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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 guide

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for8ta izat rising
all i electrotechnical bmote
infernational co-operation on all questions concerning standardization in the elgcthcal and\e ic\fielgls. To
thifs end and in addition to other activities, i i S ificgtions,
Tgchnical : \ e s “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; 3t 9 it intefested
in|the subject dealt with may participate in this preparatory work \ e non-
gdvernmental organizations liaising with the IEC also participate i thisNarépara losely
with the International Organization for Standardization (ISO) in_acecqQrdansg \WKh™¢ it ined by
agreement between the two organizations

2) THe formal decisions or agreements of IEC on technical mat XP 8 ible, i jtional
consensus of opinion on the relevant subjects since ¢ i i i m all
inferested IEC National Committees.

3) IELC Publications have the form of recomghendation i i ational
Cgmmittees in that sense. While all reasoha e i f IEC
Pdblications is accurate, IEC cannot be held responsjble r any
misinterpretation by any end user.

4) In|order to promote international uniformity, | i jittees undertake to apply IEC Publications

trgnsparently to the maximun Si ir nationgt” and regional publications. Any divergence
between any IEC Publicatiq € regional publication shall be clearly indicdted in
the latter.
5) IEC provides no marking, prote indicate it 0 i r any
equipment declared to
6) Al| users should
7) Naq liability shall
members of its tec

s and
hge or

other damage of = 4) and
expenses arising out, Of ication, , i , thi icati r IEC
Pdblications.

8) Attention i \ ive i i i ication. icatipns is
indispensable for thexaorr sigati i icati

9) Atfenton isNdrawn\t« ibili i icati ect of
patent rights.

A PAS is altechnical specification not fulfilling the requirements for a standard but mnade
availpbleto the public.

IEC-PAS 60679-6 was submitted by the Japanese Institute of Electronics, Information and
Communication Engineers and has been processed by IEC technical committee 49:
Piezoelectric and dielectric devices for frequency control and selection.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
49/784/NP 49/793A/RVN

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard.
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This PAS shall remain valid for an initial maximum period of three years starting from the
publication date. The validity may be extended for a single three-year period, following which
it shall be revised to become another type of normative document or shall be withdrawn.
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INTRODUCTION

With the advance of information and telecommunication technologies, such information and
telecommunication devices as measuring instruments and computers have played important
roles in society. Recently, these devices have been digitized and proliferated on a worldwide

basis. For these devices, crystal oscillators with low phase noise are necessary.
standard deals with the phase jitter measurement method.

This

International standardization of industrial standards regarding electronic devices is conducted
by many technical committees in the International Electrotechnical Commission (IEC), located

in Geneva_TC 49 works an standardization of international trade rngnrding piezoelectric and

dielertric devices for frequency control and selection. There are 10 working.groups (W,
TC49, and WG6 formulates and deliberates international standards regarding™measure
methjods.

The |special committee for piezoelectric and dielectric device
selegtion in the standard investigatory panel of the electrogic
socigty has been working as a domestic deliberative body :
domestic committee for TC49/WG6 are conducted in the .
the technical committee in the Quartz Industry Associati
crystpl device manufacturers.

5) in
ment

and
ication
f the
be of

igts of

This ind of
electronic noise. Other major electrogiic ent
should cover both phase jitter and p ent
meth i hase
jitter , we
consjdered that we should tion
of the study of the phas nea ethod so that the phase jitter measurement
methiod can be used in & < g the
technical committee of hase
jitterimeasurement method o this
will Be issued a [ tion
Communication Sqgiety.

This i af ‘cellected wisdom in the field of advanced technology in Japan,
and y as a standard of the Institute of Electronics, Information and
Com expected that this standard will contribute to the development

of te g field.
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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 guide

1 Scope

This -PAS nlr_\lr_\linc to the phqen jiffnr measurement of quartz nr\lle’ral oscillators and SAW
oscillators used for electronic devices and gives guidance for phase jitter.that allows the
accufate measurement of r.m.s. jitter.

