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Abstract—Jitter happens when data rates increase in high-
speed input and output connections for data communications.
Characterizing of jitter and measurement is challenge, jitter
defined as the misalignment of edges in a sequence of data bits
from their ideal positions. Misalignments can result in data
errors, and raised bit error rate in digital communication.
Tracking these errors over an extended period determines the
system stability. Jitter can be due to deterministic and random
phenomena, also referred to as systematic and non-systematic
respectively. It is worth mentioning that the benefit of jitter is
limited to applications using random number generation.
There is hardly any other benefit from jitter. Phase noise and
jitter are a very important issue when design a phase-locked
and delay-locked loops. Different applications may have
different emphasis on the jitter specifications. “Cycle-to-cycle”
jitter refers to the time difference between two consecutive
Cycles of a period signal. A RMS (root mean square) or peak-
to-peak value is used to describe a random jitter. According to
the noise sources, it can be classified as internal jitters, caused
by the building blocks of PLLs and DLLs, and external jitters.
Jitters in an Oscillator have been examined for almost half a
century and still a hot topic.

Index Terms—Modelling and simulation, phase-locked loop,
PLL, frequency synthesizer, jitter noise, phase noise,
synchronization in digital transmission.

. INTRODUCTION

J ITTER happens when data rates increase in high-speed
input and output connections for data communications.
Characterizing jitter is a challenge, as is its measurement.
Jitter defined as the misalignment of edges in a sequence of
data bits from their ideal positions [1]. Misalignments can
result in data errors, and raised bit error rate in digital
communication. Tracking these errors over an extended
period determines the system stability. Jitter can be due to
deterministic and random phenomena [11], also referred to
as systematic and non-systematic respectively [2]. It is
worth mentioning that the benefit of jitter is limited to
applications using random number generation. There is
hardly any other benefit from jitter. Hence, the
disadvantages of jitter highly outweigh its benefits.

Timing jitter is of great concern in high frequency timing
circuits. Its presence can degrade the system performance in
many high-speed applications [3]. This paper describes the
relation between phase noise and jitter in high speed
communication as shown in fig .1 the real measurements of
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jitter in T1 carrier using Wave Runner LECROY
Oscilloscopes 1 GHz, 10 GS/s in this experimental work
gives the different measurements such as the minimum and
maximum jitter in the frequency range standard deviation of
time measurements it gives also the Fourier, 1St, 3", and 5"
harmonics of the carrier frequency as shown in figure .1.
One of techniques used to minimize jitter by using a wide
range low jitter clock source using only one crystal
oscillator using two phase-locked loops connected in
cascade. The first one has a voltage-controlled crystal
oscillator to eliminate the input jitter and the second is a
wide-band phase-locked loop. Simulating the root-mean-
squared jitter of the system is important to analyze system
performance [9-10].
One important advantage of using the proposed system is
that it uses only one voltage-controlled crystal oscillator for
multiple carrier frequencies, while reducing jitter
considerably. The dual phase-locked loop system as
proposed designed, built and tested in the laboratory and the
results shown in fig.1 and fig .2.
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Fig. 1 jitter in high frequency synthesizer

1. HOW PHASE NOISE QUANTITIES RELATE TO TIMING JITTER

Timing jitter is the critical performance parameter for
clock recovery applications and sampled-data systems.

Cycle-to-cycle timing jitter is relate to phase noise, we
first derive the phase jitter for an oscillator with frequency f,
and period T, over a correlation time T[6],
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From the integrand in (1), it is apparent that the close-in
phase noise near the carrier is significantly attenuated for
frequencies much smaller than T-1. We can gain further
insight by assuming a given shape for the phase spectral
density. Consider an oscillator with a constant phase noise
spectrum for frequencies f < f1 and zero everywhere else.
Then,
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Where L is related to the value of in-band phase noise.

A free-running oscillator phase noise spectrum has a
region where L(Af) « (Af)% Hence, we can model the noise
as white, frequency modulated (FM) noise as described in

[71,
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Using Parseval's relation, the integral can be evaluated as

o4y = AKn’T = L(AF, ) (2nAf, T (6)
Relating the variance in phase to timing jitter,
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The result has been derived in reference [8].

I, TIMING JITTER

Timing jitter is an important specification for digital
circuits and sampled-data systems. To demonstrate the
impact of clock jitter, consider the sampling clock for an
ADC [4]. Any error in the sampling instant directly
translates into an error in the sampled voltage as displayed
in Fig. 1, thus reducing the overall resolution of the
converter. For an ADC with Nyquist rate f; full-scale
voltage VFS, and resolution of B bits, the largest possible
slew rate comes for the signal [5]

Fig. 2. Real time jitter measurement in high frequency synthesizer
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The bin size of the ADC is
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Therefore, the requirement for timing jitter is

Vbin 1
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AT dv 28-Lnf (10)
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IV. SPURIOUS TONES

Since all frequency synthesizers generate the carrier
frequency by locking to a high-precision low frequency
oscillator, the circuits are periodic at the lower reference
frequency. This causes spurious tones to appear around the
carrier at the output of the frequency synthesizer. For a
fixed-frequency synthesizer, the spurs appear at the
frequencies
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Fig.3. Spectrum of phase noise
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Spurs can present a problem because any interferer
located at a multiple of f.; away from the desired signal will
fall directly in band after mixing. This is especially a
problem in cellular systems because the power of the
received signal from other users is often several orders of
magnitude larger than the desired signal. The location of the
other channels is precisely where the spurious tones from
the frequency synthesizer lie.

Figure 3 illustrates the suppressed tone in spectrum
analyzer output.

Spurious tones can also manifest themselves as
systematic timing jitter. Consider an ideal oscillator with a
time-varying phase [12-13], oscillator with a time-varying
phase ,

v,(t)=Acos [Zn f, +psin (ZnAft)J (12)

It was shown previously in (11) and (12) that the power
of the spur with respect to the power of the carrier is

~

Pypur(dBC)= 20109, % (13)
Substituting in equation (13) we get
v,(t)=Acos| 2nf,| t+ O _gin 2naft (14)
2nf,
The variance of the timing jitter
is GiT = - (I) > (15)
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Thus, the spurious tones related to timing jitter by

Pspur(dBC) =20 |Og 10 (\/EnchAT ) (17)

V. CONCLUSION

Phase noise and jitter are a very important issue when
design a phase-locked and delay-locked loops. Different
applications may have different emphasis on the jitter
specifications. “Cycle-to-cycle” jitter refers to the time
difference between two consecutive Cycles of a period
signal. A RMS (root mean square) or peak-to-peak value is
used to describe a random jitter. Jitter can be considered as
time variant of the clock period. When a clock/data signal
travels through a non-ideal channel and corrupted with
noise, there are some uncertainties about the clock/data
edges, which move in time. With large noise, the data eye
may close and make data/clock recovery extremely difficult.
If the generated clock is jittering, it may not be placed on
the center of data eye and make a wrong decision. Such
random variation cannot be recovered by simple
amplification or clipping. A PLL circuit can be used to
efficiently recovery or regenerate the clock/data with low
jitter. In the frequency domain, such timing jitter is called
phase noise.
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