
Keysight Technologies 
Jitter Solutions for Telecom,  
Enterprise, and Digital Designs

Complete solutions for characterization  
and test of jitter in high-speed digital  
transmission systems, high-speed I/O  
connections, and buses



Overview

The measurement of jitter is a necessity for ensuring error free digital communication. As data rates 
climb, new standards appear, and development cycles shrink, you need the tools that help you keep 
pace with this changing environment. Keysight Technologies, Inc. provides a wide range of solutions 
for the injection, prediction, characterization, and testing of jitter.
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Figure 1. Industry views of jitter

Different market segments from telecommunications to high-speed I/O connections for data  
communications use the term jitter (see Figure 1). In telecommunications and enterprise arenas, jitter 
�V�S�H�F�L�o�F�D�W�L�R�Q�V���D�Q�G���P�H�D�V�X�U�H�P�H�Q�W�V���D�U�H���Z�H�O�O���G�R�F�X�P�H�Q�W�H�G���W�K�U�R�X�J�K���V�W�D�Q�G�D�U�G�V���E�R�G�L�H�V�����V�R���W�K�H�� 
measurements to make are well known. In the high-speed I/O arena, many new bus standards are  
being introduced with little commonality in specifying and measuring jitter. This forces the designer 
and test engineer to really understand the different jitter measurement viewpoints and what  
measurement techniques will be best for them.

This brochure concentrates on the jitter measurements required by many of today’s high-speed digital
�W�U�D�Q�V�P�L�V�V�L�R�Q���V�\�V�W�H�P�����E�X�V���D�Q�G���L�Q�W�H�U�F�R�Q�Q�H�F�W���V�W�D�Q�G�D�U�G�V���q���6�2�1�(�7�����6�'�+���2�7�1�����(�W�K�H�U�Q�H�W�����,�Q�o�Q�L�%�D�Q�G�����3�&�,��
Express®, SATA, HDMI, etc.
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Keysight provides a wide range of jitter measurement solutions (see Figure 2). For 
SONET/SDH/OTN and electrical/optical jitter measurements, the Keysight 86100C 
�'�&�$���-���L�V���L�G�H�D�O���L�Q���5�	�'���I�R�U���F�R�P�S�R�Q�H�Q�W�V�����Z�K�L�O�H���W�K�H���.�H�\�V�L�J�K�W���3�D�U�%�(�5�7���������������L�V���L�G�H�D�O���I�R�U��
systems.

For electrical jitter measurements, the real time oscilloscope, the Keysight 90000 
�6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���Z�L�W�K���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H�����S�U�R�Y�L�G�H�V���W�K�H���P�R�V�W���Y�H�U�V�D�W�L�O�H���Y�L�H�Z���R�I���M�L�W�W�H�U��
�Z�L�W�K���W�U�D�Q�V�L�H�Q�W���F�D�S�W�X�U�H�����7�K�H���H�T�X�L�Y�D�O�H�Q�W���W�L�P�H���R�V�F�L�O�O�R�V�F�R�S�H�����W�K�H���.�H�\�V�L�J�K�W�������������&���,�Q�o�Q�L�L�X�P��
DCA-J, provides the most accurate, sensitive jitter analysis capability and can be a 
�P�R�U�H���H�F�R�Q�R�P�L�F�D�O���V�R�O�X�W�L�R�Q�����:�K�H�Q���\�R�X���Q�H�H�G���E�L�W���H�U�U�R�U���U�D�W�L�R�����%�(�5�����P�H�D�V�X�U�H�P�H�Q�W�V�����W�K�H��
�.�H�\�V�L�J�K�W���3�D�U�%�(�5�7���������������D�Q�G���-���%�(�5�7���1���������$���F�R�Q�V�W�U�X�F�W���S�U�H�F�L�V�H���E�D�W�K�W�X�E���F�X�U�Y�H�V���D�Q�G��
are the ultimate proof of performance. When a precision, low jitter stimulus is required, 
�.�H�\�V�L�J�K�W�j�V���-���%�(�5�7���1���������$���R�I�I�H�U�V���F�D�O�L�E�U�D�W�H�G���M�L�W�W�H�U���O�H�Y�H�O�V��

Figure 2. Keysight’s jitter solutions and measurement viewpoints
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SONET/SDH/OTN Jitter Measurements 

�-�L�W�W�H�U���L�V���G�H�o�Q�H�G���D�V���W�K�H���P�L�V�D�O�L�J�Q�P�H�Q�W���R�I���W�K�H���V�L�J�Q�L�o�F�D�Q�W���H�G�J�H�V���R�I���D���G�L�J�L�W�D�O���V�L�J�Q�D�O���I�U�R�P���W�K�H�L�U���L�G�H�D�O���S�R�V�L�W�L�R�Q�V���L�Q���W�L�P�H�����6�X�F�K���P�L�V�D�O�L�J�Q�P�H�Q�W�����L�I��
uncontrolled, can lead to errors in digital transmission. Jitter can also be thought of as an unwanted phase modulation of a digital  
signal. The term jitter is applied where the frequency band of the unwanted phase modulation is above 10 Hz. Where the frequency 
band is less than 10 Hz, the modulation is referred to as wander. Even within the jitter bandwidth, international SONET/SDH/OTN  
�V�W�D�Q�G�D�U�G�V���I�X�U�W�K�H�U���E�D�Q�G���O�L�P�L�W���W�K�H���V�S�H�F�W�U�X�P���Z�K�H�Q���Y�H�U�L�I�\�L�Q�J���F�R�P�S�O�L�D�Q�F�H�����'�L�I�I�H�U�H�Q�W���o�O�W�H�U���Y�D�O�X�H�V���D�U�H���X�V�H�G���I�R�U���G�L�I�I�H�U�H�Q�W���G�D�W�D���U�D�W�H�V�����)�R�U��
�H�[�D�P�S�O�H�����I�R�U���������*�E���V���6�2�1�(�7���6�'�+���V�L�J�Q�D�O�V�����o�O�W�H�U�V���U�H�M�H�F�W�L�Q�J���M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V���E�H�O�R�Z���������+�]���D�Q�G���D�E�R�Y�H���������0�+�]���D�U�H���X�V�H�G�����$���I�X�U�W�K�H�U���o�O�W�H�U���L�V��
�D�O�V�R���X�V�H�G���W�R���P�H�D�V�X�U�H���R�Q�O�\���W�K�R�V�H���I�U�H�T�X�H�Q�F�L�H�V���D�E�R�Y�H�������0�+�]��

The international SONET/SDH/OTN standards specify measuring jitter generation, jitter transfer, and jitter tolerance in the control 
of jitter. The following pages review these measurements and highlight Keysight’s key solutions for this space – the Keysight 86100C 
�,�Q�o�Q�L�L�X�P���'�&�$���-���D�Q�G���-���%�(�5�7���1���������$����

�)�L�J�X�U�H���������-�L�W�W�H�U���W�R�O�H�U�D�Q�F�H���S�O�R�W���R�Q���-���%�(�5�7���1���������$

Jitter generation

Jitter generation, sometimes called intrinsic jitter, refers to the  
jitter present on the output of a single device (output jitter refers 
�W�R���W�K�D�W���I�U�R�P���W�K�H���Q�H�W�Z�R�U�N�������,�W���L�V���V�S�H�F�L�o�H�G���L�Q���X�Q�L�W���L�Q�W�H�U�Y�D�O�V���D�Q�G��
the result as a RMS or peak-to-peak value. Most measurement 
�V�\�V�W�H�P�V���X�V�H���K�L�J�K���S�D�V�V���D�Q�G���O�R�Z���S�D�V�V���o�O�W�H�U�V���W�R���E�D�Q�G���O�L�P�L�W���W�K�H��
�V�S�H�F�W�U�X�P�����2�X�W�S�X�W���M�L�W�W�H�U���U�H�V�X�O�W�V���D�U�H���V�W�U�R�Q�J�O�\���L�Q�p�X�H�Q�F�H�G���E�\���W�K�H���G�D�W�D��
being carried. Test results can vary widely between those for a 
simple repetitive pattern such as 1010, and those for a complex 
�3�5�%�6���S�D�W�W�H�U�Q�����,�W���L�V���L�P�S�R�U�W�D�Q�W���W�K�D�W���W�K�H���G�D�W�D���E�H�L�Q�J���W�U�D�Q�V�P�L�W�W�H�G���E�H��
�G�H�o�Q�H�G���Z�K�H�Q���P�H�D�V�X�U�L�Q�J���D�Q�G���V�S�H�F�L�I�\�L�Q�J���M�L�W�W�H�U���J�H�Q�H�U�D�W�L�R�Q���� 
Likewise, it is crucial when measuring jitter generation that the 
result not be affected by the intrinsic jitter of the measurement 
system. 

