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As data rates increase effects of jitter becomes critical and jitter budgets get tight-
er. Instruments such as real-time oscilloscopes and Bit Error Ratio Testers (BERT) are 
optimized for determining the total amount of jitter and worst-case eye-opening in your 
high-speed digital system and can be used to test for compliance based on industry 
standards. In addition, some real-time instruments can separate random and determin-
istic jitter components to predict/extrapolate worst-case total ji tter (TJ) and eye-open-
�L�Q�J���E�D�V�H�G���R�Q���D���X�V�H�U���V�S�H�F�L�o�H�G���%�L�W���(�U�U�R�U���5�D�W�L�R�����%�(�5�������W�\�S�L�F�D�O�O�\�����������������%�X�W���Z�K�H�Q���M�L�W�W�H�U���P�H�D-
surements do not meet a particular minimum standard, or if jitter measurement results 
are “too close for comfort,” then measuring the amount of component or system jitter  
is just half of the jitter test equation. Determining the root-cause of jitter is the other half 
of the test equation. The focus of this paper will be to address some practical “tips & 
tricks” on using real-time oscilloscopes with jitter analysis and high-speed pulse/pattern 
�J�H�Q�H�U�D�W�R�U�V���W�R���V�H�S�D�U�D�W�H���D�Q�G���W�L�P�H���F�R�U�U�H�O�D�W�H���V�S�H�F�L�o�F���G�H�W�H�U�P�L�Q�L�V�W�L�F���M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V���W�R��
help identify, measure, and view sources of systematic timing errors.

Understanding Jitter

Jitter is the deviation of a timing event of a signal from its ideal position. The traditional 
way to measure jitter is with an eye-diagram using repetitive acquisitions on an oscillo-
�V�F�R�S�H���D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������/�R�R�N�L�Q�J���D�W���W�K�L�V���F�R�P�S�R�V�L�W�H���Y�L�H�Z�����\�R�X���P�L�J�K�W���D�V�V�X�P�H���W�K�D�W���\�R�X��
have a band of worst-case jitter equal to the width of the rising and falling edges of the 
eye-diagram. You might also assume that all edges of your signal are jittering about to 
the same degree. Both of these assumptions would be incorrect.

Jitter is complex and is composed of both random and deterministic jitter components. 
Random Jitter (RJ) is theoretically unbounded and Gaussian in distribution. “Unbound-
ed” simply means that if you wait long enough, the peak-to-peak jitter will increase 
�L�Q�G�H�o�Q�L�W�H�O�\���W�K�H�R�U�H�W�L�F�D�O�O�\����

This means that an eye-diagram may never show the worst-case condition. If the jitter 
in your system consisted of just random jitter, then each edge of the data signal would 
have the same probability of timing error.

Deterministic Jitter (DJ) is bounded and doesn’t follow any predictable distribution. 
It consists of several different sub-components and is usually caused by a systematic 
problem in your high-speed digital design. For this reason, DJ is sometimes referred 
to as systematic jitter. If you were to view each individual edge of the data signal, you 
would probably see that particular data edges contribute different amounts of timing er-
ror. Depending on the data pattern, some edges in the serial pattern will always be shift-
ed to the right (positive timing error), while other edges will always be shifted to the left 
(negative timing error) relative to their ideal timing locations. And then the random jitter 
component would cause these individual data bit edges to randomly bounce around the 
shifted/offset deterministic amplitude of jitter.

�)�L�J�X�U�H���������9�L�H�Z�L�Q�J���M�L�W�W�H�U���L�Q���D�Q���H�\�H���G�L�D�J�U�D�P��
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Using an eye-diagram, you can sometimes quickly determine if your system is dominat-
ed by random or deterministic jitter, or possibility a combination of the two. Using the 
oscilloscope’s variable intensity or color-graded display capability, you can visually look 
�I�R�U���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���k�E�U�L�J�K�W�y���W�U�D�F�H���S�D�W�K�V���Z�L�W�K�L�Q���W�K�H���L�Q�o�Q�L�W�H���S�H�U�V�L�V�W�H�Q�F�H���G�L�V�S�O�D�\�����5�H�I�H�U-
�U�L�Q�J���W�R���W�K�H���W�U�D�F�H�V���L�Q���)�L�J�X�U�H���������Z�H���F�D�Q���V�H�H���V�H�Y�H�U�D�O���Z�H�O�O���G�H�o�Q�H�G���S�D�W�K�V���R�I���E�U�L�J�K�W�Q�H�V�V�����7�K�L�V��
is a clear indication of deterministic jitter. Some of the data edges consistently occur 
in some locations while other edges occur in other locations of the eye-diagram. The 
power of a real-time scope is the ability to view these particular data edges individually 
as we will see later in this paper.

Another technique to determine the existence of random versus deterministic jitter is to 
use the scope’s histogram feature. By taking a look at a slice of data across the center of 
�W�K�H���V�F�U�H�H�Q�����Z�H���F�D�Q���V�H�H���L�Q���)�L�J�X�U�H�������W�K�D�W���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���H�G�J�H���S�O�D�F�H�P�H�Q�W�V���L�V���D���F�R�P�E�L-
nation of random and deterministic jitter. If the Probability Distribution Function (PDF) 
were Gaussian (the classic bell-shaped curve), then the system jitter would probably be 
dominated by random jitter. The fact that this particular PDF is approximately bi-modal 
�L�Q���G�L�V�W�U�L�E�X�W�L�R�Q���L�V���D�Q�R�W�K�H�U���L�Q�G�L�F�D�W�L�R�Q���R�I���W�K�H���H�[�L�V�W�H�Q�F�H���R�I���D���V�L�J�Q�L�o�F�D�Q�W���D�P�R�X�Q�W���R�I���G�H�W�H�U�P�L�Q-
istic jitter.

Real-Time Jitter Analysis

Measuring the total jitter in your system with a Bit Error Ratio Tester (BERT) or real-time 
RJ/DJ separation techniques will tell you whether or not your system meets a jitter/
�W�L�P�L�Q�J���E�X�G�J�H�W���V�S�H�F�L�o�F�D�W�L�R�Q�����$�Q�G���Y�L�H�Z�L�Q�J���D�Q���H�\�H���G�L�D�J�U�D�P���D�O�R�Q�J���Z�L�W�K���D���K�L�V�W�R�J�U�D�P���F�D�Q��
give you a good intuitive feel concerning the type of jitter in your system and a rough 
feel for the amount of total jitter. But neither of these two types of measurements can 
�S�U�R�Y�L�G�H���\�R�X���Z�L�W�K���P�X�F�K���L�Q�V�L�J�K�W���L�Q�W�R���K�R�Z���W�R���L�G�H�Q�W�L�I�\�����Y�L�H�Z���D�Q�G���W�K�H�Q���U�H�G�X�F�H���V�S�H�F�L�o�F���F�R�P-
ponents of jitter. This is where real-time jitter analysis steps in. The primary contribution 
of jitter analysis using a real-time oscilloscope is its inherent ability to capture data or 
clock pulses in a single acquisition with timing measurements on each and every pulse 
in a long stream of data. The real-time scope and jitter analysis can then be used to 
�W�L�P�H���F�R�U�U�H�O�D�W�H���V�S�H�F�L�o�F���M�L�W�W�H�U���H�U�U�R�U���P�H�D�V�X�U�H�P�H�Q�W�V���W�R���V�S�H�F�L�o�F���G�D�W�D���E�L�W�V���R�U���R�W�K�H�U���V�L�J�Q�D�O�V���L�Q��
your system that might be contributing to the total system jitter.

�)�L�J�X�U�H�������L�O�O�X�V�W�U�D�W�H�V���W�K�H���W�H�F�K�Q�L�T�X�H���W�K�D�W���U�H�D�O���W�L�P�H���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���X�V�H�V���W�R���P�H�D�V�X�U�H���M�L�W�W�H�U���R�Q��
an NRZ data signal. This type of real-time jitter measurement is typically referred to as a 
�7�L�P�H���,�Q�W�H�U�Y�D�O���(�U�U�R�U�����7�,�(�����R�U���S�K�D�V�H���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�����7�K�H���U�H�D�O���W�L�P�H���V�F�R�S�H���o�U�V�W���F�D�S�W�X�U�H�V��
a deep record of the NRZ data signal and then creates an ideal software-recovered 
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�)�L�J�X�U�H���������5�H�D�O���W�L�P�H���M�L�W�W�H�U���D�Q�D�O�\�V�L�V��
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clock based on the captured data. Depending on the user’s selection, this software-gen-
�H�U�D�W�H�G���F�O�R�F�N���F�D�Q���E�H���H�L�W�K�H�U���R�I���D���o�[�H�G���I�U�H�T�X�H�Q�F�\���R�U���D���3�/�/���W�\�S�H���F�O�R�F�N���Z�L�W�K���D���V�S�H�F�L�o�H�G���O�R�R�S��
�E�D�Q�G�Z�L�G�W�K�����7�K�H���M�L�W�W�H�U���V�R�I�W�Z�D�U�H���W�K�H�Q���S�H�U�I�R�U�P�V���D���E�H�V�W���o�W���D�O�J�R�U�L�W�K�P���W�R���D�O�L�J�Q���W�K�H���1�5�=���G�D�W�D��
�H�G�J�H�V���Z�L�W�K���W�K�H���k�Y�L�U�W�X�D�O�y���F�O�R�F�N���H�G�J�H�V�����$�O�W�K�R�X�J�K���)�L�J�X�U�H�������V�K�R�Z�V���D���V�R�I�W�Z�D�U�H���J�H�Q�H�U�D�W�H�G��
clock waveform (blue trace), this signal is typically NOT shown on the scope’s display. 
It is merely used as a theoretical timing reference for making Time Interval Error (TIE) 
measurements on each data edge by the scope’s computer.

Jitter analysis software in the real-time oscilloscope then performs a series of del-
�W�D���W�L�P�H���P�H�D�V�X�U�H�P�H�Q�W�V���E�H�W�Z�H�H�Q���H�D�F�K���H�G�J�H���W�U�D�Q�V�L�W�L�R�Q���L�Q���W�K�H���G�D�W�D���U�H�F�R�U�G���D�W���D���V�S�H�F�L�o�H�G��
�W�K�U�H�V�K�R�O�G���O�H�Y�H�O���U�H�O�D�W�L�Y�H���W�R���H�G�J�H�V���R�I���W�K�H���E�H�V�W���o�W���F�O�R�F�N�����7�K�H�U�H���L�V���Q�R���Q�H�H�G���W�R���V�S�H�F�L�I�\���D���P�H�D-
surement threshold level for the clock since it is just a theoretical time reference. After 
completing all of the timing measurements in the data record, the results can be viewed 
in three different formats.

With the jitter “trend” waveform, absolute timing errors for each data edge are plotted 
on the vertical axis with the horizontal axis based on the scope’s timebase. In other 
words, time error versus time. The “trend” waveform provides a time-correlated view of 
each timing error relative to the data waveform. In the case of data-dependent jitter, the 
�k�W�U�H�Q�G�y���Z�D�Y�H�I�R�U�P���F�D�Q���E�H���D���Y�H�U�\���S�R�Z�H�U�I�X�O���W�R�R�O���W�R���W�L�P�H���F�R�U�U�H�O�D�W�H���V�S�H�F�L�o�F���H�U�U�R�U�V���Z�L�W�K���W�K�H��
data bit that caused the error. In the case of Periodic Jitter (PJ) caused by signal cou-
pling, the “trend” waveform can also be time-correlated to other signals in the system 
captured on other channels of the oscilloscope. Characteristics of periodic jitter will be 
discussed later in this paper.