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

The measuring frequency range is from 10 MHz to 700 MHz.

This |PAS applies to quartz crystal oscillators and SAW oS&cillat used_in electronic deyices
and modules that have the multiplication or division fyn frege oscillators| The
type |of phase jitter applied to these oscillators is thé r.m.s following text, these
oscillators and modules will be referred to as “oscill

2 |Normative references

The following referenced documents a nent.
For dated references, only he edition |te dition
of the referenced docume

IEC [60679-1, Quartz neric
specffication Q

3 Terms, defini

In the event 6 neconsistent descriptions in the specification that arise dlie to
certdin reaso

- pec

- |EC 60678

— Qeneral-tule by

— Qeneral rule by item

— Other quoted International standard criteria (tor example, 1EC)

The same prioritization also applies to the equivalent domestic standard.

Annex A gives a description of the terms with regard to phase jitter.

Unit,

drawing, codes, and characters are based on IEC 60679-1.

4 Measurement method

The measurement method applied to oscillators is based on the following.
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4.1 Frequency range and the measurement method

The measurement range shall be 10 MHz to 700 MHz. As the measurement method, the
phase noise measurement equipment (system) or the specially designed phase jitter
measurement equipment shall be used.

4.2 Method of using the phase noise measurement value

The recommended method of measuring phase jitter using phase noise measurements is as
givenin 4.2.1 to 4.2.4.

4.2.1 Measurement equipment/system

The measurement equipment and system shall be the phase noise meas i equipment
or the phase noise measurement system.

4.2.2 Measurement item

RMS|jitter

NOTE Only random jitter. No period jitter.

4.2.3 Range of detuning frequency

The |range of detuning frequency and
contnact between a customer and a n the
phaske noise is described in Annex A.

4.2.4 Phase noise meagurement

The range of detuned freguency o d by contracts between customers and
suppliers after discuss \ ula for calculating the r.m.s. jitter from a
phase noise is based ’ i nethod for the amount of phase jitter shown in
Anngx A. @

As th head, an orthogonal phase detection method (referrgd to
also method or a PLL method) shall be used, of the
meag i built-in electronic circuits for cancelling a noise in the
meas q or ‘example, circuits adopting a cross-correlation method) shall be
used|

4.3 ent\method for the use of the specially designed measurement

The |specification of the method using the specially designed measurement equipment is
based on the following.

4.3.1 Measurement equipment and system

The measurement equipment and system shall be the specially designed SONET/SDH
measurement equipment using a time interval analyser.

4.3.2 Measurement items

The measurement items shall be the r.m.s jitter and the period (periodic) jitter.

4.3.3 Number of measurements

The measurement times shall be determined by contracts between customers and suppliers
after discussion between them. The target measurement times shall be 20 000 times or more.
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NOTE Attention is needed because this device may not meet the requirements of oscillators for the following
reasons.

a) The measurable range of the measurement equipment may not meet the frequency of the oscillators to be
measured.

b) The output voltage of the oscillators is lower as compared with this device. For this reason, an amplifier is
required, and the necessity of evaluating the phase jitter of the amplifier arises.

c) The realization of square waves, such as CMOS, LVDS, and LVPECL, is difficult because harmonics
components decrease in the frequency bands exceeding 300 MHz. For this reason, the signal waveforms
become sine waves, clipped-sine waves and the like. It is difficult to analyse them by the specially
designed SONET/SDH measurement equipment, and thus a decrease in measurement accuracy is
possible.

4.4 | Block diagram of the measurement

A re;Fresentative block diagram is shown in Figure 1. A practical block d is\utilizad as
modified forms of Figure 1.

Measurement st Yixtu \
equipment x >
Power supply Sitor

ivatent ck diagram

ranges from 5 Q to 100 MQ. The parts to be aplplied
since numerous demands are made by customerg, the

mpliment output with bias

Here, since the measurement system is unified into 50 Q, the input-output impedance of
measurement systems shall be 50 Q. For this reason, the load impedance of oscillators shall
also be 50 Q.

