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WHICH OSCILLOSCOPE?

For years past an oscilloscope
has constituted one of the main
items in any laboratory’s battery of
measuring instruments. In numer-
ous, varied fields of activity it has
become an invaluable tool for the
examination and analysis of elect-
rical signals of all kinds.

There are probably two major
reasons for the universal accept-
ance of the oscilloscope: one is
the psychological attraction of its
visual display ; and the other is the
diversity of its applications. By
charting a graph on a CRT it is
possible to immediately present
information regarding the dura-
tion and amplitude of a signal,
together with its waveshape. This
ability to ‘picture the whole situa-
tion’ is unique among measuring
instruments, and is an important
factor in the oscilloscope’s favour.

For most people engaged on the
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oscilloscope purchaser freedom of
choice; but at the same time, it
turns the choosing process into a
formidable task. How does he go
about sorting out the competing
claims of the various suppliers?
How is it possible to establish the
best way to meet his needs? It is
hoped that the following discus-
sion will answer such questions,
and provide a useful guide to those
responsible for either buying, or
recommending, oscilloscopes.

THE DECISION PROCESS
It may be stating the obvious to
say that choosing a new oscillo-
scope, such as that shown in Fig.
1, is an example of making a
decision; but it is, nevertheless,
and we can gain some insight into
the best approach to adopt by
examining the decision process.

Decision theory is a subject
which in recent years has been
studied in some depth and develop-
ed to a considerable degree of
sophistication. Advanced mathe-
matics can figure prominently in
such theory, and operation of
models by means of computers is
in practice commonplace—in fact,
the whole field of Operations
Research can be looked upon as a
scientific aid to decision making.
For our purposes, such refined
techniques are inappropriate ; but
the fundamentals underlying them
can be of benefit in showing what
is needed for a sensible decision to
be made.

The scientific method of decision
making, as described in the text-
books, involves five stages, which
can be stated as follows :

1. Define the problem (appli-

cation).

2. Collect all relevant data (or
as much as can be found)
pertaining to the problem.

3. Examine and weigh the data
to determine its value and
application to the problem.

4, Frame some alternative solu-
tions based on the data.

5. Select the solution that ap-
pears best and most logical.

Stated baldly in this way, the
decision process would seem to be
a straight-forward affair, unlikely
to present any difficulty. In real life
of course, things are seldom so
simple, and problems can arise at
each step. Very often the particular
application concerned is not suffi-
ciently clearly defined, thus making
nonsense of any attempt to com-
plete the rest of the procedure.
Another frequent error is that of
neglecting to obtain all the in-
formation pertinent to the situa-
tion—although there is usually no

lack of information (sometimes the
reverse), it can be a puzzle to know
where to look for it. Probably the
major difficulty, however, arises at
stage 5, at which the real decision
takes place. No matter how meth-
odical, logical and careful one has
been in the preceding work (except
in a very few, uncomplicated
cases), it is at this point that
judgement will have to be exer-
cised in order that the best course
of action shall be chosen.

Looking more closely at the
above procedure, consider first the
definition of the problem. It is
important to get this step right, and
it is worthwhile giving a little more
time and thought to the topic than
would at first sight seem to be
necessary. It happens that the
applications for an oscilloscope
tend to fall into a number of broad
classifications, e.g. the high-
speed single event (such as is
encountered in pulsed laser work) ;
switchgear development; high-
voltage testing; etc. It is also
usually true that there are some
essential requirements, such as a
need for portability or versatility ;
maybe a genuine dual-beam
instrument is necessary ; or perhaps
there is only a need to monitor a
signal, and not to measure it—
whatever the particular situation,
there are bound to be some such
constraints. An obvious, and quite
frequently met, constraint is the
amount of money available to
spend on the new oscilloscope.
Consideration of these points
shows that if the problem is really
well defined, the range of interest
is narrowed automatically, and the
rest of the job made more man-
ageable.