Another way to view the jitter is in the frequency domain. With the jitter “spectrum” 
waveform, an FFT math function is performed on the TIE trend data to produce a view of 
the jitter based on repetitive frequency components within the series of delta time error 
measurements. In this case, data is plotted as amplitude timing error on the vertical 
�D�[�L�V���Y�H�U�V�X�V���I�U�H�T�X�H�Q�F�\���R�Q���W�K�H���K�R�U�L�]�R�Q�W�D�O���D�[�L�V�����7�K�L�V���Y�L�H�Z���F�D�Q���E�H���H�V�S�H�F�L�D�O�O�\���E�H�Q�H�o�F�L�D�O���Z�K�H�Q��
looking for uncorrelated Periodic Jitter (PJ) components that are not time-correlated to 
the data signal.

The “histogram” view will show the Probability Distribution Function (PDF) of the  
jitter (composite of all TIE measurements in the data record) and is plotted as timing 
error versus number of hits (N). The results of the real-time histogram should closely 
correlate with the results of a repetitive histogram produced from an eye-diagram mea-
surement. However, with real-time sampling much more data is collected from a single 
acquisition of the signal. In other words, you will be able to view a distribution of jitter 
from a single acquisition. In addition, the real-time jitter histogram will build up with 
repetitive real-time acquisitions to generate a more accurate and complete PDF.
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�)�L�J�X�U�H���������-�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V��

Typical Characteristics of Individual Jitter Components

In order to interpret measurement results and waveform views performed by real-time 
�M�L�W�W�H�U���D�Q�D�O�\�V�L�V�����\�R�X���P�X�V�W���o�U�V�W���X�Q�G�H�U�V�W�D�Q�G���W�K�H���F�K�D�U�D�F�W�H�U�L�V�W�L�F�V���D�Q�G���O�L�N�H�O�\���F�D�X�V�H�V���R�I���L�Q�G�L-
vidual jitter components. There is more to jitter interpretation than just knowing that 
Random Jitter (RJ) is Gaussian in distribution, and deterministic jitter is non-Gaussian.

As mentioned earlier, Total Jitter (TJ) is composed of a Random Jitter (RJ) component 
and a Deterministic Jitter (DJ) component. Random jitter is unbounded, and for this 
reason (unlimited peak-to-peak) RJ is usually measured in terms of an RMS value. In 
addition, random jitter is very predictable in terms of distribution. The Probability Dis-
tribution Function (PDF) is always Gaussian in distribution. Unfortunately, predicting the 
�F�D�X�V�H���R�I���5�-���L�V���D���P�R�U�H���G�L�I�o�F�X�O�W���W�D�V�N���D�Q�G���L�V���Q�R�W���Z�L�W�K�L�Q���W�K�H���V�F�R�S�H���R�I���W�K�L�V���S�D�S�H�U�����5�-���L�V���R�I�W�H�Q��
caused by thermal effects of semiconductors and requires a deeper understand of phys-
ics. However, one piece of advice is to pay close attention to the amount of vertical noise 
in your system. Random vertical noise will directly translate into random timing jitter.

On the other hand, deterministic jitter is bounded and is always measured in terms of a 
peak-to-peak value. Although the distribution of deterministic jitter can be very un-
predictable, the likely causes and characteristics of the individual sub-components of 
measured deterministic jitter are very predictable. The sub-components of Deterministic 
Jitter (DJ) consist of Duty Cycle Distortion (DCD), Inter-Symbol Interference (ISI), and 
�3�H�U�L�R�G�L�F���-�L�W�W�H�U�����'�-�����D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������/�H�W�j�V���Q�R�Z���W�D�N�H���D���F�O�R�V�H�U���O�R�R�N���D�W���S�R�V�V�L�E�O�H���F�D�X�V�H�V��
and characteristics of each of the sub-components of deterministic jitter.

There are two primary causes of Duty Cycle Distortion (DCD) jitter. If the data input to a 
transmitter is theoretically perfect, but if the transmitter threshold is offset from its ideal 
level, then the output of the transmitter will have duty cycle distortion as a function of 
�W�K�H���V�O�H�Z���U�D�W�H���R�I���W�K�H���G�D�W�D���V�L�J�Q�D�O�j�V���H�G�J�H���W�U�D�Q�V�L�W�L�R�Q�V�����5�H�I�H�U�U�L�Q�J���W�R���)�L�J�X�U�H���������W�K�H���Z�D�Y�H�I�R�U�P��
represented by the dotted line shows the ideal output of a transmitter with an accurate 
�W�K�U�H�V�K�R�O�G���O�H�Y�H�O���V�H�W���D�W�����������D�Q�G���Z�L�W�K���D���G�X�W�\���F�\�F�O�H���R�I�������������7�K�H���V�R�O�L�G���O�L�Q�H���Z�D�Y�H�I�R�U�P���U�H�S-
resents a distorted output of a transmitter due to a positive shift in the threshold level. 
With a positive shift in threshold level, the resultant output signal of the transmitter 
�Z�L�O�O���K�D�Y�H���O�H�V�V���W�K�D�Q�����������G�X�W�\���F�\�F�O�H�����,�I���W�K�H���W�K�U�H�V�K�R�O�G���O�H�Y�H�O���L�V���V�K�L�I�W�H�G���Q�H�J�D�W�L�Y�H�O�\�����W�K�H�Q���W�K�H��
�R�X�W�S�X�W���R�I���W�K�H���W�U�D�Q�V�P�L�W�W�H�U���Z�L�O�O���K�D�Y�H���J�U�H�D�W�H�U���W�K�D�Q�����������G�X�W�\���F�\�F�O�H��

�0�H�D�V�X�U�L�Q�J���7�,�(���U�H�O�D�W�L�Y�H���W�R���W�K�H���V�R�I�W�Z�D�U�H���J�H�Q�H�U�D�W�H�G���E�H�V�W���o�W���F�O�R�F�N���U�H�V�X�O�W�V���L�Q���D���S�R�V�L�W�L�Y�H��
timing error on the rising edge of each data bit and a negative timing error on the falling 
edge of each data bit. The resultant TIE trend waveform will possess a fundamental 
�I�U�H�T�X�H�Q�F�\���H�T�X�D�O���W�R�����������W�K�H���G�D�W�D���U�D�W�H�����7�K�H���S�K�D�V�H���R�I���W�K�H���7�,�(���W�U�H�Q�G���Z�D�Y�H�I�R�U�P���U�H�O�D�W�L�Y�H���W�R��
the data signal will depend on whether the threshold shift is positive or negative. With 
no other sources of jitter in the system, the peak-to-peak amplitude of DCD jitter will 
be theoretically constant across the entire data signal. Unfortunately, other sources of 
�M�L�W�W�H�U�����V�X�F�K���D�V���,�6�,�����D�O�P�R�V�W���D�O�Z�D�\�V���H�[�L�V�W���P�D�N�L�Q�J���L�W���V�R�P�H�W�L�P�H�V���G�L�I�o�F�X�O�W���W�R���L�V�R�O�D�W�H�� 
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the DCD component. But one technique to test for DCD is to stimulate your system/
�F�R�P�S�R�Q�H�Q�W�V���Z�L�W�K���D���U�H�S�H�D�W�L�Q�J�����������������{���G�D�W�D���S�D�W�W�H�U�Q�����7�K�L�V���W�H�F�K�Q�L�T�X�H���Z�L�O�O���H�O�L�P�L�Q�D�W�H���,�Q-
ter-Symbol Interference (ISI) jitter and make viewing the DCD within both the trend and 
spectrum waveform displays much easier. Using the jitter spectrum display, the DCD 
�F�R�P�S�R�Q�H�Q�W���R�I���M�L�W�W�H�U���Z�L�O�O���V�K�R�Z���X�S���D�V���D���I�U�H�T�X�H�Q�F�\���k�V�S�X�U�y���H�T�X�D�O���W�R�����������W�K�H���G�D�W�D���U�D�W�H��

Another cause of DCD is asymmetry in rising and falling edge speeds. A slower falling 
�H�G�J�H���V�S�H�H�G���U�H�O�D�W�L�Y�H���W�R���W�K�H���U�L�V�L�Q�J���H�G�J�H���Z�L�O�O���U�H�V�X�O�W���L�Q���J�U�H�D�W�H�U���W�K�D�Q�����������G�X�W�\���F�\�F�O�H���I�R�U���D��
�U�H�S�H�D�W�L�Q�J�����������������{���S�D�W�W�H�U�Q�����D�Q�G���V�O�R�Z�H�U���U�L�V�L�Q�J���H�G�J�H���V�S�H�H�G�V���U�H�O�D�W�L�Y�H���W�R���W�K�H���I�D�O�O�L�Q�J���H�G�J�H��
�Z�L�O�O���U�H�V�X�O�W���L�Q���O�H�V�V���W�K�D�Q�����������G�X�W�\���F�\�F�O�H�����$�O�W�K�R�X�J�K���Q�R�W���J�U�D�S�K�L�F�D�O�O�\���V�K�R�Z�Q���L�Q���W�K�L�V���S�D�S�H�U�����W�K�H��
results of jitter analysis and the TIE trend waveform will look similar to the results of the 
�H�[�D�P�S�O�H���L�O�O�X�V�W�U�D�W�H�G���L�Q���)�L�J�X�U�H������

Inter-Symbol Interference (ISI), sometimes called data dependent jitter, is usually the re-
sult of a bandwidth limitation problem in either the transmitter or physical media. With a 
reduction in transmitter or media bandwidth, limited rise and fall times of the signal will 
result in varying amplitudes of data bits dependent on not only repeating-bit lengths, 
but also dependent on preceding bit states. In addition, improper impedance termina-
�W�L�R�Q���D�Q�G���S�K�\�V�L�F�D�O���P�H�G�L�D���G�L�V�F�R�Q�W�L�Q�X�L�W�L�H�V���Z�L�O�O���D�O�V�R���U�H�V�X�O�W���L�Q���,�6�,���G�X�H���W�R���U�H�p�H�F�W�L�R�Q�V���W�K�D�W���F�D�X�V�H��
signal distortions. Although we will address these two phenomena (BW limitations and 
�U�H�p�H�F�W�L�R�Q�V�����V�H�S�D�U�D�W�H�O�\���L�Q���W�K�L�V���S�D�S�H�U���D�V���F�R�Q�W�U�L�E�X�W�R�U�V���W�R���,�6�,���M�L�W�W�H�U�����L�Q���U�H�D�O�L�W�\�����Z�D�Y�H�I�R�U�P���G�L�V-
�W�R�U�W�L�R�Q�V���G�X�H���W�R���U�H�p�H�F�W�L�R�Q�V���D�U�H���D�O�V�R���D���E�D�Q�G�Z�L�G�W�K���O�L�P�L�W�D�W�L�R�Q���S�U�R�E�O�H�P��

�)�L�J�X�U�H�������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���R�I���,�6�,���G�X�H���W�R���E�D�Q�G�Z�L�G�W�K���O�L�P�L�W�D�W�L�R�Q���S�U�R�E�O�H�P�V�����/�L�P�L�W�H�G���E�D�Q�G-
width produces limited edge speeds, and limited edge speeds will result in varying pulse 
�D�P�S�O�L�W�X�G�H�V���D�W���K�L�J�K���V�S�H�H�G���G�D�W�D���U�D�W�H�V�����9�D�U�\�L�Q�J���S�X�O�V�H���D�P�S�O�L�W�X�G�H�V���Z�L�O�O���W�K�H�Q���U�H�V�X�O�W���L�Q���W�U�D�Q�V�L-
�W�L�R�Q���W�L�P�L�Q�J���H�U�U�R�U�V�����/�H�W�j�V���Q�R�Z���H�[�D�P�L�Q�H���W�K�L�V���P�R�U�H���F�O�R�V�H�O�\����
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Figure 5. Inter-Symbol Interference (ISI) due to BW problem.
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�)�L�J�X�U�H���������,�6�,���G�X�H���W�R���U�H�p�H�F�W�L�R�Q�V��

�:�L�W�K���D���O�R�Q�J���V�H�U�L�H�V���R�I���U�H�S�H�D�W�L�Q�J���k���j�V���y���W�K�H���D�P�S�O�L�W�X�G�H���R�I���W�K�H���G�D�W�D���V�L�J�Q�D�O���Z�L�O�O���H�Y�H�Q�W�X�D�O�O�\���U�L�V�H��
to a full steady-state high level as illustrated by the long-high pulse at point A in Fig-
�X�U�H���������:�K�H�Q���W�K�H���V�W�D�W�H���R�I���W�K�H���G�D�W�D���F�K�D�Q�J�H�V���W�R���D���k�����y���W�K�H���V�L�J�Q�D�O���Z�L�O�O���K�D�Y�H���D���U�H�O�D�W�L�Y�H�O�\���O�R�Q�J��
transition time to reach the threshold level, resulting in a positive timing error. This will 
be manifested as a positive peak of timing error in the jitter trend waveform at point B. 
Note that this point on the jitter trend waveform is time-aligned with the negative data 
crossing point on the data signal.