The oscillation output voltage changes depend on the load impedance of oscillators. For this
reason, the thermal noise of load circuits also changes.

As a result, since the amount of phase jitter changes, a recommendation is presented to
suppliers and customers, when adopting any load impedance other than 50 Q, to conduct a
detailed study and examination and to determine the impedance by contract.
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4.6 Measurement equipment

The specification required for the measurement equipment is described in the following
subclauses without any necessity of adhering to this specification. The adoption of
measurement equipment which satisfies sufficiently the requirements of oscillators is
important.

4.6.1 Jitter floor

The jitter floor shall take values of 0,05 ps or less as the random jitter or values smaller by
one digit as compared with the phase jitter demanded for the oscillators.

4.6.2 Frequency range

The frequency range shall be 10 MHz to 700 MHz. Several items of ment

may pe used according to each frequency band.
4.6.3 Output wave form
The putput waveforms shall be CMOS, LVDS, LVPECL, clifped=sine. ptc.

NOTEH CMOS, LVDS, and LVPECL originally refer to the type/of deui 3 3 vever,
they are also used as the terms showing the waveforms and arg, { , L butput
wavefprms in this PAS.

4.6.4 Output voltage

The putput voltage shall be 500 mV or pro

4.7 | Test fixture

ddition, the os Il be

he oscilators™g be S le of

c) Although use
measurement i duce
influengeson thephase jitter of the oscillators to be measured from a thermal noise gr the
like ffom the load impedance.

4.8 —Cabte;toolsamd-imstruments;etc:

As for a cable, the double-shield type of a 50 Q system shall be used. The cable shall be as
short as possible. As connectors, the 50 Q system shall be used. It is recommended that SMA
or N-type connectors be used.

5 Measurement and the measurement environment

5.1 Set-up before taking measurements
Attention should be paid to the following matters.

a) The entire measurement system and the oscillators to be measured shall be installed in a
measurement chamber at least 2 h previously.
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b) The measurement equipment shall be set to operate for 2 h or more.

c) The frequency stability of clock signals in the measurement equipment shall be verified to
be smaller than, or equivalent to, the frequency stability of the oscillators to be measured.

d) The power supply voltage of the oscillators to be measured and the measurement
equipment shall be verified to be set to the a.c. voltage and the d.c. voltage as requested.

e) Restrictions shall be provided for the operation of surrounding electronic devices so as not
to produce an electronic noise from the surrounding.

5.2 Points to be considered and noted at the time of measurement

g of the cable posmon shall be made.
5.3 | Treatment after the measurement

It is preferable not to disassemble the measurement system aft lents.

I PE
Perigdical inspection and calibration of the measurement equipx '

6 Measurement

6.1 Reference temperature

The reference temperature shall be +

6.2
Only ature
bath|as appropriately selécte » isti . No

vibration shall be caused.

6.3 | Measuremeant i
Only|the oscillatoio beNne

and
causgd to vibrate. No
6.4
Only S R gsured shall be fixed to the impact machine as appropriately
selegted 3 mpact thereto. Moreover, no shock wave or no vibration accompanied with
the impact | ideéd for the measurement equipment

In addition)\this testing is not realistic because the impact period of time is shorter thap the
meagurement period of time. If this testing is performed, a recommendation is givgn to
suppliets and customers to conduct a detailed study and examination and to determiné the
measurement by contract.

6.5 Measurement in accelerated ageing

Only the oscillator to be measured shall be set to the temperature and time based on the
specification in the temperature bath as appropriately selected, and then caused to
immobilize, and thus the accelerated ageing shall be measured.

7 Other points to be noted

Consideration shall be taken so as to obtain the measurement results understandable to
suppliers and customers by eliminating any possibility that an electronic noise may be
involved in the measurement system from the supply source line through paying attention also
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to the phase jitter of the devices applied to the measurement system, or to be applied around
the system.

