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oday’s sophisticated os-
cilloscopes are a far cry

from the first rudimen-

—
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tary scopes of 50 years ago. In
fact, scopes have probably
evolved further than any oth-
er type of general-purpose test
and measurement equipment.
And, in the process, they have
continued to remain the most
versatile and universally ap-

plied test and measurement
tool.

Where there were once only
modest-performance, real-
time, analog oscilloscopes
available from a few manufac-
turers, there are now high-
performance scopes having
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pe is an example of the trend of combining processing
power with programmability and the ability to be tailored to specific situations via plug-ins.

greater functionality in sever-
al major categories (with
some degree of overlap) that
are available from many dif-
ferent manufacturers.

Oscilloscopes can be catego-
rized into realtime, CRT stor-
age, digital storage, digitizing
and sampling; digitizing
scopes are also known as wa-
veform digitizers.

Realtime oscilloscopes are
still the most general purpose
of scopes, and the best choice
for many applications. They of-
fer bandwidths up to 1 GHz,
rise times to 350 ps, sweep
speeds to 200 ps per division,
sensitivity down to 10 pV per
division, common-mode rejec-
tion up to 100,000 to 1 for dif-
ferential measurements and
writing rates to 20,000 cm per
microsecond. They also offer a
wide variety of options and
functions, which might include
plug-in or piggyback counter
timers, digital multimeters
(DMMs) and logical or Boolean
trigger selection.

The writing rate is a key
specification not only for ana-
log oscilloscopes but for CRT
storage scopes as well. Yet, it is
often misunderstood.

Writing Rate Meaning

The term “writing rate” de-
scribes the rate at which a
beam can move with enough
light output to display the in-
put waveform (visual writing
rate), the waveform that can be
photographed (photographic
writing rate) or to store a wa-
veform in a storage CRT
(stored writing rate).

The velocity of the electron
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The increased need for portable oscilloscopes in field service, and competitive pressures among manufacturers, are both serving as
driving forces behind the development of technologically advanced, lower-cost oscilloscopes. The photo shows a series of new

portable scopes.

beam across the CRT's phosphor
display area can sometimes be
very fast. In a scope with ex-
tremely wide bandwidth, it can
appear to move more quickly
than light. The beam’s velocity
can be so high that there are not
enough electrons with ample
energy striking the CRT phos-
phor to generate an adequate
amount of photons for the wave-
forms to be displayed, photo-
graphed or stored (in the case of
a storage CRT). If this is the
situation, then it is less impor-
tant that the rest of the oscillo-
scope 1s processing an input
waveform properly.

Most realtime oscilloscopes
have adequate writing rates to
display most input waveforms.
However, only realtime oscillo-
scopes employing microchan-
nel plates have sufficient writ-
ing rates for single-shot,
low-repetition-rate input
waveforms that require fast
sweep speeds.

Microchannels For Speed

A microchannel plate is a de-
vice that is placed between the

deflection plates of a CRT and
the phosphor. It acts as an elec-
tron multiplier and can result in
as much as a 10,000-fold in-
crease in the number of elec-
trons and 100 to 1,000 times
increase in visual or photo-
graphic writing rates. The con-
ventional CRTs employed in
most general-purpose scopes
have writing rates on the order
of 100 em per microsecond.
Conventional CRTs without
microchannel plates can have
visual writing rates on the or-
der of 1,000 cm per microse-
cond. When P11 high-speed
phosphor, very fast cameras,
high-speed films and other
techniques to enhance writing
rates are employed, writing
rates on the order of 2,000 to
3,000 cm/us can be achieved.
But a microchannel-plate
CRT with conventional P31
phosphor can attain writing
rates of 20,000 to 30,000 cm/ms
without using those techniques.
By applying this technology,
low-repetition-rate, even sin-
gle-shot waveforms, can easily
be seen or photographed at the

highest sweep speeds.
It should be remembered that

a writing rate of 1 cm/ns does not
mean that a sweep speed of 1
cm/ns can be used. The vertical
component of deflection must
also be considered.

Microchannel plates have an-
other important characteristic—
they tend to normalize intensity.
If an input waveform has a rela-
tively high repetition rate, but
some component of the wave-
form—say, a glitch or noise—has
a lower rate, the intensity of the
high-repetition-rate component
will wash out the lower-rate com-
ponent. This prevents it from be-
ing seen with a CRT that does
not have microchannel plates.

