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Introduction To Jitter

What is Jitter?

This simple and intuitive definition is provided
by the SONET specification:

‘Jitter is defined as the short-term variations of
a digital signal’s significant instants from
their ideal positions in time.”
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Introduction To Jitter Contd.

Deterministic jitter (DJ) Random jitter (RJ)

Data dependent Periodic Gaussian
jitter (DDJ) jitter (PJ)
- =
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Introduction To Jitter Contd.

m  The overall jitter PDF is equal to the convolution of RJ PDF with the DJ
PDF, as shown in this equation:
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Introduction To Jitter Contd.

There are several ways in which jitter may be
measured on a single waveform. These are:

v Period jitter
v Cycle-cycle jitter
v Time interval error (TIE).
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Introduction To Jitter Contd.

Ideal Edge Measured

Positions Waveform —
- —
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Introduction To Jitter Contd.

Timing variations relative to
the ideal transition time are
called phase jitter (Fig. 1
top).

Signal level variations also
occur in digital systems; are
called amplitude jitter (Fig. 1
bottom).
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Figure 1. Phase and amplitude jitter influence
digital systems and can cause bit errors.

11/12/2014




Jitter Statistics

» Mean Value: The arithmetic mean, or average,
value of a clock period is the nominal period.
This is the reciprocal of the frequency that a
frequency counter would measure.

» Standard Deviation: The standard deviation,
represented by the Greek character sigma (0), is
the average amount by which a measurement
varies from its mean value. It is particularly
useful in describing Gaussian processes, for
which the distribution is completely specified by
the mean and standard deviation.
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Jitter Statistics Contd.

» Maximum, Minimum and Peak-Peak Values: The Max
and Min values generally refer to values actually
observed during a measurement interval, and the
Peak-Peak value is simply the Max minus the Min.
These measurements should be used judiciously. For
a deterministic signal, these values may equal the
true values even after a relatively short measurement
interval. But for a random signal with a Gaussian
distribution, there is theoretically no limit on the max
and min values, so the observed peak-peak value will

generally grow over time. For this reason, the peak-
peak value should be used in conjunction with the
population size and some knowledge of the type of
distribution.
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Jitter Statistics Contd.
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Population: The population is the number of
individual observations included in a
statistical data set. For a random process, a
high population intuitively gives greater
confidence that the measurement results are
repeatable. If the characteristics of the
distribution are known or can be estimated, it
is possible to calculate the population needed
to reduce the measurement uncertainty below
a desired point.
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Jitter Measurement and
Visualization

To guess is cheap. To guess wrong is expensive.”
Chinese
Proverb
» A histogram is a diagram that plots the measurement

values in a data set against the frequency of

occurrence of the Measurements. If the number of

measurements in the data set is large, the histogram
rovides a good estimate of the probability densit
unction (pdf) of the set. For example, if you rolled a

fair die 1(5)00 times and recorded the results, the

might be as depicted in Figure 3.2a, where the HITS
axis shows the number of times each value occurred.
Note that a histoc};}ram provides no information about
the order in whic

the observations occurred.
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Jitter Histogram
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Jitter Separation

“All models are wrong; some models are useful”
W. Edwards Deming

Jitter separation, or jitter decomposition, is an analysis technique
that uses a parameterized model to describe and predict system
behavior.

To understand how real systems behave, it is often useful to use
a mathematical model of the system. The behavior of such a model
can be tuned by adjusting the parameters of its individual
components. If the parameters of the model are chosen based on
observations of the real system, then the model can be used to
predict the behavior of the system in other situations.
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The Jitter Model
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Types of Jitter

RJ The principal source is Gaussian (white) noise within system com

I / pon-
Random Jitter ‘ents. It interacts with the slew rate of signals and preduces timing er-

rors at the switching points

PJ Also called Sinusoidal Jitter due to its sinusoidal form. The source is
Periodic Jitter usually interference form signals related to the data pattern, ground
bounce or power supply variations.

Isl Inter symbol interference is the most common form of DDJ. It is usually
Inter Symbol Interfer-  caused by bandwidth limitations of transmission lines. It affects single
: i bits surrounded by the bit of the opposite state. '

ence

ECJ Echo Jitter is sed' by component/line mismatch, it depends on the
Echo Jitter data pattern. Line length influence the mqgrﬂtude of ECJ as well.
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Random Jitter

» Random jitter is timing noise that cannot be
predicted, because it has no discernable
pattern. A classic example of random noise is
the sound that is heard when a radio receiver
is tuned to an inactive carrier frequency.

