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Abstract — It is shown that common method of jitter
variance estimating by integrating phase fluctuations’
spectrum is not correct for sampling oscilloscope jitter
measurements have been performed with synchronization
to the measured signal. It is obtained that oscillators
phase noise transformation depends on the sampling
oscilloscope implementation and has many options have
not been investigated deep enough. The inconsistence
between the phase noise transformation and measurement
results interpretation lead to errors in the measurements
and specifications of crystal oscillators and other high
stability sources, decrease the accuracy and stability of
GPS, radar-systems, telemetry systems, etc.

It is shown below that jitter variance should be estimated
by integrating the spectrum of the frequency fluctuations,
but not the spectrum of the phase fluctuations. It is
obtained that jitter characterizes the high frequency part of
the phase noise spectrum. The results obtained open the
way of the phase noise evaluation from jitter
measurements at frequency range up to 50 GHz and
higher. The new relations between jitter measurements
and phase noise are established for different types of
oscilloscope synchronization measurements (transition
jitter, Period jitter, Half-Period jitter, etc.).

It is obtained that famous way calculations jitter thorough
Allan variance characterizes the Circle-to-Circle jitter.

The methodology for jitter specification and
characterization is discussed.
INTRODUCTION

As the clock speed of electronic devices has grown, the
oscilloscope technique became more commonly used for
jitter characterization. In oscillators’ jitter measurements
this method is often implemented with sampling
oscilloscope synchronization to the measured signal. The
main advantages of this measurement method are the
following: resolution and sensitivity achieves fractions of
sub pico-seconds, measurement bandwidth up to 50 GHz
and higher, and reference devices are not needed. The last
one is especially important for crystal oscillators (XOs)
measurements, where it helps to avoid a large number of
references. These advantages significantly simplify the
implementation of the method and cause this technique to
become widely used in recent years.

The sampling oscilloscope jitter measurement is a
relatively new method of characterizing the high stability
frequency sources in the time domain. This measurement
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method has not been studied as thoroughly as the Frequency
Domain method based on the phase detector technique, and as
Time Domain method based on electronic counters [1-6]. The
sampling oscilloscope jitter measurement method was
investigated in some papers, particular [8-20]. However, many
problems have not still been treated, or some important
specific these measurements have been missed.

Present work investigates the jitter and phase noise relations
for different types of sampling oscilloscope measurements. In
Part I the transition jitter (first jitter difference) relations with
phase noise is considered. It is shown that jitter is defined
mainly by white phase noise level. It is obtained that jitter
measurements origins mainly from the high frequency part of
the phase noise spectrum. In Part II the second jitter
differences (period, circle-to-circle jitter, etc.) are investigated.
The presence of the two time scales at second jitter differences
is noticed. Different types of the sampling oscilloscope

synchronization affects on jitter —measurements are
investigated.
PART I. THE TRANSITION JITTER MEASUREMENTS

For sampling oscilloscope (SO) jitter measurements with the
triggering time-base from the delayed measured signal on time
7 , Fig.1, we may write for signals of the trigger channel X (t)
and vertical channel Y (t):

Y(t) = sin 2nvy (¢+7) + o(¢+1))
X(t) = sin (2 mvet +o(2)) (1)

The time functions Ty (t) and Ty (t) generated of the signals
(1) are [21]:

Ty(t) =t +t+ @(+1)2avy T(t) =t + ¢(1) 2avy, (2)
From (2) and [21], we can write time interval error function

j(t) — “the variations of the significant instants of a timing
signals from their ideal positions in time” [21]:

J(® = (9(r+1) —p(1))/27vy 3)

From (3) obtain the mean square of the jitter measured by
ideal sampling oscilloscope:

<J’(®) >= 2/ @ave) )Dy(7) “

here < > - designate an ensemble average, and
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D,(t)= () < (9(t+1)-0(2))* > is the structural function
[7] (the first difference) of the phase fluctuations. The
structural functions were inputted by A. Kolmogorov for
turbulence processes description, and developed by A.
Malahov for different types of the flicker noises present in
oscillators [7]. Notice that the famous Allan variance is
the first difference of averaged fractional frequency
measured by electronic counter, or second difference
structural function of the phase fluctuations [1-6].

The structural function implementation is effective when
noise represents process with stationary first differences
[7]. Consider flicker processes with spectrum dependence

on frequency f° ' Where B is limited to 0 > > -3.