The electron output of a mi-
crochannel plate does not in-
crease linearly with electron in-
put. There is a tendency to
saturate. As a result, high- and
low-repetition-rate components
of a waveform have nearly
equal intensity. This can be
very important when the low-
repetition-rate component is
what the user is trying to see, as
is often the case.

Storage Scopes

Storage oscilloscopes are used
mainly to capture relatively
fast, single-shot events and dis-
play them for longer periods of
time than conventional scope-
CRT phosphors permit. These
scopes are also used to display
very slow waveforms that can-
not otherwise be viewed in their
entirety. A conventional non-
storage oscilloscope with a cam-
era can accomplish the same
thing. But it is much less conve-
nient and, depending on the
number of photographs, may be
more expensive,

It is still necessary to use a
conventional scope and camera
to capture the fastest wave-
forms. This is because the
stored writing rate of even the
fastest storage scope is not as
high as the photographic writ-
ing rate of a conventional scope
and camera.

There are two basic kinds of
storage oscilloscopes: CRT and
digital storage. CRT storage
scopes are realtime analog
scopes that employ special



CRTs that can store the input
waveform. Digital storage oscil-
loscopes (DSOs) digitize the
waveform, store the digitized
data in memory and display the
contents of memory on a con-
ventional CRT.

Storage CRT Comparison

There are three different
types of storage CRTs:
bistable, variable persistence
and fast transfer.

Bistable storage CRTs use a
phosphor that can have two sta-
ble states—stored or unstored.
Once a waveform is stored on a
portion of the phosphor, it can be

displayed for long periods of

time—up to several hours—or
until erased.

Bistable storage is the least
expensive type of CRT storage,
and it features long-lasting
displays. However, it has a
lower stored writing rate and

Only realtime scopes employing
microchannel plates have suffi-
clent writing rates for single-
shot, low-repetition-rate Input
waveforms requiring fast sweep
speeds—microchannel plates act
as electron multipllers for CRTs
and can result in a 100- to 1,000-
time increase in visual or photo-
graphic writing rates.

less contrast between the
stored and non-stored portions
of the display.

Split-screen viewing is an-
other advantage of bistable
storage. Half of the CRT display
area can be in a storage mode,
while the other half is in a non-
storage mode. Or both halves
can store and display two differ-
ent waveforms simultaneously,
even when they occur at two
different points in time.

Variable-persistence CRT-
storage scopes allow the user to
vary the persistence or display
time of the display. A mesh be-
tween the deflection plates and
phosphor stores the input wave-
form. The charge on the mesh
and, therefore, the intensity can
be varied by the user. High in-
tensity is normally at the ex-
pense of storage time.

When the persistence of the
display is varied, one sweep be-
gins to appear just as the pre-
vious sweep is disappearing, a
useful feature in some applica-
tions. These scopes also have a
somewhat faster writing rate
than bistable storage scopes,
and a higher contrast between
the stored and non-stored por-
tions of the display.

The fast-transfer storage
scope uses a second target mesh,

Among the features being added
to some new digital oscilloscopes
are signal averaging to reduce un-
correlated noise, envelope dis-
plays for comparing dynamic wa-
veform characteristics, and pre-
and post-triggering during equiv-
alent-time sampling. The cost of
these scopes can run in excess of
$8,000.

optimized for speed, in the CRT,
The waveform is stored on this
second mesh. But this mesh will
not hold the stored charge for
very long. So, the stored wave-
form 1is transferred to a second
mesh similar to the mesh in a
variable-persistence CRT.

The primary advantage of
this approach is faster stored
writing rate—about 3,000 to
4,000 cm/ps. However, the
trade-off is higher cost due to
increased complexity.

The mesh to which the wave-
form is moved in a fast-transfer
CRT can be designed to operate
in both the bistable and vari-
able-persistence modes. This re-
sults in multimode CRT stor-
age, in which the CRT can be
operated in either the bistable
or variable-persistence mode.

Digitizing Technology

Analog realtime scopes—
both storage and non-storage

types—still outperform DSOs
and digitizing oscilloscopes.
But digitizing instruments are
closing the gap.