�7�K�H���Q�H�J�D�W�L�Y�H���S�H�D�N���D�P�S�O�L�W�X�G�H���R�I���W�K�H���Q�H�[�W���k���y���E�L�W���S�U�H�F�H�G�H�G���E�\���D���O�R�Q�J���V�W�U�L�Q�J���R�I���k���j�V�y���Z�L�O�O���E�H��
�D�W�W�H�Q�X�D�W�H�G���I�R�U���W�Z�R���U�H�D�V�R�Q�V�����)�L�U�V�W���R�I���D�O�O�����W�K�H���S�U�H�F�H�G�L�Q�J���O�R�Q�J���V�W�U�L�Q�J���R�I���k���j�V�y���P�H�D�Q�V���W�K�D�W���W�K�H��
signal will take longer to transition to a true low level since the data signal starts from a 
�K�L�J�K�H�U���L�Q�L�W�L�D�O���O�H�Y�H�O�����6�H�F�R�Q�G�O�\�����W�K�H���I�R�O�O�R�Z�L�Q�J���k���y���E�L�W���F�D�X�V�H�V���W�K�H���V�L�J�Q�D�O���W�R���U�H�Y�H�U�V�H���G�L�U�H�F�W�L�R�Q��
before it even reaches a solid low level. This reduction in signal amplitude will produce 
�D���Q�H�J�D�W�L�Y�H���W�L�P�L�Q�J���H�U�U�R�U���R�Q���W�K�H���Q�H�[�W���W�U�D�Q�V�L�W�L�R�Q���W�R���D���k���y���V�L�Q�F�H���W�K�H���V�L�J�Q�D�O���K�D�V���D���Y�H�U�\���V�K�R�U�W��
distant to travel to reach the threshold level. This is illustrated at point “C” on the jitter 
trend waveform.

The positive timing error illustrated at point “D” on the jitter trend waveform follows the 
same logic as the positive timing error at point “B” previously discussed. With a long 
�V�W�U�L�Q�J���R�I���k���j�V�y���W�K�H���G�D�W�D���V�L�J�Q�D�O���K�D�V���V�X�I�o�F�L�H�Q�W���W�L�P�H���W�R���V�H�W�W�O�H���W�R���D���I�X�O�O���V�W�H�D�G�\���V�W�D�W�H���O�R�Z���O�H�Y�H�O����
When this signal then transitions back to a high level, it again has a longer transition 
time to reach the threshold level, and hence produces a positive timing error.

Once you understand how bandwidth limitations produce Inter-Symbol Interference (ISI) 
timing errors, it becomes more intuitive to understand the unique “signature” of the jitter 
trend waveform due to ISI and how it relates to the time-correlated serial data signal 
under measurement.

Another common cause of inter-symbol interference besides bandwidth limitations is 
�V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q�V���G�X�H���W�R���L�P�S�U�R�S�H�U���W�H�U�P�L�Q�D�W�L�R�Q�V���R�U���L�P�S�H�G�D�Q�F�H���D�Q�R�P�D�O�L�H�V���Z�L�W�K�L�Q���W�K�H���S�K�\�V-
�L�F�D�O���P�H�G�L�D�����6�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q�V���Z�L�O�O���S�U�R�G�X�F�H���G�L�V�W�R�U�W�L�R�Q�V���L�Q���W�K�H���D�P�S�O�L�W�X�G�H���R�I���W�K�H���G�D�W�D���V�L�J�Q�D�O��
�D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������'�H�S�H�Q�G�L�Q�J���R�Q���S�K�\�V�L�F�D�O���G�L�V�W�D�Q�F�H�V���E�H�W�Z�H�H�Q���L�P�S�H�G�D�Q�F�H���D�Q�R�P�D�O�L�H�V����
�U�H�p�H�F�W�L�R�Q�V���S�U�R�G�X�F�H�G���E�\���R�Q�H���S�X�O�V�H���P�D�\���Q�R�W���V�K�R�Z���X�S���R�Q���D���K�L�J�K���V�S�H�H�G���G�D�W�D���V�L�J�Q�D�O���X�Q�W�L�O��
several bits later in the serial pattern. Notice which pulse the arrows begin on and the 
�Z�K�H�U�H���S�X�O�V�H���G�L�V�W�R�U�W�L�R�Q�����U�H�p�H�F�W�L�R�Q�����R�F�F�X�U�V���D�V���L�O�O�X�V�W�U�D�W�H�G���E�\���W�K�H���H�Q�G���R�I���H�D�F�K���R�I���W�K�H���D�U�U�R�Z�V��
�L�Q���)�L�J�X�U�H������
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If the amplitude of the signal becomes distorted on or near a data transition edge due to 
�U�H�p�H�F�W�L�R�Q�V�����W�K�H�Q���D���W�L�P�L�Q�J���H�U�U�R�U���P�D�\���R�F�F�X�U�����,�I���D���V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q���F�D�X�V�H�V���V�L�J�Q�D�O���D�W�W�H�Q�X�D�W�L�R�Q��
near the data edge, then a negative timing error will be detected since the signal will 
have less distance to travel when transitioning to the threshold level. This is illustrated 
�D�W���S�R�L�Q�W���k�$�y���R�Q���W�K�H���M�L�W�W�H�U���W�U�H�Q�G���Z�D�Y�H�I�R�U�P���L�Q���)�L�J�X�U�H���������,�I���D���V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q���F�D�X�V�H�V���D���E�R�R�V�W��
in signal amplitude, then the result will be a positive timing error since the signal will 
have farther to transition to reach the threshold level. This is illustrated at point “B” on 
�W�K�H���M�L�W�W�H�U���W�U�H�Q�G���Z�D�Y�H�I�R�U�P�����,�Q�W�H�U���V�\�P�E�R�O���L�Q�W�H�U�I�H�U�H�Q�F�H���G�X�H���W�R���V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q�V���F�D�Q���E�H��
�Y�H�U�\���G�L�I�o�F�X�O�W���W�R���L�V�R�O�D�W�H���D�Q�G���L�Q�W�H�U�S�U�H�W�����%�X�W���L�I���\�R�X���K�D�Y�H���V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q���S�U�R�E�O�H�P�V���L�Q���\�R�X�U��
system, you probably also have a bandwidth limitation problem.

Periodic Jitter (PJ) is usually the result of a cross-coupling or EMI problem in your 
system and can be either correlated or uncorrelated to the data signal. An example of 
uncorrelated PJ would be signals from a switching power supply coupling into the data 
or system clock signals. It is considered to be uncorrelated because it is not time-cor-
related with either the clock or data signal since it would be based on a different clock 
source. An example of correlated PJ would be coupling from an adjacent data signal 
based on the same clock or a clock of the same frequency.

�)�L�J�X�U�H�������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���R�I���D���k�F�R�U�U�X�S�W�H�U�y���V�L�J�Q�D�O�����X�S�S�H�U���W�U�D�F�H�����F�D�S�D�F�L�W�L�Y�H�O�\���F�R�X�S�O�L�Q�J��
into our serial data signal (middle trace). This coupling will result in amplitude distortions 
�R�Q���W�K�H���G�D�W�D���V�L�J�Q�D�O�����-�X�V�W���O�L�N�H���L�Q�W�H�U���V�\�P�E�R�O���L�Q�W�H�U�I�H�U�H�Q�F�H���G�X�H���W�R���U�H�p�H�F�W�L�R�Q�V�����L�I���W�K�H�V�H���D�P�S�O�L-
tude distortions occur at or near a data signal transition, a timing error may occur.

Since most Periodic Jitter (PJ) will be uncorrelated to the data signal, any attempts to 
time-correlate the jitter trend waveform to the data waveform may turn into a futile 
attempt. As we will show later in this paper, uncorrelated periodic jitter can often be 
detected using the jitter spectrum view.

�)�L�J�X�U�H���������3�H�U�L�R�G�L�F���-�L�W�W�H�U�����3�-�����F�D�X�V�H�G���E�\���F�D�S�D�F�L�W�L�Y�H���F�R�X�S�O�L�Q�J��
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Isolating Jitter Components in the Real World

In the examples that we have just illustrated, we have shown how individual and isolated 
jitter components are theoretically manifested in the jitter trend and spectrum views. 
But in the real world, jitter components are rarely isolated. If you have multiple jitter 
components in your system contributing to the total system jitter, these various jitter 
components become convoluted and you end up viewing composite results, which can 
�E�H���G�L�I�o�F�X�O�W���W�R���L�Q�W�H�U�S�U�H�W�����,�I���\�R�X���D�U�H���I�D�P�L�O�L�D�U���Z�L�W�K���W�K�H���D�U�F�D�G�H���J�D�P�H���F�D�O�O�H�G���k�Z�K�D�F�N���D���P�R�O�H���y��
perhaps you can relate to this analogy. In this arcade game the “moles” pop their heads 
up one at a time, and it’s your job to “whack” them on their heads with a mallet to push 
them back down. This is exactly what we would like to do with the various jitter com-
ponents. It would be nice if the jitter “moles” (jitter components) would appear individ-
ually so that we could identify them and then “whack” them down. Unfortunately, in a 
live system all of the jitter moles may have their heads popped up simultaneously. This 
�P�D�N�H�V���L�W���G�L�I�o�F�X�O�W���W�R���L�G�H�Q�W�L�I�\���W�K�H�L�U���V�R�X�U�F�H���D�Q�G���W�R���G�H�F�L�G�H���Z�K�L�F�K���k�P�R�O�H�y���W�R���Z�K�D�F�N���o�U�V�W��

But there are some novel stimulus-response techniques you can employ in order to iso-
late, measure, and then view individual jitter components. Once you successfully isolate 
individual components, you can then often time-correlate worst-case peaks of jitter to 
�V�S�H�F�L�o�F���G�D�W�D���E�L�W���W�U�D�Q�V�L�W�L�R�Q�V���D�Q�G���W�K�H�Q���X�V�H���F�R�P�P�R�Q���V�H�Q�V�H���G�H�E�X�J���W�H�F�K�Q�L�T�X�H�V���W�R���V�R�O�Y�H���\�R�X�U��
�M�L�W�W�H�U���S�U�R�E�O�H�P�V�{���Z�K�D�F�N�L�Q�J���W�K�H�P���G�R�Z�Q���R�Q�H���F�R�P�S�R�Q�H�Q�W���P�R�O�H���D�W���D���W�L�P�H��

The primary tool to isolate jitter components is a real-time oscilloscope with respon-
�V�L�Y�H���D�Q�G���L�Q�W�H�U�D�F�W�L�Y�H���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���V�X�F�K���D�V���.�H�\�V�L�J�K�W���7�H�F�K�Q�R�O�R�J�L�H�V�����,�Q�F���������*�+�]�������������$����
�V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������,�Q���D�G�G�L�W�L�R�Q�����D���K�L�J�K���V�S�H�H�G���S�X�O�V�H���S�D�W�W�H�U�Q���J�H�Q�H�U�D�W�R�U���V�X�F�K���D�V���.�H�\�V�L�J�K�W�j�V��
�����������*�E���V�������������$�����V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������F�D�Q���E�H���Y�H�U�\���X�V�H�I�X�O���I�R�U���J�H�Q�H�U�D�W�L�Q�J���N�Q�R�Z�Q���V�H�U�L�D�O��
�S�D�W�W�H�U�Q�V���R�I���K�L�J�K���V�S�H�H�G���G�L�I�I�H�U�H�Q�W�L�D�O���V�W�L�P�X�O�X�V�����/�H�W�j�V���E�H�J�L�Q���Z�L�W�K���V�R�P�H���U�H�D�O���M�L�W�W�H�U���P�H�D�V�X�U�H-
ment examples using these two measurement tools.