Jitter tolerance

In order to ensure that your devices can operate error free in 
the presence of the worst-case jitter from preceding sections 
in the network, you need to measure jitter tolerance. A signal is 
generated with added sinusoidal jitter and applied to the DUT. At 
each jitter frequency, the amplitude of the jitter is increased until 
�W�U�D�Q�V�P�L�V�V�L�R�Q���H�U�U�R�U�V���D�U�H���G�H�W�H�F�W�H�G�����$�O�W�H�U�Q�D�W�L�Y�H�O�\�����D���V�S�H�F�L�o�H�G���O�H�Y�H�O��
of input jitter is generated and error-free operation is checked. In 
the real world, jitter is unlikely to be sinusoidal, but it is easy to 
generate and gives repeatable results. Jitter tolerance requires a 
�V�R�X�U�F�H���R�I���V�L�Q�X�V�R�L�G�D�O���M�L�W�W�H�U���D�Q�G���D���P�H�W�K�R�G���W�R���D�V�V�H�V�V���%�(�5�����8�V�L�Q�J���W�K�H��
�E�X�L�O�W���L�Q���F�D�O�L�E�U�D�W�H�G���M�L�W�W�H�U���V�R�X�U�F�H�����W�K�H���.�H�\�V�L�J�K�W���-���%�(�5�7���1���������$���F�D�Q��
measure jitter tolerance on electrical devices (see Figure 3).
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SONET/SDH/OTN Jitter Measurements (continued) 

Jitter transfer

Jitter transfer is typically used to describe how a clock recovery 
module or repeater locks and tracks data with different jitter  
amplitudes. Jitter transfer requirements on clock recovery 
circuits specify a minimum amount of jitter gain vs. frequency 
up to a given cut-off frequency, beyond which the jitter must be 
�D�W�W�H�Q�X�D�W�H�G�����7�K�H���M�L�W�W�H�U���W�U�D�Q�V�I�H�U���V�S�H�F�L�o�F�D�W�L�R�Q���L�V���L�Q�W�H�Q�G�H�G���W�R���S�U�H�Y�H�Q�W��
the buildup of jitter in a network consisting of cascaded  
regenerators. When measuring jitter transfer, you need to be 
assured your DUT does not transfer more than the SONET/SDH 
�P�D�Q�G�D�W�H�G�����������G�%���R�I���S�H�D�N�L�Q�J�����:�L�W�K���W�K�H���.�H�\�V�L�J�K�W�������������$�� 
�3�U�H�F�L�V�L�R�Q���:�D�Y�H�I�R�U�P���$�Q�D�O�\�]�H�U���R�U�������������%���&�O�R�F�N���5�H�F�R�Y�H�U�\���0�R�G�X�O�H����
�W�K�H�������������&���,�Q�o�Q�L�L�X�P���'�&�$���-���F�D�Q���P�H�D�V�X�U�H���W�K�H���M�L�W�W�H�U���W�U�D�Q�V�I�H�U���R�I��
�H�O�H�F�W�U�L�F�D�O���G�H�Y�L�F�H�V�����V�H�H���)�L�J�X�U�H��������

�)�L�J�X�U�H���������-�L�W�W�H�U���W�U�D�Q�V�I�H�U���P�H�D�V�X�U�H�P�H�Q�W���R�Q�������������&���'�&�$���-

Wander

Wander is the longer-term phase variations ranging from 10-Hz 
down to micro-Hertz and below. While jitter is normally  
measured with reference to a clock extracted from the data  
signal, wander is measured against an external reference clock. 
The fundamental measurement is Time Interval Error (TIE), the 
instantaneous time deviation of the clock signal under test  
relative to the reference source. TIE samples are used to  
calculate wander results such as MTIE (Maximum TIE) and TDev 
(Time Deviation).
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What is jitter?

�-�L�W�W�H�U���L�V���G�H�o�Q�H�G���D�V���W�K�H���P�L�V�D�O�L�J�Q�P�H�Q�W���R�I���W�K�H���V�L�J�Q�L�o�F�D�Q�W���H�G�J�H�V���L�Q���D��
sequence of data bits from their ideal positions. Misalignments 
can result in data errors. Tracking these errors over an extended 
period of time determines the system stability. Jitter can be due 
to deterministic and random phenomena, also referred to as  
systematic and nonsystematic respectively.

From a general standpoint, jitter characterization involves a  
statistical measurement of the relative position variation in the 
clock or data edges. Serial data communication eliminates the 
physical and bandwidth limitations of clock and data bus  
transmission by embedding the clock in the transmitted data. 
Since the data clock is not transmitted separately, the problem of 
maintaining the clock and data temporal alignment is eliminated 
in the data stream. However, other issues become important, 
such as the minimization of jitter in data transmission, faithful 
clock extraction from the serial data, and network timing. These 
problems are manifest because of random and systematic effects.

Random jitter

Random jitter (RJ) is Gaussian in nature and typically results from 
thermal noise, shot noise, etc. In that RJ is unbounded, it is often 
characterized through an RMS value. This allows one to assess 
the probability that the jitter will fall both inside and outside a 
�V�S�H�F�L�o�H�G���U�D�Q�J�H�����:�K�H�Q���D�Q���5�0�6���Y�D�O�X�H���L�V���P�H�D�V�X�U�H�G�����W�K�H���S�H�D�N���W�R��
peak RJ value can be estimated through multiplication by a factor 
�G�H�S�H�Q�G�H�Q�W���X�S�R�Q���W�K�H���G�H�V�L�U�H�G���E�L�W���H�U�U�R�U���U�D�W�L�R�����%�(�5�����S�U�R�E�D�E�L�O�L�W�\�����V�H�H��
�)�L�J�X�U�H�����������1�R�W�H���W�K�D�W���W�K�H�V�H���P�X�O�W�L�S�O�L�H�U�V���D�U�H���Y�D�O�L�G���I�R�U���S�X�U�H�O�\���U�D�Q�G�R�P��
�M�L�W�W�H�U�����:�K�H�Q���'�-���L�V���S�U�H�V�H�Q�W�����W�K�H���%�(�5���P�D�U�J�L�Q���L�V���U�H�G�X�F�H�G���E�\���W�K�H���'�-��
�Y�D�O�X�H�����$���V�L�J�Q�L�o�F�D�Q�W���D�P�R�X�Q�W���R�I���G�D�W�D���L�V���U�H�T�X�L�U�H�G���W�R���\�L�H�O�G���D�� 
�V�W�D�W�L�V�W�L�F�D�O�O�\���D�F�F�X�U�D�W�H�����K�L�J�K���F�R�Q�o�G�H�Q�F�H���F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q���R�I���5�-�����$�V��
seemingly small amounts of RMS RJ correspond to large  
peak-to-peak values, precisely assessing the full impact of the 
jitter is achieved by directly measuring the probability of RJ at the 
�G�H�V�L�U�H�G���O�R�Z���%�(�5�j�V��

BER Multiplier

���� ���� ����������

���� ���� ����������

���� ���� ������������

���� ���� ������������

10-11 13.412

10-12 14.069

10-13 14.698

10-15 15.883

�)�L�J�X�U�H���������&�R�Q�Y�H�U�W�L�Q�J���5�0�6���W�R���S�H�D�N���W�R���S�H�D�N���I�R�U���V�S�H�F�L�o�F���%�(�5

Deterministic jitter

Deterministic jitter (DJ) is due to systematic events and is 
�E�R�X�Q�G�H�G���L�Q���D�P�S�O�L�W�X�G�H�����'�-���L�V���F�R�P�S�R�V�H�G���R�I���S�H�U�L�R�G�L�F���M�L�W�W�H�U�����3�-�������G�D�W�D��
dependent jitter (DDJ), duty cycle distortion (DCD), uncorrelated 
���W�R���W�K�H���G�D�W�D�����E�R�X�Q�G�H�G���M�L�W�W�H�U�����D�Q�G���V�X�E���U�D�W�H���M�L�W�W�H�U�����3�-���L�V���W�\�S�L�F�D�O�O�\�� 
sinusoidal in nature, while uncorrelated bounded jitter is  
frequently caused by crosstalk. DDJ includes data smearing 
components such as Inter Symbol Interference (ISI). ISI is  
typically due to bandwidth limitations of the system and it’s  
magnitude is directly dependent on the data pattern being 
transmitted. DCD is due to voltage offsets between differential 
inputs and system rise/fall time imbalances. Deterministic jitter is 
bounded and therefore measured as a peak-to-peak value.

