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AgendaAgenda

We will discuss many methods to view and to find 
the source of intermittent signal faults using a wide 
variety of techniques

– Persistence mode
– Replay Mode (an advanced use of persistence)
– Parameter Tracks (time domain view of signal instability)
– Histograms (statistical domain view)
– Exclusion Trigger (a way to trigger on a rare signal fault 

when you do not know what the fault looks like)
– Something new and interesting for finding rare signal 

anomalies (WaveScan)
– Eye Diagrams
– Using Parameter Statistics to Troubleshoot Intermittents
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Viewing Signal Instability
(color graded persistence mode)
Viewing Signal Instability
(color graded persistence mode)

The first method to 
look at signal 
instability is 
persistence mode.  
You can acquire 
many acquisitions.  
The more common 
signal shape is red 
and the less common 
shapes are spread 
through the spectrum 
toward violet.

In this example you 
can clearly see that 
at least some of the 
pulses also have a 
smaller “after pulse”.
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Viewing Signal Instability
(brightness graded persistence mode)

Viewing Signal Instability
(brightness graded persistence mode)

Advances in Fast 
Persistence Technology

– Front panel 
intensity adjustment (you 
can set how many “hits”
makes a pixel bright or 
red)

– No Sample Rate 
reduction in fast 
persistence mode (10 
GS/s in this example)

– Toggle between 
Real-Time and 
WaveStream (fast 
persistence) Modes

Rare runts, glitches, and other signal 
abnormalities will be a lighter color – much 
like analog oscilloscopes.
Both color and brightness graded 
persistence can have Very Fast trigger 
rates (more than twice as fast as a TDS 
3000 series DPO).
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Viewing Signal Instability
Observing Intermittents Using Replay Mode

Viewing Signal Instability
Observing Intermittents Using Replay Mode

The Replay Mode feature 
is a unique feature in the 
WaveJet class of scopes 
(100-500 MHz)
In Normal or Auto trigger 
mode WaveJet captures 
runts, glitches, etc
When the trigger is 
stopped and Replay Mode 
is activated a history of the 
waveform is displayed
The history of acquisitions 
can be seen one at a time 
by rotating a knob which 
flips through the 
acquisitions
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Troubleshooting Signal InstabilityTroubleshooting Signal Instability

The lower trace is 
trend of the 
amplitude 
parameter.  In this 
example, one 
measurement of 
signal amplitude is 
made for each 
separate acquisition 
by the oscilloscope.  
The trace at the 
bottom has the 
information from 
many hundreds of 
acquired pulses.  
You can try varying 
supply voltage, 
shielding, 
temperature or other 
conditions that affect 
signal stability.
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Troubleshooting Signal InstabilityTroubleshooting Signal Instability

The best way to 
characterize the 
amount of 
instability in a key 
signal parameter 
is to use a 
histogram of the 
parameter.  

You can see the 
maximum range 
of parameter 
values, the rms 
variation and the 
shape of the 
distribution.



8

Triggering on Unknown Glitches Using 
Exclusion Trigger

Triggering on Unknown Glitches Using 
Exclusion Trigger

We start by 
determining the 
typical pulse width of 
this clock. In this 
example the mean 
width is 996 nsec.

Note we have 
captured 7,650 
pulses and all of 
them are near the 
optimal width.
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Triggering on Unknown Glitches Using 
Exclusion Trigger

Triggering on Unknown Glitches Using 
Exclusion Trigger

We might have no 
idea what is wrong 
with the clock, but if 
we tell the scope to 
trigger on any clock 
pulse less than 980 
nsec or greater 
than 1.02 usec then 
we find there are 
glitches.

This method is 
called “Exclusion 
Trigger” and can be 
set up for signal 
period, width, 
frequency, duty 
cycle.
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New Technology for Capturing Anomalous 
Waveforms (WaveScan)

New Technology for Capturing Anomalous 
Waveforms (WaveScan)

In addition to finding intermittents you may also 
want to look for rare signal shapes due to 
reflections, noise bursts, frequency drift, unstable 
power quality or other factors that produce rare 
signal events
There is new technology which can isolate rare 
events, measure them and provide both 
measurements and views
Can act as a “finder” for rare abnormalities in a long 
waveform that has already been acquired or as a 
“soft trigger” to find/view/measure abnormalities in 
incoming signals in real time mode
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Example of Scan Histogram and Scan Overlay
The WaveScan Menu is located in the pull down for “Analysis”