Formally, the processes with such spectrum have
unlimited power and their spectrum approaches the
infinity at /' —0 (for f=1at f — oo, also). So, these
processes do not have correlation function. Otherwise,
these processes have finite structural function D, (). So,
they are processes with stationary first differences.
Processes with stationary first differences are more
general than the stationary processes, as the former may
be non-stationary [7].

Consider the relations between spectrum power density
phase fluctuations and the structural functions on the
example of stationary process with correlation function

R (7). As we can see from (4), D,(t)=R(0)-R(7 ).

Using the relations between correlation characteristic and
noise power spectrum density, we may rewrite (4) in the
frequency domain

F(p=———s Z So(Ah(sin’(ft)ds )

27vy)
here S,(f)- power spectrum density of the phase
fluctuations. Function h(f) is transfer function with

___ | T
Trigger® X(t) Input® Y(t)
Delay

Oscillator Splitter

—

Fig. 1. The transition jitter measurements with
synchronization from the measured signal.

equivalent cutoff frequency £}, defined by oscillator' electronic
circuits transfer function. Also (4), (5) obtained for stationary
processes with finite spectrum, they will be correct for flicker
type processes with > -3. Really, at f — 0 function Sy(f) is
increasing as 1/f”. At the same time, the function sin*(zfz)
under integral is proportional to the /2, and the integral at (5)
has finite value at f >-3.

Equations (4), (5) represent the phase fluctuations spectrum
transformation in ideal sampling oscilloscope without noise
and intrinsic jitter. These equations were obtained in [8-11]
and, independently, in [14-17,19,20]. In [19, 20] the jitter for
various [ were considered.

JITTER MEASUREMENTS ESTIMATION OF PHASE NOISE

Having in mind that t in (5) about tens and hundreds of ns, and
frequency bandwidth of the phase detector de << 1/1, equation
(5) is rewritten using the first member with £~ of sine-function’

decomposition, rewrite equation (5) in the form:

Go=22 I S d f + I Se(Nsin’(wfo)df (6)

l/0 ) Fpp

The substitution of the relation between spectrum power
density phase fluctuations Sq,(f) and spectrum frequency
fluctuations, Sy(f) = (f s )So(f), gives:

sin (7g‘2')

<j (t)> 2 { Sy(Hdf + Sy() ————
T f J )

daf'y (7

The second integral in (7) may be interpreted as equivalent
filtering of the spectrum components by low pass filter with
equivalent frequency bandwidth 1/21. In case f;t <<1, (7) is
simplified:

Ju
< >= 22 [S,(f)df ®
0

The traditional way of jitter estimation is integration S,(f) in
the phase detector frequency range Fpp. From (6)—(8) follows
that the min square jitter measured with self-synchronization
defines by integration of the frequency fluctuations Sy(f)
spectrum density, but not the integration of the phase
fluctuations spectrum, as usually supposed and done.

JITTER AND PHASE NOISE RELATIONS

Fig.2 is the illustration of equation (5). According to (5) and
Fig.2, the phase noise is multiplied by function 4sin’(nfr). The
first maximum of this function obtained at the frequency
1/(2t). Practically, F,q << 1/t and the frequency of this
maximum more than hundred times higher than typical phase
detector frequency range Fpp. So, for jitter measurements, the
influence of low frequency part of the phase noise
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Fig. 2. The illustration the transformation of S(f) - phase
fluctuations power spectrum density at sampling
oscilloscope jitter measurements. Fpp is phase detector

frequency range; /( f)is the electronic circuits transfer

function with equivalent cutoff frequency f, -

spectrum’ components is reduced. As we may see, jitter
measurements collect the contribution of all phase noise
high frequency components above phase detector
frequency range, up to cutoff frequency of the electronic
circuits f;,. This information is only available from jitter
measurements with this type of synchronization. More
over, in phase noise measurements with phase detector
technique we measure only the low frequency part of the
phase noise spectrum, and do not know the phase noise
behavior above the Fpp, shape of the h(f) function and its
cutoff frequency f,. So, the jitter measurements have very
essential properties for design and oscillator noise
investigations. To sum up the above:

- the contribution to the jitter value of low frequency
components is significantly reduced,

- XO' jitter measured with self synchronization is
defined by White phase noise primarily;

- jitter is mainly influenced by high frequency part of the
phase noise;

- jitter contains the information about h(f) function, its cutoff
frequency f;,, and phase noise behavior above Fpp;

- we may consider jitter and phase noise measurements

as two distinct measurements influenced by high and low
frequency parts of phase noise spectrum accordingly.