Total jitter

Total jitter (TJ) is the sum of the peak-to-peak values of  
�G�H�W�H�U�P�L�Q�L�V�W�L�F���M�L�W�W�H�U�����'�-�����D�Q�G���U�D�Q�G�R�P���M�L�W�W�H�U�����5�-�������%�\���G�H�o�Q�L�Q�J�� 
random jitter as an equivalent peak-to-peak value at a given 
probability, and using the dual-Dirac model, total jitter can 
always be expressed as a sum without loss of accuracy. Figure 6 
illustrates the components of total jitter, each of which presents 
�L�W�V�H�O�I���L�Q���D���G�L�I�I�H�U�H�Q�W���Z�D�\�����,�W���F�D�Q���E�H���G�L�I�o�F�X�O�W���W�R���V�H�S�D�U�D�W�H�� 
deterministic and random jitter from the measurement of total 
jitter and not all test solutions offer this capability. When  
characterizing your design, the key to succes is to understand 
what you need to test for and optimizing a solution that works for 
you.

Enterprise and High-Speed I/O Jitter Measurements
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Figure 6. The components of jitter
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�)�L�J�X�U�H���������(�\�H���G�L�D�J�U�D�P���Z�L�W�K���W�K�H�������������$���,�Q�o�Q�L�L�X�P���������*�+�]���R�V�F�L�O�O�R�V�F�R�S�H

�)�L�J�X�U�H���������(�\�H���G�L�D�J�U�D�P���Z�L�W�K���W�K�H�������������&���,�Q�o�Q�L�L�X�P���'�&�$���-

What jitter measurement viewpoints should you 
use?

Given the various jitter components, understanding what you 
need to measure is critical to understanding what is the best test 
solution for you. The intent of a jitter compliance measurement 
�L�V���W�R���H�Q�V�X�U�H���P�H�H�W�L�Q�J���D���F�H�U�W�D�L�Q���E�L�W���H�U�U�R�U���U�D�W�L�R�����%�(�5�����S�H�U�I�R�U�P�D�Q�F�H��
�V�S�H�F�L�o�F�D�W�L�R�Q�����)�R�U���O�R�Z���%�(�5�V�����L���H�����������������D�Q�G���O�R�Z�H�U�������H�P�S�L�U�L�F�D�O���W�H�V�W�V��
�F�D�Q���E�H���O�R�Q�J���L�Q���W�L�P�H���G�X�U�D�W�L�R�Q���W�R���F�D�S�W�X�U�H���H�Q�R�X�J�K���G�D�W�D���W�R���F�R�Q�o�U�P��
�W�K�H���%�(�5���V�S�H�F�L�o�F�D�W�L�R�Q���F�R�Q�I�R�U�P�D�Q�F�H���Z�L�W�K���V�X�I�o�F�L�H�Q�W���V�W�D�W�L�V�W�L�F�D�O��
�F�R�Q�o�G�H�Q�F�H�����)�R�U���G�H�V�L�J�Q���R�S�W�L�P�L�]�D�W�L�R�Q���D�Q�G���W�U�R�X�E�O�H�V�K�R�R�W�L�Q�J�����S�R�V�W��
processed jitter calculations can quickly provide insight.

The following pages review several different measurement  
viewpoints for capturing jitter information, the best uses of each 
of the views and Keysight’s solutions. Three common  
measurement views – eye diagram, bathtub curve and time  
interval error (TIE) histogram – provide information on the total 
jitter. Other measurement views provide insight into the distinct 
jitter components – measurement vs. time, frequency spectrum, 
�5�-���'�-���V�H�S�D�U�D�W�L�R�Q�����'�-���Y�L�H�Z�V�����D�Q�G���3�K�D�V�H���1�R�L�V�H���D�Q�D�O�\�V�L�V�����,�W���L�V�� 
important to understand how alternate views can provide  
additional insight.

Eye diagram

An eye diagram is a time overlay of level transitions aligned with 
respect to a derived, or externally provided timing reference, 
�W�\�S�L�F�D�O�O�\���D���V�\�Q�F�K�U�R�Q�R�X�V���F�O�R�F�N�����)�R�U���F�H�U�W�L�o�F�D�W�L�R�Q���D�Q�G���Y�D�O�L�G�D�W�L�R�Q��
this measurement is compared to a standard eye mask depicting 
the allowed eye opening in time and amplitude. The eye pattern 
measurement technique relies on a data clock that can be derived 
or accessed and total jitter that is less than the bit period. The 
crossing point of the eye can be “smeared” by the trigger circuitry 
of the oscilloscope, so low trigger jitter is critical.

The eye mask test is generally short in terms of test time. The eye 
�G�L�D�J�U�D�P���L�V���W�\�S�L�F�D�O�O�\���F�D�S�W�X�U�H�G���I�R�U���D���V�X�I�o�F�L�H�Q�W���D�P�R�X�Q�W���R�I���W�L�P�H���W�R��
acquire the full extent of the deterministic jitter, which is typically 
�L�Q�V�X�I�o�F�L�H�Q�W���W�R���F�D�S�W�X�U�H���W�K�H���H�[�W�U�H�P�H�V���R�I���W�K�H���U�D�Q�G�R�P���M�L�W�W�H�U���S�H�D�N���W�R��
�S�H�D�N���Y�D�O�X�H�����.�H�\�V�L�J�K�W�j�V���������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���������*�+�]���E�D�Q�G�Z�L�G�W�K��
�R�V�F�L�O�O�R�V�F�R�S�H�����V�H�H���)�L�J�X�U�H���������D�Q�G�������������&���,�Q�o�Q�L�L�X�P���'�L�J�L�W�D�O�� 
�&�R�P�P�X�Q�L�F�D�W�L�R�Q���$�Q�D�O�\�]�H�U���-�����V�H�H���)�L�J�X�U�H�����������D�Q�G���-���%�(�5�7���1���������$��
provide eye diagram and eye mask capabilities.
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�)�L�J�X�U�H���������6�W�U�H�V�V�H�G���H�\�H���J�H�Q�H�U�D�W�L�R�Q���X�V�L�Q�J���W�K�H���-���%�(�5�7���1���������$���S�D�W�W�H�U�Q���J�H�Q�H�U�D�W�R�U

Eye diagram (continued)

�7�K�H���H�\�H���G�L�D�J�U�D�P���L�V���X�V�H�I�X�O���I�R�U���F�H�U�W�L�o�F�D�W�L�R�Q���D�Q�G���Y�D�O�L�G�D�W�L�R�Q���� 
development and manufacturing. For development engineers, 
the eye diagram is the most intuitive measurement. It is easy to 
set up and provides an immediate view of amplitude versus time. 
�%�O�D�W�D�Q�W���L�U�U�H�J�X�O�D�U�L�W�L�H�V���D�U�H���H�D�V�L�O�\���L�G�H�Q�W�L�o�H�G���I�R�U���I�X�U�W�K�H�U���G�H�Y�H�O�R�S�P�H�Q�W����
�K�R�Z�H�Y�H�U���L�W���L�V���K�D�U�G���W�R���S�U�H�F�L�V�H�O�\���G�H�W�H�U�P�L�Q�H���W�K�H���F�D�X�V�H���R�I���'�'�-�����3�-��
and DCD with this view alone. In manufacturing, the eye diagram 
�S�U�R�Y�L�G�H�V���D���T�X�L�F�N���P�H�D�V�X�U�H�P�H�Q�W���I�R�U���F�R�Q�o�G�H�Q�F�H�����E�X�W���L�W���G�R�H�V���Q�R�W��
completely guarantee jitter performance.

To create a jittered test signal, pair the oscilloscope with a  
�-���%�(�5�7���1���������$���S�D�W�W�H�U�Q���J�H�Q�H�U�D�W�R�U���W�R���F�U�H�D�W�H���M�L�W�W�H�U�H�G���F�O�R�F�N���R�U���G�D�W�D��
signals and control the eye closing over the time axis (see Figure 
���������7�K�H���.�H�\�V�L�J�K�W���-���%�(�5�7���1���������$���S�U�R�Y�L�G�H�V���L�Q�W�H�J�U�D�W�H�G�����F�D�O�L�E�U�D�W�H�G��
jitter sources to simulate real world or worst-case signals. The 
�3�D�U�%�(�5�7���������������V�R�X�U�F�H���F�D�Q���D�O�V�R���E�H���M�L�W�W�H�U�H�G���Z�L�W�K���D�Q���H�[�W�H�U�Q�D�O��
�P�R�G�X�O�D�W�L�R�Q���V�R�X�U�F�H���O�L�N�H���W�K�H���.�H�\�V�L�J�K�W�������������$���I�X�Q�F�W�L�R�Q���D�U�E�L�W�U�D�U�\��
waveform generator for multi-lane device characterization.
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�)�L�J�X�U�H�����������%�D�W�K�W�X�E���F�X�U�Y�H���I�U�R�P���W�K�H���-���%�(�5�7���1���������$���D�Q�G���3�D�U�%�(�5�7������������

�)�L�J�X�U�H�����������)�D�V�W���W�R�W�D�O���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W���I�U�R�P���W�K�H���-���%�(�5�7���1���������$���D�Q�G���3�D�U�%�(�5�7��
����������
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Figure 10. Model of the jitter bathtub curve

�%�D�W�K�W�X�E���F�X�U�Y�H

�3�O�R�W�W�L�Q�J���W�K�H���S�R�L�Q�W�V���R�Q���D���J�U�D�S�K���R�I���%�(�5���Y�H�U�V�X�V���V�D�P�S�O�L�Q�J���O�R�F�D�W�L�R�Q��
in time results in a curve that resembles the cross section of a 
bathtub, hence the term bathtub curve (see Figure 10). A  
bathtub curve can be created either by software extrapolation 
from voltage over time measurement done by an oscilloscope, or 
�E�\���D�F�W�X�D�O�O�\���V�D�P�S�O�L�Q�J���W�K�H���E�L�W�V���D�V���G�R�Q�H���E�\���D���%�(�5�7�����$�Q�\���L�Q�V�W�U�X�P�H�Q�W��
�F�D�S�D�E�O�H���R�I���S�H�U�I�R�U�P�L�Q�J���D���%�(�5���P�H�D�V�X�U�H�P�H�Q�W���F�D�Q���E�H���X�V�H�G���W�R�� 
create a bathtub curve, as long as the sampling point can be 
�Y�D�U�L�H�G���L�Q���W�L�P�H�����7�K�H���.�H�\�V�L�J�K�W���-���%�(�5�7���1���������$���D�Q�G���3�D�U�%�(�5�7��������������
(see Figure 11) can be used to create the bathtub curve. The 
�.�H�\�V�L�J�K�W�������������&���,�Q�o�Q�L�L�X�P���'�&�$���-���D�Q�G���������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P��
oscilloscope with jitter analysis software are able to display an 
extrapolated bathtub curve (see Figures 20 and 21).

�)�R�U���G�H�Y�H�O�R�S�P�H�Q�W���H�Q�J�L�Q�H�H�U�V�����W�K�H���o�Q�D�O���S�U�R�R�I���R�I���S�H�U�I�R�U�P�D�Q�F�H���R�I���D��
�F�R�P�S�R�Q�H�Q�W���R�U���V�X�E�V�\�V�W�H�P���L�V���W�K�H���G�L�U�H�F�W���P�H�D�V�X�U�H�P�H�Q�W���R�I���%�(�5���D�W��
optimized timing and threshold levels employing error detection 
�R�Q���H�Y�H�U�\���W�U�D�Q�V�P�L�W�W�H�G���E�L�W�����+�R�Z�H�Y�H�U���W�K�H���V�S�H�H�G���R�I���W�K�H���%�(�5�� 
�P�H�D�V�X�U�H�P�H�Q�W���L�V���D���I�X�Q�F�W�L�R�Q���R�I���W�K�H���%�(�5���W�R���E�H���P�H�D�V�X�U�H�G���D�Q�G���W�K�H�� 
�G�H�V�L�U�H�G���V�W�D�W�L�V�W�L�F�D�O���F�R�Q�o�G�H�Q�F�H���I�D�F�W�R�U���I�R�U���W�K�H���U�H�V�X�O�W�����9�D�U�L�R�X�V�� 
�H�[�W�U�D�S�R�O�D�W�L�R�Q���W�H�F�K�Q�L�T�X�H�V���F�D�Q���E�H���X�V�H�G���W�R���V�S�H�H�G���X�S���W�K�H���%�(�5��
measurement, one of which is based on the bathtub curve called 
�%�(�5�7���V�F�D�Q�����%�(�5�7���V�F�D�Q���D�O�O�R�Z�V���G�D�W�D���W�R���E�H���W�D�N�H�Q���D�W���V�H�Y�H�U�D�O���T�X�L�F�N��
�%�(�5�V�����L���H�����������������������������D�Q�G���������������E�\���D�G�M�X�V�W�L�Q�J���W�K�H���V�D�P�S�O�L�Q�J���S�R�L�Q�W���L�Q��
�W�L�P�H�����D�Q�G���W�K�H�Q���H�[�W�U�D�S�R�O�D�W�H�V���W�K�H���M�L�W�W�H�U���D�W���P�X�F�K���O�R�Z�H�U���%�(�5�V�����L���H����������
�����������7�K�H���3�D�U�%�(�5�7���������������D�Q�G���-���%�(�5�7���1���������$���K�D�Y�H���D�F�F�H�O�H�U�D�W�H�G��
extrapolation techniques to measure the bathtub curve, extract 
�5�-���D�Q�G���'�-���F�R�P�S�R�Q�H�Q�W�V�����D�Q�G���W�R���H�[�W�U�D�S�R�O�D�W�H���7�-���D�W���O�R�Z�H�U���%�(�5���O�H�Y�H�O�V��
to reduce test times.

�7�R���V�D�Y�H���W�L�P�H���\�H�W���U�H�W�D�L�Q���D�F�F�X�U�D�F�\�����W�K�H���3�D�U�%�(�5�7���������������D�Q�G���-���%�(�5�7��
�1���������$���Q�R�Z���I�H�D�W�X�U�H���D���k�I�D�V�W���7�-�y���P�H�D�V�X�U�H�P�H�Q�W�����V�H�H���)�L�J�X�U�H�������������,�W��
�U�H�W�U�L�H�Y�H�V���Q�R�W���R�Q�O�\���W�K�H���D�P�R�X�Q�W���R�I���7�-���I�R�U���D���G�H�V�L�U�H�G���%�(�5�����E�X�W���D�O�V�R���W�K�H��
uncertainty of the measurement helping to judge the quality of 
the result. The fast TJ measurement works on any jitter  
distribution unlike extrapolation methods. It is based on  
statistics and probability methods. Instead of comparing bits until 
�W�K�H���%�(�5�7���U�H�D�F�K�H�V���D���G�H�o�Q�H�G���Q�X�P�E�H�U���R�I���E�L�W�V���R�U���D���G�H�o�Q�H�G���Q�X�P�E�H�U���R�I��
�H�U�U�R�U�V�����L�W���F�R�P�S�D�U�H�V���E�L�W�V���X�Q�W�L�O���L�W���F�D�Q���G�H�F�L�G�H���Z�L�W�K���D�����������F�R�Q�o�G�H�Q�F�H��
�O�H�Y�H�O���Z�K�H�W�K�H�U���W�K�H���D�F�W�X�D�O���%�(�5���L�V���D�E�R�Y�H���R�U���E�H�O�R�Z���W�K�H���G�H�V�L�U�H�G���%�(�5����
�7�K�L�V���V�L�J�Q�L�o�F�D�Q�W�O�\���V�S�H�H�G�V���X�S���W�K�H���P�H�D�V�X�U�H�P�H�Q�W���W�L�P�H���Z�L�W�K���W�K�H���V�D�P�H��
�F�R�Q�o�G�H�Q�F�H���O�H�Y�H�O�V���R�I���W�K�H���E�D�W�K�W�X�E���F�X�U�Y�H��
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Enterprise and High-Speed I/O Jitter Measurements (continued) 

Histogram

A histogram is a portrayal of the relative occurrence of measured 
values. Depending on the actual jitter distribution, the histogram 
shows deterministic jitter components (time interval error) and 
spread. This is a key measurement in meeting compliance  
�V�S�H�F�L�o�F�D�W�L�R�Q�V��

�.�H�\�V�L�J�K�W�j�V�������������&���,�Q�o�Q�L�L�X�P���'�&�$���-�����)�L�J�X�U�H�����������D�Q�G���������������6�H�U�L�H�V��
�,�Q�o�Q�L�L�X�P���R�V�F�L�O�O�R�V�F�R�S�H���Z�L�W�K���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H�����)�L�J�X�U�H���������� 
provide a histogram of the time interval error (TIE). The 90000 
Series oscilloscope also provides additional insightful parameters 
in the histogram format – cycle-to-cycle jitter, TIE, rise time, duty 
�F�\�F�O�H�����H�W�F�����9�D�U�L�D�W�L�R�Q�V���L�Q���W�K�H�V�H���S�D�U�D�P�H�W�H�U�V���R�I�I�H�U���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W��
engineer insight to the next level of analysis and troubleshooting. 
�7�K�H���.�H�\�V�L�J�K�W���-���%�(�5�7���1���������$���D�Q�G���3�D�U�%�(�5�7���������������F�D�Q���F�D�O�F�X�O�D�W�H��
and display a histogram view from the bathtub curve  
measurement.