8 Miscellaneous

With regard to the amount of phase jitter of quartz crystal oscillators and SAW oscillators, as
well as modules that have a multiplication function or a division function based on these
oscillators, customers and suppliers shall conduct a detailed study and examination, and
determine this by contract.

@%
&
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Annex A
(normative)

Calculation method for the amount of phase jitter

A.0 Introduction

This PAS gives the method of calculating the amount of phase jitter from phase noise

measgurement Tesutts:

A.1 | Explanation

Whe , the
r.m.g. ji

If ag an be
analy f the
phas hoise
meas d by
othef ji ment
systd gard
to the $ and
squa . , the
application the of phase noise measurem fem is t i iate. ever,
as for the square wave sig i i bther
methiod capable of firml been
found the phase noise b the
squafre wave signals.

In gg¢neral, whe@ 5 are
viewed, the offset’f 1Hz),
1(Hz , ency
of 10 he offset frequency is described as 1(MHz) or 10(MHz).
Such htained because filters are provided in the measurement
equipment.

On or the phase jitter, since such filters are not required| the
meagsurementiyalues, can be obtained regardless of the offset frequency. Thereforg, no
complete ceincidence’can be maintained to be provided for the phase noise measurement

the pultta-tow amount of phase jitter such as the crystal oscillators, the phase noise

measutement-values and-the phacn J||1'fn|" need to bhe r\nrrnlafmrl, Qnrl, fhnrnfnro, the r_hase

valugs andithe phase jitter measurement values. However, in the case of oscillators h"Fving

noise and the phase jitter are used for convenience.

A.2 Relations between phase noise and phase jitter

When phase modulations are demodulated by a phase detector (converting phase fluctuations
into voltage fluctuations), the relationship between phase and voltage can be expressed by
the formula (1), wherein k, is a constant, and the unit isK, (V/rad).

Aoy =Kq - A9 (A.1)

When the converted phase fluctuations are measured by a spectrum analyser, the relationship
can be expressed by formula (2).
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AVims (£)= Ko Qs (£) [V] (A.2)

wherein, if S\,rms(f) is defined as the spectral density function of the voltage fluctuations

(output fluctuations of the phase detector) as measured, the spectral density function of the
phase fluctuations can be expressed by the formula (3).

(A@s (/)
Sp(f) ="
_Ar (N
~ Ke2.B
(A.3)
2
— SVrms(f) ﬂ
- K(P2 Hz
When the results are converted into the SSB phase noise X oY hase
noise can be expressed by the formula (4),
S,

L(f)= "’éf) (A.4)
whergin S,(f) is a dB value relative to pn of
the phase fluctuations, and L(f) is the
A totpl phase deviation in the designa he phase jitter, can be expressg¢d by

formulae (5) and (6).

(A.5)

(A.6)

Ther ed to
as tH e$ponds to the r.m.s. jitter. Here, if the offset frequency
rang ifter calculation value becomes different. Since the fact|is a
shorfcomijng of th attention should be paid when calculating the phase jitter|from

the

Y,

SSB phase noise

)

Figure A.1 — Concept diagram of SSB phase noise

/////Hru -

Offset frequency from carrier



https://iecnorm.com/api/?name=19555e823b94bc1532fae4761def525d

PAS 60679-6 © IEC:2008(E) - 15—

A.3 Commentary

A.3.1 History of establishment and points to note

The study of phase jitter measurement methods was conducted in accordance with the
agreement during the IEC TC49 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 QIAJ proceeded with this study. This study was substantially
conducted during the years 2002 to 2005 and can be referred to, without exaggeration, as the
first stage. The second stage of the study is being continued at present.

Phage jitter has become one of the essential measurement items by digiti t|on of electronic
deviges. However, theoretically, some ambiguity is still left in the pha .-Since no
standard measurement method is proposed, suppliers and custo - ually
exposed to a risk which could cause enormous economic losses.