As we will see further, calculations confirm these conclusions.

NOISE COMPONENTS CONTRIBUTION TO THE JITTER VALUE

The real oscillator” phase fluctuations power spectrum density
usually is modeled by
1

Se(f) = b4 ! +bs L} +b, —

(9)
o f?

+b., L +b,
f

were coefficients by define the levels of the different noise
components. The spectrum degree p determine the slope of the
single-sideband phase noise L(f) = 10 Log(0.5 S,(f)). Cases
with B= 0, -1, -2, -3, -4 usually named respectively as White
phase modulation PM (WHPM), Flicker (FLPM), Random
Walk PM (RWPM, also known as White Frequency
Modulation (WHFM)), Random Run PM (RRPM, or Flicker
FM (FLFM)), and Random Walk (RWFM).

The crystal oscillators’ typical frequency range is 10+ 100
MHz and delay 7 typical range is 0+ 100 ns. Therefore, the
value t X f, = 0+30. The substitution of (9) into (5) gives us

the rms jitter Jous - /< Jj 2(t)> . The calculated results are

shown in Table 1 and Table 2 for rectangular and Lorentzian
shapes of h(f) functions correspondently. Cutoff frequency f;,
is defined as effective frequency bandwidth

= (l/h(O))T h(f)df. In the first column of Tablel the results
0

are written similar to the results had been obtained in [19,20].
As we can see, at 2f,T1 >>1 the jitter value does not depend on
the shape of h(f) function. At the middle value tf;, the Jy
dependence on the shape of h(f) function is week, but at
2f;7<<1 (the last columns in Tables 1,2) the dependence on
the h(f) shape becomes significant: for rectangle h(f) the Jis
is proportional to T, but for Lorentzian h(f) the J,is

TABLE 1. JITTER RMS FOR RECTANGLE SHAPE h(f) WITH EFFECTIVE FREQUENCY fh.

Sp:;;rreu " fir>>1 fur>=1 i v=<I
1 1 sin27f, T 1 |2
—/b — by [, (1 - ——= —. =
WHPM 7Z'V0 ofh v, \/ th( 271]th ) VO \/;?fh \/bofh
1 1 - 1
FLPM —Jb,(C+In2Af,7) — b [C+InQs, 1)~ Ci2A,7)] —1f,Jb_,
TV, v, Vo
1
RWPM —b,T RN \/bz (27wSi2nf,7) _2 gin? (nf,7)) izf,, 2b.,
v, v, I Vo S
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TABLE 2. JITTER RMS FOR LORENTZIAN SHAPE h(f)=f,%/( f,?+(f1/2)*), WITH EFFECTIVE FREQUENCY fj.

Spectrum fue>>1 fre>=1 frr<<l
1 1 2
—./b —./b l—exp(-4f,T —J7 /b
WHPM v, of v, \/ o p(—4/,7) v, 7\ boJ,
1
FLPM See Fig.3¢c \/b,l [C+In@f,7)—Za2],7)] See Fig.3.c
2v,f,
1 b
RWPM —Jb,T 1 —2 (expt4f, 1) +4f,7-1) i\/ 2b_5 1
Vo v, \ 41, Vo
Where: Si(x) = [ SING) 4> cig = [F22dz, za0 = 1 exp(cx)Ei(x) + exp(x)Ei(x)).
5 Z s 2
Ei(x) = j exp(2) 4, . C=05772, k=11,
Z

oo

proportional tox/; . This dependence J.,s at small 7
opens the way for investigation of the h(f) function and
XO' phase noise behavior at high frequencies.

As obtained above, the contribution of low frequency
components to the jitter value is reduced. Therefore,
consider the first three components of noise (9) with
B=0,-1,-2. Input the coefficients Kyppy, Kpgrpy, and
Krwpa characterize the contribution of each component to
the total jitter value. The total jitter:

Jms= T \/bOKV%/HPM +b—1K12~“LPM Jrb—szzeWPM (10)
These coefficients are shown in Fig. 3a,b,c as they were
obtained analytically with Mathlab. These figures are
useful for engineering calculations noise component
contribution to the J.,.. As it follows from the Fig. 3,
jitter is mainly defined by white phase noise mainly.
Fig.3a shows the difference of the jitter behavior at small
value of t for Lorentzian and rectangular shape of h(f).
From Fig. 3a we may provide the estimation of the cutoff
frequency of the oscillators’ electronic circuits (the phase
noise bandwidth) when the jitter dependence versus 1
becomes steeper, - at T X f; =1/2.

