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J ITTER HAS BECOME A HOT TOPIC among system designers. Seem-

ingly easy to understand, it provides a quantifiable and—thanks

to the now-ubiquitous eye-diagram display—graphical indication

of the severity of a host of phenomena that damage data integrity.

Jitter’s importance is undeniable, but
whether it deserves all the attention it has
been getting is another matter. For ex-
ample, manufacturers of BERTs (bit-er-
ror-rate testers) think that some of that
attention should instead focus on BER,
which in one number tells you the prob-
ability of errors in a data stream. How-
ever, a common belief is that jitter can
provide guidance on how to fix data-in-
tegrity problems but BER cannot. To this
idea, BERT manufacturers reply that
modern BERTs, which produce more
than simple numerical BER values, are
probably the best and fastest tools for un-
earthing problems that underlie data er-
rors. But these manufacturers, as well as
manufacturers of other types of signal-
integrity instruments, are finding ways to
get their instruments to display eye dia-
grams, which until recently only oscillo-
scopes could produce. Sometimes, the
reason is to comply with standards that
require such displays. Often, though, the
reason is marketers’ realization that eye
diagrams build confidence in jitter meas-

urements, and many engineers won’t buy
signal-integrity instruments that don’t
produce eye displays.

In fact, many knowledgeable engineers
feel that, to ensure data integrity in multi-
gigabit-per-second data streams traveling
over copper paths, you need more than
one of the many hardware and software
tools (Table 1) that fight data corruption.
EDN adapted Table 1 from material sup-
plied by Agilent Technologies, which of-
fers more types of tools than does any
other manufacturer for measuring and
analyzing jitter and related phenomena
in multigigabit data streams. Even so, the
table is not comprehensive; despite the
breadth of its product lines, Agilent does
not supply every type of software and
measurement instrument used in signal-
integrity work. For example, although the
company—when it was Hewlett-Packard
Test and Measurement—was among the
first to offer TIAs (time-interval analyz-
ers), it has never manufactured TIAs suit-
ed to analyzing multigigabit streams.

This article discusses time jitter—the
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JITTER MAY BE THE ENEMY OF DATA INTEGRITY, BUT ATTACKING JITTER HEAD-ON
IS ONLY ONE—AND NOT ALWAYS THE FASTEST-WAY TO END DATA CORRUPTION.

variability in the point of occurrence of
an event in a clock period or UI (unit in-
terval). The event is almost always a log-
ic-state transition. Ideally, the transition
point would be the same in all Uls, but
jitter always occurs, even if it is too small
to notice or worry about. For visualizing
how jitter can cause errors in data, prob-
ably no mechanism surpasses the eye di-
agram (Figure 1). Eye diagrams overlay
waveforms from multiple Uls using ei-
ther the real clock or a reconstructed
clock as the timing reference. The dia-
grams show how transition-time varia-
tions can sometimes cause systems to
sample data when its value is a logic 1
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rather than the expected 0 or vice versa.
When UIs are long, finding a sampling
point at which data is reliably in the
proper state usually is no problem, but,
as data rates go up and Uls shrink, find-
ing a suitable sampling point becomes in-
creasingly difficult.

JITTER AND BER

Jitter can contain deterministic com-
ponents. To the extent that such compo-
nents are present, jitter is predictable
(Figure 2). Measurements of finite dura-
tion can capture the worst-case value of
D, (deterministic jitter). Also, the PDF
(probability-density function) of D, is
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bounded (Figure 3). Jitter typically also
contains random components, however.
You usually assume that the distribution
of time intervals that exhibit R (random
jitter) follows a Gaussian PDF (Figure 4);
as you continue to measure instanta-
neous R in successive Uls, you acquire
larger and larger peak-to-peak R, values.
Were you to wait long enough, you would
measure infinite peak-to-peak jitter.
Therefore, the magnitude of R, is usual-
ly expressed as an rms value, which is also
the 1o (1-standard deviation) value of
the Gaussian PDE If the jitter is truly
Gaussian and your system is immune to

peak-to-peak jitter equal to some multi-
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ple of the 1o value R, Table 2 can help
you to determine the system’s BER.

