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In recent years, there has grown a variety of different ways to

obtain estimations of what is called “Random Jitter” (Rj) and

“Deterministic Jitter” (Dj). This discussion is about how to

organize those methods into three basic categories, pertinent

to three different sets of needs. Perhaps if nothing else, it will

help the reader to keep the conflicting definitions and conse-

quent differing measurement results from creating fear and

doubt concerning jitter measurement. 

THREE SETS OF CONCERNS

WITH RESPECT TO RJ AND DJ

There seem to be three distinct audiences or consumers of

Jitter numbers. There are certainly other ways to describe

them, but here’s mine:

1. System designers and integrators who are mostly

concerned with estimating overall system error-rates,

and do not care about what specific sources of signal

timing jitter are present.

2. Component and subsystem designers who are specifi-

cally concerned with which sources of jitter (periodic or

ISI) are contributing to a subsystem jitter measurement. 

3. Other individuals whose main concern is to follow some

prescribed specification or recommendation (e.g., MJSQ)

TWO SETS OF JITTER MEASUREMENT

METHODOLOGIES

Two kinds of instrumentation may be applied to the business

of measuring jitter. One of them, based on direct time-interval-

analysis (TIA), is limited to leveraging “edge-to-edge” meas-

urements to estimate jitter. To the extent that the TIA can be

provided a system clock reference, it can also perform some

“edge-to-reference” measurements. 

Real-time-oscilloscope signal analysis can perform both

types of analysis, since they can measure all transition times in

a continuous (and lengthy) segment of time. 

In fact, there are two other methodologies. There is

sampling scope (i.e., not real-time), which can be used to obtain

timing distributions, given the right instrumentation setup.

There is also the method of determination of the bathtub curve

directly via bit error-rate testing (BERT), and working backwards

to an Rj and Dj. These other methods are not treated here.

So for any measurement of Rj, a collection of measure-

ments must be made either via the edge-edge or the edge-

reference methodology, which results in a histogram of timing

variations. From the distribution, one can proceed through one

of three procedures to obtain values for Rj and Dj. 
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Equation 1. The Six Tales of Rj and Dj (for those who are confused).



For clients in group 1 (system integrators concerned with

error rates), the path is to first estimate the Tj curve. This curve

is closely related to the bathtub curve one would obtain from

a BER tester. The procedure is to obtain an estimate of the

extremal behavior of the distribution, and then to integrate the

estimated probabilities to obtain confidence limits for a variety

of confidence levels (or inconfidence intervals, or BER values

. . . all of which are closely related). The values of Rj and Dj are

then obtained by fitting to the shape of the growth of the width

of the Tj curve as a function of BER, using the typical form:

(1)

Tj(BER) = Dj + α(BER) • Rj

Where α(BER) is the confidence interval of a Gaussian

distribution with sigma of one.1

Now, it is definitely noteworthy that there is nearly no phys-

ical system which will behave as Equation 1 for high bit error

rates (e.g., BER = 10–1), and that the relation is only an approx-

imation for high bit error rates. Nonetheless, the numbers do

mean something. They serve as an estimator for Tj(BER) at

very low bit error rates, and a shorthand for how Tj grows as

bit error rate decreases. (The really important information is in

the curve, and this is a way to cook the curve into 2 numbers). 

The clients in group 2 (subsystem and component

designers) have a very different interest. They are primarily

interested in the design factors they either control through

design or must accommodate. They are interested in how

much periodic jitter there is, they are also interested in trans-

mission medium induced jitter (ISI+DCD) and want to know

how much of their budget is being eaten up by these factors.

This group and procedure assumes anything that isn’t Pj or

ISI+DCD is due to Rj. The procedure is to quantify the compo-

nents of Dj, add them up using Equation 1 at a BER of 10–12, and

deduce an Rj figure. 

The third client group is interested in some prescribed

method, which in the case of MJSQ requires a fit to the

histogram and concludes that the features of the histogram

indicate a good estimate of Rj and Dj. 

So there’s the story, in a nutshell, of how we have three

procedures to go from the histogram of jitter measurement to

three sets of Rj and Dj. Considering that there are two different

ways to get histograms (edge-edge and edge-reference), the

multiplicity of Rj and Dj is 6. Each set means something

different, and there should be no expectation that the numbers

will be the same.

WORDS OF CAUTION

This author personally believes that the terms “random” and

“Deterministic” are poor choices. They mostly reflect the group

2 concerns. The assumption is that the sources of bounded jitter

are Deterministic (as for Pj and DCD+ISI), which is not neces-

sarily the case. Further, the terminology inclines us to believe all

random jitter contributors are unbounded. This also may not be

the case. Bounded jitter can be random as for a poorly designed

PLL with a dead zone in the feedback loop. Taking this as an

example, let’s see what the three procedures do.

The 1st procedure correctly obtains the Tj curve as a func-

tion of BER. It still correctly estimates the growth of the Tj

curve for very low bit error rates (using formula 1).

The 2nd procedure will not identify the random-bounded

component. It will therefore attribute the unaccountable jitter

to Rj, and incorrectly predict too high bit error rates at very low

BER. This bounded, but not deterministic, component doesn’t

get classified as either Pj or DCD+ISI and incorrectly inflates Rj.

Note, the Tj value (determined independently for LeCroy

instruments) will still be correct. 

The 3rd procedure will actually see something of the effect

of the random-bounded jitter. However, the definition is

narrowly associated with a dual-dirac model, which is not at all

the case here. It will therefore considerably underestimate the Dj

term (although it won’t get zero, like the 2nd procedure might).

In my opinion, the most important view of jitter is the Tj

curve. It correlates well with the bathtub curve and with any

BERT conclusions. Rj and Dj are useful tools for reducing the

curve to a couple of numbers. Keep your eye on Tj(BER) and

you won’t get tricked. 

Lastly, don’t forget that when the base measurements

contributing to the histogram or distribution are not the same,

the results will not be the same. Edge-Edge measurements are

constrained to “period” or “half-period” jitter measurements.

You can’t directly compare a TIE measurement (which is inher-

ently Edge-Ref) to a period measurement. The notions of Tj, Rj

and Dj can be applied to any jitter measurement, but they

mean different things when the basic measurement technique

is different.

1 Note the function α(BER) is also a function of transition density, which
is 1.0 for clocks and less than 1 (typically ~0.5) for data streams. The
confidence interval needs to be associated with a probability for an
error. When there is no edge, the probability of timing affecting that bit
is zero. 
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