The distinction between
DSOs and digitizing scopes can
be somewhat arbitrary, but is
usually based on the primary
purpose for digitizing. In a DSO,
the digitizing is done primarily
for waveform storage, so the
waveform can be displayed for
longer periods of time than is
possible with realtime oscillos-
copes. Digitizing in digitizing
oscilloscopes, on the other hand,
is performed so that the data
can be transferred to a comput-
er for processing and analysis.

Since different performance
trade-offs are made and they
usually employ various digitiz-
ing techniques, the distinction
between DSOs and digitizing
scopes is important. There is,
however, some overlap be-
tween them.

DSOs are primarily intended
for the same applications as ana-
log-storage oscilloscopes, al-
though the latter have higher
stored-writing rates. DSOs, how-
ever, are usually less expensive
and offer capabilities not found
in their analog counterparts.

For example, in DSOs there is
no fading or blooming of the




stored waveform, which some-
times happens with improper
application of analog storage. In
addition, some DSOs offer fea-
tures such as pretrigger view-
ing, which is not possible with
analog storage. Pretrigger
viewing displays a portion of
the waveform that occurred be-
fore the trigger event. Since the
trigger can stop as well as start
signal acquisition, this mode
may be used for babysitting.

DSOs can also do signal aver-
aging to reduce the effects of
noise. They can output the digi-
tized data over RS-232 or GPIB
interfaces too. These capabili-
ties, however, begin to blur the
distinction between DSOs and
digitizing scopes.

Digitizing For Transfer

Digitizing oscilloscopes or
waveform digitizers (as opposed
to DSOs) are optimized for trans-
ferring data to a processor or
computer. The digitizing tech-
nique is usually of much higher
performance than what is used in
DSOs and so, consequently, are
more expensive.

Once the digitized data are
transferred to the processor, they
are normally processed by wave-
form-processing software. Here,
an almost limitless number of op-
erations can be performed on the
data. For example, a Fourier
transform can be performed so
the digitized waveform can be
analyzed in the frequency do-
main, even though the waveform
was acquired in the time domain.

Two primary digitizing tech-
niques are employed in digitiz-
ing oscilloscopes and DSOs:
realtime sampling and equiv-
alent-time sampling.

With the realtime method,
the sampling normally takes
place as fast as the DAC can
digitize the samples. The sam-
pling speed is unrelated to the
input repetition rate.

Realtime sampling can cap-
ture single-shot waveforms.
However, theory dictates that
the sampling rate must exceed

twice the highest frequency
component in the waveforin to
avoid the loss of information or
aliasing (falsifying) informa-
tion. Practical considerations
mandate that the sampling
rate should be four or five
times the highest-frequency
component.

Conventional A/D converters
that are practical and cost-effec-
tive for oscilloscopes can run as
high as 100 MHz, but this means
the effective bandwidth for sin-
gle-shot waveforms when real-
time sampling is employed is
only 20 MHz to 25 MHz.

A partial solution to the prob-
lem is available with scan con-
verters that can acquire the in-
formation very rapidly and then
output it more slowly for the A/D
converter to digitize. With this
technique, waveform digitizers
are available today with effective
bandwidths to 1 GHz. The disad-
vantage is that they are very
complex and expensive.

With equivalent-time sam-
pling, one or more samples are
taken each time a trigger is gen-
erated from the input wave-
form, with the waveform being
reconstructed in equivalent
time. The waveform reconstruc-
tion technigque of equivalent-
time samplers allows capture of
much higher bandwidth signals
than is possible with realtime
samplers, but the waveforms
must be repetitive.

A disadvantage of equivalent-
time sampling is that it cannot
capture random or aperiodic ele-
ments (such as noise or glitches)
that are sometimes of interest in
repetitive waveforms.
Sampling Scopes

Equivalent-time oscillos-
copes, called sampling oscillos-
copes, have been available for
some years, These have effec-
tive bandwidths up to 14 GHz
for repetitive waveforms.

In a sampling oscilloscope, the
width of the sample determines
the effective bandwidth of the
circuit. Currently, sample gate
times as low as 25 ps are avail-

able. However, only one sample
occurs per trigger, and the trig-
gers can occur at a maximum
rate of only about 100 kHz.
Sampling scopes have found
universal application where the
waveforms and all components
of the waveform of interest are
very high speed and repetitive.