Measurement vs. time

The measurement versus time view supplies an intuitive view of 
rise time, fall time, duty cycle, or TIE versus time. While waveform 
spikes in the time domain are indicative of errors, these spikes 
can be correlated to independent signals by comparing them in 
the time domain.

�7�K�H���.�H�\�V�L�J�K�W���������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���R�V�F�L�O�O�R�V�F�R�S�H���Z�L�W�K���M�L�W�W�H�U��
�D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H�����V�H�H���)�L�J�X�U�H�����������G�H�S�L�F�W�V���P�H�D�V�X�U�H�P�H�Q�W���Y�H�U�V�X�V��
�W�L�P�H�����3�D�U�D�P�H�W�H�U�V���V�X�F�K���D�V���U�L�V�H���W�L�P�H�����I�D�O�O���W�L�P�H�����G�X�W�\���F�\�F�O�H�����7�,�(�����D�Q�G��
period can be measured this way. Comparing the measurement 
trend and the actual data/clock signal can provide key insight 
into your design. For example, by viewing the measurement trend 
of the data rate vs. time it is possible to measure the long-term 
frequency and modulation depth of spread spectrum clocking.

�)�L�J�X�U�H�����������+�L�V�W�R�J�U�D�P���I�U�R�P�������������&���,�Q�o�Q�L�L�X�P���'�&�$���-

�)�L�J�X�U�H�����������7�,�(���K�L�V�W�R�J�U�D�P���I�U�R�P�������������$���,�Q�o�Q�L�L�X�P���������*�+�]���R�V�F�L�O�O�R�V�F�R�S�H

�)�L�J�X�U�H�����������0�H�D�V�X�U�H�P�H�Q�W���Y�V�����W�L�P�H���S�O�R�W���R�Q���W�K�H�������������$���,�Q�o�Q�L�L�X�P���������*�+�]���R�V�F�L�O�O�R�V�F�R�S�H
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Enterprise and High-Speed I/O Jitter Measurements (continued) 

Frequency spectrum

Any measurement vs. time can also be processed to the  
�I�U�H�T�X�H�Q�F�\���G�R�P�D�L�Q���W�K�U�R�X�J�K���D�Q���)�)�7���F�R�Q�Y�H�U�V�L�R�Q�����9�L�H�Z�L�Q�J���W�K�H���M�L�W�W�H�U��
frequency spectrum that results can yield swift conclusions of 
interfering mechanisms than cannot be readily seen in the time 
domain. Effects that have periodicity in the time domain result in 
easily discernable spectral components in the frequency domain.

�)�L�J�X�U�H�����������)�)�7���V�S�H�F�W�U�X�P���D�Q�G���5�-���'�-���V�H�S�D�U�D�W�L�R�Q���Y�L�H�Z���R�Q���D�Q�������������$���,�Q�o�Q�L�L�X�P���������*�+�]��
oscilloscope with jitter software

For development engineers, this perspective provides the highest 
level of insight into deterministic, periodic, and data dependent 
jitter mechanisms. Keysight’s 90000 Series oscilloscope with  
jitter analysis software (see Figure 16) and 86100C DCA-J 
provide FFT spectrum plots. The 90000 Series oscilloscope and 
�����������&���'�&�$���-���Z�K�H�Q���X�V�H�G���Z�L�W�K���W�K�H���,�Q�o�Q�L�L�0�D�[���S�U�R�E�L�Q�J���V�\�V�W�H�P���� 
assures that the jitter is a result of the circuit and not  
�U�H�V�X�O�W�L�Q�J���I�U�R�P���W�K�H���S�U�R�E�H�V�����7�K�H���.�H�\�V�L�J�K�W���-���%�(�5�7�����������$���D�Q�G�� 
�3�D�U�%�(�5�7���������������D�O�V�R���R�I�I�H�U���D���V�S�H�F�W�U�D�O���G�H�F�R�P�S�R�V�L�W�L�R�Q���F�D�S�D�E�L�O�L�W�\��
(see Figure 17).

�)�L�J�X�U�H�����������6�S�H�F�W�U�D�O���G�H�F�R�P�S�R�V�L�W�L�R�Q���Y�L�H�Z���R�Q���3�D�U�%�(�5�7������������
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Enterprise and High-Speed I/O Jitter Measurements (continued) 

�-�L�W�W�H�U���V�S�H�F�W�U�X�P���3�K�D�V�H���Q�R�L�V�H

�3�U�H�F�L�V�H���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���R�I���F�O�R�F�N���R�U���G�D�W�D���V�L�J�Q�D�O�V���L�V���D�O�V�R���S�R�V�V�L�E�O�H���E�\��
combining time-domain waveform measurement techniques with 
frequency-domain phase-noise measurement techniques. The 
phase-noise technique allows characterization of ultra low-level 
�M�L�W�W�H�U���F�R�P�S�R�Q�H�Q�W�V���Z�L�W�K���U�H�V�X�O�W�V���G�L�V�S�O�D�\�H�G���L�Q���V�H�F�R�Q�G�V���R�U���G�%�F���+�]����
Since clock jitter is propagated throughout your system, better 
�X�Q�G�H�U�V�W�D�Q�G�L�Q�J���L�W���K�H�O�S�V���U�H�G�X�F�H���G�D�W�D���M�L�W�W�H�U�����7�K�H���.�H�\�V�L�J�K�W���(���������%��
SSA-J is optimized for clock signal analysis with femtosecond 
resolution (see Figure 18). The 86100C DCA-J with the 86108A 
�S�U�H�F�L�V�L�R�Q���Z�D�Y�H�I�R�U�P���D�Q�D�O�\�]�H�U���R�U�������������%���F�O�R�F�N���U�H�F�R�Y�H�U�\���P�R�G�X�O�H��
can analyze both clock and data signals (see Figure 19).

RJ/DJ separation

Most standards require the decomposition of total jitter into the 
constituent components – random jitter (RJ) and deterministic 
jitter (DJ). This separation can be achieved in two ways:  
extrapolation from a bathtub curve, or by analysis of the jitter 
frequency spectrum. Using the bathtub curve jitter model, the 
�J�U�D�S�K���F�D�Q���E�H���F�X�U�Y�H���o�W�W�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���5�-���D�Q�G���'�-���Y�D�O�X�H�V�����7�K�H��
�O�R�Z���%�(�5���V�O�R�S�H�V���R�I���W�K�H���E�D�W�K�W�X�E���F�X�U�Y�H���U�H�p�H�F�W���W�K�H���5�-���F�R�Q�W�H�Q�W���R�I���W�K�H��
signal (see Figure 10, page 9). The displacement of the pure RJ 
content of the bathtub curve slopes from the ideal signal  
�W�U�D�Q�V�L�W�L�R�Q���W�L�P�H�V���U�H�p�H�F�W�V���W�K�H���'�-���F�R�Q�W�H�Q�W���R�I���W�K�H���V�L�J�Q�D�O���L�Q���W�K�H�� 
dual-Dirac model. The dual-Dirac model provides two easily 
measured observables, RJ and DJ, that can be used to calculate 
TJ at low bit error ratios. It is important to note that while DJ is a 
model-dependent quantity, the TJ calculated from the model is 
model independent.

�)�L�J�X�U�H�����������5�-���V�S�H�F�W�U�X�P���3�K�D�V�H���Q�R�L�V�H���Y�L�H�Z���R�I���F�O�R�F�N���V�L�J�Q�D�O���R�Q���(���������%���6�6�$���-�)�L�J�X�U�H�����������-�L�W�W�H�U���V�S�H�F�W�U�X�P�����3�K�D�V�H���Q�R�L�V�H���Y�L�H�Z���R�I���G�D�W�D���V�L�J�Q�D�O���R�Q�������������&���'�&�$���-
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Enterprise and High-Speed I/O Jitter Measurements (continued) 

RJ/DJ separation (continued)

In the frequency domain, DJ components such as periodic jitter 
���3�-�������L�Q�W�H�U���V�\�P�E�R�O���L�Q�W�H�U�I�H�U�H�Q�F�H�����,�6�,�����R�U���G�X�W�\���F�\�F�O�H���G�L�V�W�R�U�W�L�R�Q�����'�&�'������
appear as distinct spectra and can easily be discerned by the eye 
or by a search algorithm. RJ is Gaussian in nature and appears as 
�D���E�U�R�D�G���D�Q�G���U�H�O�D�W�L�Y�H�O�\���p�D�W���V�S�H�F�W�U�X�P�����7�K�H�V�H���G�L�I�I�H�U�H�Q�F�H�V���D�U�H���X�V�H�G��
in separating RJ and DJ in the frequency domain. 