To apoid this risk, this PAS provides a standard, based on th i first
stage, for each company of QIAJ members to avoid anxiety & € ey f the
phasg jitter and for the purpose of giving guidance without 2 :

In a [part of this PAS, unsolved issues still remain. S i i i blved
during the second stage, i , ince i i for
suppliers and customers to mutually consult so 3 z

Next| in this PAS, a recommendation i .m.g. ji bject.
This [recommendation is submitted because, ject , illptors
resulting in the ultra-low amount of jitt ates

The |oscillators are analdguextype ele i iceg. i , Si utput
mor¢g favourable than glect d as
the feference clock o 3 9 ip . , ently
experienced as %w' 3 phase jitter to be smaller than the amount of phase

jitter|of the me
measgured amount-0
jitter{on the side o

equipment, or of the measurement system. Thergfore,

when adopting 8 X other phase jitters as the measurement itemp, a
recommendatio sented\to select the measurement equipment and the measurement
system sufficientiy &ape peing verified and confirmed, and determined by confracts
betwgen, Suppli gustomers. Moreover, when the phase noise method is used} the

randpmji
to end of in

¥R need Yo be discussed after defining the jitter frequency bands from|start
egrating\the~phase noise.

If any doubts are cr&€ated as to the measurement values, it is requested that the applicatipn of
Allan Variance [1]7 can be studied.

A.3.2 Theoretical positioning of phase jitter

Frequency stability was compiled into a single work by IEEE in 1966 [2]. Then, the definition
is applied to atomic oscillators, crystal oscillators, as well as electronic systems for
telecommunication, information, audio-visual, and the like.

The conventional crystal oscillators and electronic systems have analogue systems with
exception of a part, and the 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 the
circumstance, the short-term frequency stability has been measured as the phase jitter.

1 Figures in square brackets refer to the Bibliography.
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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 for
facilitating to be assembled into the electronic systems. Naturally, for the short-term
frequency stability, the measurement as the phase jitter is frequently demanded by users.

A.4 Description

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 --. ich is
confirmed in electronic parts such as optical cables susceptible to expan ction
even| by a small amount of temperature changes. Therefore, the wa & not
discyssed in the oscillators. In this PAS also, the phase jitter is targets
As for signals, an ideal one cycle (¢) is inversely proportig . More
specffically, the relation is expressed by the formula (A.1).

1

7 (A.1)
Actuglly, the cycle is varied by receivi ot i his phenomenon is the phase

jitter[and can be confirmed by thicken when using oscilloscopgs or
the [like. As the method of measun g _s8uch phase jitter, statigtical
measurement techniques are utilized: 8 enon is shown in Figure A.2.| The
numerical values in Figure A.2 are \tre bol. The position of 0,5 of slignal
wavegforms is defined as gfe . i veRtical’ axis, and the edges of the referlence
poinf are defined to be n¢ varied. ispaid to the edges after one cycle, ¢very
time |when the signals S reen of CRT in the lateral direction| the

edgels after one cycle p . 7 plurality edges have become to exist.| This

phenomenon is i ced K e egsuring the signals, and referred to as the phase
jitter @

This [phase jitter j a al distribution. Then, when analysed, the phase jitter can
be d|vided intg sayve properties. More specifically, the phase jitter is classifipd in
severlal typeg. Inthi he phase jitter is classified in the seven types as described below.
In the following, the tie$ and the cause systems are made clear.
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Figure A.2 — Voltage versus time
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A.4.1 RMS jitter

The r.m.s. jitter is the phase jitter which comes to have the normal distribution shown in
Figure A.3. The r.m.s. jitter is a standard deviation obtained on the basis of statistical
treatments and defined as a 10 portion.

From statistics, any measurement data is meant to exist in 10 at a probability of 68,26 %.
Therefore, when the measurement times are 10 000, approximately 6 826 pieces of the
measurement data are considered to be contained. On the contrary, 31,74 % (3 174 pieces)
of the measurement data is indicated to be outside the plus and minus sides of 10. If the data
outside the definition is considered to be errors, 31,74 % can be considered to be the error
rate.