�)�L�J�X�U�H���������.�H�\�V�L�J�K�W�j�V���������������������*�+�]���5�H�D�O���W�L�P�H���2�V�F�L�O�O�R�V�F�R�S�H��

�)�L�J�X�U�H���������.�H�\�V�L�J�K�W�j�V�������������$�������������*�E���V���3�X�O�V�H���3�D�W�W�H�U�Q���*�H�Q�H�U�D�W�R�U��
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Isolating and Measuring Duty Cycle Distortion (DCD)

One technique mentioned earlier to isolate and measure Duty Cycle Distortion (DCD) 
�L�V���W�R���V�W�L�P�X�O�D�W�H���\�R�X�U���V�\�V�W�H�P���F�R�P�S�R�Q�H�Q�W���Z�L�W�K���D���U�H�S�H�D�W�L�Q�J�����������������{���V�H�U�L�D�O���S�D�W�W�H�U�Q�����7�K�L�V��
stimulus pattern will eliminate most of the Inter-Symbol Interference (ISI). Although 
ISI is eliminated with this repeating pattern, Random Jitter (RJ) and any Periodic Jitter 
(PJ) will still be present in the signal, which will contribute to convoluted measurement 
results. But there is a measurement technique to also eliminate both random jitter 
�D�Q�G���X�Q�F�R�U�U�H�O�D�W�H�G���S�H�U�L�R�G�L�F���M�L�W�W�H�U���L�Q���W�K�H���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W���U�H�V�X�O�W�V�����)�L�J�X�U�H���������V�K�R�Z�V���W�K�H��
�F�D�S�W�X�U�H���R�I���D���U�H�S�H�D�W�L�Q�J�����������������{���V�H�U�L�D�O���S�D�W�W�H�U�Q�����J�U�H�H�Q���W�U�D�F�H�����W�R�S�������Z�L�W�K���M�L�W�W�H�U���D�Q�D�O�\�V�L�V��
results showing the TIE trend waveform (orange trace (bottom)). To eliminate the ran-
dom components (RJ and PJ), we have used waveform math to average the jitter trend 
waveform. Before averaging, the TIE trend waveform would be “bouncing” vertically due 
to the random components with repetitive acquisitions. But averaging has eliminated the 
random jitter components to show a very stable trend waveform with an approximate 
constant level of peak-to-peak amplitude of jitter from cycle-to-cycle. We can then use 
the scope’s manual markers or the scope’s automatic parametric measurement capa-
bility to measure the peak-to-peak amplitude of duty cycle distortion. In this case, we 
�P�H�D�V�X�U�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������S�V���R�I���'�&�'��

In addition to determining the level of DCD, we can also glean additional information 
about our measurement results. With the time-correlated display of the jitter trend 
waveform and data signal, we can see that the trend waveform is in-phase with the 
�G�D�W�D���V�L�J�Q�D�O�����7�K�L�V���L�V���D�Q���L�Q�G�L�F�D�W�L�R�Q���W�K�D�W���W�K�H���G�X�W�\���F�\�F�O�H���R�I���R�X�U���S�X�O�V�H���L�V���O�H�V�V���W�K�D�Q�������������5�L�V�L�Q�J��
edges always occur late (+error), and falling edges always occur early (-error). Perhaps 
our transmitter threshold level is too high, or perhaps the output of the our transmitter 
generates slower rising edge speeds as compared to faster falling edge speeds. At this 
point if we believe the peak-to-peak level of DCD is excessive, we can setup additional 
characterization tests to measure the duty cycle of each pulse in the data stream using 
jitter analysis. In addition, if we suspect that the duty cycle distortion is caused by asym-
metry in the rising and falling edge speeds, we can also setup the instrument and jitter 
analysis to characterize each rising and falling edge in the data stream.

One critical element to perform this particular measurement using waveform averaging  
is that the oscilloscope’s waveform-capture and jitter analysis capability must be very 
responsive with a fast display and measurement update rate. Some jitter analysis pack-
ages are geared more for single-shot/static measurements. Averaging requires multiple 
acquisitions at a fast rate. Keysight’s MegaZoom technology provides the fastest display 
update rates and measurement processing time on deep memory records in the oscillo-
scope industry.

�)�L�J�X�U�H�����������,�V�R�O�D�W�L�Q�J���'�&�'��
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Isolating and Measuring ISI

�)�L�J�X�U�H���������V�K�R�Z�V���D���P�H�D�V�X�U�H�P�H�Q�W���H�[�D�P�S�O�H���R�I���L�V�R�O�D�W�L�Q�J���L�Q�W�H�U���V�\�P�E�R�O���L�Q�W�H�U�I�H�U�H�Q�F�H���G�X�H��
to a system bandwidth limitation problem. Using a high-speed pulse/pattern gener-
ator, stimulate your selected devices under test with a repeating PRBS signal at the 
�I�X�O�O���V�S�H�F�L�o�H�G���F�O�R�F�N���U�D�W�H�����<�R�X���P�D�\���D�S�S�O�\���W�K�H���V�W�L�P�X�O�X�V���D�W���H�L�W�K�H�U���W�K�H���L�Q�S�X�W���R�I���D���W�U�D�Q�V�P�L�W�W�H�U��
circuit, the input of a receiver, or possibly at the input of a transmission line in front of a 
receiver. Using one of the scope’s channels, capture the data signal at the desired point 
and setup jitter analysis to perform a TIE measurement with the jitter trend waveform 
view. Running real-time acquisitions repetitively with a synchronous trigger, you will ob-
serve the TIE trend waveform (orange trace (bottom)) randomly bouncing up and down 
in amplitude. This “bouncing” is primarily due to Random Jitter (RJ). But if the scope’s 
�X�S�G�D�W�H���U�D�W�H���L�V���V�X�I�o�F�L�H�Q�W�O�\���I�D�V�W�����\�R�X���F�D�Q���X�V�X�D�O�O�\���V�H�H���D���U�H�S�H�W�L�W�L�Y�H���S�D�W�W�H�U�Q���R�I���W�K�H���G�H�W�H�U�P�L�Q-
istic components. To eliminate the random components, simply use waveform math to 
�D�Y�H�U�D�J�H���W�K�H���7�,�(���W�U�H�Q�G���Z�D�Y�H�I�R�U�P�����:�L�W�K���V�X�I�o�F�L�H�Q�W���F�\�F�O�H�V���R�I���D�F�T�X�L�V�L�W�L�R�Q���D�Q�G���D�Y�H�U�D�J�L�Q�J�����W�K�H��
resultant TIE trend waveform will become very stable and consist of just the Determinis-
tic Jitter (DJ) components.

�2�Q�F�H���\�R�X���K�D�Y�H���D���V�W�D�E�O�H���M�L�W�W�H�U���W�U�H�Q�G���Z�D�Y�H�I�R�U�P�����\�R�X���F�D�Q���W�K�H�Q���W�L�P�H���F�R�U�U�H�O�D�W�H���V�S�H�F�L�o�F��
peaks of jitter back to the serial data signal. The TIE trend waveform will have a unique 
“signature” of DJ dependent on the serial data pattern. If your system/components 
exhibit bandwidth limitation problems, you can observe and time-correlate inter-symbol 
interference jitter as evidenced by positive peaks of jitter coincident with the end of long 
�V�W�U�L�Q�J�V���R�I���k���j�V�y���R�U���k���j�V���y���$�Q�G���\�R�X���Z�L�O�O���S�U�R�E�D�E�O�\���R�E�V�H�U�Y�H���Q�H�J�D�W�L�Y�H���S�H�D�N�V���R�I���M�L�W�W�H�U���F�R�L�Q�F�L�G�H�Q�W��
�Z�L�W�K���W�K�H���H�Q�G���R�I���V�K�R�U�W���k���j�V�y���R�U���k���j�V���y

To measure the amount of deterministic jitter, simply select to perform an automatic 
peak-to-peak measurement on the averaged TIE trend waveform. With minimal cor-
related Periodic Jitter (PJ) in the system, this measurement gives the total peak-to-peak 
deterministic jitter consisting of just Duty Cycle Distortion (DCD) and Inter-Symbol In-
�W�H�U�I�H�U�H�Q�F�H�����,�6�,�����M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V�����,�Q���W�K�L�V���H�[�D�P�S�O�H�����Z�H���P�H�D�V�X�U�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������S�V���R�I��
deterministic jitter. From the previous measurement where we determined DCD using a 
�U�H�S�H�D�W�L�Q�J�����������������{���S�D�W�W�H�U�Q�����Z�H���F�D�Q���F�R�P�S�X�W�H���W�K�H���D�S�S�U�R�[�L�P�D�W�H���,�6�,���F�R�P�S�R�Q�H�Q�W���D�V���������S�V��
�q���������S�V��� ���������S�V��

In addition to measurement responsiveness, another critical element of being able to 
perform jitter measurements such as these on high-speed serial data signals is hav-
�L�Q�J���D�Q���R�V�F�L�O�O�R�V�F�R�S�H���D�Q�G���G�L�I�I�H�U�H�Q�W�L�D�O���D�F�W�L�Y�H���S�U�R�E�H�V���Z�L�W�K���V�X�I�o�F�L�H�Q�W���E�D�Q�G�Z�L�G�W�K�����3�R�R�U�O�\��
�G�H�V�L�J�Q�H�G���S�U�R�E�H�V���R�U���O�R�Q�J���F�D�E�O�H�V���F�D�Q���F�R�Q�W�U�L�E�X�W�H���D���V�L�J�Q�L�o�F�D�Q�W���D�P�R�X�Q�W���R�I���L�Q�W�H�U���V�\�P�E�R�O��

�)�L�J�X�U�H�����������,�V�R�O�D�W�L�Q�J���,�Q�W�H�U���V�\�P�E�R�O���,�Q�W�H�U�I�H�U�H�Q�F�H�����,�6�,����
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�L�Q�W�H�U�I�H�U�H�Q�F�H���M�L�W�W�H�U���W�R���\�R�X�U���P�H�D�V�X�U�H�P�H�Q�W�V�����<�R�X���G�H�o�Q�L�W�H�O�\���G�R�Q�j�W���Z�D�Q�W���W�R���Z�L�Q�G���X�S���P�H�D�V�X�U�L�Q�J��
jitter components caused by waveform distortions contributed by your scope, probes, 
and cabling.