The next step is to gather
together all the information which
is required for a good decision to
be made. Clearly, a lot of this
information will be of a technical
nature, consisting of manufac-
turers’ specification sheets and
catalogues and other published
material, such as application notes,
etc. This is by no means the only
data required, however, since the
decision to buy a specific instru-
ment should be influenced by
other factors apart from technical
adequacy (as expressed by the
written specification). The pur-
chase does represent an invest-
ment of capital funds : consequent-
ly, as in all such cases, an attempt
should be made to optimise the
investment. This means that ac-
count must be taken of such
matters as the useful life and
reliability to be expected from the
equipment; the availability of
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spare parts; the provision of
efficient calibration and mainten-
ance facilities; and the quality of
field engineering services. All these
items deserve considerable atten-
tion, since they have a direct
bearing on instrument value and,
unfortunately, cannot be specified
satisfactorily. Direct experience is
by far the best guide in this matter;
but this begs the question as to
how to judge an instrument, or
supplier, not previously encount-
ered. Third party opinions can
sometimes be of help, but are
heavily dependent upon the third
party in question. In general, the
most satisfactory solution is to
arrange for demonstrations of
those oscilloscopes which come
closest to the desired specification.
This will afford an opportunity to
check that the performance
characteristics are as stated, to
assess the ‘feel’ of the instruments
and how convenient they are to
operate, to judge the quality of the
components and workmanship
which have gone into them, and to
test the standard of technical
representation and assistance pro-
vided.

The third step is to evaluate all
the data gathered and to assign
levels of importance to the various
aspects of the situation. A con-
venient way of doing this is to
group the information under four
headings: technical performance,
versatility, reliability and service.
Technical performance is the cri-
terion which is usually dominant,
and the specification must be
right if the oscilloscope is to do the
work for which it is intended. This
is not always the case : sometimes,
maximum versatility or reliability
becomes the over-riding factor. It
can be seen that we are returning
to our original definition, which
serves to stress again its import-
ance—for it is necessary to refer
back continually to the defined
requirement in order to ensure
that the correct decision is reached.

The fourth and fifth steps which
follow consist of setting-up a
range of alternatives, assessing
their individual merits and demerits,
and then selecting the best one. At
this stage, any of the alternatives
should be capable of solving the
problem in hand; the main task is
normally to choose that one which
offers the most overall advantages.
Occasionally, however, it is found
that none of the alternatives meets
all the requirements. In this event,
an attempt must be made to obtain
more information so that new
alternatives may be proposed. If
this fails, a compromise solution



will have to be accepted: this
means selecting that alternative
which has fhe least number of
disadvantages.

Throughout the foregoing, em-
phasis has been placed on the
necessity to fully define what is
required of the oscilloscope, to
obtain as much information as
possible on the instruments which
are available, and to evaluate that
information carefully against the
defined requirements. In order to
facilitate a more specific analysis,
we will consider in greater detail
the four previously mentioned
headings of technical performance,
versatility, reliability and service.

TECHNICAL
PERFORMANCE

As previously stated, technical
performance is usually regarded as
the most important characteristic
in an appraisal of an oscilloscope’s
worth. The instrument consists of a
number of functional blocks, each
having its own features which
contribute to the overall perform-
ance, and each needing to be
compatible in operation with the
rest.

The Vertical Deflection
System

Risetime and Bandwidth

In general, the first requirement
sought is an adequately short
risetime, or an adequately wide
bandwidth. Risetime is the more
important for pulse work, and
bandwidth for sine waves. Both
these parameters describe essen-
tially the same attribute, the speci-
fication of risetime being more
important in a ‘fast’ (wideband)
oscilloscope, that of bandwidth
being more appropriate to a ‘slow’
oscilloscope. In practice, the two
should be closely related if the
oscilloscope has a good transient
response. Most modern oscillo-
scope vertical systems are adjusted
for a ‘Gaussian’ response: if this is
the case, the product of risetime
and bandwidth should have a
value very close to 0.35. For
instance, an oscilloscope with 100
MHz bandwidth should have a
risetime of 3.5 ns.