In many designs, the error-rate target
is no more than one error per trillion
transmitted bits (a BER of less than
10~'2). To produce an error rate that low,
a system must introduce no errors when
subjected to random jitter of *7a; that
is, the system’s jitter tolerance must be at
least 140 peak-to-peak. In theory, if the
jitter has a Gaussian distribution, an av-
erage of 1.3 * 10~ '?bit transitions fall out-
side the =70 permissible-jitter band, so
achieving a BER of 1.0*107'? requires
that the system introduce no errors when
thejitter covers a slightly larger, 14.069¢,
band, but many system designers accept
140 as close enough.

Whereas you can most directly observe
time jitter on its home turf—in the time
domain—the inextricable relationship
between the time and the frequency do-
mains allows you to also observe time jit-
ter in the frequency domain. Spectrum
analyzers—the quintessential frequency-
domain-measuring instruments—can
detect time jitter. R; widens the spectral
peaks of periodic phenomena. P, (period-
icjitter), which is one type of D, produces
peaks at frequencies that are related to its
repetition rate. When you work with
multigigabit data streams, you are work-
ing at multigigahertz frequencies. If you
are fortunate enough to own a spectrum
analyzer that can resolve spectral peaks
spaced mere tens or hundreds of hertz
apart at those high frequencies, the peaks’
relationship to one or more frequencies
can lead straight to the jitter’s cause.

Companies such as Agilent and Anrit-
su offer very sophisticated frequency-do-
main instruments for measuring and
characterizing time jitter. Although these
instruments work well with data streams
in copper networks, their forte is meas-
urements on the even higher speed
streams in optical networks. Sometimes,
the line of demarcation between copper
and optical networks becomes a bit
blurred. For example, despite a
name that suggests purely optical com-
munication, Fibre Channel specifications
also cover high-speed copper networks.
Some signal-integrity experts call FCIA
(Fibre Channel Industry Association)
specifications the most authoritative
documents you can find on methods of
measuring data integrity in multigigabit
copper networks (Reference 1).

Unless you’ve given the situation some
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AT A GLANCE

> At today's multigigabit data rates, control-
ling jitter—the uncertainty in the time of oc-
currence of repetitive phenomena—has be-
come a key factor in ensuring data integrity.

> Many kinds of instruments measure jit-
ter and related phenomena, such as BER
(bit-error rate). More and more of these
units now display eye diagrams, which pro-
vide insights into the nature and causes of
jitter. Eye displays are no longer the exclu-
sive province of oscilloscopes.

> Contrary to popular belief, BERTs (bit-
error-rate testers) do more than measure
BER. In many situations, they provide the
fastest insights into how and why systems
behave as they do.

D> Even passive components can cause
data-integrity errors. With the aid of model-
ing software, you can predict these errors
with high accuracy—and thus eliminate them.

Figure 1

thought, you may not realize that passive
circuit elements can introduce or exac-
erbate time-jitter in high-speed signals.
Passive components can do this damage
by causing reflections, by picking up
crosstalk and noise, and by degrading sig-
nal amplitudes and rise times—that is, by
reducing bandwidth. The longer a signal
takes to cross an active device’s threshold
region, the more uncertain is the time at

JITTER "THICKENS"
THE TRACE

The familiar eye diagram,
obtained by overlaying multi-
ple Uls (unit intervals), shows much about your
signals. You can see the rise and fall times and
how jitter displaces the state transitions. The
clearances between the waveforms and the
specified forbidden region in the middle of the
eye give you some idea of how closely system
performance comes to not meeting the spec.
But when the spec defines acceptable perform-
ance as no more than one error in a trillion
Uls, you need a more rigorous tool.

which the IC detects a state transition.
This uncertainty constitutes jitter. Simi-
larly, attenuation, which often degrades
SNR, can also introduce jitter, particu-
larly when the signals are none too big
to begin with—as is the case in LVDS
(low-voltage differential signaling) and
other ultra-high-speed systems.