�)�L�J�X�U�H���������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���R�I���Y�L�H�Z�L�Q�J���L�Q�W�H�U���V�\�P�E�R�O���L�Q�W�H�U�I�H�U�H�Q�F�H���J�H�Q�H�U�D�W�H�G���E�\���E�R�W�K��
�E�D�Q�G�Z�L�G�W�K���O�L�P�L�W�D�W�L�R�Q���S�U�R�E�O�H�P�V���D�Q�G���U�H�p�H�F�W�L�R�Q�V�����,�W���L�V���D�O�P�R�V�W���L�P�S�R�V�V�L�E�O�H���W�R���V�H�S�D�U�D�W�H���W�H�U�P�L-
nation problems from bandwidth limitation problems when making jitter measurements. 
Both of these contributors will result in ISI jitter for the same reason, which is modula-
tion of peak amplitudes of pulses at the receiver. These modulations will ultimately gen-
erate timing errors because of variations in transition times to data crossing threshold 
levels. But there are some clues that you can look for to identify impedance termination 
�S�U�R�E�O�H�P�V���W�K�D�W���U�H�V�X�O�W���L�Q���V�L�J�Q�D�O���U�H�p�H�F�W�L�R�Q�V��

If termination problems do not exist, then leading-edge pulse shapes of similar width 
pulses should look similar since each pulse is generated by the same transmitter and 
�W�U�D�Y�H�O�V���G�R�Z�Q���W�K�H���V�D�P�H���S�K�\�V�L�F�D�O���P�H�G�L�D�����%�X�W���L�I���U�H�p�H�F�W�L�R�Q�V���G�R���R�F�F�X�U�����\�R�X���Z�L�O�O���S�U�R�E�D�E�O�\���E�H��
�D�E�O�H���W�R���V�H�H���G�L�V�V�L�P�L�O�D�U���S�X�O�V�H���V�K�D�S�H�V�����,�Q���)�L�J�X�U�H���������Z�H���V�K�R�Z���D�Q���H�[�D�P�S�O�H���R�I���W�Z�R���K�L�J�K���O�H�Y�H�O��
�S�X�O�V�H�V�����$���	���%�����F�R�Q�V�L�V�W�L�Q�J���R�I���D���V�H�U�L�H�V���R�I���k���j�V���y���%�X�W���Q�R�W�L�F�H���W�K�H���G�L�I�I�H�U�H�Q�F�H�V���L�Q���W�K�H�L�U���S�X�O�V�H��
�V�K�D�S�H�V���Q�H�D�U���W�K�H���O�H�D�G�L�Q�J���H�G�J�H�V�����7�K�H���o�U�V�W���O�R�Q�J���V�H�U�L�H�V���R�I���k���j�V�y�����$�����L�V���Q�R�W���L�P�P�H�G�L�D�W�H�O�\���S�U�H-
�F�H�G�H�G���E�\���R�W�K�H�U���S�X�O�V�H�V�����%�X�W���Z�H���F�D�Q���V�H�H���D���U�H�p�H�F�W�L�R�Q�����D�Q���k�X�S�y���E�X�P�S�����D�S�S�U�R�[�L�P�D�W�H�O�\�������Q�V��
�D�I�W�H�U���W�K�H���O�H�D�G�L�Q�J���H�G�J�H���R�I���W�K�L�V���S�X�O�V�H�����7�K�H���V�H�F�R�Q�G���O�R�Q�J���V�H�U�L�H�V���R�I���k���j�V�y�����%�����L�V���L�P�P�H�G�L�D�W�H�O�\��
�S�U�H�F�H�G�H�G���E�\���W�Z�R���V�K�R�U�W���k���j�V���y���:�H���F�D�Q���V�H�H���G�L�V�W�R�U�W�L�R�Q���L�Q���W�K�L�V���S�X�O�V�H�����D�Q�R�W�K�H�U���k�X�S�y���E�X�P�S����
�D�S�S�U�R�[�L�P�D�W�H�O�\�������Q�V���D�I�W�H�U���W�K�H���S�U�H�F�H�G�L�Q�J���V�K�R�U�W���k���y���S�X�O�V�H�����'�X�H���W�R���W�H�U�P�L�Q�D�W�L�R�Q���S�U�R�E�O�H�P�V����
�W�K�L�V���S�U�H�F�H�G�L�Q�J���S�X�O�V�H���L�V���F�D�X�V�L�Q�J���D���G�H�O�D�\�H�G���U�H�p�H�F�W�L�R�Q���R�Q�W�R���W�K�L�V���O�D�W�H�U���S�X�O�V�H���Y�H�U�\���F�O�R�V�H���W�R���L�W�V��
�O�H�D�G�L�Q�J���H�G�J�H�����'�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���G�D�W�D���S�D�W�W�H�U�Q�����U�H�p�H�F�W�L�R�Q�V���Z�L�O�O���D�O�V�R���E�H���S�U�H�V�H�Q�W���R�Q���V�R�P�H���R�I��
�W�K�H���V�K�R�U�W�H�U���S�X�O�V�H�V�����E�X�W���W�K�H�V�H���D�U�H���P�X�F�K���P�R�U�H���G�L�I�o�F�X�O�W���W�R���L�G�H�Q�W�L�I�\���E�H�F�D�X�V�H���U�H�p�H�F�W�L�R�Q�V���R�Q��
�Q�D�U�U�R�Z���S�X�O�V�H�V���Z�L�O�O���E�H���k�P�D�V�N�H�G�y���G�X�H���W�R���E�D�Q�G�Z�L�G�W�K���O�L�P�L�W�D�W�L�R�Q�V���R�Q���V�K�R�U�W���k���y���D�Q�G�� 
�k���y���S�X�O�V�H�V��

Measuring the total effect of ISI jitter including termination problems is exactly the same 
as just previously discussed. Simply establish a synchronous trigger and then average 
out the random jitter components from the TIE trend waveform. The net result  
is the total Deterministic Jitter (DJ), which consists of a combination of ISI and DCD.  
�)�R�U���W�K�L�V���H�[�D�P�S�O�H���Z�H���P�H�D�V�X�U�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\���������S�V���R�I���S�H�D�N���W�R���S�H�D�N���G�H�W�H�U�P�L�Q�L�V�W�L�F���M�L�W�W�H�U����
Then simply subtract out the DCD component based the DCD measurement using the 
�U�H�S�H�D�W�L�Q�J�����������������{���V�H�U�L�D�O���S�D�W�W�H�U�Q�����,�I���\�R�X�U���,�6�,���P�H�D�V�X�U�H�P�H�Q�W���U�H�V�X�O�W�V���D�S�S�H�D�U���W�R���E�H���H�[�F�H�V-
�V�L�Y�H�����\�R�X���F�D�Q���W�K�H�Q���H�D�V�L�O�\���W�L�P�H���F�R�U�U�H�O�D�W�H���Z�R�U�V�W���F�D�V�H���M�L�W�W�H�U���S�H�D�N�V���Z�L�W�K���V�S�H�F�L�o�F���G�D�W�D���S�X�O�V�H�V��

�)�L�J�X�U�H�����������,�6�,���G�X�H���W�R���U�H�p�H�F�W�L�R�Q�V��
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To verify that the waveform distortions you are viewing on the data signal are really 
�F�D�X�V�H�G���E�\���U�H�p�H�F�W�L�R�Q�V���D�Q�G���Q�R�W���E�\���V�R�P�H���R�W�K�H�U���H�I�I�H�F�W�����V�X�F�K���D�V���S�U�R�E�L�Q�J���U�H�V�R�Q�D�Q�F�H�����S�U�R�E�H��
your signal at the transmitter side of the transmission line and reduce the data rate of 
�\�R�X�U���V�L�J�Q�D�O�����$�V���\�R�X���F�D�Q���V�H�H���L�Q���)�L�J�X�U�H�����������W�K�H���U�H�p�H�F�W�L�R�Q�V���Z�L�O�O���E�H�F�R�P�H���P�R�U�H���S�U�H�G�R�P�L�Q�D�Q�W��
at the transmitter side. And with a slower data rate, it will be easier to determine which 
pulse edge causes each waveform distortion and then you can easily measure the time 
delay between the cause and effect to help identify the location of your impedance dis-
�F�R�Q�W�L�Q�X�L�W�L�H�V�����,�Q���W�K�L�V���S�D�U�W�L�F�X�O�D�U���H�[�D�P�S�O�H�����Z�H���K�D�Y�H���L�G�H�Q�W�L�o�H�G���W�K�D�W���R�X�U���W�U�D�Q�V�P�L�V�V�L�R�Q���O�L�Q�H���K�D�V��
�E�R�W�K���D���F�D�S�D�F�L�W�L�Y�H���D�Q�G���L�Q�G�X�F�W�L�Y�H���G�L�V�F�R�Q�W�L�Q�X�L�W�\���D�V���H�Y�L�G�H�Q�F�H�G���E�\���W�K�H���S�R�V�L�W�L�Y�H���S�H�D�N���U�H�p�H�F-
�W�L�R�Q�V�����O�R�Z���L�P�S�H�G�D�Q�F�H�����D�Q�G���W�K�H���Q�H�J�D�W�L�Y�H���S�H�D�N���U�H�p�H�F�W�L�R�Q�V�����K�L�J�K���L�P�S�H�G�D�Q�F�H�����U�H�V�S�H�F�W�L�Y�H�O�\��

�0�H�D�V�X�U�L�Q�J���U�H�p�H�F�W�L�R�Q�V���D�W���W�K�H���W�U�D�Q�V�P�L�W�W�H�U���V�L�G�H���R�I���W�K�H���W�U�D�Q�V�P�L�V�V�L�R�Q���O�L�Q�H���Z�L�W�K���D���U�H�G�X�F�H�G��
�G�D�W�D���U�D�W�H���V�L�J�Q�D�O���L�V���Y�H�U�\���V�L�P�L�O�D�U���W�R���D���7�L�P�H���'�R�P�D�L�Q���5�H�p�H�F�W�R�P�H�W�U�\�����7�'�5�����P�H�D�V�X�U�H�P�H�Q�W�����,�Q��
�I�D�F�W�����L�I���\�R�X�U���U�H�p�H�F�W�L�R�Q���S�U�R�E�O�H�P�V���D�U�H���V�H�U�L�R�X�V���H�Q�R�X�J�K�����L�W���P�L�J�K�W���E�H���D�G�Y�L�V�D�E�O�H���W�R���X�V�H���D���U�H�D�O��
�7�'�5���L�Q�V�W�U�X�P�H�Q�W���V�X�F�K���D�V���.�H�\�V�L�J�K�W�j�V�������������$�����R�U���D���9�H�F�W�R�U���1�H�W�Z�R�U�N���$�Q�D�O�\�]�H�U�����9�1�$�����W�R�� 
more accurately characterize your physical media for impedances and distances be-
tween physical anomalies.

Isolating Uncorrelated Periodic Jitter (PJ)

Periodic jitter (PJ) is typically caused by cross-talk, signal coupling, or EMI. In most 
cases, PJ will be uncorrelated to the data signal, meaning the “corrupter” signal has no 
time relationship to the serial data signal. The best tool to use to identify the presence of 
uncorrelated PJ is usually the jitter spectrum display. Uncorrelated PJ will exhibit unique 
frequency “spurs” in the spectrum display. Within the spectrum display you will prob-
ably see lots of spurs. Most of these spurs will be harmonics and sub-harmonics of the 
data signal, which indicates the presence of pattern dependent jitter such as DCD and 
ISI. When testing for uncorrelated periodic jitter, it will be your job to look for “odd ball” 
frequency spurs unrelated to the data signal frequency.

