
Keysight Technologies 
Jitter Solutions for Digital Circuits

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



Overview

With new high-speed I/O and bus standards increasing the data rates, the measurement of jitter is 
rapidly becoming a necessity for ensuring error free digital communication. Keysight Technologies, 
Inc. provides a wide range of solutions for the prediction, characterization, and testing of jitter.

Telecom Enterprise High Speed I/O

Definition Long Distance
Network Traffic.
Voice/Data Backbone.

Up to 10 Km Point to Point
VOIP/TCP-IP.
Building, Site, Campus.

Point to Point Traffic from 
cms to meters.
Memory, Storage,  
and Peripherals.

Standards ATM/Sonet, SDH, OTN
OC-48/192/768
(2.5/10/40G)

100M, 1GbE (Copper),
10GbE (Optical),
3.125G XAUI electrical

Infiniband, S-ATA, USB,
PCI Express, FibreChannel,
RapidIO

Governing  
Bodies

ITU-T 0.172, G.709,
Bellcore GR-253

IEEE-802.3ae Various.
NCITS-TR25

Measurements Unit Interval (UI) vs. Freq.
“Sinusoidal” Test with
Jitter Analyzers.

Stressed Eye, Transmitter
Dispersion Penalty (TDP).
“Worst Case Statistical”
Test with BERTs and DCA.

Infiniband, S-ATA, USB,
PCI Express, FibreChannel,
RapidIO

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 
specifications and measurements are well documented through standards bodies, so the  
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 brochureconcentrates on the jitter measurements required by many of today’s high-speed bus 
and interconnect standards — InfiniBand, PCI Express, USB, Serial ATA, etc. For information on  
telecommunications and enterprise jitter solutions, see the Keysight brochure “Need to test jitter?” 
(5988-7051EN).
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Keysight provides a wide range of jitter measurement solutions (see Figure 2). The real 
time oscilloscope, the Keysight 54850 Infiniium with the E2681A jitter analysis software, 
provides the most versatile view of jitter. The sampling oscilloscope, Keysight 86100B 
Infiniium DCA, can be a more economical solution and is the critical tool when data rates 
exceed 3.2 Gb/s. When you need bit error ratio (BER) measurements, the Keysight 81250 
ParBERT, 71612C error performance analyzer and 86130A BERT, construct the most 
precise bathtub curves and are the ultimate proof of performance. When a precision, low 
jitter stimulus is required, the Keysight 81133A pulse/ pattern generator is ideal.

Figure 2. Keysight’s jitter solutions and measurement viewpoints
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What is jitter? 

Jitter is defined as the misalignment of the significant edges in a 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 dete 
ministic 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 variance of 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

Figure 3. Converting RMS to Peak-to-Peak for specific BER

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 or mean value. This allows 
one to assess the probability that the jitter will fall both inside 
and outside a specified range. When an RMS value is measured,
the peak-to-peak RJ value can be estimated through  
multiplication by a factor dependent upon the desired bit error 
ratio (BER) probability (see Figure 3). Note that these multipliers 
are valid for purely random jitter. When DJ is present, the BER 
margin is reduced by the DJ value. A significant amount of data is 
required to yield a statistically accurate, high confidence  
characterization of RJ. As 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 desired low BER’s.
 

BER Multiplier

10-4 7.438

10-6 9.507

10-7 10.399

10-9 11.996

10-11 13.412

10-12 14.069

10-13 14.698

10-15 15.883

Deterministic Jitter
Deterministic Jitter (DJ) is due to systematic events and is 
bounded in amplitude. DJ is composed of periodic jitter (PJ), data 
dependent jitter (DDJ), duty cycle distortion (DCD), and
uncorrelated (to the data) bounded jitter. PJ is typically 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 due to bandwidth limitations 
of the system. DCD is due to voltage offsets between differential 
inputs and system rise/ fall time differences. Deterministic jitter 
is bounded and therefore measured as a peak-to-peak value.
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Total Jitter
Total Jitter (TJ) is the sum of the peak-to-peak values of  
deterministic jitter (DJ) and random jitter (RJ). By defining  
random jitter as an equivalent peak-to-peak value at a given 
probability, total jitter can always be expressed as a sum.  
Figure 4 illustrates the components of Total Jitter, each of which 
presents itself in a different way. It can be difficult to separate 
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 success is to understand 
what you need to test for and optimizing a solution that works for 
you.

Figure4. The components of jitter
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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 is to ensure meeting a certain bit error ratio (BER) performance specification. 
For low BERs (i.e. 10-12 and lower), empirical tests can be long in time duration to capture enough data to confirm the BER  
specification conformance with sufficient statistical confidence. For design optimization and troubleshooting, post-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, RJ/DJ separation, DJ views, and Phase Noise analysis. It is important to understand how 
alternate views can provide additional insight.

