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INTERNATIONAL ELECTROTECHNICAL COMMISSION

QUARTZ CRYSTAL CONTROLLED OSCILLATORS
OF ASSESSED QUALITY -

Part 6: Phase jitter measurement method
for quartz crystal oscillators and SAW oscillators —
Application guidelines

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organizatig
all national electrotechnical committees (IEC National Committees). S
international co-operation on all questions concerning standardization in the-elestric i¢ fields. To
this end and in addition to other activities, IEC publishes Internationak Standards, pecifications

grstandardization™comprising

Technical Reports, Publicly Available Specifications (PAS) and /Guids 2 £d to as “IEC
Publication(s)”). Their preparation is entrusted to technical committges Nationa\Committee interested
in the subject dealt with may participate in this preparatory wor governmental and non-
governmental organizations liaising with the IEC also participd collaborates closely

with the International Organization for Standardization (I i dante_with\conditions determined by
agreement between the two organizations.

Publications is accurate, IEC cannot be
misinterpretation by any end

SI e Nor the way in which they are used or for any
C Nationgl Lommittees undertake to apply IEC Publications

their mational and regional publications. Any divergence

In order to promote intern
transparently to the maxi
between any IEC Public
the latter.

IEC itself does vie any ation qf copformity. Independent certification bodies provide conformity
assessment services a i . accgss to IEC marks of conformity. IEC is not responsible for any

services carried out b

All users should &nhsuxe ve the Jatest edition of this publication

No liability sha C or\s directors, employees, servants or agents including individual experts and
members ofts te ittees and IEC National Committees for any personal injury, property damage or
other damag atlye whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenges axsig publication, use of, or reliance upon, this IEC Publication or any other IEC

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable forthe cotrect application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60679-6 has been prepared by IEC technical committee 49:
Piezoelectric, dielectric and electrostatic devices and associated materials for frequency
control, selection and detection.

This standard cancels and replaces IEC/PAS 60679-6 published in 2008. This first edition
constitutes a technical revision.
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The text of this standard is based on the following documents:

FDIS Report on voting
49/935/FDIS 49/944/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts of the IEC 60679 series, published under the general Atitte_ Quartz crystal

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
+ amended.

QX

IMPORTANT - The 'colour inside’ logo on the cever\page of this publication indicates
that it contains colours which ‘are sidered “to be useful for the correct
understanding of its conht ¢ s therefore print this document using a

N
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INTRODUCTION

The study of phase jitter measurement methods was conducted in accordance with the
agreement during the IEC TC 49 Berlin international meeting in 2001. At this meeting, the
decision was made that Japan should assume the responsibilities of this study. Then, the
technical committee of the Quartz Crystal Industry Association of Japan (QIAJ) proceeded
with this study. This study was substantially conducted during the years 2002 to 2005 and can
be referred to as the first stage of the study. The second stage is being continued at present.

Phase jitter has become one of the essential measurement items by digitization of electronic
devices. However, theoretically, some ambiguity is still left in the phase jitter. Since no
standard measurement method is proposed, suppliers and customers _may be mutually
exposed to a risk which could cause enormous economic losses.

In this standard, a recommendation to make r.m.s. jitter & S t object is presented.
The reason why this recommendation is submitted is be S

Oscillators are analogue-type electroni
favourable than the signals obtained

output signals are more
er, the output is utilized as

equipment. Accordingly, this may give
jitter is not from the oscjlators but t of phase jitter generated by the
. Therefore, when adopting the amount
of other phase jitters ¢ i
measurement equipm
sufficiently, contragtu
phase noise me'
ji bands

jitter frequency

stem capable of being verified and confirmed
suppliers and customers. Moreover, when the

telecommunica ormation, audio-visual, and the like.

Conventional crystal oscillators and electronic systems have analogue systems and their
signal waveforms are sine waves. Therefore, the short-term frequency stability as one field of
the frequency stability is measured as the phase noise or Allan Variance. Recently,
digitization of electronic systems is progressing. Under such circumstance, the short-term
frequency stability has been measured as the phase jitter.

On the other hand, the oscillators are analogue-type electronic devices. For the oscillators,
the signals having square waves or waveforms similar thereto are demanded by users to be
easily fit into the electronic systems. Naturally, for the short-term frequency stability, the
measurement as the phase jitter is frequently demanded by users.

For advance application in electronic information and communication technology: (e.g.:
advanced satellite communications, control circuits for electric vehicle (EV) and etc.),
necessity arises for the measurement method for common guidelines of phase jitter. In these

1 Numbers in square brackets refer to the Bibliography.
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days, measurement method of phase jitter also becomes more important from the
electromagnetic influence (EMI) point of view.

In that sense, international standardization as IEC 60679-6 of phase jitter measurement
method is significant and timely. The measurement method of phase jitter described in this
document is the newest method by which quantitative measurement was made possible from
the breakthrough of the measurement system technology, in the hope to get attention from not
only a device engineer but also a system engineer and expected to be widely used.