�5�H�I�H�U�U�L�Q�J���W�R���)�L�J�X�U�H�����������Z�H���K�D�Y�H���F�D�S�W�X�U�H�G���D���O�R�Q�J���V�W�U�L�Q�J���R�I���V�H�U�L�D�O���G�D�W�D�����\�H�O�O�R�Z���W�U�D�F�H�����W�R�S������
using deep memory and then performed jitter analysis on each data edge. The purple 
trace (middle waveform) shows the jitter trend waveform while the orange trace (bot-
�W�R�P���Z�D�Y�H�I�R�U�P�����V�K�R�Z�V���W�K�H���I�U�H�T�X�H�Q�F�\���V�S�H�F�W�U�X�P���R�I���M�L�W�W�H�U�����/�R�R�N�L�Q�J���D�W���W�K�H���7�,�(���M�L�W�W�H�U���W�U�H�Q�G��
waveform, it is impossible is visually detect any low frequency modulation in this mea-
surement. However, the jitter spectrum view (orange trace (bottom)) clearly shows a low 
frequency component of modulation. In this example, we have measured a “spur” on  
�W�K�H���V�S�H�F�W�U�X�P���G�L�V�S�O�D�\���D�W���H�[�D�F�W�O�\�����������N�+�]�����7�K�L�V���I�U�H�T�X�H�Q�F�\���L�V���X�Q�U�H�O�D�W�H�G���W�R���W�K�H���G�D�W�D���V�L�J�Q�D�O�j�V��
���������*�E���V���G�D�W�D���U�D�W�H���D�Q�G���L�V���D�Q���L�Q�G�L�F�D�W�L�R�Q���W�K�D�W���Z�H���K�D�Y�H���M�X�V�W���G�L�V�F�R�Y�H�U�H�G���D�Q���X�Q�F�R�U�U�H�O�D�W�H�G��
periodic jitter component.

�)�L�J�X�U�H�����������7�H�V�W�L�Q�J���I�R�U���U�H�p�H�F�W�L�R�Q�V���D�W���W�K�H���W�U�D�Q�V�P�L�W�W�H�U���V�L�G�H��
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Note that if the periodic jitter is sinusoidal in nature, then the spectrum display will gen-
erate a single frequency spur associated with the fundamental frequency of this coupling 
component. However, if the periodic jitter is non-sinusoidal, then there will probably be 
several frequency spurs associated with this component of coupling. But all of these 
particular spurs on the spectrum display will be harmonics of one another. To help iden-
tify the source of digital periodic jitter, look for the fundamental frequency component 
amongst the cluster of spurs.

Just knowing the frequency of the modulation should give us a clue as to its source. In 
this case, we suspect that our system’s switching power supply may be coupling into our 
data signal, perhaps via the power supplies. To verify this suspicion, we have used another 
channel of oscilloscope to capture ripple on a power supply that is synchronous with the 
�V�Z�L�W�F�K�L�Q�J���V�L�J�Q�D�O���D�V���V�K�R�Z�Q���E�\���W�K�H���J�U�H�H�Q���W�U�D�F�H�����V�H�F�R�Q�G���I�U�R�P���W�R�S�����L�Q���)�L�J�X�U�H�����������:�H���V�H�W���X�S���W�K�H��
scope to trigger on this suspect corrupter and then used a smoothing function on the jitter 
trend waveform (purple trace (third from top)). With an appropriate smoothing factor, the 
smoothing function will eliminate the higher frequency components of jitter and “draw-
out” the lower-frequency, uncorrelated periodic jitter component in the jitter trend wave-
form. If the smoothed trend waveform (purple trace (third from top)) appears to be locked 
onto and synchronous with the trigger source signal (green trace (second from top)), then 
�Z�H���K�D�Y�H���S�R�V�L�W�L�Y�H�O�\���L�G�H�Q�W�L�o�H�G���W�K�H���V�R�X�U�F�H���R�I���F�R�U�U�X�S�W�L�R�Q��

�)�L�J�X�U�H�����������,�V�R�O�D�W�L�Q�J���X�Q�F�R�U�U�H�O�D�W�H�G���3�-���Z�L�W�K���D���M�L�W�W�H�U���V�S�H�F�W�U�X�P���P�H�D�V�X�U�H�P�H�Q�W��

�)�L�J�X�U�H�����������9�H�U�L�I�\�L�Q�J���W�K�D�W���V�Z�L�W�F�K�L�Q�J���S�R�Z�H�U���V�X�S�S�O�\���F�R�X�S�O�L�Q�J���F�D�X�V�H�V���S�H�U�L�R�G�L�F���M�L�W�W�H�U��
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Using either the scope’s automatic measurements or markers, we can now easily mea-
sure the peak-to peak amplitude of this jitter component. In this example, we measure 
approximately 5-ps peak-to-peak of uncorrelated PJ caused by coupling from the witch-
�L�Q�J���S�R�Z�H�U���V�X�S�S�O�\�����Z�K�L�F�K���L�V���D�Q���L�Q�V�L�J�Q�L�o�F�D�Q�W���D�P�R�X�Q�W���R�I���M�L�W�W�H�U�����%�X�W���L�I���W�K�H���D�P�S�O�L�W�X�G�H���R�I���W�K�L�V��
�M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W���L�V���H�[�F�H�V�V�L�Y�H�����W�K�H�Q���S�H�U�K�D�S�V���E�H�W�W�H�U���V�K�L�H�O�G�L�Q�J�����o�O�W�H�U�L�Q�J�����R�U���L�P�S�U�R�Y�H�G���E�R�D�U�G��
trace layout techniques are needed to reduce the amount of this component of periodic 
jitter in our system.

�+�D�Y�L�Q�J���V�X�I�o�F�L�H�Q�W���D�F�T�X�L�V�L�W�L�R�Q���P�H�P�R�U�\���G�H�S�W�K���L�Q���\�R�X�U���R�V�F�L�O�O�R�V�F�R�S�H���L�V���D���F�U�L�W�L�F�D�O���P�H�D�V�X�U�H-
ment element to detect relatively low frequency periodic jitter. In this example, we have 
�F�D�S�W�X�U�H�G���H�L�J�K�W���S�H�U�L�R�G�V���R�I���O�R�Z���I�U�H�T�X�H�Q�F�\���P�R�G�X�O�D�W�L�R�Q���X�V�L�Q�J�����������N���S�R�L�Q�W�V���R�I���D�F�T�X�L�V�L�W�L�R�Q��
�P�H�P�R�U�\���Z�L�W�K���W�K�H���$���W�R���'���F�R�Q�Y�H�U�W�H�U���U�X�Q�Q�L�Q�J���D�W���D���V�D�P�S�O�H���U�D�W�H���R�I���������*�6�D���V�����$���V�F�R�S�H���Z�L�W�K��
less memory could have made this measurement by capturing a minimum of one period 
of uncorrelated PJ. However, with deeper memory acquisition you can obtain higher res-
olution measurements in the spectrum display. In addition, deeper memory will enable 
�\�R�X���W�R���P�H�D�V�X�U�H���O�R�Z�H�U���I�U�H�T�X�H�Q�F�\���F�R�P�S�R�Q�H�Q�W�V���R�I���M�L�W�W�H�U�����:�L�W�K���W�K�H���������������6�H�U�L�H�V���V�F�R�S�H�V������
�*�S�W�V���R�I���D�F�T�X�L�V�L�W�L�R�Q���P�H�P�R�U�\�����\�R�X���F�D�Q���G�H�W�H�F�W���M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V���D�V���O�R�Z���D�V���������+�]��

Isolating Correlated Periodic Jitter (PJ)

�'�H�W�H�F�W�L�Q�J���W�K�H���S�U�H�V�H�Q�F�H���R�I���F�R�U�U�H�O�D�W�H�G���3�H�U�L�R�G�L�F���-�L�W�W�H�U�����3�-�����L�V���X�V�X�D�O�O�\���W�K�H���P�R�V�W���G�L�I�o�F�X�O�W���W�\�S�H��
of jitter to uncover. Fortunately, this type of jitter is usually the least likely source of jitter 
contributing to a system’s total jitter. The fact that it is correlated means that this jitter 
component is synchronous with the serial data stream that it is corrupting. A possible 
source of correlated PJ is coupling from an adjacent lane of serial data, such as multi-
�O�D�Q�H�G���,�Q�o�Q�L�%�D�Q�G���G�D�W�D���W�U�D�I�o�F�����,�Q���W�K�L�V���F�D�V�H�����D�G�M�D�F�H�Q�W���O�D�Q�H�V���R�I���G�D�W�D���Z�R�X�O�G���E�H���E�D�V�H�G���R�Q���D��
common clock.

Since correlated periodic jitter is time-correlated to the serial data signal under test, it 
�P�D�\���E�H���G�L�I�o�F�X�O�W���W�R���G�H�W�H�F�W���W�K�L�V���F�R�P�S�R�Q�H�Q�W���R�I���M�L�W�W�H�U���X�V�L�Q�J���W�K�H���M�L�W�W�H�U���V�S�H�F�W�U�X�P���G�L�V�S�O�D�\�����&�R�U-
�U�H�O�D�W�H�G���3�-���Z�L�O�O���G�H�o�Q�L�W�H�O�\���F�R�Q�W�U�L�E�X�W�H���W�R���V�S�H�F�L�o�F���I�U�H�T�X�H�Q�F�\���V�S�X�U�V���L�Q���W�K�H���V�S�H�F�W�U�X�P���G�L�V�S�O�D�\����
but these spurs may land on top of or between other data dependent spurs making it 
hard to discriminate between ISI and correlated PJ frequency components in the jitter  
spectrum display.

One technique that may prove successful for you is to set up your system to generate 
�V�H�U�L�D�O���G�D�W�D���W�U�D�I�o�F���R�Q���M�X�V�W���R�Q�H���G�D�W�D���O�D�Q�H���D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�����������8�V�L�Q�J���W�K�H���V�F�R�S�H�j�V���G�H�H�S��
memory, engage TIE jitter analysis with the spectrum display turned on and average 

�)�L�J�X�U�H�����������'�H�W�H�F�W�L�Q�J���F�R�U�U�H�O�D�W�H�G���3�H�U�L�R�G�L�F���-�L�W�W�H�U�����3�-����
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�)�L�J�X�U�H�����������0�H�D�V�X�U�L�Q�J���V�\�V�W�H�P���5�D�Q�G�R�P���-�L�W�W�H�U�����5�-����

the results using waveform math and repetitive acquisitions (bottom trace). Averaging 
the spectrum display will eliminate the Random Jitter (RJ) component. And since only 
one lane of data is being generated with all other lanes “quiet,” the averaged spectrum 
display will not include any correlated periodic jitter due to coupling from adjacent lanes  
�R�I���W�U�D�I�o�F�����<�R�X���V�K�R�X�O�G���V�H�H���V�H�Y�H�U�D�O���I�U�H�T�X�H�Q�F�\���V�S�X�U�V���L�Q�G�L�F�D�W�L�Q�J���W�K�H���S�U�H�V�H�Q�F�H���R�I���,�6�,�����'�&�'����
and possibly uncorrelated PJ. Store this averaged spectrum display for later reference.