Eye diagram

Figure 5. Eye diagram with the 54850 Infiniium oscilloscope

Figure 6. Eye diagram with the 86100 Infiniium DCA

An eye diagram is a time overlay of level transitions aligned with 
respect to a derived, or externally provided timing reference, 
typically a synchronous clock. For certification and validation 
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 
diagram is typically captured for a sufficient amount of time to 
acquire the full extent of the deterministic jitter, which is typically 
insufficient to capture the extremes of the random jitter peak-to-
peak value. Keysight’s 54850 Infiniium 6 GHz bandwidth  
oscilloscope (see Figure 5) and 86100B Infiniium Digital  
Communication Analyzer (see Figure 6) provide eye diagram and 
eye mask capabilities.

The eye diagram is useful for certification and validation,  
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. 
Blatant irregularities are easily identified for further development, 
however it is hard to precisely correlate the cause of DDJ, PJ and 
DCD with this view alone. In manufacturing, the eye diagram
provides a quick measurement for confidence, but it does not 
completely guarantee jitter performance.

To simulate jitter, pair the oscilloscope with an 81133A pulse/ 
pattern generator to add jitter to clock and data signals up to 
3.35 GHz and control the eye closing over the time axis (see 
Figure 7). Real world or worst-case signals can be simulated with 
the 81133A using the Keysight 33250A function / arbitrary  
waveform generator as a modulation source.

Figure 7. Stressed eye generation using the 81133A pulse generator
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What jitter measurement viewpoints should you use? (continued)

Figure 8. Model of the jitter bathtub curve

Figure 9. Bathtub curve from the 86130A BERT

Figure 10. Bathtub curve from the 81250 ParBERT

Bathtub curve
Plotting the points on a graph of BER versus sampling location in 
time results in a curve that resembles the cross section of a  
bathtub, hence the term bathtub curve (see Figure 8). A bathtub 
curve can be created either by software extrapolation from  
voltage over time measurement done by an oscilloscope, or by 
actually sampling the bits as done by a BERT. Any instrument 
capable of performing a BER measurement can be used to create 
a bathtub curve, as long as the sampling point can be varied in 
time. The Keysight 86130A 3.6 Gb/s BERT (see Figure 9), 71612C 
12.5 Gb/s error performance analyzer, and 81250 ParBERT (see 
Figure 10) can be used to create the bathtub curve.

For development engineers, the final proof of performance of a
component or subsystem is the direct measurement of BER at
optimized timing and threshold levels employing error detection 
on every transmitted bit. However the speed of the BER  
measurement is a function of the BER to be measured and the 
desired statistical confidence factor for the result. Various  
extrapolation techniques can be used to speed up the BER 
measurement, one of which is based on the bathtub curve called 
BERT scan. BERT scan allows data to be taken at several quick 
BERs (i.e. 10-5, 10 -7, and 10-9 ) by adjusting the sampling point 
in time, and then extrapolates the jitter at much lower BERs (i.e. 
10-12). The 81250 ParBERT, 71612C error performance analyzer 
and 86130A BERT have accelerated extrapolation techniques to 
measure the bathtub curve, extract RJ and DJ components, and 
to estimate conventionally unmeasurable BERs to reduce test 
times.

D
et

er
m

in
is

tic

D
et

er
m

in
is

tic

R
an

do
m

R
an

do
m10-5

10-7

10-9

10-12

B
ER

TL TR0.5TB TB0
DJ DJ

Calculated



07 | Keysight | Jitter Solutions for Digital Circuits - Brochure

What jitter measurement viewpoints should you use? (continued)

Figure 11. Histogram from 86100 Infiniium Digital Communications Analyzer

Figure 12. TIE Histogram from 54850 Infiniium 6 GHz Oscilloscope

Figure 13. Measurement vs. time plot on the 54850 Infiniium 6 GHz Oscilloscope

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  
specifications. 

Keysight’s 86100B Infiniium digital communication analyzer 
(Figure 11) and 54850 Infiniium oscilloscope with the E2681A 
jitter analysis software (Figure 12) provide a histogram of the 
time interval error (TIE). The 54850 oscilloscope also provides 
additional insightful parameters in the histogram format— cycle-
to-cycle jitter, TIE, rise time, duty cycle, etc. Variations in these 
parameters offer the development engineer insight to the next 
level of analysis and troubleshooting. The 81250 ParBERT can 
calculate 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. 