@%
S
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QUARTZ CRYSTAL CONTROLLED OSCILLATORS
OF ASSESSED QUALITY -

Part 6: Phase jitter measurement method

for quartz crystal oscillators and SAW oscillators -
Application guidelines

1 Scope

that allows the accurate measurement of r.m.s. jitter.

In the measurement method, phase noise measuremep
measurement system is used.

The measuring frequency range is from 10 MHz to1

illators used in electronic
functions based on these
ors is the r.m.s. jitter. In the
erred to as “oscillator(s)” for simplicity.

This standard applies to quartz crysté
devices and modules that have the
oscillators. The type of phase jitter app
following text, these oscillators and mod

2 Normative referendées

For dated refere ,
of the reference

For the purposes of this document, the terms and definitions given in IEC 60679-1:2007 apply.
Units, drawings, codes, and characters are also based on IEC 60679-1.

3.2 General concepts
3.21 Phase jitter

The phase jitter of oscillators means an electronic noise of signal waveforms in terms of time.
On the other hand, the phase jitter is described as a jitter in which the frequency of signal
deflection exceeds 10 Hz and as a wander in which the frequency is 10 Hz or less.

It is difficult to observe the wander of oscillators. The wander is a phenomenon which is
confirmed in electronic parts such as optical cables susceptible to expansion and contraction
even by a small amount of temperature changes. Therefore, the wander is generally not
discussed in the oscillators. In this document also, phase jitter is targeted only to the jitter.
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As for signals, an ideal cycle (¢) is inversely proportional to a frequency (f). More specifically,
the relation is expressed by Equation (1).

t=— (1)

Actually, the cycle is varied by receiving various influences. This phenomenon is the phase
jitter and can be confirmed by thickening of edges of waveforms when using oscilloscopes or
the like. Regarding the method for measuring and evaluating such phase jitter, statistical
measurement techniques are utilized as shown is shown in Figure 1. The numerical values in
Figure 1 are treated as a symbol. The position of 0,5 of signal waveform is defined as a
reference point in the vertical axis, and the edges of the reference point age-defined to be not

IEC 527/11

b) Histogram of the all jitters

several types. Ta_this Jocument, the phase jitter is classified in the seven types as described
below. In the following, these properties and the cause systems are made clear.

3.2.2 r.m.s jitter

The r.m.s. jitter is the phase jitter which comes to have the normal distribution shown in
Figure 2. The r.m.s. jitter is a standard deviation obtained on the basis of statistical
treatments and defined as a 1 ¢ portion
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RMS jitter (standard deviation)

A ul

\——

Peak-to-peak jitter

measurement data are conS|dered to i afy, 31,74 % (3 174 pieces)
i inus sides of 1 g. If the data
be considered to be the error

base point of the
phase jitter is assup

- Since the jitter values become larger as the
sed, the jitter also becomes the total jitter as described later.

can be maintained to beow in cases of non-Gaussian distributions having distorted dlstrlbutlons such as binomial
distributions and chi-square distributions. Accordingly, when applying the peak-to-peak jitter or the r.m.s. jitter, the
measurement times are required to be clearly defined contractually between customers and supplier sides.

3.24 Random jitter

The random jitter is shown in Figure 3. The random jitter represents unpredictable phase jitter
components.

The random jitter naturally and inductively occurs as influenced by the characteristics, thermal
noise, etc., originally involved in the measurement equipment per se or oscillators.
Furthermore, random jitter has the characteristics that the distribution width of measurement
values becomes larger (namely, boundless characteristics) as the observation period of time
becomes longer. Therefore, the distribution chart can be considered as an ideal normal
distribution. Moreover, the random jitter is determined as a standard deviation based on the
distribution chart obtained by the measurement of phase jitter. Accordingly, in the case of
oscillators, the random jitter may become the amount of jitter equivalent to the r.m.s. jitter.
Moreover, since the random jitter becomes the amount of jitter of the measurement equipment
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per second, the random jitter is one of the measures for judging applicability to measuring the
phase jitter of oscillators.

Deterministic jitter

Random jjitter andoin jitter

C 529/11
3.2.5 Deterministic jitter

sandwiched between r

the deterministi i

determingc\ by gr N e retationship with the r.m.s. jitter between the multiple cycles and

g ing whether or not periodic irregularities appear. As for the periodic
uch components are considered as an electronic noise caused by
ross-talk from electronic parts around oscillators to be measured, and

further from cores i e vicinity in the case of IC.

If the Fast Fourier Transform (FFT) can be executed, the frequency as the cause clearly
appears as a spectrum. Although this jitter is naturally required to be considered for the
oscillators, it is difficult to detect the jitter by using measurement equipment in general.

3.2.7 Data-dependent jitter

The data-dependent jitter is considered to be the jitter components due to duty cycle
distortion and inter symbol interference, and is negligible for oscillators.

3.2.8 Total jitter

The total jitter is defined as the jitter obtained by totalizing all of the jitters.



