


TEST & MEASUREMENT 

Choosing an oscilloscope 
for debugging 

Today's signals have more levels of complexity than ever before, 
but new scope features can solve the cause-and-effect mystery 
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As digital standards are intro
duced, modified and updated, 
the digital oscilloscope contin

ues to play a significant role in under
standing their integration into a sys
tem and their behavior in a new circuit 
design. The latest capabilities of digital 
oscilloscopes augment traditional 
troubleshooting methods with tools 
that maximize insight into the design 
in order to reduce debug time. Investi
gating these tools and the oscilloscope 
architecture that supports them will 
lead to better selection criteria when 
choosing a digital oscilloscope. 

Specs and architectures 
An oscilloscope's analog performance 
and probe accessories should be select
ed so that the scope and probe band
width always measure the signal with 
fidelity. This is specified by the band
width, sample rate, and memory. 

The most important consideration 
is the rise time of the signal. A useful 
and very safe rule of thumb is that 
the bandwidth of the scope should be 
greater than 0.5/risetime. Sample 
rates of up to 10 times the bandwidth 
ensure an adequate number of points 
per edge in order to represent the in
put signals from the circuit. 

During power up sequences, an 
engineer needs to be able to see ef
fects on all four channels as voltages 
are applied, onboard processors be
gin sequencing and other devices are 
powered. This requires the high sam
ple rate and the long memory of over 
100 Mpoints in today's scopes. 

Architecture and debugging 
All digital scopes over 1 GHz use op-

For debugging, 
scopes like the 
WavePro 700Zi with 
t rigger scanning 
technology provide 
the fastest rare
event capture. 

crating systems that integrate the 
scope into a Windows application 
environment. This provides broad 
connectivity to peripherals, and easy 
access to other programs running on 
the desktop. However, a scope's per
formance is directly related to how 
the system was architected for use 
with long memory. 

The ability to calculate measure
ments depends on the oscilloscope's 
hardware {RAM, CPU), software (32 
bit vs. 64 bit), and processing meth
od (CPU-cache efficiency). Some 
scopes with over 256 Mpoints of 
memory are limited to what they can 
accomplish with longer memory. 
They can acquire that long-duration 
signal, but when asked to perfonn a 
math function they slow down and 
are unable to access the fu ll oscillo
scope memory. A scope using a 64-
bit operating system combined with 
a processing methodology that re
duces the number of CPU to cache 
operations will demonstrate an order 
of magnitude faster responsiveness 

and shorter calculation times. 
Every engineer who has worked on 

the bench remembers a "challenge" 
design where a l-in-a-billion event 
caused an interruption or locked up 
the design. Even circuits simulated 
and designed for the best robustness 
can demonstrate unforeseen behav
ior when the hardware arrives. 

When faced with a difficult debug 
problem, there are three essential 
steps to follow: you first have to rec
ognize the problem, then isolate it 
using triggering methods, and then 
troubleshoot to identify the cause 
and effect. This process leads to a fix 
and a completed design. 

Problem isolation methods 
What is causing the problem? Some
times, with four probes connected to 
the clock, control signals, and a data 
line, the only visible evidence of a 
problem may be that the system 
hangs. By understanding the meth
ods available today, you can make 
the best choice for design debug. 
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The simplest approach to recog
nizing and isolating design problems 
is to acquire signals on the scope and 
then use waveform zooms to visually 
look for a symptom of the problem. 
Specific time relations can be estab
lished from verifying read-write and 
setup sequences. 

By scroll ing through the wave
form and finding suspect conditions, 
you can set a trigger specifically to 
isolate that problem event. This is a 
sound debug technique, but it does 
not take into account that while the 
waveforms are read out to the pro
cessor, the scope is not actively look
ing for the rare event. 

A variation of this conventional 
method divides the memory into se
quential blocks and improves the ac
tive "look for problem on time" sig
nHicantly. Sequences of thousands of 
triggers, each with very low interseg
ment dead time, are accumulated and 
displayed. This improves the trigger
ing rate performance to 
over 100,000 times per 
second, but, when the 
memory sequence is filled, 
the time to readout still 
dominates, lowering the 
chance of recognizing a 
problem. 