Ideally, the vertical system
should have a risetime at least five
times faster than that of the fastest
signal to be examined. This will
produce an error of about 2% in the
displayed risetime, on the assump-
tion of perfect calibration and
linearity in the timebase. Quite
often, an oscilloscope risetime
which is only equal to the fastest
signal is considered to be ade-

quate, since it is possible to
predict actual risetime, provided
that transient response is optimum.
Under these conditions, a close
approximation to the signal rise-
time can be obtained from the
equation :
T,=vVT,2—T,2,

where T,=signal risetime, T,=
indicated risetime, and T,=vertical
system risetime. Because of the
increased effect of measurement
errors, when the signal risetime is
faster than the oscilloscope rise-
time, the accuracy of this calcu-
lation rapidly deteriorates, and it
becomes of little use. Fig. 2 is a
graph of measurement error against
the ratio of signal risetime to
oscilloscope vertical risetime.
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2. Graph of measurement error
against the ratio of signal rise-
time to oscilloscope vertical
risetime.

Transient Response

Apart from the need to measure
risetime, adequate vertical system
bandwidth is required in order
that any rapidly-changing signal
may be faithfully displayed. This
point is clarified in Fig. 3, which
shows the same wave-form dis-
played at three different band-
widths. (The characters displayed
on the screen refer to the oscillo-
scope scale factors which have
been selected, i.e. 50 mV per
vertical division and 20 ns per
horizontal division.) The transient
response is also important in this
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context, and distortions intro-
duced by the amplifier should be as
low as possible. Pulse response
fidelity is sometimes specified in
terms of permissible overshoot,
but there are a number of other
aberrations which are just as
significant—see Fig. 4. As a rule,
the only way to find out if such
aberrations exist in an oscilloscope
is to apply a clean square wave
signal of known characteristics—
this is one of the checks that can
usefully be carried out during a
demonstration.

Sensitivity and Noise

Deflection factor (or sensitivity),
like bandwidth and transient re-
sponse, is one of the prime factors
which determine the suitability of
an oscilloscope for a particular
application. Due to the inherent
gain—bandwidth limitations of
amplifiers, when extreme sensi-
tivity is required it is necessary to
sacrifice bandwidth. Even without
such a fundamental restriction,
some reduction is desirable be-
cause of the greater background
noise associated with wide band
amplifiers. A reasonable figure for
maximum sensitivity of a wide
band vertical amplifier would be in
the region of 1 mV to 5 mV per
division of deflection on the CRT
screen. Displayed noise should not
be a problem in this area and
should not impose any restraints
upon the making of a measurement.
In the case of an amplifier whose
design has been optimised for high
sensitivity, the deflection factor
may be as high as 10 uV per
division; at this setting, displayed
noise will have some effect upon
measurement ability. When this is
so, the amount of noise must be
specified, in order that any perform-
ance impairment can be assessed.

There are a number of different
ways of quoting noise as related to
an oscilloscope display ; any speci-
fication of this parameter should
state which method has been used,
and at what bandwidth and with
what source impedance the
measurement was made. The
method should be one which
relates to the way in which noise
limits resolution in the CRT dis-
play, since this is the aspect of
most importance when the useful-
ness of an amplifier is being
determined. The two fundamental
ways of expressing noise are to
state either its r.m.s. or its peak-to-
peak value. In both cases, a
misleading impression is given, as
r.m.s. noise is much less than that
apparent in the display, and the
peak-to-peak figure seems to be



much more. For the normal noise
distribution, the peak-to-peak
value is about six times the r.m.s.
value, so it is usual to quote a
figure somewhere between these
extremes (i.e. two to three times
the r.m.s. value), based upon a
tangential measurement which
relates very well to what is visually
observed. With all other factors
remaining the same, noise voltage
is proportional to the square root of
bandwidth. For this reason, it is not
uncommon to find high-gain

amplifiers which have some means
of selecting arange of bandwidths,
a feature which can be very useful
in many applications.