�1�R�Z���W�X�U�Q���R�Q���D�O�O���O�D�Q�H�V���R�I���W�U�D�I�o�F���L�Q���\�R�X�U���V�\�V�W�H�P���X�V�L�Q�J���W�K�H���V�D�P�H���S�D�W�W�H�U�Q���O�H�Q�J�W�K���I�R�U���H�D�F�K��
�O�D�Q�H���R�I���W�U�D�I�o�F���D�Q�G���S�H�U�I�R�U�P���W�K�H���V�D�P�H���D�Y�H�U�D�J�H�G���M�L�W�W�H�U���V�S�H�F�W�U�X�P���P�H�D�V�X�U�H�P�H�Q�W���D�V���M�X�V�W��
described. Jitter contribution from correlated periodic jitter will add to the height of the 
ISI & DCD spurs relative to the previous measurement that did not include correlated 
�S�H�U�L�R�G�L�F���M�L�W�W�H�U�����V�H�F�R�Q�G���W�U�D�F�H���X�S���I�U�R�P���E�R�W�W�R�P�������,�I���W�K�H�U�H���L�V���D���V�L�J�Q�L�o�F�D�Q�W���G�L�I�I�H�U�H�Q�F�H���L�Q���V�S�X�U��
heights from these two measurements, then this is an indication of the presence of 
correlated periodic jitter.

To measure the peak-to-peak amplitude of correlated PJ, use the techniques previously 
discussed to measure the amount of DJ with the system generating just a single lane of 
�G�D�W�D���W�U�D�I�o�F�����D�Q�G���W�K�H�Q���S�H�U�I�R�U�P���W�K�H���V�D�P�H���'�-���P�H�D�V�X�U�H�P�H�Q�W���Z�L�W�K���W�K�H���V�\�V�W�H�P���J�H�Q�H�U�D�W�L�Q�J��
�P�X�O�W�L���O�D�Q�H�V���R�I���G�D�W�D���W�U�D�I�o�F�����7�K�H���S�H�D�N���W�R���S�H�D�N���G�L�I�I�H�U�H�Q�F�H���E�H�W�Z�H�H�Q���W�K�H�V�H���W�Z�R���P�H�D�V�X�U�H-
ments is the amount of peak-to-peak correlated PJ in your system. To compute the  
total amount of PJ (correlated and uncorrelated), simply add both PJ components.

Isolating Random Jitter (RJ)

In several of the previous examples of testing for inter-symbol interference, we have 
shown how you can eliminate random components of jitter (RJ + uncorrelated PJ) from 
the jitter trend waveform by establishing a synchronous trigger on the data signal and 
then averaging the jitter trend waveform using waveform math and repetitive acquisi-
tions. To isolate the random components, simply use a chained waveform math function 
�D�V���V�K�R�Z�Q���L�Q���)�L�J�X�U�H���������W�R���V�X�E�W�U�D�F�W���W�K�H���D�Y�H�U�D�J�H�G���W�U�H�Q�G���Z�D�Y�H�I�R�U�P�����J�U�H�H�Q���W�U�D�F�H�����V�H�F�R�Q�G��
from bottom)), which represents the DJ component, from the real-time trend wave-
form (purple trace (third from bottom)), which represents TJ. The results will be a trend 
waveform (pink trace (bottom)) consisting of both Random Jitter (RJ) and uncorrelated 
periodic jitter. Since these components are random relative to the data signal, it will be 
impossible to time correlate these results to the data waveform.

At this point you can measure the contribution of these jitter components by performing 
an ac RMS measurement on this waveform. Note: Random Jitter (RJ) is always mea-
sured in terms of an RMS value since it is theoretically unbounded. In this example we 
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�K�D�Y�H���P�H�D�V�X�U�H�G���D�S�S�U�R�[�L�P�D�W�H�O�\�����������S�V���U�P�V���R�I���U�D�Q�G�R�P���M�L�W�W�H�U�����7�K�L�V���D�P�R�X�Q�W���R�I���M�L�W�W�H�U���P�D�\���Q�R�W��
�V�R�X�Q�G���O�L�N�H���P�X�F�K�����E�X�W���Z�K�H�Q���F�R�Q�Y�H�U�W�H�G���L�Q�W�R���D���S�H�D�N���W�R���S�H�D�N���Y�D�O�X�H���E�D�V�H�G���R�Q���D���%�(�5���R�I��������
�����������������S�V���U�P�V���5�-���W�U�D�Q�V�O�D�W�H�V���L�Q�W�R���D�S�S�U�R�[�L�P�D�W�H�O�\���������S�V���R�I���S�H�D�N���W�R���S�H�D�N���M�L�W�W�H�U��

�,�I���\�R�X���E�H�O�L�H�Y�H���W�K�D�W���W�K�H���X�Q�F�R�U�U�H�O�D�W�H�G���S�H�U�L�R�G�L�F���M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W���L�V���V�L�J�Q�L�o�F�D�Q�W�����\�R�X���F�D�Q���X�V�H��
techniques previously discussed to detect and measure the uncorrelated periodic jitter 
components. But rather than measuring the peak-to-peak amplitude of uncorrelated  
PJ component as previously described, measure the ac RMS value over a single period. 
You can then use the square root of the sum of the squares formula to separate out the 
uncorrelated periodic jitter component from the RMS measurement that includes both 
�U�D�Q�G�R�P���F�R�P�S�R�Q�H�Q�W�V�����5�-�������X�Q�F�R�U�U�H�O�D�W�H�G���3�-�������$�V���D���o�U�V�W���R�U�G�H�U���D�S�S�U�R�[�L�P�D�W�L�R�Q�����W�K�H���U�H�V�X�O�W�V��
will be the RMS value of just the random jitter (RJ) component.

Analyzing a Spread Spectrum Clock

Jitter on a data signal is basically unwanted phase modulation. However, some serial 
data standards actually specify intentional modulation of the serial data with Spread 
Spectrum Clocking (SSC). You can use jitter analysis to measure the shape and frequen-
cy of this designed-in modulation.

�)�L�J�X�U�H���������V�K�R�Z�V���D�Q���H�[�D�P�S�O�H���R�I���P�H�D�V�X�U�L�Q�J���W�K�H���V�S�U�H�D�G���V�S�H�F�W�U�X�P���F�O�R�F�N���Z�K�H�Q���S�H�U�I�R�U�P�L�Q�J��
�M�L�W�W�H�U���D�Q�D�O�\�V�L�V���R�Q���D�����������*�E���V���G�D�W�D���V�W�U�H�D�P�����%�\���V�H�W�W�L�Q�J���X�S���W�K�H���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���W�R���G�L�V�S�O�D�\���W�K�H��
�M�L�W�W�H�U���W�U�H�Q�G���Z�D�Y�H�I�R�U�P���E�D�V�H�G���R�Q���D���o�[�H�G���I�U�H�T�X�H�Q�F�\���F�O�R�F�N�����W�K�H���U�H�V�X�O�W�V���R�I���W�K�H���M�L�W�W�H�U���P�H�D-
surement will be dominated by the spread spectrum clock as shown by the purple trace 
(bottom) in this screen-shot. We can easily measure the frequency of this clock using 
either the scope’s markers or automatic parametric measurements. In this case, we 
�P�H�D�V�X�U�H�G�������������N�+�]��

Just as memory is important for detecting low-frequency Periodic Jitter (PJ), having suf-
�o�F�L�H�Q�W���P�H�P�R�U�\���L�V���D�O�V�R���L�P�S�R�U�W�D�Q�W���I�R�U���S�H�U�I�R�U�P�L�Q�J���V�S�U�H�D�G���V�S�H�F�W�U�X�P���F�O�R�F�N���P�H�D�V�X�U�H�P�H�Q�W�V����
�&�D�S�W�X�U�L�Q�J���D���P�L�Q�L�P�X�P���R�I���R�Q�H���S�H�U�L�R�G���R�I���D���������N�+�]���V�S�U�H�D�G���V�S�H�F�W�U�X�P���F�O�R�F�N���D�W���D���V�D�P�S�O�H���U�D�W�H��
�R�I���������*�6�D���V���U�H�T�X�L�U�H�V���D���P�L�Q�L�P�X�P���R�I�����������.���R�I���D�F�T�X�L�V�L�W�L�R�Q���P�H�P�R�U�\��

You should be cautioned that not all real-time jitter analysis is capable of measuring the 
spread spectrum clock. When timing errors exceed one Unit Interval (UI), which is equiv-
alent to one period of the software-generated reference clock, some jitter analysis will 
“snap-back” and measure the timing error of the data edge relative to the nearest clock 

�)�L�J�X�U�H�����������0�H�D�V�X�U�L�Q�J���W�K�H���6�S�U�H�D�G���6�S�H�F�W�U�X�P���&�O�R�F�N��
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edge. Measuring the SSC requires that time error measurements be able to exceed one 
UI. The jitter analysis software must be able to track UIs in the serial data pattern and 
then measure the timing error relative to the appropriate clock edge... not the nearest 
clock edge.

�$�O�W�K�R�X�J�K���Z�H���X�V�H�G���D���o�[�H�G���I�U�H�T�X�H�Q�F�\���V�R�I�W�Z�D�U�H���J�H�Q�H�U�D�W�H�G���F�O�R�F�N���D�V���D���U�H�I�H�U�H�Q�F�H���I�R�U���W�K�L�V��
particular SSC measurement, if you wanted to analyze the unwanted modulation (jitter) 
�L�Q���W�K�L�V�����������*�E���V���G�D�W�D���V�W�U�H�D�P�����\�R�X���Z�R�X�O�G���X�V�H���D���k�J�R�O�G�H�Q�y���3�/�/���W�\�S�H���F�O�R�F�N���Z�L�W�K���D���V�S�H�F�L�o�F��
�O�R�R�S���I�U�H�T�X�H�Q�F�\���L�Q���R�U�G�H�U���W�R���o�O�W�H�U���R�X�W���W�K�H���L�Q�W�H�Q�G�H�G���O�R�Z���I�U�H�T�X�H�Q�F�\���P�R�G�X�O�D�W�L�R�Q���R�I���W�K�H���V�S�U�H�D�G��
spectrum clock.

�,�I���\�R�X�U���V�\�V�W�H�P���L�V���E�D�V�H�G���R�Q���D�Q���H�P�E�H�G�G�H�G���3�/�/���F�O�R�F�N�����W�K�H�Q���W�R���P�H�D�V�X�U�H���V�\�V�W�H�P���M�L�W�W�H�U�����Q�R�W��
�6�6�&�����\�R�X���V�K�R�X�O�G���D�O�Z�D�\�V���X�V�H���D���3�/�/���W�\�S�H���F�O�R�F�N���D�V���\�R�X�U���U�H�I�H�U�H�Q�F�H�����U�H�J�D�U�G�O�H�V�V���R�I���Z�K�H�W�K�H�U��
your system uses a spread spectrum clocking scheme or not. This means that low-fre-
�T�X�H�Q�F�\���S�H�U�L�R�G�L�F���M�L�W�W�H�U�����3�-�����Z�L�O�O���D�O�V�R���E�H���o�O�W�H�U�H�G���R�X�W���R�I���W�K�H���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V�����%�X�W���W�K�L�V���L�V��
�R�N�D�\�����7�K�H���K�D�U�G�Z�D�U�H���3�/�/���F�O�R�F�N���L�Q���\�R�X�U���V�\�V�W�H�P���Z�L�O�O���D�O�V�R���o�O�W�H�U���R�X�W���D�Q�\���O�R�Z���I�U�H�T�X�H�Q�F�\���S�H�U�L�R�G��
jitter. When making jitter measurements with a software-generated clock, we want our 
software-generated reference clock to emulate  
the system’s embedded hardware clock.