Other approaches in
volve hardware scanning 
and dig ita !-phosphor scope 
technologies. Trigger scan
njng technology provides 
a fast hardware based 
method for finding and 

Choosing an oscilloscope for debugging 

Feature-Finder Selection Criteria 
Feature-finders elements Relation to Identifying cause and effect 

Operating modes Edges, runts, nonmonotonic and measurements; set up 
with a filter for<, >, limits on quantity of events. 

Event searching Searches after trigger occurs and scope is stopped. 

Scanning Searches on signal as it is acquired by scope. 

Report and analysis tools Find multiple problems in a search/scan and catalog 
them for review; understand more completely by over-
laying or calculating statistical distribution of problems. 

Trigger scanning provides a fast, 
automated, and integrated method 
to recognize and isolate a rare event. 
For example, with a 200-MHzsignal 
with a 1-in-a-bi!Hon anomaly, an 
event can be found within four min
utes. With trigger scanning, it is pos
sible to integrate the automatic setup 
of rare-event finding into the scope. 

Digital phosphor technology uses 
parallel processing to capture, display, 
and store signals in an intensity-grad
ed display (hence "digital phosphor") 
at rates as high as 400,000 times a 

and then eliminate it. All oscillo
scopes over 1 GHz have feature find
ing algorithms that help engineers 
interpret what surrounds and what 
caused the anomaly. Feature finders 
scan or inspect the waveform and 
identify specific events. By correlat
ing signals on different input chan
nels, feature finders are especially 
helpful in the debug process's third 
step - gathering insight and identi
fying an error's root cause. 

When choosing a feature finder, 
you can assess the strength of the 

isolating rare events in 
one step. ln trigger scan
ning, several trigger con

tool by considering the 
four elements in the above 
table. In the most general 
case, a feature finder can 
be used both on live trig
gering and when a single 
trigger has been taken. 
You want to select a fea
ture finder that can be 
used in the broadest of 
cases - while the oscillo
scope is triggering; when 
it is stopped; and with a 
large event library to 
choose from. The last im
portant element is how 

the feature finder catalogs 
Fig. 1. The runt Is shown In the yellow box and the "found feature" in the 
lower trace. The upper left shows a table of three features found that met 
this condition. 

information. Imagine a 
problem causing fault is found mul
tiple times in a 50-Mpoint waveform. 
The osciLloscope needs to maik the 
signal or provide a table for rapid ac
cess. By knowing the number of rare 
events that occurred, you can over
lay them to either visually under
stand their repetitjve relationship or 
to make measurements (see Fig. 1). 

figurations are loaded and then run 
automatically in sequence in the os
cilloscope. Each configuration is set 
to dwell and look for the anomaly for 
a preset amount of time. When the 
rare event matches the trigger con
figuration, the scope triggers and up
dates the persistence display. Using 
the "always-on" nature of a hardware 
trigger, a vast number of configura
tions can be checked, thus find rare 
events at the fastest rate. 

Every supplier has advanced trig
ger IC technology designed to cap
ture glitches as small as hundreds of 
picoseconds wide or delta timing 
across channels. Until recently, an 
engineer had to manually adjust set
tings to trigger on an anomaly. 

second. This offers high scope on
time for many classes of signals and 
shows all signals acquired. However, 
as signal frequencies increase and 
anomalies become rarer, this method 
has limitations. For example, with a 
200-MHz signal and 400,000 updates 
per second, this method sees the sig
nal only 0.2So/o of the time and thus
takes 40 min to find a l-in-a-bi llion 
anomaly. As signals increase in speed 
and complexity, an oscilloscope tech
nology that accumulates more anom
alies per second must be chosen to 
recognize and isolate problems. 

Tools to identify cause/effect 
The final leg of the debug process is to 
understand the cause of tbe rare event 

Cause-and-effect problem solving 
is done by getting the largest context 
of when the error occurs and seeing 
the effects on the oscilloscope's other 
channels. Experienced engineers 
build a library of methods to link the 
visible effects and anomalies back to 
the root cause. Choosing a scope with 
a strong feature-finding capability 
speeds that learning process. 
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