Example of the ring oscillator : In [15] the experimental
results obtained for 2.8-GHz ring oscillators.

Experimental results show \/; dependence at t less than
30 ns and up to Ins. This may be interpreted as evidence
of Lorenyzian shape of the oscillator's electronic circuits
(h(f) transition function) with cutoff frequency f;, =
500MHz.

Example of the XO: Consider the results of the phase noise
and jitter measurements of 24 MHz XO. The level of White
phase noise was -140 dBc/Hz at 2.5 KHz + 100KHz; FLPM -
135 dBc/Hz at 500 Hz, and RWPM -52 dBc/Hz at 1 Hz. The
calculations show that FLPM and RWPM contribution to the
jitter value is negligible and jitter value is defined mainly by
White phase noise in the bandwidth from 2.5 KHz to f;,. We
do not know the behavior of the phase noise above 100KHz
and f;,. Let us assume that oscillator has constant White phase
noise level by at all frequencies from Fpp=100 KHz up to f;.
The measured XO had pulse output signals. Let us assume that

7 » €quals to 3V, . Notes that all supposing have done are very
rough.

For White noise  Jys =(1/mvp) \/bofh (1-(sin2#f),7)/ 27}, 7) .
The member in brackets under the square root changes from
1.2 to 0.36 and the estimation J;,= (0.35 +0.19) TOW

Takes place. Further calculations give us jitter's limits
17.7+9.6 ps, and measurements give us 10.2 ps. In spite of
the rough assumptions, the measured value meets the limits of
the estimation.

JITTER VARIANCE ESTIMATION

Let us define the sampling rate of the SO due the
measurements. The SO trigger circuit operates as a divider
with the division coefficient M. The sampling frequency F
results in the screen points in real time (the time of the screen
commonly named “ the effective time”). It will be M time
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Fig. 3. The coefficients of the noise contribution to the
jitter.

lower than the frequency vy=1/ T, of the measured clock:
Fs=vy/M. Each measurement of the transition position is
taken at crossing point U, (Fig.1) during one time-base
ramp of the SO. Input K - is the total number
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3.c¢) Coefficient K py of flicker noise (B=1) contribution.

of the points on the screen’ time base, and Ty is the duration of
the screen’ time base. Each time-base requires K samples of
the signal, and the sampling rate of the crossing events will be
K time lover than Fg: Vo/MK. Designate N -the total number
of the crossing events used for variance calculations. Using
(1) and [1], we may write for jitter variance:

8 L} So(f) sin’(nfo)df (1)

2
G (NsTsaT) =
’ Qrvy)* N-1y,

here is fi=Vo/2MKN=Fg2KN.

For jitter variance estimations chousing of the lowest
frequency limit at the integral (11) is very important for
practical calculations. For sampling frequency of the SO

F3=100KHz, K=1000, and N=100, the lowest frequency limit

will be f = Fs/2KN=0.5Hz.

PART II. JITTER TIME INTERVAL MEASUREMENTS
(THE SECOND JITTER DIFFERENCES)

For clock jitter characterization, the second jitter differences
are implied: clock period variations, half-period variations,
duty cycle variations, or cycle-to-cycle jitter [8,9,12,17-20].
All these characteristics are time interval measurements of the
waveform on the oscilloscope screen. Before the consideration
of the second jitter differences we have to consider SO" unique
operation. The waveform, on the SO screen, consists of the
points’ sequence (samples). The number of points for one
waveform period on the screen

m =ent (Ty K/ Ty) (12)
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In real time one period of the signal waveform is to be
measured 8 = (m-1)"TyM :

T2
0=—""(K-1))M (13)
TR

If the maximum sampling rate of the SO is F, from (13):

K-1
FsTy

0= T (14)

Consider the Period jitter - the min square of the period
deviation referred to the average period value. From (3)
we get:

0} = <[(@(+219(1) ~(p(t+0+D-p(t+O)I>/2mv0)* (1)

In frequency domain:

1
\i(t) = 10Log (= S,()

N

y N

ﬁ=—2 ss

8 T Suphsin’ (afopsin’ (afe)df (16)

(v, )2 0

o3 =

here integrating is done from °0’, as the low frequency
components in (16) are reduced more by two sine functions.
Notice that for increasing the measurements’ sensitivity we
should choose pretty large delay t, and the trigger point in this
case is placed “outside” the SO screen.