Using measurements made with high-
performance TDR/TDT (time-domain-
reflectometer/time-domain-transmis-
sion) systems, specialized EDA software
packages, such as TDA Systems’ ICon-
nect, can model imperfections in trans-
mission lines and connectors and predict
their effect on jitter. The models yield
simulated eye diagrams that are indistin-
guishable from the real eye diagrams that
you obtain by using a scope to observe
the components’ responses to pulse pat-
terns. (TDRs send fast-rise-time pulses
into cables and components and observe
the reflected signals at the port at which
they apply the pulses. TDT systems apply
pulses at one port and observe the trans-
mitted signals at another.)

Of the many types of jitter-measure-

ment instruments, specialized TIAs
made by two companies, GuideTech and
Wavecrest, have become the standard in
production test. Wavecrest, in particular,
holds key patents in areas such as sepa-
rating R and D,. The company has also
published an excellent introduction to
jitter (Reference 2). Wavecrest says that,
despite its reputation for supplying in-
struments that make jitter measure-
ments in production, more than half of
the units it produces go to design and
development laboratories.

Although neither the GuideTech nor
the Wavecrest instruments require a trig-
ger, and both are TIAs that identify and
determine the timing of state transitions
in the signals under test, the instru-
ments’ architectures differ fundamen-
tally. Wavecrest TIAs directly measure Ul
durations and waveform duty cycles.
GuideTech TIAs record with great pre-
cision the times at which state transitions
occur and compute the desired quanti-
ties from the stored time stamps. When
working with multigigabit data streams,
neither type of instrument attempts to
measure the time of every transition or
the duration or duty cycle of every UL
Both types of instruments must, howev-
er, recognize and count the state transi-
tions whose time of occurrence they
don’t measure. GuideTech claims that its
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Eyeing jilter

instruments can make more measure-
ments per unit of time. By making series
of measurements at varying threshold
levels, both companies’ instruments con-
struct eye diagrams that look just like
those you can see on oscilloscopes.

MEASURING BER INSTEAD OF JITTER

The idea behind a BERT is simple
enough. In its most basic form, the in-
strument consists of a pulse-pattern gen-
erator that produces a serial data
stream and applies it to the UUT
(unit under test). The second key func-
tional block is a decision comparator,
which compares the UUT output with
the value expected at a specified time
within the UL The final major elements
are counters, which accumulate the total
number of Uls in the data stream and the
number of Uls in which the measured
and expected data differ at the decision
point.

Besides varying the decision point,
high-performance BERTs can also vary
the comparator’s 1/0 threshold. You
might think that the lowest (best) BER al-
ways occurs when the instrument sam-
ples the received data exactly at the mid-
dle of the Ul and when the 1/0 threshold
is exactly at the midpoint of the signal
swing. However, you can often obtain
useful insights into the causes of D, when
the optimum sample timing or threshold
voltage differs from these ideals. More-
over, by varying the sampling point and

Figure 2

TOTAL JITTER (T))

DETERMINISTIC
JITTER (D)
BOUNDED; MAGNITUDE
USUALLY EXPRESSED AS
PEAK TO PEAK

RANDOM JITTER (R))

UNBOUNDED; MAGNI-
TUDE USUALLY
EXPRESSED AS RMS

DATA-DEPENDENT

PERIODIC JITTER (P) JITTER (DD))
DUTY-CYCLE INTERSYMBOL

DISTORTION (DCD)  INTERFERENCE (IS)
Jitter is either random or
deterministic. Deterministic
jitter is either periodic or data-dependent. You
can characterize data-dependent jitter as either
duty-cycle distortion or intersymbol interfer-
ence (courtesy Wavecrest).

the threshold, a BERT can construct both
eye diagrams and jitter “bathtub” curves
(Figure 5).