�)�R�U���W�K�H���F�H�U�W�L�o�F�D�W�L�R�Q���H�Q�J�L�Q�H�H�U�����W�K�L�V���Y�L�H�Z���L�V���F�U�X�F�L�D�O���W�R���S�U�R�Y�L�Q�J�� 
compliance. For the development engineer, the measurement 
is a tool to quantify the effects of environmental changes on RJ 
and DJ to circuit performance. Keysight’s 86100C DCA-J and 
�������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���R�V�F�L�O�O�R�V�F�R�S�H���Z�L�W�K���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H��
can be used to separate RJ and DJ using a similar user inter-
�I�D�F�H�����V�H�H���)�L�J�X�U�H�V���������D�Q�G�������������7�K�H���3�D�U�%�(�5�7���������������D�Q�G���-���%�(�5�7��
�1���������$�����V�H�H���)�L�J�X�U�H�����������V�H�S�D�U�D�W�H���5�-���D�Q�G���'�-���Y�L�D���H�[�W�U�D�S�R�O�D�W�L�R�Q��
from the bathtub curve.

�)�L�J�X�U�H�����������5�-���'�-���6�H�S�D�U�D�W�L�R�Q���Y�L�H�Z���R�Q���W�K�H�������������$���,�Q�o�Q�L�L�X�P���������*�+�]���R�V�F�L�O�O�R�V�F�R�S�H Figure 21. RJ/ DJ separation views on 86100C DCA-J

�)�L�J�X�U�H�����������+�L�V�W�R�J�U�D�P���S�O�R�W���D�Q�G���5�-���'�-���V�H�S�D�U�D�W�L�R�Q���Y�D�O�X�H�V���R�Q���-���%�(�5�7���1���������$���D�Q�G��
�3�D�U�%�(�5�7������������
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Enterprise and High-Speed I/O Jitter Measurements (continued) 

DJ views

�'�H�W�H�U�P�L�Q�L�V�W�L�F���M�L�W�W�H�U���L�V���F�R�P�S�R�V�H�G���R�I���S�H�U�L�R�G�L�F���M�L�W�W�H�U�����3�-�������G�D�W�D�� 
dependent jitter (DDJ), duty cycle distortion (DCD) and  
�X�Q�F�R�U�U�H�O�D�W�H�G�����W�R���W�K�H���G�D�W�D�����E�R�X�Q�G�H�G���M�L�W�W�H�U�����3�-���L�V���D�V�\�Q�F�K�U�R�Q�R�X�V���W�R��
the data, DDJ is due to data smearing, while DCD is pulse width 
�G�L�V�W�R�U�W�L�R�Q�����'�'�-���,�6�,���D�Q�G���'�&�'���F�D�Q���E�H���L�G�H�Q�W�L�o�H�G���E�\���U�H�S�H�W�L�W�L�Y�H�O�\��
averaging the total jitter versus time measurement. This effectively 
removes periodic uncorrelated jitter and random jitter components, 
leaving DDJ and DCD.

�.�H�\�V�L�J�K�W�j�V�������������&���'�&�$���-���D�Q�G���������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P�� 
oscilloscope with jitter analysis software can be used to analyze 
the components of DJ using a similar user interface (see Figures 
�������D�Q�G�������������3�R�V�V�L�E�O�H���P�H�D�V�X�U�H�P�H�Q�W�V���L�Q�F�O�X�G�H���7�-�����5�-�����'�-�����3�-�����'�'�-����
ISI and DCD. The graphical display illustrates a single  
measurement or four measurements for a quick assessment such 
�D�V���7�-���K�L�V�W�R�J�U�D�P�����'�'�-���K�L�V�W�R�J�U�D�P�����3�-���5�-���K�L�V�W�R�J�U�D�P�����'�'�-���Y�V�����E�L�W��
pattern, and bathtub curve.

�)�L�J�X�U�H�����������'�-���Y�L�H�Z�V���R�Q���D�������������$���,�Q�o�Q�L�L�X�P���������*�+�]���R�V�F�L�O�O�R�V�F�R�S�H�)�L�J�X�U�H�����������'�-���Y�L�H�Z�V���R�Q�������������&���'�&�$���-
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How Accurate is Your Jitter Measurement – Comparing Different Jitter Analysis 
Techniques

Digital jitter accuracy analysis using a precision 
jitter transmitter

To compare different measurement approaches for jitter in digital 
systems, Keysight created a jitter transmitter with a complete 
set of applied jitter levels precisely calibrated, in most cases, to 
traceable standards. The various Keysight and major vendors 
jitter analysis solutions were applied a wide variety of signals with 
known TJ (10–12) and known levels of different types of jitter to 
determined which analyzers are accurate and why.

�)�L�J�X�U�H���������G�H�S�L�F�W�V���W�K�H���S�U�H�F�L�V�L�R�Q���M�L�W�W�H�U���W�U�D�Q�V�P�L�W�W�H�U�����,�W���Z�D�V���G�H�V�L�J�Q�H�G��
to apply a wide range of different levels and combinations of RJ, 
�3�-�����,�6�,�����D�Q�G���'�&�'���W�K�D�W���U�H�V�X�O�W���L�Q���D���O�D�U�J�H���V�H�W���R�I���7�-���Y�D�O�X�H�V���� 
�0�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���P�D�G�H���D�W���D���V�L�Q�J�O�H���G�D�W�D���U�D�W�H�������������*�E���V�����Z�L�W�K���D��
single test pattern, a standard pseudo-random binary  
�V�H�T�X�H�Q�F�H���R�I���O�H�Q�J�W�K���������q���������3�5�%�6���������D���V�L�Q�J�O�H���S�D�L�U���R�I���1�5�=���O�R�J�L�F�� 
�O�H�Y�H�O�V�����œ���������P�9���I�R�U���D���O�R�J�L�F���~���j���~���j�����D�Q�G���X�V�H�G���D���V�L�Q�J�O�H���H�Q�G�H�G�� 
transmission line.

�/�H�Y�H�O�V���R�I���M�L�W�W�H�U���Z�H�U�H���F�K�R�V�H�Q���W�K�D�W���U�H�p�H�F�W���Z�K�D�W���L�V���F�R�P�P�R�Q���L�Q���W�K�H��
�o�H�O�G�����/�R�Z���O�H�Y�H�O�V���F�R�U�U�H�V�S�R�Q�G�H�G���W�R���O�H�Y�H�O�V���D���Q�H�W�Z�R�U�N���H�O�H�P�H�Q�W���Z�R�X�O�G��
generate and still pass most standards’ compliance tests. High 
levels corresponded to either barely passing or not quite passing. 
ISI was created by inserting different lengths of printed circuit 
�E�R�D�U�G���W�U�D�F�H�V���L�Q���W�K�H���W�U�D�Q�V�P�L�V�V�L�R�Q���S�D�W�K�����3�-���Z�D�V���F�U�H�D�W�H�G���L�Q���E�R�W�K��
sinusoidal and triangle-wave formats to challenge the spectral 
techniques for measuring RJ.

�7�K�H���F�R�Q�o�J�X�U�D�W�L�R�Q�V���Z�H�U�H���G�H�V�L�J�Q�H�G���V�R���W�K�D�W���W�K�H���V�R�O�X�W�L�R�Q�V���V�K�R�X�O�G��
�J�L�Y�H���W�K�H���V�D�P�H���U�H�V�X�O�W�V�����)�R�U���H�[�D�P�S�O�H�����W�K�H�\���Z�H�U�H���F�R�Q�o�J�X�U�H�G���W�R�� 
measure the full jitter-frequency bandwidth. The analyzers were 
�F�R�Q�o�J�X�U�H�G���X�V�L�Q�J���P�L�Q�L�P�D�O���P�R�G�L�o�F�D�W�L�R�Q�V���W�R���W�K�H���G�H�I�D�X�O�W���V�H�W�W�L�Q�J�V��
�D�Q�G���D���V�L�Q�J�O�H���F�R�Q�o�J�X�U�D�W�L�R�Q���Z�D�V���X�V�H�G���I�R�U���D�O�O���W�H�V�W���F�D�V�H�V�����O�L�N�H�O�\���W�K�H��
way that most engineers would use them. Analyzer settings were 
used where the user manuals indicated it would give the best 
results and allowed for longer test times to accommodate the 
manufacturers’ suggestions for increased accuracy.  
Measurement time varied from less than ten seconds to over 
a minute. A summary of the precision jitter transmitter can be 
�I�R�X�Q�G���L�Q���Z�K�L�W�H���S�D�S�H�U�V���O�L�V�W�H�G���R�Q���S�D�J�H�����������7�K�H���-���%�(�5�7���1���������$���Z�D�V��
designed based on this investigation to provide a calibrated jitter 
source (see Figure 26).
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�)�L�J�X�U�H�����������%�O�R�F�N���G�L�D�J�U�D�P���R�I���M�L�W�W�H�U���W�U�D�Q�V�P�L�W�W�H�U���U�H�I�H�U�H�Q�F�H

