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Jitter—Understanding it,
Measuring It, Eliminating It
Part 1: Jitter Fundamentals

By Johnnie Hancock
Agilent Technologies
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Time Interval Error (TIE)—The
difference in time between the actual
threshold crossing and the expected
transition point (or derived clock
edge). The deviations in time use
either the actual transmitter clock or
a reconstruction of it from the sam-
pled data set and take the form of
instantaneous phase variations for
each bit period of the waveform cap-
tured. Incidentally, this representa-
tion of jitter is of most interest for
current standards.

How an Eye Diagram Portrays
Jitter Intuitively

An eye diagram provides the most

fundamental, intuitive view of jitter. It
is a composite view of all the bit peri-
ods of a captured waveform superim-
posed upon each other. In other words,
the waveform trajectory from the start
of period 2 to the start of period 3 is
overlaid on the trajectory from the
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and some of the crossover points intersect below the
threshold level, denoting duty-cycle distortion, with 0s
having a longer cycle or on-time than 1s.

Additional discussion of this eye diagram is given in “A
case study: jitter evaluation on an eye diagram” in
Reference [1].

Now that jitter has been briefly described and
explained, let’s examine some additional ways to measure
and view jitter. Each of these various jitter measurement
vantage points can each provide insight into the nature of
the jitter affecting a system or device. Then by mentally
‘integrating’ the different viewpoints you can acquire a
more complete picture of the jitter, that will assist you in
identifying the jitter sources and in choosing ways to
reduce or eliminate it.

The Histogram
A histogram is a plot of the range of values exhibited

by a chosen parameter—often time or magnitude —along
the x-axis versus the frequency of occurrence on the y-
axis. The histogram provides a level of insight that the
eye diagram cannot, and so is very useful in understand-
ing a circuit and for diagnosing problems. In addition, his-
tograms, particularly TIE histograms, are essential data
sets for jitter-separation routines required by various dig-
ital bus standards.

For troubleshooting, waveform parameters such as
rise time, fall time, period, and duty cycle can be his-
togrammed. These histograms clearly illustrate condi-
tions such as multi-modal performance distributions,
which can then be correlated to circuit conditions such as
transmitted patterns.

Shown in Figure 4 is a histogram of period jitter. The
left hump appears to have a normal Gaussian shape but
the right side has two peaks. Further analysis discloses
that this signal, a clock reference, has a second and fourth
harmonic that are a source of jitter.

An invaluable application of the histogram is to dis-
play the frequency of occurrence of the TIE values for all

bit transitions in a waveform capture.
The TIE histogram is also of particular value in sepa-

rating random from deterministic jitter, as described in
Reference [1].

The Bathtub Plot
Another viewpoint of jitter is provided by the “bathtub

plot,” depicted in Figure 5. It is so named because its char-
acteristic curve looks like the cross-section of a bathtub. A
bathtub curve is a graph of BER versus sampling point
throughout the Unit Interval. (See the Note at the end of
this article for a discussion of Unit Interval.) 

A bathtub plot is typically shown with a log scale that
illustrates the functional relationship between sampling-
time and BER.

When the sampling point is at or near the transition
points, the BER is 0.5—equal probability for success or
failure of a bit transmission. The curve is fairly flat in
these regions, which are dominated by deterministic jitter
phenomena.

As the sampling point moves inward from both ends of
the unit interval, the BER drops off precipitously. These
regions are dominated by random-jitter phenomena and
the BER is determined by the sigma of the Gaussian pro-
cesses producing the random jitter. As one would expect,
the center of the unit interval provides the optimum sam-
pling point.

Note that there is BER measured for the middle sam-
pling times. Again with an “eyeball” extrapolation we can
estimate that the curves would likely exceed 10–18 BER at
the 0.5 point of the unit interval. In this case, even for a
10 Gb/s system it would take over 3×108 seconds to obtain
that value.

The curves of the bathtub plot readily show the trans-
mission-error margins at the BER level of interest. The
further the left edge is from the right edge at a specified
BER—10–12 is commonly used—the more margin the

Figure 5  ·  Bathtub plot.

Figure 4  ·  Histogram of period jitter.