The bathtub curve is, in effect, an eye
diagram viewed in cross section. Eye di-
agrams often use color to indicate the fre-
quency of occurrence of signals at the
various pixel positions. However,a mod-
ern video adapter in a PC can construct
a monochrome 3-D eye diagram in
which the frequency of occurrence is rep-
resented not by color but by the simulat-
ed height of the pixels above the plane of
the screen. If you “slice through” such a
3-D eye by holding the “knife” at a des-
ignated voltage level, you get a bathtub
curve, although, to maximize the dy-
namic range of the presented data, the

bathtub curve’s vertical, frequency-of-
occurrence scale is usually logarithmic—
notlinear as it usually appears in the sim-
ulated 3-D representation.

Another way of obtaining a jitter bath-
tub curve is to plot BER (displayed on a
logarithmic scale) versus the decision
point within the UL Such a bathtub
curve is subtly different from and often
more useful than the one described in the
previous paragraph. Whereas the eye di-
agram shows a PDF, BER is a CDF (cu-
mulative-distribution function).

SEQUENTIAL VERSUS RT SCOPES

Two types of digital oscilloscopes are
useful for jitter measurements on multi-
gigabit data streams. The more familiar
type is the RT (real-time)-sampling
scope, in which the current maximum
bandwidth is 6 GHz. A more specialized
type of instrument with much wider
bandwidth—as much as 80 GHz—is the
sequential-equivalent-time  sampling
scope. Agilent calls its sequential-sam-
pling scopes DCAs (digital-communica-
tions analyzers). Tektronix refers to its
sequential-sampling scopes as CSAs
(communications-signal analyzers). Not
all Tek scopes with CSA model numbers
are sequential-sampling instruments,
however. Some sample in real time
and also allow users to operate them in
the random equivalent-time-sampling
mode. The third manufacturer of ultra-
wideband digital scopes, LeCroy Corp,

TOOLS FOR MEASURING JITTER AND SIGNAL INTEGRITY IN MULTIGIGABIT DATA STREAMS*

Product types tested
Components Subsystems Systems
Where tested Rand D | Manufacturing Rand D \ Manufacturing Rand D \ Manufacturing
Data rate
Less than 3.2 Gbps | 6-GHz-bandwidth | 20-GHz-or-greater- | 6-GHz-bandwidth | 20-GHz-or-greater- 6-GHz-bandwidth | 20-GHz-or-greater
real-time-sampling | bandwidth sequen- | real-time-sampling | bandwidth sequential- | real-time-sampling | bandwidth sequential-
scope tial-sampling scope | scope sampling scope scope sampling scope

and times within the Ul

BERT capable of making input-output
comparisons at user-selected voltages

BERT capable of making input-output
comparisons at user-selected voltages
and times within the Ul

Low-jitter pulse generator

Low-jitter pulse generator

High-performance
frequency-domain
jitter-characteri-
zation system
Equal to or greater

20-GHz-or-greater-bandwidth

High-performance
frequency-domain
jitter-characteri-

zation system
20-GHz-or-greater-bandwidth

20-GHz-or-greater-bandwidth sequential-

than 3.2 Gbps sequential-sampling scope sequential-sampling scope sampling scope
BERT BERT BERT
Parallel BERT Parallel BERT Parallel BERT
Media Frequency-domain | High-performance | Frequency-domain | High-performance Frequency-domain | High-performance
physical-layer test | TDR scope physical-layer test | TDR scope physical-layer test | TDR scope

system
* Courtesy Agilent Technologies
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Eyeing jitter

does not make sequential-sampling in-
struments. LeCroy’s highest performance
instruments, the SDA series, are RT-sam-
pling units, which also support random
equivalent-time sampling. LeCroy calls
this mode RIS (random-interleaved sam-
pling).

Both types of equivalent-time-sam-
pling scopes require repetitive waveforms
that are preceded by a trigger event and
a stable delay. The waveforms need
not be periodic, however. Despite
their enormous bandwidth, sequential-
sampling scopes acquire waveforms
more slowly than do RT and RIS instru-
ments. By taking one sample after each
trigger and then slightly advancing the
sample point in preparation for the next
trigger, sequential-sampling scopes
translate high-frequency waveforms into
much lower frequency signals. This mode
of operation allows effective sampling
rates of hundreds of billions—or even
trillions—of samples per second, even
though the actual sampling rate
rarely exceeds 200k samples/sec.