The Future

There is a growing need for
faster, more sophisticated and
versatile oscilloscopes. The
availability of higher-speed
devices, primarily semiconduc-
tor devices, are basically what
is enabling the development of
these higher-performance os-
cilloscopes.

But device technology is also
serving to impose performance
limits on these new oscillos-
copes. Of course, this has been
true of analog and digitizing
oscilloscopes. For example, the
bandwidth vs. sensitivity

Digital storage oscilloscopes
(DSOs) digitize waveforms, store
the digitized data in memory, and
display the memory-stored data
on a CRT. DSOs are primarily in-
tended for the same applications
as analog-storage scopes; and al-
though they are usually less ex-
pensive than the latter, they also
have lower stored writing rates.

trade-off of analog oscillos-
copes has an equivalent trade-
off in digitizing oscilloscopes—
digitizing speed vs. bits of ver-
tical resolution,

As electronic devices become
faster and more complex, the in-
struments that test them must
keep pace. In the future. scopes
will have higher bandwidth ca-
pabilities and greater measure-
ment versatility.

While scope performance is
improving, the cost of owning
one with significantly more ca-
pabilities is going down. This
1s due primarily to advances in
semiconductor and manufac-
turing technologies. The result
will be a better price/perfor-
mance ratio.

The increased need for porta-
ble oscilloscopes in field service,
and competitive pressures
among manufacturers, are both
serving as a driving force to de-
velop technologically advanced,
lower-cost oscilloscopes. This
is being accomplished by incor-
porating VLSI circuits into
scopes and streamlining man-
ufacturing processes for high-
volume production.

Though analog-storage
scopes are still better for captur-
ing high-speed, random, aperi-
odic or single-shot signals,
DSOs and digitizers have their




Though analog-storage scopes are
still better for capturing high-speed,

random, or single-shot signals,
DSOs and digitizers are beginning
to close the performance gap.

own set of advantages and are
beginning to close the perfor-
mance gap. As their perfor-
mance increases over the next
three to five years, they will be
used in a growing number of
applications.

Scope Channels Added

The shift in emphasis from
analog to digital applications
has brought with it the need for
additional scope channels to
look at a growing amount of si-
multaneously occurring events.
Today, two to four channels is
fairly standard, with scopes
having the ability to trigger on
up to eight or more channels. In
the next few years, the number
of channels should climb even
higher.

Incorporating more features,
such as integrated counters/ti-
mers/DMMSs, has been in direct
response to the need for greater
measurement accuracy. With
this development, oscilloscopes
are evolving from what was pri-
marily a qualitative measure-
ment tool into a significantly
more guantitative tool.

As measurements have be-
come more complex, there has
been an ongoing effort to make
the oscilloscope an easier in-
strument to use. Some specific
advances regarding this goal
include menu-driven oscillo-
scopes, fewer front-panel con-
trols and application-specific
software.

A product’s life-cycle cost is
also becoming an increasingly
important consideration to buy-
ers. Besides the initial purchase
price, several other factors con-
tribute to life-cycle cost, includ-
ing frequency and price of re-
pair, warranty length and mean
time between failures.

In addition, features such
as self-test and internal diag-
nostics are being incorporated
into oscilloscopes with grow-
ing frequency.

Overcoming Hurdles

The basic A/D conversion
process is the primary limita-
tion in DSOs and digitizing os-
cilloscopes. Higher digitizing
rates are necessary to increase
the single-shot bandwid*h and

time resolution of digital oscil-
loscopes. And more bits of reso-
lution are required to increase
effective sensitivity and dy-
namic range.

Today, it appears that the so-
lution for most applications
may lie with better scan con-
verters for digitizers and faster
charge-coupled devices (CCDs)
for DSOs. In the future, howev-
er, faster basic semiconductor
devices—possibly based on gal-
lium arsenide—and different
A/D conversion techniques may
make significantly faster A/D
conversion possible.

In the past, writing speed
was a major limitation for os-
cilloscopes. Very fast events
that were single shot or had
low-repetition rates were diffi-
cult, or impossible to view. Mi-
crochannel-plate technology
has eliminated this limitation
in laboratory oscilloscopes. It
is, however, an expensive tech-
nology. But, as with most de-
vice technology, higher volume
will lead to lower cost and
greater universal applications
of the technology. EET
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