Example of Scan Histogram and Scan Overlay
The WaveScan Menu is located in the pull down for “Analysis”

You can dial up 
the rarity of the 
event from 2 
occurrences to 
1000 and see a 
histogram of those 
values.  You also 
see all the values 
in the table and 
can click on either 
the table or the 
histogram to view 
an event.
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Finding Intermittents when you do not know 
what to trigger on

Finding Intermittents when you do not know 
what to trigger on

This example 
finds rare events 
that are 
nonmonotonic.

The result is 
isolation of signal 
faults which 
could not be 
found using a 
hardware trigger.
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WaveScan can scan live signals for interesting 
(or intermittent) characteristics

WaveScan can scan live signals for interesting 
(or intermittent) characteristics

WaveScan can look for nonmontonic edges or interesting values for over 100 
parameters by scanning live signals.  The Infiniiscan feature on Agilent scopes 
does something similar.
In this case we ask the scope to find the two “rarest” risetimes on each 
incoming waveform.  Above the zoom shows an edge with risetime=38.77 nsec
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WaveScan can scan live signals for interesting 
characteristics

WaveScan can scan live signals for interesting 
characteristics

The same waveform as the previous slide but now we have 
selected the waveform with risetime = 116.26 nsec using the 
table in the upper left.
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Finding Specification ViolationsFinding Specification Violations

In this example we 
see a zoom of a 
single rare event 
found by 
WaveScan.  The 
user asked the 
scope to stop 
when it found a 
rare measurement 
of a risetime that 
was greater than 
allowed by 
specification.
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WaveScan identifies and 
highlights six switching 
cycles with instantaneous 
frequencies outside the 
allowed specification.   A 
zoom of one of the 
anomalous cycles is 
automatically highlighted 
in the lower grid. 

Finding Specification Violations
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WaveScan has been enabled to capture the 2 rarest risetime values from each 
acquisition.  Of the 5,312 measurements accumulated in the measurement 
histicon, WaveScan has identified 746 transitions which met the user-defined 
measurement criteria for “rare” edge transitions.   Only the rare values have 
been logged into the red histogram.  All values are shown in the green 
“histicon” in the lower left.

CAN bus
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WaveScan has identified 
a non-monotonicity in 
the edge transition on 
this Serial Peripheral 
Interface signal

Serial Data Example
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WaveScan identifies and 
highlights sixteen cycles 
with instantaneous 
frequencies outside of the 
frequency stability region as 
the PLL begins to lose its 
lock.   A zoom of one of the 
anomalous cycles is 
automatically highlighted in 
red in the lower grid

PLL Example
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Using Eye Diagrams to Find Jitter Problems 
Traditional Eye Pattern Testing

Each location where data 
violates the mask boundary is
circled in red by the scope

You see errors.
You figure out what is causing the errors.

In this case, some falling edges are too slow.
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Mask Failure LocatorMask Failure Locator

Simple edge trigger
No frame sync required
Captures all bits in a single record
Zooms specific bits where violation occurred

Mask hits 
are correlated 

with data stream

Mask test failure was 
caused by this glitch
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Troubleshooting Eye Diagram Failures Using 
Other Signals to Examine Possible Causes
Troubleshooting Eye Diagram Failures Using Troubleshooting Eye Diagram Failures Using 
Other Signals to Examine Possible CausesOther Signals to Examine Possible Causes

The yellow signal at 
the bottom is from 
anther channel of 
the scope.  You can 
see if a failure 
point is coincident 
with cross talk, 
with power supply 
noise or some 
other trouble 
source.

This can be a very 
useful technique 
for troubleshooting 
the source of signal 
integrity failures in 
serial data signals.

This feature is 
unique to LeCroy.



Using Parameters Statistics to Troubleshoot 
Intermittent Signal Characteristics
Using Parameters Statistics to Troubleshoot 
Intermittent Signal Characteristics

This string of pulses looks like they have minor variations in 
widths.  But the statistics say there are three orders of magnitude.
Max = 239 usec
Min = 164 nsec



Going to a Faster TimebaseGoing to a Faster Timebase



An Even Faster TimeBaseAn Even Faster TimeBase