The 54850 Infiniium oscilloscope with the E2681A jitter  
analysis software (see Figure 13) depicts measurement versus 
time. Parameters such as rise time, fall time, duty cycle, TIE, and 
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, with TIE vs. time it is possible to  
determine if certain bit sequences cause a positive correlation.
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What jitter measurement viewpoints should you use? (continued)

Clock
Signal

Jitter
Spectrum

Deter-
ministic
Jitter Averaged

Spectrum

Figure 14. FFT Spectrum and RJ/DJ Separation View on a 54850 Infiniium  
Oscilloscope with jitter software.

FFT Spectrum
Any measurement vs. time can also be processed to the  
frequency domain through an FFT conversion. Viewing the jitter 
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.

For development engineers, this perspective provides the highest
level of insight into deterministic, periodic, and data dependent 
jitter mechanisms. Keysight’s 54850 oscilloscope with the E2681A 
jitter analysis software provides a FFT spectrum (see Figure 14). 
The 54850 oscilloscope when used with the InfiniiMax probing  
system assures that the jitter is a result of the circuit and not 
resulting from the probes.

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 FFT 
spectrum. Using the bathtub curve jitter model, the graph can be 
curve-fitted to perform a best fit in order to report the RJ and DJ 
values. The DJ forms the horizontal wall portion of the bathtub 
curve, while the bathtub curve’s sloped portion is due to RJ (see 
Figure 8, pg. 6).

In the frequency domain, DJ components such as Periodic  
Jitter (PJ), Inter Symbol Interference (ISI) or Duty Cycle 
Distortion (DCD), 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 a broad and relatively flat spectrum. These 
differences are used in separating RJ and DJ in the frequency 
domain.

For the certification engineer, this view is crucial to proving  
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 54850 Infiniium  
oscilloscope with the E2681A jitter analysis software can be used 
to identify DJ in the frequency domain (see Figure 14). The 81250 
ParBERT (see Figure 15 on page 9), 71612C error performance 
analyzer and 86130A BERT (see Figure 16 on page 9) separate RJ 
and DJ via extrapolation from the bathtub curve model.
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What jitter measurement viewpoints should you use? (continued)

Figure 15. RJ/DJ Separation view on 81250 ParBERT

Figure 16. RJ/DJ Separation view using the jitter analysis software for the 86130A 
BERT

Figure 17. DJ View on a 54850 Infiniium 6 GHz Oscilloscope

DJ Views
Deterministic jitter is composed of periodic jitter (PJ), data  
dependent jitter (DDJ), duty cycle distortion (DCD) and  
uncorrelated (to the data) bounded jitter. PJ is asynchronous to 
the data, DDJ is due to data smearing, while DCD is pulse width 
distortion. DDJ and DCD can be identified by repetitively  
averaging the total jitter versus time measurement. This  
effectively removes periodic uncorrelated jitter and random jitter 
components, leaving primarily DDJ and DCD. The 54850 Infiniium 
oscilloscope with the E2681A jitter analysis software provides this 
capability when using a fixed data pattern and triggering on the 
same point in the pattern (see Figure 17).
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Jitter Measurement Solutions

86100B Infiniium DCA Wide-Bandwidth  
Oscilloscope

View optical and electrical waveforms with bandwidths to 80 GHz
electrical and 65 GHz optical. Built-in measurements for high-
speed digital communications and module configurations for a 
test system to match your specific needs. View the true jitter of 
your device with an ultra-low, intrinsic trigger jitter of less than 
200 fs.

Typically used to view an eye-diagram, the magnitude of the 
jitter can be immediately viewed in one simple display. Estimate 
random and deterministic jitter components using the built-in 
histogram capabilities.

Key features/benefits
 – The eye diagram provides the most common and easy-to-

understand display of a waveform
 – Ultra low instrumentation jitter allows measurement of 

extremely low jitter on signals, critical for high-performance 
applications

 – Comprehensive waveform characterization is possible
 – Time Domain Reflectometer modules available to further 

characterize high-speed data channels

For more information order the following literature:

86100C Technical Specifications, 
publication number 5989-0278EN

54850 Infiniium 6 GHz Bandwidth Oscilloscope

The Keysight 54850 Series Infiniium oscilloscopes and the  
InfiniiMax 1130 Series probing system deliver the highest  
performance real-time end-toend measurement system available.
With its 20 GSa/s sample rate per channel, the Infiniium 54850 
Series is an ideal tool for making signal integrity and jitter  
measurements for the following standards: PCI Express,  
Infiniband, RapidIO, Serial ATA, AGP and other similar high speed 
signaling standards..