Fig.4 illustrates the relations between spectrum components
with different B, and Period jitter dependence versus t (16). It
illustrates that the value of 7 is not higher than 1 mks, and &
not less than 100 mks. According to (14) the typical value of
6 is about 1+ 10 Ms, usually. The calculations of the (16)
may be done similar to the Tables 1,2. Must be noted that

6@ >> 7 is important constraint on the sampling oscilloscope
measurement method. As we can see from (16) and Fig.4, the
Period jitter has two arguments with two different time scales,
nanosecond and millisecond time ranges.

So(f)=b./f"

: i ~
| ! T~
! : i
i i i pLog f
0 f; f, £y fo
a) Phase noise spectrum L(f).
Period jitter Log o, Log o,
A
N .615 log 0 ! !
; ' ! ! 0 12
Neoo, | logti 1
i S !
RWFM : FLFM : RWFM ! FLPM ' WHPM
— 1 1 < T
Log 6 : -1 2 3 4 Log T 7 8 f,

b) Sigma — tau diagrams.

Fig. 4. The illustration of two arguments with two time scales at second jitter differences: a) typical oscillators’

phase noise spectrum; b) Period jitter sigma-tau diagrams.
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For Half-period jitter the differences between the first and
second half of one period are measured. The Half-period
jitter represents the next order difference:

32 — [ S,(Hh(fsin* (—) sin’(nf)df  (17)
(7v,)
Circle-to-Circle jitter will differ from (17) by the
argument value only; see Fig.5, equation (18).
Underline that @ >> 7 is important specific of the
sampling oscilloscope measurement method at SO
synchronization from the reference.

2
Opp~

THE SYNCHRONIZATION AFFECT AT OSCILLATORS® PHASE
NOISE TRANSFORMATION

We have investigated SO self-synchronization. The
advantage of such type of the synchronization is avoiding
reference devices. This is crucial for XO manufacturing
and implementation. XOs have wide range of the
frequencies and the creation of a large number of
references often impossible. Otherwise, there are many
cases when the synchronization from the reference

Synchronization from the measured signal

devices is needed. In the case of SO synchronization from the
reference, the first sine-function under integrals in (16)-(18)
disappears and relations between jitter and phase noise is
simplified, Fig.5, right column. The same equations will be in
case jitter measurements are performed refer to the trigger
point. Particularly, transition jitter is obtained by famous
equation — phase fluctuations spectrum integration (19). As it
follows from the equations (16) - (21), in synchronization
from the reference, the jitter parameters (19) - (21) are defined
by low frequency part of the phase noise spectrum, mainly.
Otherwise, in sampling oscilloscope synchronization from the
measured signal, the jitter is defined by high frequency part of
the phase noise spectrum.

The equation (20) was considered in [19], and equations (20),
(21) in [20]. Both papers contain detail calculations for
different types of the phase fluctuations spectrum. At the
implementation of the results obtained in [19, 20] the
equations (13) and (14) for argument 6 are useful. These
equations define the time interval (in real time) during which
the jitter differences measure by sampling oscilloscope.

Synchronization from the reference

X0 >
~ _/_
.| Delay ° PLL
v Y < > oY
4_
XO ® X ? X
Reference !

Transition jitter

o;= 2z IS¢(f)sm (7 )df (16)

(zvy)*

2
o =— IS¢ ()df (19)

(27mv,)* 1

Period jitter
Op=——75 [S;(f)sin”(mO)sin” (afz)df (17) Op=—""3 [S,()sin”(mO)df  (20)
(Zvy)" 7 (Tvy)™ 1
Circle-to-Circle jitter
32 8
Ctc=— ( ) IS¢(f)Sln (0)sin® (27 )df (18) Olec=— ( % IS¢(f)Sln (m0)df  (21)
0 0

Fig. 5. The illustration of the differences of the phase fluctuations spectrum transformation depends
of the sampling oscilloscope synchronization and type of the measurements.