�)�L�J�X�U�H�������������&�U�H�D�W�L�Q�J���F�D�O�L�E�U�D�W�H�G���M�L�W�W�H�U���V�L�J�Q�D�O�V���R�Q���-���%�(�5�7���1���������$
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Jitter Measurement Solutions

�����������&���,�Q�o�Q�L�L�X�P���'�&�$���-���:�L�G�H���%�D�Q�G�Z�L�G�W�K�� 
Oscilloscope

�9�L�H�Z���R�S�W�L�F�D�O���D�Q�G���H�O�H�F�W�U�L�F�D�O���Z�D�Y�H�I�R�U�P�V���Z�L�W�K���E�D�Q�G�Z�L�G�W�K�V���W�R���������*�+�]��
�H�O�H�F�W�U�L�F�D�O���D�Q�G���������*�+�]���R�S�W�L�F�D�O�����%�X�L�O�W���L�Q���P�H�D�V�X�U�H�P�H�Q�W�V���I�R�U���K�L�J�K��
�V�S�H�H�G���G�L�J�L�W�D�O���F�R�P�P�X�Q�L�F�D�W�L�R�Q�V���D�Q�G���P�R�G�X�O�H���F�R�Q�o�J�X�U�D�W�L�R�Q�V���I�R�U���D��
�W�H�V�W���V�\�V�W�H�P���W�R���P�D�W�F�K���\�R�X�U���V�S�H�F�L�o�F���Q�H�H�G�V�����9�L�H�Z���W�K�H���W�U�X�H���M�L�W�W�H�U���R�I��
your device with an ultra-low, intrinsic trigger jitter of less than 
100-fs.

Typically used to view an eye diagram, the magnitude of the  
jitter can be immediately viewed in one simple display. Measure 
random and deterministic jitter components using the one-button 
jitter analysis application. The 86100C is an ideal tool for making 
�V�L�J�Q�D�O���L�Q�W�H�J�U�L�W�\���D�Q�G���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V���I�R�U���)�L�E�U�H�&�K�D�Q�Q�H�O�����3�&�,��
�(�[�S�U�H�V�V���,�,�����)�X�O�O�\���%�X�I�I�H�U�H�G���'�,�0�0�����(�W�K�H�U�Q�H�W�����6�2�1�(�7���6�'�+���,�7�1�����D�Q�G��
other similar high speed signaling standards.

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V

 – Ultra low instrumentation jitter  
���������������S�V�����F�R�P�E�L�Q�H�G���Z�L�W�K���X�O�W�U�D���O�R�Z���Y�R�O�W�D�J�H���Q�R�L�V�H�������������������P�9����
allows precise measurement of extremely low jitter on signals

 – Comprehensive waveform characterization is possible
 – �������0�+�]���W�R�������������*�E���V���F�O�R�F�N���U�H�F�R�Y�H�U�\���F�D�S�D�E�L�O�L�W�\���Z�L�W�K�������������$���R�U��
�����������%���Z�L�W�K���V�H�O�H�F�W�D�E�O�H���O�R�R�S���%�:�����D�Q�G���S�K�D�V�H���Q�R�L�V�H���D�Q�D�O�\�V�L�V

 – Advanced waveform analysis – built in equalization for 
closed-eye analysis

 – �7�L�P�H���G�R�P�D�L�Q���U�H�p�H�F�W�R�P�H�W�H�U���P�R�G�X�O�H�V���D�Y�D�L�O�D�E�O�H���W�R���I�X�U�W�K�H�U�� 
characterize high-speed data channels

For more information order the following literature:

�����������&���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V, 
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1

�������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���������*�+�]���%�D�Q�G�Z�L�G�W�K�� 
Oscilloscope

�7�K�H���.�H�\�V�L�J�K�W���������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���R�V�F�L�O�O�R�V�F�R�S�H�V���D�Q�G���W�K�H�� 
�,�Q�o�Q�L�L�0�D�[�������������6�H�U�L�H�V���S�U�R�E�L�Q�J���V�\�V�W�H�P���G�H�O�L�Y�H�U���W�K�H���K�L�J�K�H�V�W�� 
performance real-time end-to-end measurement system  
�D�Y�D�L�O�D�E�O�H�����7�K�H���,�Q�o�Q�L�L�X�P���������������6�H�U�L�H�V���L�V���D�Q���L�G�H�D�O���W�R�R�O���I�R�U�� 
�P�D�N�L�Q�J���V�L�J�Q�D�O���L�Q�W�H�J�U�L�W�\���D�Q�G���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V���I�R�U���3�&�,�� 
�(�[�S�U�H�V�V�¤�����,�Q�o�Q�L�E�D�Q�G�����5�D�S�L�G�,�2�����6�$�7�$���D�Q�G���R�W�K�H�U���V�L�P�L�O�D�U���K�L�J�K���V�S�H�H�G��
signaling standards.

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V��

 – �������*�+�]�����������*�+�]���������*�+�]���������*�+�]���������*�+�]�����D�Q�G�����������*�+�]�� 
�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 four channels, (20 GSa/s on 6 GHz and lower models)

 – �8�S���W�R�������*�S�W�V���0�H�J�D�=�R�R�P���G�H�H�S���P�H�P�R�U�\���D�W���D�O�O���V�D�P�S�O�H���U�D�W�H�V
 – �7�U�L�J�J�H�U���M�L�W�W�H�U���D�V���O�R�Z���D�V�����������S�V���5�0�6���D�Q�G���D�V���O�R�Z���D�V�������������S�V���5�0�6��
�M�L�W�W�H�U���Q�R�L�V�H���p�R�R�U���I�R�U���D�F�F�X�U�D�W�H���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V

 – �7�K�H���(���������%���D�G�Y�D�Q�F�H�G���M�L�W�W�H�U���D�Q�G���W�L�P�L�Q�J���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H��
offers the most comprehensive set of tools available for in-
depth analysis of jitter behavior

 – �7�K�H���1���������$���(�=�-�,�7���3�O�X�V���M�L�W�W�H�U���D�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H���R�I�I�H�U�V���D��
similar user interface and proven accurate algorithms as the 
86100C DCA-J

 – �,�Q�o�Q�L�L�0�D�[���������*�+�]�����������*�+�]���������*�+�]���������*�+�]�����D�Q�G�����������*�+�]��
probing systems that support differential and single-ended 
measurements for a more cost-effective solution

For more information order the following literature:

�������������6�H�U�L�H�V���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V,  
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1

E2690B���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V,  
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1

N5400A���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V, 
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1
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Jitter Measurement Solutions Continued)

�����������$�������������$���3�X�O�V�H���3�D�W�W�H�U�Q���D�Q�G���'�D�W�D�� 
Generators

81133/4A

�)�U�H�T�X�H�Q�F�\ �����������*�+�]

�&�K�D�Q�Q�H�O���V�� �����R�U����

�0�H�P�R�U�\ �������0�%

�7�U�D�Q�V�L�W�L�R�Q���W�L�P�H���������������� �����������S�V���W�\�S�L�F�D�O

�-�L�W�W�H�U ���������S�V���W�\�S�L�F�D�O

�-�L�W�W�H�U���P�R�G�X�O�D�W�L�R�Q ���������0�+�]���E�D�Q�G�Z�L�G�W�K

�7�U�L�J�J�H�U�L�Q�J �7�U�L�J�J�H�U���R�X�W�S�X�W

�6�X�E�U�D�W�H���F�O�R�F�N���R�X�W�S�X�W �<�H�V�����S�D�U�W�L�D�O�O�\���G�L�I�I�H�U�H�Q�W�L�D�O��

�6�H�T�X�H�Q�F�L�Q�J�����O�R�R�S�L�Q�J�1���$

�)�L�J�X�U�H�����������3�X�O�V�H���S�D�W�W�H�U�Q���J�H�Q�H�U�D�W�R�U���V�R�O�X�W�L�R�Q�V

�7�K�H�������������$�����D�Q�G�������������$���D�U�H���K�L�J�K���S�H�U�I�R�U�P�D�Q�F�H���V�R�X�U�F�H�V���I�R�U���V�T�X�D�U�H��
waves, pulses, data patterns and pseudo random data sequences 
�X�S���W�R�������������*�+�]�����7�K�H�L�U���K�D�U�G�Z�D�U�H���3�5�%�6���J�H�Q�H�U�D�W�L�R�Q�����H�[�W�H�Q�G�H�G�� 
pattern memory, and wide-bandwidth jitter insertion capability 
make them an ideal stimulus for turn-on and validation tests such 
as stressed eye measurements. The fast rise times and low  
intrinsic jitter ensure the highest signal integrity and precise  
timing.