Part of the reason that sequential-sam-
pling scopes can achieve such high band-
width is that the sampling circuit is a so-
called zero-order-hold circuit or boxcar
sampler. Once sampled, the analog wave-
forms that the instrument must handle
are low-frequency replicas of the ultra-
high-frequency input signals. Another
advantage of the sequential-sampling ar-
chitecture is that the relatively leisurely
analog-to-digital-conversion rate per-
mits the use of very-high-resolution
ADCs; converters with 14-bit resolution
are common in these scopes. Ultra-wide-
band RT scopes use 8-bit ADCs, though
some such scopes can obtain resolution
greater than 8 bits through averaging of
readings on repetitive waveforms.

Among the requirements for faithful
jitter measurements with any digital
scope is low aperture uncertainty. If you
are making eye-diagram measurements,
the external delay from issuance of the
trigger signal to the start of the measured
waveform must be extremely stable. In a
sequential-sampling scope, the internal
delay from receipt of the trigger to cap-
ture of a waveform sample must also be
very stable. Although jitter on these time
intervals adds to the jitter you are trying
to measure, it need not be troublesome,
because the state of the art for the stabil-
ity of each of these intervals is often
measured in femtoseconds. Suppose that,
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Figure 3

Figure 4
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The observed peak-to-peak
value of random jitter grows
without limit the more measurements you
make. Therefore, the upper curve is both wider
and higher than the lower one. These his-
tograms are for a combination of random and
deterministic jitter. The random component is
what makes the tails (sides) of the distribution
not vertical. The double peak joined by a curve
indicates that the jitter includes a sinusoidal
component (courtesy Wavecrest).

MEAN ()

STANDARD
DEVIATION (1o)

The most common assumption about the shape
of the probability density function of random
jitter is that it conforms to a Gaussian distribu-
tion, such as this one. What you can't see
because of the scale is that the tails extend out-
ward to plus and minus infinity.

in addition to the jitter you want to meas-
ure, your measurements must account
for three 200-fsec-rms R sources, which
you assume exhibit Gaussian PDFs. Be-
cause the distributions exhibit similar
shapes and the values are expressed as
rms, you combine them by taking the
square root of the sum of the squares.
Thus, these sources add a combined jit-
ter of \/120,000 fsec=346.4 fsec rms,
which, for Gaussian distributions at the
+70 points, is equivalent to approxi-
mately 4.874 psec p-p. If you are working
with a 3.125-Gbps data stream, the UI
duration is 320 psec. Therefore the 4.874-
psec p-p of additional jitter is only a lit-
tle more than 1.5% of a UL Even when
you consider that a Ul can contain two

state transitions, the associated peak-to-
peak jitter still totals only about 3% of a
UI, which is rarely significant.

Although scope manufacturers say
that the 6-GHz, —3-dB bandwidth of to-
day’s top-of-the-line RT-sampling scopes
is adequate for measurements on 3.125-
GHz data streams, many engineers re-
main unconvinced. They prefer the ad-
ditional bandwidth of sequential-sam-
pling instruments, whose —3-dB fre-
quencies can be more than an order of
magnitude greater. This point of view
may have some justification. Aliasing—
the appearance in a signal of spurious
frequency components that can mimic
P —occurs if the scope’s ADC receives a
signal that contains significant energy
beyond f, (the Nyquist frequency—half
the sampling rate). In RT instruments
that take 20G samples/sec—the highest
sampling rate in all of today’s fastest-
sampling RT scopes—f =10 GHz. These
scopes’ 6-GHz, —3-dB frequencies are
only 60% of f , and the scopes use brick-
wall filters to attenuate frequency com-
ponents near and above f, so aliasing
should not be a problem. If, however,
components with peak-to-peak ampli-
tudes greater than 1 LSB (least significant
bit) reach the ADC input, their presence
could justify concerns about aliasing and
its influence on measured jitter.