553



In [5] the equation similar (21) was obtained at jitter
estimation with using the Allan variance calculations. The
famous way of the timing jitter calculation is t'oy (1),
where 6, (1) is the square root of the Allan variance, — the
first difference of fractional frequency y(t) averaged over
a period 1 [5]:

oy (1)= <% [y(t+1) - y(OF >" (22)

Compare (13) in [5] and formula (21) we may see, that the
estimation jitter by Allan variance characterizes the
Circle-to-Circle jitter at measurements performed refer to
the trigger point:

O =40"c,%(0) (23)

The multiplier 4 in (23) comes due the 'z in the Allan
variance definition (22).

THE TRANSITION JITTER AT SINUSOIDAL PHASE
MODULATION

As the illustration of the differences between types of the
synchronization, consider an affect of harmonic
modulation at transition jitter measurements for two types
of the synchronization: from the measured signal and
from the reference. Assume that the oscillator' phase is
modulated by sine function with amplitude A, and
frequency Fy : Aysin(2nFgt). The natures of such
sinusoidal phase modulation are spurs, 60 Hz harmonics,
etc.. This modulation has a power (A¢)2 /2 and creates a
linear spectrum components with amplitude (Aq,)2 /4
symmetrical refer to the carrier.

From Fig.5, formula (19), the jitter value is obtained:

6 =(Ap)2(2mve)’ (24)

In case synchronization from the measured signal, from
(5) we will get the jitter value:

o2 =2((A) [@nvoY)sin’(atFy)  (25)

For harmonic frequency small enough ( Fy<< 1/1), we
may write:

65 = (1)) T (Fo/vo)® (26)

So, jitter on harmonic modulation at self-synchronization
is decreasing with decreasing t and harmonic’ frequency
Fo. From (24) and (26) obtain the ratio of the jitter
variances:

2
o' ; synchr.of ref 1 1

= >>1 27
612« synchr.of signal ~ (27)? (Foz')2

So, the type of the synchronization significantly affects jitter
measurements.

THE DISCUSSION OF THE XO SPECIFICATION

So, we have many options for jitter specification and
characterization depending on the type of measurements and
synchronization. The question arises, what we should choose
for oscillator jitter specification and characterization.

At XOs' jitter specification we have to start from the analysis
of the phase noise transformation in the system where this XO
has to be implemented. After that we have to choose:

a) measurement type (transition, or period jitter, etc.);

b) measurements reference ( to the trigger point or not);

c¢) synchronization type.

We have to choose such type of the measurements and
measurement conditions that would result in phase noise
transformation, close to its transformation in the system where
we are going to implement this XO.

In practice, for example, the jitter may be specified at low
frequency spectrum, but the jitter characterization may be
done with self-synchronization and will characterize the high
frequency phase noise components. The measured value may
be lower than specified one, but it may represent completely
different jitter characteristic and real oscillator may not meet
the specification.

Specifying XOs, proper characteristics and parameters have to
be specified. These parameters reviewed in the present paper:
type of the synchronization and measurements; delay
interval 7 ; the oscilloscope time base duration T and number

of points K ; etc.

If only the jitter level specified, as commonly done, jitter is not
well defined and in different measurements of one XO we will
have different results.

CONCLUSION

1. The analysis of the phase noise transformation at sampling
oscilloscope measurement method has presented. The new
relations of the phase noise and jitter measurements obtained
for transition jitter and for other jitter characteristics: Half-
Period jitter, Circle-to-Circle jitter, etc.

2.For synchronization from the measured signal jitter is
mainly affected by the high frequency part of the phase noise.
For reference synchronization, or trigger point reference, the
jitter characterizes the whole phase noise spectrum, and is
mainly defined by low frequency part of the phase noise
spectrum components.

3. Jitter measurements with self-synchronization open a way to
investigation of the high frequency phase noise spectrum and
cutoff frequency of the oscillator's electronic circuits up to
50GHz and higher. This information cannot be obtained with
any other existing methods. Jitter and phase noise
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measurements may be considered as two distinct
measurement methods accomplishing each other.

4.1t is shown that in the self-synchronization case
transition jitter with phase noise relation is defined by
frequency fluctuations spectrum integral, but not the
phase fluctuation spectrum integral, as often done.

5. Specifying the XOs' jitter one must refer: type of the
measurements, type of the synchronization, measurement
conditions.

6.1t is shown that the famous way of the jitter
characterization by Allan variance, characterizes the
Circle-to-Circle jitter measurements performed refer to
the trigger point.

7.0ne of the reasons for probable mistakes in jitter
characterization and specification is a lack of the
standards in this field of the measurements.
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