%20notes/www.sitime.com
https://www.sitime.com/sites/default/files/gated/AN10062-Phase-Noise-Measurement-Guide-for-Oscillators.pdf

[ ]
Considerations for Measuring Phase Noise in Differential Oscillators mTI me

4 References

[1] Keysight Technologies, “E5052B Signal Source Analyzer” Technical Overview, December 26, 2019, pp 7

SiT-AN10067 Rev 1.0 Page 4 of 5 www.sitime.com


file:///C:/Users/olenas/Desktop/SiTime%20DTP/Product%20Briefs/Application%20notes/www.sitime.com

[ ]
Considerations for Measuring Phase Noise in Differential Oscillators mTI me

Table 1: Revision History

Version Release Date Change Summary
1.0 Sep 23, 2020 Original doc

SiTime Corporation, 5451 Patrick Henry Drive, Santa Clara, CA 95054, USA | Phone: +1-408-328-4400 | Fax: +1-408-328-4439

© SiTime Corporation, September 2020. The information contained herein is subject to change at any time without notice. SiTime assumes no responsibility or liability for
any loss, damage or defect of a Product which is caused in whole or in part by (i) use of any circuitry other than circuitry embodied in a SiTime product, (ii) misuse or abuse
including static discharge, neglect or accident, (iii) unauthorized modification or repairs which have been soldered or altered during assembly and are not capable of being tested
by SiTime under its normal test conditions, or (iv) improper installation, storage, handling, warehousing or transportation, or (v) being subjected to unusual physical, thermal, or
electrical stress.

Disclaimer: SiTime makes no warranty of any kind, express or implied, with regard to this material, and specifically disclaims any and all express or implied warranties, either in
fact or by operation of law, statutory or otherwise, including the implied warranties of merchantability and fitness for use or a particular purpose, and any implied warranty arising
from course of dealing or usage of trade, as well as any common-law duties relating to accuracy or lack of negligence, with respect to this material, any SiTime product and any
product documentation. Products sold by SiTime are not suitable or intended to be used in a life support application or component, to operate nuclear facilities, or in other mission
critical applications where human life may be involved or at stake. All sales are made conditioned upon compliance with the critical uses policy set forth below.

CRITICAL USE EXCLUSION POLICY
BUYER AGREES NOT TO USE SITIME'S PRODUCTS FOR ANY APPLICATION OR IN ANY COMPONENTS USED IN LIFE SUPPORT DEVICES OR TO OPERATE
NUCLEAR FACILITIES OR FOR USE IN OTHER MISSION-CRITICAL APPLICATIONS OR COMPONENTS WHERE HUMAN LIFE OR PROPERTY MAY BE AT STAKE.

SiTime owns all rights, title and interest to the intellectual property related to SiTime's products, including any software, firmware, copyright, patent, or trademark. The sale of
SiTime products does not convey or imply any license under patent or other rights. SiTime retains the copyright and trademark rights in all documents, catalogs and plans supplied
pursuant to or ancillary to the sale of products or services by SiTime. Unless otherwise agreed to in writing by SiTime, any reproduction, modification, translation, compilation, or
representation of this material shall be strictly prohibited.

SiT-AN10067 Rev 1.0 Page 5 of 5 www.sitime.com


file:///C:/Users/olenas/Desktop/SiTime%20DTP/Product%20Briefs/Application%20notes/www.sitime.com