YOUR LIFE ISN'T LONG ENOUGH...

How do sequential-sampling scopes’
notoriously low throughputs—numbers
of waveforms per second the instru-
ments can acquire and display—affect
their usability for jitter measurements?
The answer is: compared with RT scopes,
not as much as you might think. The se-
quential-sampling units are almost al-
ways invariably slower than the RT
scopes. Depending on their architecture,
RT scopes can spend substantial time
processing data—for example, perform-
ing sin x/x interpolation to “connect the
dots” between samples. Sequential-sam-
pling scopes do not usually have to per-
form such processing because their sam-
ples are much more closely spaced on the
waveform.

The fastest RT scopes take 20G sam-
ples/sec—one sample every 50 psec. The
Ul of a 3.125-Gbps bit stream is 320 psec
wide. In other words, the RT scope sam-
ples the bit stream only six or seven times
in each UL From those six or seven sam-
ples plus a few more just outside the UI,
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the scope can reconstruct the ana-
log waveform within the UL If the
input data is bandlimited to 10
GH2z or less, such reconstruction
is not a problem.

But the scope does have anoth-
er problem: At 3.125 Gbps and
20G samples/sec, an RT scope
with the deepest waveform mem-
ory currently available—96M
samples per active channel—can
capture just 15 million Uls. The
data set might thus be long
enough to determine whether the
UUT achieves a BER of 107,
but when the scope has filled
its memory once, it has insufficient
data to say whether the BER is
much lower. Moreover, in each of
the 15 million Uls, the scope must
test for a potential error by determining
whether the waveform entered the eye
mask’s forbidden (open) zone.

This testing is bound to be time-con-
suming, and determining whether the
BER meets a spec of 10~ 2 requires a min-
imum of 10" tests. In other words, the
scope must repeat the set of 15 million
tests at least 66,667 times. Some people
say that you should test long enough to
accumulate 100 errors—assuming that
the BER just equals the specification.
Such a conservative approach would re-
quire that you test 10" Uls. I couldn’t de-
termine how much time the scope needs
to conduct a test, but if it can test one UI
per microsecond, the testing would take
10" psec (to capture one error) to 10™
psec (to capture 100 errors). That peri-
od, 10° to 10°® sec, is equivalent to 11.57
to 1157 days, or as much as 3.17 years of
round-the-clock testing.

A BERT is much faster; allowing time
for a normal amount of processing, the
BERT needs less than 10 minutes to di-
rectly determine whether an error has oc-
curred in each of 10" 320-psec-duration
Uls. If you want to allow the BERT
enough time to accumulate 100 errors at
the specified 10~'? BER, you can run the
test overnight; it takes less than 1000
minutes—less than 533 minutes if pro-
cessing overhead is negligible. Because of
the BERT’s speed, even scope manufac-
turers that don’t make BERTs recom-
mend that you have both a BERT and a
scope. Moreover, the BERT contains a se-
rial-data generator, which you need for
many tests in which you also use the
scope. Now, by displaying eye diagrams,
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This bathtub curve for an ideal situation
shows that, by carefully positioning the

point within the Ul (unit interval) at which your system
samples the data stream, you can achieve an error rate of
10-%, or one error in 10 quadrillion bits.

some BERTs, such as SyntheSys Re-
search’s BitAlyzer 1500, allow you to
eliminate the scope from certain test se-
tups. Although SyntheSys doesn’t suggest
that this capability will enable many of its
customers to get rid of their scopes or
avoid buying new ones, it can save a lot
of time. If you need both a scope and a
BERT and the enhanced BERT lets you
do without the scope in some tests, you
have to move cables from the scope to the
BERT and back again much less often.