A.4.% Peak-to-peak jitter

The peak-to-peak jitter is the phase jitter which comes to have th it hown
in Figure A.3. The amount of phase jitter of one cycle is totalizg S ated on
the hase point of the reference point of phase jitter shown i F| & AN2: , the

The difference between the maximum value and the mini 3 /, idth) is
referfed to as the peak-to-peak jitter or the cycle-to-gycleNi i S ji come
larger as the measurement times are increased ' 3 smes the total jitter as
described later. This term comes on when negqtiati ions between customerg and
oscillator makers.

NOTH Since the peak-to-peak jitter or the r.m:s=ji ita e amount of phase jitter in the measurgment
times |thereof, the jitter indicates operatlng con|t|on samples in a short period of time. Morgover,
the jitter has values effective onl istrib Ui dussian distributions), and the effectijeness
can He maintained to be low Ant Arsid 5. of non-Gaussian distributions having didtorted

distrigutions such as binomial distributi R di tr'utlons Accordingly, when applying the pgak-to-
peak Jitter or the r.m.s. jit & \ e tween
customers and supplier sidg

A4 Randt@t

The random jitter is hase
jitterjcomponents

The rfandomyjitte Aty 8 nductively occurs as influenced by the characteristics, thermal
nois¢, and the like osiginallyNiivolved in the measurement equipment per se or oscillgtors.
Furtherfore; jitter has characteristics that the distribution width of measurement
valugs become pdmely, boundless characteristics) as the observation period of|time
becomes longex, efore, the distribution chart can be considered as an ideal ngrmal
distripution.~Moreowef, the random jitter is determined as a standard deviation based op the

distriputiorny 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. |itter.
MoreoVer, Since the random jitter becomes the amount of Jitter of the measurement equipment
per second, the random jitter is one of the measures for judging applicability to measuring the
phase jitter of oscillators.

A.4.4 Deterministic jitter

The deterministic jitter occurs by various factors of regularity (circuit designs, electromagnetic
induction, or induced from external environment), and has characteristics inasmuch as the
change width of distribution has a boundary and thus can be expressed by the parts
sandwiched between right and left random jitters. On the other hand, the components forming
the deterministic jitter include the period jitter or periodic jitter and the data-dependent jitter.
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A.4.5 Period (periodic) jitter

While the r.m.s. jitter represents variations in one cycle, the period jitter or periodic jitter
shows variations of timings of multiple cycles consecutively provided such as two cycles and
three cycles. The period jitter or periodic jitter can be determined by grasping the relationship
with the r.m.s. jitter between the multiple cycles and each cycle and thus grasping whether or
not periodic irregularities appear. As for the periodic components of this jitter, such
components are considered as an electronic noise caused by the power supply and cross-talk
from electronic parts around oscillators to be measured, and further from cores in the vicinity
in the case of IC.

If the—Fast—Fourier—Transform (FF 1) Tcam be executed; the—frequency as_the cause clearly
appelars 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 equipmeht in gexeral:

A.4.6 Data-dependent jitter

The data-dependent jitter is considered to be jitter components_due s _djstqrtion
and inter symbol interference, and is negligible for oscillators.

A.4.7 Total jitter
The fotal jitter is defined as the jitter obtained by totalizi

A.5 | Points to be considered for measuren
A.5.1 Measurement equipment

For fthe oscillators, requests of infinite varie by customers. The optput
wavgforms are not limited to square wawvss. ands for output voltage as small ap not
applicable to the measurement equipment

Since the oscillators have : g case may be experienced thst the
amolint of jitter of the m i is detected. Therefore, for the amount
of jitfer of the measune i Rex. se, the measurement equipment shall have the
jitter|floor smaller by ig the amount of jitter of assumed oscillgtors.
Moregover, the fr enc 3 waveforms are requested to be applicablg not
only to square v@; 3 ) g

Sinc¢ measureme i i éral are provided with the specification of a dggree
applicable to digit systms a sufficient study is required for adopting the

measgurement equi

i

Peak-to-peak jitter

Figure A.3 — Explanatory diagram of the amount of jitter applied to r.m.s. jitter
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