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V

 – Delay control input (jitter control)
 – Direct mode (instrument follows external frequency exactly)
 – �&�O�R�F�N�����L�Q�F�O�X�G�L�Q�J���V�X�E�U�D�W�H�V�������G�D�W�D���D�Q�G���3�5�%�6���V�L�J�Q�D�O�V
 – �0�X�O�W�L�S�O�H���G�D�W�D���I�R�U�P�D�W�V�����1�5�=�����5�=�����5����

For more information order the following literature:

���������������$���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V����
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1
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Jitter Measurement Solutions (continued)

�3�D�U�%�(�5�7������������

�7�K�H���3�D�U�%�(�5�7���������������S�U�R�Y�L�G�H�V���S�D�U�D�O�O�H�O���D�Q�G���P�X�O�W�L���V�H�U�L�D�O���%�(�5���W�H�V�W�L�Q�J��
�X�S���W�R���������*�E���V���I�R�U���K�L�J�K���V�S�H�H�G���G�L�J�L�W�D�O���F�R�P�S�R�Q�H�Q�W�V�����7�K�H���P�R�G�X�O�D�U��
design lets you mix and match analyzer channels, generator 
�F�K�D�Q�Q�H�O�V���D�Q�G���V�S�H�H�G���F�O�D�V�V�H�V�������������N�+�]���W�R�����������0�+�]�������������0�E���V���W�R��
�����������*�E���V���R�U�����������*�E���V�����������0�E���V���W�R�������������*�E���V�������������0�E���V���W�R�������*�E���V����
���������0�E���V���W�R�������������*�E���V���D�Q�G���������W�R���������*�E���V����

�7�K�H���3�D�U�%�(�5�7���������������S�U�R�Y�L�G�H�V���W�K�H���D�E�L�O�L�W�\���W�R���J�H�Q�H�U�D�W�H���M�L�W�W�H�U��������������
�*�E���V���������*�E���V���D�Q�G�������������*�E���V���P�R�G�X�O�H�V���R�Q�O�\�����D�Q�G���D�Q�D�O�\�]�H���M�L�W�W�H�U�����7�K�H��
�O�R�Z���L�Q�W�U�L�Q�V�L�F���M�L�W�W�H�U���R�I���W�K�H�����������*�����*�������������*�E���V���U�H�F�H�L�Y�H�U�V���H�Q�D�E�O�H�V��
�S�U�H�F�L�V�L�R�Q���M�L�W�W�H�U���D�Q�D�O�\�V�L�V�����7�K�H�����������*�����*�������������*�E���V���J�H�Q�H�U�D�W�R�U�V���D�U�H��
capable of stressing the DUT by injecting RJ and DJ with a per 
channel delay control input (driven by an external modulation 
signal).

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V

 – Generate custom patterns, pseudo random word sequences 
���3�5�:�6�����D�Q�G���V�W�D�Q�G�D�U�G���3�5�%�6���X�S���W�R�����������q����

 – itter analysis (extract and extrapolation) with bathtub curve 
and spectral decomposition

 – Fast TJ measurement capability
 – External delay control input (jitter modulation) on the 
���������*�����*�������������*�E���V���J�H�Q�H�U�D�W�R�U�V�����X�S���W�R�����������0�+�]���E�D�Q�G�Z�L�G�W�K��
�Z�L�W�K���œ���������S�V���G�H�O�D�\���U�D�Q�J�H���I�R�U�������������*�E���V�����X�S���W�R�������*�+�]���Z�L�W�K��
�œ���������S�V���G�H�O�D�\���U�D�Q�J�H���I�R�U�����*�������������*�E���V��

For more information order the following literature:

�3�U�R�G�X�F�W���2�Y�H�U�Y�L�H�Z,  
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(

�������������6�H�U�L�H�V���,�Q�o�Q�L�L�X�P���������*�+�]���%�D�Q�G�Z�L�G�W�K�� 
Oscilloscope

�7�K�H���-���%�(�5�7���1���������$���L�V���W�K�H���L�G�H�D�O���V�R�O�X�W�L�R�Q���I�R�U���U�H�V�H�D�U�F�K���� 
development, and test of digital components; devices and  
�V�X�E�V�\�V�W�H�P�V���X�S���W�R�������������*�E���V�����,�W���S�U�R�Y�L�G�H�V���F�R�P�S�O�H�W�H�����F�D�O�L�E�U�D�W�H�G��
jitter sources for stressed eye testing of receivers. Automated 
jitter tolerance testing allows quick and accurate compliance and 
characterization testing. For transmitter analysis, a wide range of 
jitter analysis tools are built-in and provide insight into the  
underlying causes behind bit errors.

With this high performance serial pattern generator and error de-
tector, you can perform error analysis to verify the operation and 
�T�X�D�O�L�W�\���R�I���J�L�J�D�E�L�W���V�H�U�L�D�O���O�L�Q�N�V���X�V�H�G���L�Q���3�&�,���(�[�S�U�H�V�V�¤�����6�$�7�$�����)�L�E�U�H��
Channel, CEI, XAUI, 10 Gigabit Ethernet and optical  
�;�)�3���;�)�,���W�U�D�Q�V�F�H�L�Y�H�U�V��

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V

 – �,�Q�W�H�J�U�D�W�H�G�����F�D�O�L�E�U�D�W�H�G���M�L�W�W�H�U���V�R�X�U�F�H���I�R�U���3�-�����6�-�����5�-�����%�8�-�����,�6�,��
and sinusoidal interference

 – Clean signal generation with fast transition times and low 
intrinsic jitter

 – �7�R�W�D�O���M�L�W�W�H�U�����%�(�5���6�F�D�Q�����V�S�H�F�W�U�D�O���M�L�W�W�H�U���G�H�F�R�P�S�R�V�L�W�L�R�Q�����)�D�V�W��
TJ,  jitter tolerance, eye mask and eye contour measurement 
capability

 – Integrated CDR with tunable loop bandwidth for compliance 
measurements

For more information order the following literature:

�1���������%���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V,  
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1
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Jitter Measurement Solutions (continued)

�(���������%���(���������$���6�L�J�Q�D�O���6�R�X�U�F�H���$�Q�D�O�\�]�H�U���Z�L�W�K�� 
Jitter Analysis (SSA-J)

�7�K�H���(���������%���6�L�J�Q�D�O���6�R�X�U�F�H���$�Q�D�O�\�]�H�U�����6�6�$�����Z�K�H�Q���X�V�H�G���Z�L�W�K���W�K�H��
�(���������$���6�6�$���-���3�U�H�F�L�V�L�R�Q���&�O�R�F�N���-�L�W�W�H�U���$�Q�D�O�\�V�L�V���V�R�I�W�Z�D�U�H���L�V���L�G�H�D�O��
�I�R�U���D�Q�D�O�\�]�L�Q�J���X�O�W�U�D���O�R�Z���O�H�Y�H�O���5�-�����3�-�����D�Q�G���7�-���L�Q���F�O�R�F�N�V�����8�W�L�O�L�]�L�Q�J��
frequency domain phase-noise measurement techniques, RJ 
measurements with femto-second resolution are possible.

�7�K�H���(���������%���6�6�$���-���D�O�O�R�Z�V���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V���I�U�R�P���������0�+�]���W�R��
�����*�+�]�����D�Q�G���L�V���H�[�W�H�Q�G�D�E�O�H���W�R�������������*�+�]���L�Q���F�R�D�[���Y�L�D���W�K�H���(���������$��
microwave down converter.

�.�H�\���I�H�D�W�X�U�H�V���E�H�Q�H�o�W�V

 – �3�U�H�F�L�V�L�R�Q���F�O�R�F�N���M�L�W�W�H�U���P�H�D�V�X�U�H�P�H�Q�W�V
 – Ultra-low RJ measurement with femto-second resolution
 – �5�H�D�O���W�L�P�H���M�L�W�W�H�U���V�S�H�F�W�U�X�P���D�Q�D�O�\�V�L�V���R�Q���E�R�W�K���5�-���D�Q�G���3�-���D�W�������+�]��
to 100 MHz offset frequencies from the clock carrier

 – Time-domain measurements on jitter trend, histogram, and 
�5�-���3�-���V�H�S�D�U�D�W�L�R�Q���R�I���F�O�R�F�N���V�L�J�Q�D�O�V

For more information order the following literature:

�(���������%���7�H�F�K�Q�L�F�D�O���6�S�H�F�L�o�F�D�W�L�R�Q�V,   
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1

�(���������$���7�H�F�K�Q�L�F�D�O���2�Y�H�U�Y�L�H�Z,  
�S�X�E�O�L�F�D�W�L�R�Q���Q�X�P�E�H�U���������������������(�1
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