TYING UP SOME LOOSE ENDS

The industry groups that set standards
for various high-speed buses have devel-
oped many standards for jitter measure-
ment. Among those is a data pattern
called K28.5, which is widely used in Fi-
bre Channel testing. Some workers in the
field find this pattern especially useful be-
cause, even though it is only 20 bits long
(00111110101100000101), it contains
strings of five successive ones and five
successive zeros, which can shift the data
stream’s average voltage level. When you
repeat the pattern, you also get 0101001

BIT-ERROR RATE

VERSUS PEAK-TO-PEAK JITTER*
T, (peak to peak) BER

6°0 1.3-103

8°0 3.17-10°

100 2.87°107

12«0 9.87+10°

4.0 1.28+10

14.069 1102

Note: T, (peak-to-peak) is the maximum
jitter the system accepts without error.

* Courtesy Wavecrest

0.5 1 1.5

and 1010110 strings. The pattern
thus reveals DD, (data-dependent
jitter).

An instrument that is new to jit-
ter measurement is the protocol an-
alyzer. Protocol analyzers have
heretofore dealt with signal-integri-
ty issues only by inference. They
track down protocol violations,
which are often a consequence of
signal-integrity problems. General-
ly, though, you are responsible for
making the connection to the cause
of the violation. Information from

the protocol analyzer helps you to

identify possible causes, but, to home

in on the physical-layer problem, you

may need an instrument, such as a

scope, that makes analog-waveform

measurements. Now, however, Data
Transit has introduced an eye-diagram-
display pod for its BusDoctor Rx proto-
col analyzer. The company says that the
EyePod is no replacement for a BERT, but
it may save you from having to connect
a scope to the UUT—and you can view
the eye diagrams on the screen of the PC
that hosts the protocol analyzer.

A term that you may have heard in
connection with jitter measurement is
“golden PLL.” A golden PLL is usually a
circuit that extracts a trigger signal from
adata stream. A common use of this trig-
ger is for making eye-diagram measure-
ments. Sometimes, the golden PLL is im-
plemented not in hardware but in
software algorithms that run in the com-
puter within the scope that displays the
eye diagrams. Different scope manufac-
turers prefer the different approaches and
make strong arguments in favor of both
hardware and software golden PLLs.

Other frequently used jitter-measure-
ment terms are TIE (time-interval error)
and jitter track. If you have a stable trig-
ger source—whether or not derived from
a golden PLL—you can use it as the ref-
erence for eye diagrams. You can also use
it to accumulate a jitter track. The jitter
track is a record of a series of measure-
ments of successive time intervals, all of
which would have the same duration if
there were no jitter. Often, the beginning
point of each of the measurements in the
series is the aforementioned trigger. If
you calculate the mean (average) value of
all of the measurements in the jitter track
and subtract the mean from each meas-
urement, you have a record of TIE ver-
sus time. You can now plot a histogram
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of TIE and determine such values as rms

and peak-to-peak jitter.

Although this treatment of jitter meas-
urement is hardly definitive, one addi-
tional point deserves comment: the role
of proprietary technology. Because jitter
is so important to data integrity, many
companies are working on jitter meas-
urement. Several of them have posi-
tioned key technical people on stan-
dards-setting bodies. In most cases, these
engineers’ mission is to ensure that the
standards are written based on tech-
niques on which their employers hold or
have applied for patents. When a patent-
ed technology becomes part of a stan-
dard, the company that holds the patent
doesn’t always license the technology to
competitors or does so only for such high
fees that the competitors cannot prof-
itably sell products that embody the tech-
nology. This situation forces the compa-
nies that don’t hold the patents to find
alternative ways of making equivalent
measurements. Sometimes, the alterna-
tives are technically superior, but the
company proposing them bears the bur-
den of proving that the results are equiv-
alent to those of the patented technique.
This situation is wasteful, and it often re-
sults in widespread confusion in the
marketplace. One consequence is a
plethora of conflicting standards that in-
hibit adoption of the underlying tech-
nology. The companies responsible for
this situation probably pride themselves
on their cleverness. However, they may
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be—as is said—too clever by half.c
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