Key features/benefits 
 – 6 GHz, 4 GHz, and 2.5 GHz bandwidth real-time  

oscilloscopes with 20 GSa/s sample rate on all four channels 
simultaneously

 – Up to 1 Mpts MegaZoom deep memory at all sample rates 
and 32 Mpts MegaZoom deep memory at 2 GSa/s and slower 
sample rates

 – Trigger jitter as low as 1.0 ps RMS and 1.4 ps RMS jitter noise 
floor for accurate jitter measurements

 – E2681A jitter analysis software with jitter set up wizard
 – InfiniiMax 7 GHz, 5 GHz, and 3.5 GHz probing systems that 

support differential and single-ended measurements for a 
more cost-effective solution

For more information order the following literature:

Data Sheet 5988-7976EN
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Jitter Measurement Solutions (continued)

81133A/81134A Pulse/Pattern Generators

The 81133A (1 channel) and the 81134A (2 channels) are high
performance sources for square waves, pulses, data patterns and
pseudo random data sequences up to 3.35 GHz. The hardware 
PRBS generation from 25-1 to 231-1 and 8 kB pattern memory 
make the 81133A/81134A an ideal stimulus for jitter tolerance, 
jitter transfer and stressed eye measurements. Timing and levels 
can be individually programmed. The fast rise times of less than 
60 ps and low jitter of 1.5 ps typical ensure the highest signal
integrity when timing is critical.

For stress tests, stressed eye measurements, jitter tolerance and 
jitter transfer tests the amount of jitter (random, deterministic
and combinations of these types) on the data and clock signals
can be controlled.

Key Features/Benefits
 – Delay Control Input (Jitter Control)
 – Direct Mode (instrument follows external frequency exactly)
 – Clock, data and PRBS signals

For more information order the following literature:

Product Overview 5988-5549EN

81250 ParBERT

The 81250 ParBERT provides parallel BER testing up to 45 Gb/s
for high-speed digital components. The modular design lets you 
mix and match analyzer channels, generator channels and speed 
classes (333 kHz – 675 MHz, 333 Mb/s – 1.65 Gb/s or 2.7 Gb/s, 
21Mb/s – 3.35 Gb/s, 9.5 – 10.8 Gb/s and 38 – 45 Gb/s).

The ParBERT 81250 provides the ability to generate jitter (3.35 
Gb/s modules only) and analyze jitter. The low intrinsic jitter of 
the 3.35G/10.8 Gb/s receivers enable jitter analysis of a DUT’s 
output. Additionally the 3.35Gb/s generators are capable of 
stressing the DUT by injecting RJ and DJ with a per channel  
delay control input (driven by an external modulation signal).

Key Features/Benefits
 – Generate custom patterns, pseudo random word sequences 

(PRWS) and standard PRBS up to 231-1
 – Direct jitter analysis (extract and extrapolation)
 – External delay control input (jitter modulation) on each 

output channel of the 3.35 Gb/s generators (up to 200 MHz 
bandwidth with ±250ps delay range)

For more information order the following literature:

Product Overview 5968-9188E
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Jitter Measurement Solutions (continued)

86130A BERT

Operating over the data range of 50 Mb/s to 3.6 Gb/s, this  
integrated pattern generator and error detector is designed 
to quickly solve your design and manufacturing problems. The 
86130A brings a new level of insight into your testing toolbox. 
Easy to set up and use, in a small, expandable package makes 
digital testing easy. The instrument includes bathtub jitter  
software for use with a PC that provides insight into the  
underlying causes behind bit errors.

Key Features/Benefits
 – Up to 3.6 Gb/s measurements
 – Easy to learn, easy to use
 – World class waveform
 – Up to 10 ns clock/data delay range
 – Bathtub Jitter Analysis Software

For more information order the following literature:

Product Brochure 5968-8547E

Technical Specifications 5968-8545E

Bathtub Jitter Analysis 5988-7446EN

71612C Error Performance Analyzer

The 71612C error performance analyzer is the ideal solution for 
the research, development and manufacturing test of digital 
components; devices and subsystems from100Mb/s to 12.5 Gb/s. 
Bathtub jitter software for use with a PC is available to provide 
insight into the underlying causes behind bit errors.

With this high performance serial pattern generator and error 
detector, you can perform error analysis to verify the operation 
and quality of lightwave submarine cable systems, SONET/SDH 
telecom and high-speed I/O transceivers, 10 Gigabit Ethernet,
and gigabit high-speed I/O serial links. 

Key Features/Benefits
 – Generate complex custom real-life test patterns to stress 

your system-under-test with the built-in pattern editor
 – Four quarter-rate outputs suitable for 3.125 Gb/s pattern 

generation
 – Q-factor measurement software allows estimation of  

conventionally un-measurable low BERs
 – Bathtub Jitter Analysis Software

For more information order the following literature:

Product Brochure 5988-3281EN

Technical Specifications 5988-3344EN

Bathtub Jitter Analysis 5988-7446EN
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Jitter Measurement Solutions (continued)

Figure 18. Keysight Jitter Solutions for Digital Circuits
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