5 MHz.

3. Display of the same waveform
at three different bandwidths.

Deflection factor is adjustable in
fixed calibrated steps, usually to a
1-2-5 sequence, together with
a continuously-variable control
which allows setting of any factor
between the fixed steps. The nor-
mal way of providing this arrange-
ment is by means of fixed attenu-
ators switched into the input

circuit. The accuracy with which a
voltage measurement can be made
is dependent upon the accuracy
of the attenuation ratio. A figure of
3%, or less, is usually considered to
be necessary when the oscillo-
scope is to be used for the making
of measurements, as opposed to
just the monitoring of a waveform.

Drift

Another characteristic of import-
ance in high-gain, d.c.-coupled
amplifiers is positional trace stabi-
lity, or ‘drift’. An appreciable time
may be required for such an
amplifier to stabilise after switch-
on: hence, the ‘warm-up’ period
required should be stated. The
warm-up having been completed,
the factors most influencing drift
are ambient temperature and line
voltage—the effects of changes in
both of these should be quoted. If
temperature and line voltage are
held constant, there is usually
some small residual drift remaining :
this is frequently specified for both
the short- and the long-term, in
units of pV/min and pV/hr. Long-
term drift is of little significance in
the majority of applications, since a
measurement rarely takes more
than a minute or two to complete.

Signal Delay

For oscilloscopes having a rea-
sonably wide bandwidth and likely
to be used for the display and
analysis of pulses, the incorpora-
tion of signal delay in the vertical
system is a necessity. In most
cases, the timebase is triggered
from the signal which is to be
viewed. The trigger circuits and
sweep generator take some finite
time to begin to deflect the CRT
beam (or, in some circumstances,
to turn it on), and this loss in time
has to be compensated for by a
slightly greater delay time in the
signal path between the trigger
pick-off and the deflection plates.
Without this delay, some part of
the leading edge of the signal
would be lost. A typical figure for
triggering delay might be 100 ns,
while the amount of signal delay
could be 120 ns—thus giving some
20 ns of lead time in the display. It
is clear that the need for signal
delay is greatest in the faster
oscilloscopes, in which a signifi-
cant portion of the time scale can
be lost at the maximum sweep
speeds. The method of producing
the required amount of delay can
be either a lumped constant delay
line, or a special-purpose delay
cable. The former is little used in
present day instruments, due to
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the complexities of its construction
and calibration; however, which-
ever technique is used, it must be
carried out with great care, since it
can be a major source of wave-
form distortion. It is probably true
to say that the quality of the
transient response is dependent
more upon the delay system than
upon any other part of the vertical
amplifier.

InputImpedance

The input impedance of an
oscilloscope is usually described
as a parallel resistance and capaci-
tance combination. The input re-
sistance is generally of the order of
1 MQ, and the capacitance typi-
cally between 15 pF and 50 pF. In
order to minimise the loading
effect of the input upon the signal
source, it is important to make the
input impedance as high as pos-
sible. At the higher frequencies, or
for fast-rising signals, the resistive
component becomes insignificant :
the input can then be regarded as a
capacitive load. For example, at
1 MHz the reactance of a 15 pF
capacitor is only 10.6 kQ—
obviously, this will have a much
greater loading effect than the 1
M Q resistance, and for practical
purposes the latter can be ignored.
Input resistance does become
important, however, when one is
considering the d.c. or low-
frequency loading of the oscillo-
scope ; thus, it is still desirable that
it should have a high value. In the
case of oscilloscopes which have
very wide bandwidths, the input
resistance is sometimes arranged
to match the characteristic im-
pedance of co-axial cable, 50 Q
being a popular value to use. This
is the best arrangement for very
high frequencies, since signals of
this sort usually exist only at the
very low impedance levels which
are encountered in co-axial cables.
The main disadvantage is that the
static input resistance to the
oscilloscope is also very low—thus
it becomes of limited use in low-
frequency, or other, more general,
applications. A way of overcoming
this drawback is to use an im-
pedance-matching device, such
as an active probe, to raise the
input resistance to a more ap-
propriate level. Such devices
generally afford very high input
impedance at the probe tip but,
due to their restricted dynamic
range, require the use of plug-on
attenuators for signals of even a
few volts” amplitude. Because of
these limitations, the use of low
input impedance oscilloscopes is
usually restricted to those applica-