» While a random process can, in theory, have
any probability distribution, random jitter is
assumed to have a Gaussian distribution for
the purpose of the jitter model.
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Random Jitter
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Random Jitter

» System components or external influences can cause Unbounded
Jitter. Most prominent is Random Jitter (RJ), which is caused by
white noise prevalent in all active and passive components.
Amplifiers and line drivers multiply the energy of noise. By its
nature, energy distribution of white noise is Gaussian so R) can be
described by the probability density function:

1 (z — p)?
PDF g; (x) = g\/ﬁem = 202

Equation 1

where x is the independent value and o (sigma) the RMS value and p (mu) the
mean of the distribution. Jitter is defined as deviation from the ideal state, which
means it has positive and negative variations relative to the ideal state. For this
reason p in jitter analysis is always 0 and can be omitted. Equation 1 indicates
that independently of how large x may become, the probability of certain jitter
causing events may become very small, but it will never reach the x-axis. Due to
__its wide frequency spectrum white noise is very difficult to suppress or attenuate
‘without impacting the actual signal.
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BIT ERROR RATE (BER)

BER is the
measured bit error
rate, NErr the
number of error
bits and Nbits the
entire number of
compared bits.
BER = NErr / NBits

Page | 19

BER Bathtub - rising

{EQ- ™= Dual-Dirac BER Bathtub === TJ Data

Transitions: 186 k
Measured T1: 1E-4

250 mUI 500 mul 750 mUI 1.00 UI
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Deterministic Jitter
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Deterministic jitter is timing jitter that is
repeatable and predictable. Because of this,
the peak-to-peak value of this jitter is
bounded, and the bounds can usually be
observed or predicted with high confidence
based on a reasonably low number of
observations.
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Deterministic Jitter
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Periodic Jitter

» Jitter that repeats in a cyclic fashion is called
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periodic jitter. An example was shown in
Figure 2.4c, where the TIE time trend shows a
repeating triangle wave. Since any periodic
waveform can be decomposed into a Fourier
series of harmonically related sinusoids, this
kind of jitter is sometimes called sinusoidal
jitter.
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Duty-Cycle Dependent Jitter

Jitter that may be predicted based on whether
the associated edge is rising or falling is
called Duty-Cycle Jitter (DCD). There are two
common causes of DCD:
> 1. The slew rate for the rising edges differs from

that of the falling edges.
> 2. The decision threshold for a waveform is higher
or lower than it should be
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The Jitter Budget
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Noise Reduction Software

File Control Sehp Measwe Analyze Utilities Help 2aMar 2011 540AM  File Control Sehup Measwre Anahyze  Ltilities Help 79 Mar 2011 5:51AM

11/12/2014

Page | 25



Jitter measurements under vibration

Random Vibration
Operating LVDS 3.3Vdc
120.000MHz
50Hz - 2000Hz

All axes, 37.8g RMS

RMS Period litter

Serial No. | Baseline X-Axis Y-Axis Z-Axis
8607 3.31E-12 | 3.12E-12 3.42€-12 3.40E-12
6934 3.24E-12 | 3.13E-12 3.45E-12 3.60€-12

P-P Period litter

Serial No. | Baseline X-Axis Y-Axis Z-Axis
8607 22.1E-12 | 20.0E-12 22.9€E-12 22.7E-12
6934 21.1E-12 | 19.9E-12 20.0E-12 24.9€-12

Calculated Period Jitter

Serial No. | Baseline X-Axis Y-Axis 2-Axis
8607 48.4E-12 | 45.6E-12 50.0e-12 49.7E-12
6934 47.4E-12 | 47.4E-12 50.5E-12 52.6E-12

Frequency (PPM)

Serial No. Baseline X-Axis Y-Axis 2-Axis
8607 2.94 3.72 4,01 3.93
6934 8.16 7.60 6.25 7.53
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Phase Jitter

Phase Jitter is calculated by filtering the measured phase noise
data with an industry standard defined filter, and integrating
the result across offset frequency to derive an RMS phase jitter
value. The data sheet reports phase jitter in units of time (Ul)
at a specific carrier frequency. The value of f1 and f2 (and
roll-off characteristics, if appropriate) as dictated in data sheet
or by application requirements. It is not possible to directly
measure peak values from a phase noise graph.

Measured
N Phase Noise

Filter

Phase Noise (dBc/Hz)

f1 f2 Offset Frequency (Hz)
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Phase noise, static,
LVDS 3.3Vdc
156.25MHz
10Hz - TMHz

Phase Jitter, integrated
from 10Hz to 20MHz
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E

MPhase MNoise 10,01

-z0.00 Y

r

Canvier 162 469323 MHz __-4.215TdBN

1: 10 Hz -70.7880 dBc/Hz
Z: 100 Hz =97 .3046 dBcHz
3: 1 kHz -125.8173 dBc/Hz
4: 10 kHz -136.5993 dBc/Hz
5: 100 kHz + 449 dBe/Hz
>6: 1 MHz <153 5011 dBcs/Hz
X: Start 10 Hz -~

Stop & MHz
Center 2.500005 MHz

Span 4.3999% MHz
== Noise =—
Analysis Range X: Band Marker
Analysis Range ¥: Band Marker
Intg Noise: -63.8768 dBc / 5 MHz
RM3 Noise: 905.051 prad

; 51.8556 mdeg
RMS Jitter: 886.479 fsec
Residual FM: 144.923 Hz
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Jitter of a QT93LW-80MHZ

File Control Setup  Measse  Analyze  Litilities  Halp

Composite Histogram - rising
7] BN R, P) EEE DD)

11/12/2014

Page | 29

29



Page | 30



