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> Jitter Analysis

Period Jitter can be described as timing variation in the period of non-adjacent pulses. This measurement
is useful for characterizing short and long-term clock stability.

» Accuracy

Parametric measurements require known accuracy to ensure adequate tolerance and testing margin.
Jitter measurements are not excluded. Tektronix specifies jitter measurement ability using several factors:
base instrument timing and amplitude accuracy; base instrument noise floor; and interpolation error.

Interpolation error is less than 0.3ps RMS (measuring signals with 100ps t,, detecting 50% threshold).
This error can be minimized and in many cases improved using SIN(X)/X interpolation.

Base instrument noise floor is a result of ADC aperture error, which includes amplitude noise and clocking
errors, and is typically less than 1.5ps on a TDS7404 and typically less than 0.7ps on a TDS6604. This
measurement is made using TIE — comparing the measured test signal (from a BERT or other
exceptionally stable clock source) against a recovered clock.

Base instrument accuracy is the heart of jitter measurement accuracy. This is the traceable
measurement. Tektronix specifies Delta Time Accuracy. This specification states that for any
measurement made using the oscilloscope, the absolute timing error will be no larger than a given
amount. This is generally specified as an equation that takes several factors into account, such as sample
rate, measurement time, and oscilloscope front end. More details about Delta Time Accuracy are shown
below.

» Resolution

Measurement resolution is the limit of detectable change. It is not measurement accuracy or repeatability.
The ability of a system to resolve change is limited by many things. With timing measurements, resolution
is the ability to discern small changes in a signal’s timing, whether the change is intentional or not. Timing
resolution can be limited by items as substantial as the hardware’s ability to count fast, or by things as
obscure as software averaging.
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In hardware timers, like the typical Time Interval Analyzer (TIA, SIA), timing resolution is limited in
hardware to hundreds of femto-seconds. This means the hardware can’t detect a change any smaller
than 0.2ps.

In real-time oscilloscopes, resolution is limited by sample rate, interpolation accuracy and software based
math libraries. Using sample rates of 20GS/s and SIN(X)/X interpolation, resolution of tens of femto-
seconds is possible. Since the resolution in this case is based on math libraries, the real resolving power
is sub-femto-seconds (0.0001ps), but this is unusable resolution.

In a statistical sense, resolution implies the ability to measure a change, but the overall system noise floor
must be considered. Is the detected change due to the signal or is it due to system noise? Simply
knowing the system resolution is not helpful in understanding the true limit of resolution or overall
accuracy.

k- Jitter Noise Floor

What is Jitter Noise Floor? Essentially, it is the measurement result with no signal applied, or
Measurement Floor. Since jitter by definition is — the timing variation of a signal from its intended incident
placement — or a measurement of transient events relative to an expected or known time, noise floor is an
AC parameter. The important characteristic to factor into overall system ability is the effect noise floor has
on measurement resolution and accuracy. If a system can resolve 10ns, but it has 100ns of noise, is the
10ns useful resolution? Only if the signal being measured is larger than the 100ns noise level. The same
is true of jitter noise. If the jitter being measured is greater than the system jitter noise floor, changes in
jitter amplitude can be detected. If the jitter is less than the jitter noise floor, changes in jitter will be
effectively masked.

An important aspect of this is that overall system accuracy is limited to the noise floor of the system.
Accuracy can’'t be any better than the noise floor. If a system has 2ps of noise, how can it be specified to
have 1ps accuracy? It can't.

* Delta Time Accuracy

For the TDS6604, the DTA specification is:

DTA ==x0.3x 8T +3.5ppm x MI

Where: S/ is the SAMPLE INTERVAL in seconds.
MI is the MEASUREMENT INTERVAL in seconds.
+ 0.3 is the fixed CONSTANT for the oscilloscope acquisition system.

This specification states that for any timing measurement, you know the accuracy the result. An accuracy
that is traceable to the NIST agency.

This is important for several reasons, the obvious being you can trust the result. But what does the
formula actually mean the accuracy is? Looking at two examples, one short period clock, and one long
delayed pulse.

In a fast 1.0GHz clock, the period is being measured using the TDS6604 sampling real-time at 20GS/s.
Using the DTA equation we find:
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DTA =+0.3x50ps +3.5ppm x1ns =15 ps

This will be the peak measurement error in any one measurement made in a single shot or real time
acquisition. Over a significant sample size, about 1000 measurements, the standard deviation of the error
is typically 0.06xSI+3.5ppmxMI. In this example, it amounts to about 3.0ps RMS.

In a longer period measurement, the short term effects dictated by the constant 0.3 is overwhelmed by
timebase stability:

DTA =10.3x50ps + 3.5 ppm x10us = £50 ps

In this case we see that when measuring a 100kHz clock the measurement error can be as large as 50ps
peak. The rms result will be similarly affected since timebase errors are deterministic.

It is interesting to note that this is the accuracy specification for the TDS7404, CSA7404 and TDS6604 for
the specified calibration period. That means that over the specified temperature range and for a period of
one year after calibration, the largest measurement error will be less than the Delta-Time-Accuracy
specification. For typical serial data rates, that error is less than 15ps peak, or 3ps RMS.

Tektron/iw

3 » www.tektronix.com/jitter Enabling Innovation



¥ Reference

ContactTektronix:
ASEAN / Australasia / Pakistan (65) 6356 3900

Austria +43 2236 8092 262

Belgium +32 (2) 715 89 70

Brazil & South America 55 (11) 3741-8360
Canada 1 (800) 661-5625

Central Europe & Greece +43 2236 8092 301
Denmark +45 44 850 700

Finland +358 (9) 4783 400

France & North Africa +33 (0) 1 69 86 80 34
Germany +49 (221) 94 77 400

Hong Kong (852) 2585-6688

India (91) 80-2275577

Italy +39 (02) 25086 1

Japan 81 (3) 3448-3010

Mexico, Central America & Caribbean 52 (55) 56666-333
The Netherlands +31 (0) 23 569 5555
Norway +47 22 07 07 00

People’s Republic of China 86 (10) 6235 1230
Poland +48 (0) 22 521 53 40

Republic of Korea 82 (2) 528-5299

Russia, CIS& The Baltics +358 (9) 4783 400
South Africa +27 11 254 8360

Spain +34 (91) 372 6055

Sweden +46 8 477 6503/4

Taiwan 886 (2) 2722-9622

United Kingdom & Eire +44 (0) 1344 392400
USA 1 (800) 426-2200

USA (Export Sales) 1 (503) 627-1916

For other areas contact Tektronix,Inc.at:1(503)627-7111

Copyright . 2003, Tektronix, Inc. All rights reserved. Tektronix products are covered by U.S. and foreign patents, issued and
pending. Information in this publication supersedes that in all previously published material. Specification and price change
privileges reserved. TEKTRONIX and TEK are registered trademarks of Tektronix, Inc. All other trade names referenced are the

03/03

4 .« www.tektronix.com/jitter

service marks, trademarks or registered trademarks of their respective companies.