Conclusions

Some real-time jitter analysis packages give answers in terms of the amount of total 
jitter that may be present in your system. This can be important for determining if your 
high-speed digital system meets a particular worst-case jitter and eye-opening speci-
�o�F�D�W�L�R�Q�����%�X�W���N�Q�R�Z�L�Q�J���K�R�Z���P�X�F�K���U�D�Q�G�R�P���M�L�W�W�H�U���D�Q�G���G�H�W�H�U�P�L�Q�L�V�W�L�F���M�L�W�W�H�U���L�V���L�Q���\�R�X�U���V�\�V�W�H�P��
�X�V�X�D�O�O�\���G�R�H�V�Q�j�W���J�L�Y�H���\�R�X���D���F�O�X�H���D�V���W�R���Z�K�H�U�H���L�W���L�V���F�R�P�L�Q�J���I�U�R�P�����7�K�H���N�H�\���W�R���o�Q�G�L�Q�J���V�R�X�U�F�H�V��
of jitter lies in the ability to time-correlate jitter measurement results with high-speed 
serial data signals, as well as other possible sources of uncorrelated periodic jitter. A 
real-time oscilloscope with jitter analysis along with the stimulus-response techniques 
described in this paper meet that critical time-correlation requirement to relate jitter 
trend measurement results to measured signals. Once you are able to time-correlate 
particular real-time timing error measurements to particular bits within a serial data 
pattern, it usually becomes a routine troubleshooting task to solve your deterministic 
jitter problems.
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�������������6�H�U�L�H�V���6�F�R�S�H�V���D�Q�G�������������6�H�U�L�H�V���3�U�R�E�H�V

The highest-performance end-to-end measurement system  
available

Experienced scope users know that their measurements are only as good as their 
probing system. And as bandwidth increases, it is increasingly important to make sure 
you are measuring your circuit, not your scope probe. Nothing is more frustrating than 
�F�K�D�V�L�Q�J���G�R�Z�Q���D�Q���D�S�S�D�U�H�Q�W���G�H�V�L�J�Q���S�U�R�E�O�H�P�����R�Q�O�\���W�R���o�Q�G���W�K�D�W���L�W���Z�D�V���F�D�X�V�H�G���E�\���D�Q���L�Q�I�H�U�L�R�U��
�V�F�R�S�H���S�U�R�E�H�����7�R�J�H�W�K�H�U�����W�K�H���Q�H�Z�H�V�W���,�Q�o�Q�L�L�X�P���V�F�R�S�H�V���D�Q�G���W�K�H���E�U�H�D�N�W�K�U�R�X�J�K���,�Q�o�Q�L�L�0�D�[��
high performance probing systems offer an end-to-end measurement solution with 
unmatched performance, accuracy and connectivity. The results are measurements you 
can trust and better insight into circuit behavior.

�,�Q�o�Q�L�L�0�D�[���K�L�J�K���S�H�U�I�R�U�P�D�Q�F�H���D�F�W�L�Y�H���S�U�R�E�H���V�\�V�W�H�P

�7�K�H���L�Q�Q�R�Y�D�W�L�Y�H���,�Q�o�Q�L�L�0�D�[���S�U�R�E�L�Q�J���V�\�V�W�H�P���S�U�R�Y�L�G�H�V���H�L�W�K�H�U���G�L�I�I�H�U�H�Q�W�L�D�O���R�U���V�L�Q�J�O�H���H�Q�G�H�G��
�S�U�R�E�L�Q�J���V�R�O�X�W�L�R�Q�V���I�R�U���W�K�H���P�R�V�W���G�H�P�D�Q�G�L�Q�J���P�H�F�K�D�Q�L�F�D�O���U�H�T�X�L�U�H�P�H�Q�W�V�����Z�L�W�K�R�X�W���V�D�F�U�L�o�F�L�Q�J��
�S�H�U�I�R�U�P�D�Q�F�H�����$���p�D�W���I�U�H�T�X�H�Q�F�\���U�H�V�S�R�Q�V�H���R�Y�H�U���W�K�H���H�Q�W�L�U�H���S�U�R�E�H���E�D�Q�G�Z�L�G�W�K���H�O�L�P�L�Q�D�W�H�V���W�K�H��
distortion and frequency-dependent loading effects that are present in probes that have 
an in-band resonance.

Performance-enabling technology

When you need to make multi-channel measurements on projects that use subnanosec-
�R�Q�G���O�R�J�L�F�����\�R�X���Q�H�H�G���S�R�Z�H�U�I�X�O���L�Q�V�W�U�X�P�H�Q�W�V�����7�K�H�V�H���Q�H�Z���,�Q�o�Q�L�L�X�P���R�V�F�L�O�O�R�V�F�R�S�H�V���P�D�L�Q�W�D�L�Q��
�W�K�H�L�U���I�X�O�O���V�D�P�S�O�L�Q�J���S�H�U�I�R�U�P�D�Q�F�H���R�I���������*�6�D���V���R�Q���D�O�O���F�K�D�Q�Q�H�O�V�����V�R���\�R�X���F�D�Q���P�D�N�H���F�U�L�W�L�F�D�O��
timing measurements at the full performance of the oscilloscope.

�)�L�J�X�U�H�����������.�H�\�V�L�J�K�W�j�V���������������������*�+�]���5�H�D�O���W�L�P�H���2�V�F�L�O�O�R�V�F�R�S�H��

Features

 – �������*�+�]���E�D�Q�G�Z�L�G�W�K���U�H�D�O���W�L�P�H���R�V-
�F�L�O�O�R�V�F�R�S�H�V���Z�L�W�K���������*�6�D���V���V�D�P�S�O�H��
rate on all four channels simulta-
neously

 – �8�S���W�R�������*�S�W�V���0�H�J�D�=�R�R�P���G�H�H�S��
memory at all sample rates

 – Electronic attenuators eliminate 
the reliability and repeatability 
concerns associated with mechan-
ical attenuator relays

 – �7�U�L�J�J�H�U���M�L�W�W�H�U���D�V���O�R�Z���D�V�����������I�V���U�P�V
 – Easy-to-use, easy-to-understand 
jitter analysis option

 – �(���������$���6�H�U�L�D�O���'�D�W�D���$�Q�D�O�\�V�L�V���0�D�V�N��
Testing with Clock Recovery

 – Serial ATA Signal Quality Compli-
ance Test

 – �(�D�F�K���,�Q�o�Q�L�L�0�D�[���S�U�R�E�H���D�P�S�O�L�o�H�U��
supports both differential and 
single-ended measurements for a 
more cost-effective solution

 – �8�Q�U�L�Y�D�O�H�G���,�Q�o�Q�L�L�0�D�[���S�U�R�E�L�Q�J��
accessories support browsing, 
solder-in, and socket use models 
at the maximum performance 
available

 – �7�K�H�����������*�+�]���,�Q�o�Q�L�L�0�D�[�����������$��
�S�U�R�E�H���D�Q�G���(���������$���(���������$���F�R�Q-
nectivity kits (all sold separately) 
�D�U�H���U�H�F�R�P�P�H�Q�G�H�G���I�R�U���W�K�H���,�Q�o�Q�L�L�X�P��
�'�6�2�����������$���R�V�F�L�O�O�R�V�F�R�S�H

 – USB, SATA, PCIE, DDR compliance 
test options

 – Communications Mask Test Kit
 – �9�R�L�F�H�&�R�Q�W�U�R�O���2�S�W�L�R�Q
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�����������$���D�Q�G�������������$�������������*�+�]���3�X�O�V�H���3�D�W�W�H�U�Q���*�H�Q�H�U�D�W�R�U�V

The need for pulse and pattern generation is fundamental to digital device characteri-
zation tasks. The ability to emulate the pulse and pattern conditions to which the device 
will be subjected is essential. This emulation should include both typical and worst case 
conditions. Accurate emulation requires superlative signal integrity and timing perfor-
�P�D�Q�F�H���D�O�R�Q�J���Z�L�W�K���I�X�O�O���F�R�Q�W�U�R�O���R�Y�H�U���S�D�U�D�P�H�W�H�U�V���W�K�D�W���D�O�O�R�Z���V�S�H�F�L�o�F���Z�R�U�V�W���F�D�V�H���W�H�V�W�L�Q�J��

Setting Standards

�7�K�H���.�H�\�V�L�J�K�W�������������$���D�Q�G�������������$�������������*�+�]���3�X�O�V�H���*�H�Q�H�U�D�W�R�U�V���S�U�R�Y�L�G�H���S�U�R�J�U�D�P�P�D�E�O�H��
�S�X�O�V�H���S�H�U�L�R�G�V���I�U�R�P���������0�+�]���������������Q�V�����W�R�������������*�+�]�����������������S�V�����S�X�O�V�H���F�D�S�D�E�L�O�L�W�\���R�Q���D�O�O��
channels. At these frequency ranges the transition time performance becomes criti-
�F�D�O�����O�H�V�V���W�K�D�Q���������S�V���L�V���V�S�H�F�L�o�H�G���D�Q�G���Z�L�W�K���D���5�0�6���M�L�W�W�H�U���R�I�����������S�V���W�\�S�L�F�D�O���V�L�J�Q�D�O���T�X�D�O�L�W�\���L�V��
�D�V�V�X�U�H�G�����7�K�H���'�H�O�D�\���&�R�Q�W�U�R�O���,�Q�S�X�W���D�Q�G���W�K�H���9�D�U�L�D�E�O�H���&�U�R�V�V�R�Y�H�U���3�R�L�Q�W���I�X�Q�F�W�L�R�Q�D�O�L�W�L�H�V���D�O�O�R�Z��
emulation of real world signals by adding jitter to clock or data signals or by distorting 
the ‘eye’ for eye diagram measurements.

Features

 – �)�U�H�T�X�H�Q�F�\���U�D�Q�J�H���I�U�R�P���������0�+�]���W�R�������������*�+�]
 – �/�R�Z���M�L�W�W�H�U
 – �/�9�'�6���D�S�S�O�L�F�D�W�L�R�Q�V���F�D�Q���E�H���D�G�G�U�H�V�V�H�G���Z�L�W�K���R�X�W�S�X�W���O�H�Y�H�O�V���I�U�R�P���������P�9���W�R�������������9
 – �3�5�%�6���I�U�R�P�������������W�R������������
 – �)�D�V�W���U�L�V�H���W�L�P�H�V���������������������������������S�V
 – Delay Modulation (jitter emulation)
 – �9�D�U�L�D�E�O�H���&�U�R�V�V���2�Y�H�U���3�R�L�Q�W�����H�\�H���G�H�I�R�U�P�D�W�L�R�Q��
 – �����N�%�L�W���G�D�W�D���S�D�W�W�H�U�Q���P�H�P�R�U�\�����5�=�����1�5�=�����5�������%�X�U�V�W���F�D�S�D�E�L�O�L�W�\
 – �������0�%�L�W���H�[�W�H�Q�G�H�G���S�D�W�W�H�U�Q���P�H�P�R�U�\��
 – Graphical User Interface
 – All Inputs and Outputs are SMA connectors

�)�L�J�X�U�H�����������.�H�\�V�L�J�K�W�j�V�������������$�������������*�E���V���3�X�O�V�H���3�D�W�W�H�U�Q���*�H�Q�H�U�D�W�R�U��
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Publication Title Publication Type Publication Number

Jitter Solutions for Digital Circuits Brochure 5988-8427EN

Jitter Measurement Solutions CD 5988-9350EN

Measuring Jitter in Digital Systems Application Note 1448-15988-9109EN

Signal Integrity Solutions Brochure 5988-5405EN

Signal Integrity Solutions CD 5988-6915EN
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Signal Integrity Applications Central: 
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���V�L

Signal Integrity eSeminar Series:  
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���V�L�J�L�Q�W

Jitter Measurement Solutions:  
�Z�Z�Z���N�H�\�V�L�J�K�W���F�R�P���o�Q�G���M�L�W�W�H�U
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Keysight Technologies, Inc.
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