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Fig. 2. Digital signals (a) are composed of harmonically related sinusoids (b).

Accurate oscilloscope displays require adequate bandwidth to include higher-
order harmonics.

multiples of the fundamental (15
MHz, 25 MHz, 35 MHz, etc.) and
that their amplitudes diminish with
each successively higher multiple.

Higher-order multiples of the
clock frequency are the harmonics
that give the clock pulses their cor-
ners and fast transitions. If youusea
scope that has too low a bandwidth,
you basically filter out (attenuate)
these higher harmonics and their
contribution to pulse shape. A high-
er-bandwidth scope, as indicated by
the response curve in Fig. 2(b), pre-
serves more harmonics of the clock
signal, or any other nonsinusoidal
signal for that matter.

When dealing with digital signals,
it is often more convenient to think
in terms of scope risetime, rather
than bandwidth and signal harmon-
ics. Risetime indicates how fast the
scope responds to an ideal voltage
step. As a rule, a scope’s approxi-
mate risetime is related to bandwidth
by Ty = 0.35/BW, where T is rise-
time and BW is bandwidth in Hertz.
Thus, a 100-MHz scope has a 3.5-
nanosecond risetime.
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Time Measurement Accuracy

Risetime Ratio Approximate % Error

(Pulse:Scope) in Time Measurement
7:1 1
5:1 2
3:1 5.5
2:1 12
1:1 40

Scope Ty = 0.35/scope bandwidth

Also, as a general rule for accurate
time measurements, you should use a
scope with a risetime that is at least
five times greater than the risetime of
the pulse you are trying to measure.
Thus, a 3.5-nanosecond scope pro-
vides best accuracy (less than 2% er-
ror) on time measurements up to
about 17 nanoseconds. But this can
be pushed, as indicated in the Table,
if less accuracy can be tolerated.

For accurate measurements, it is
important that the bandwidth and
risetime specifications be to the
probe tip. Because this is not always
done, some scopes are specified only
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to the input connector. A high-band-
width scope is of questionable value
if its bandwidth cannot be carried to
the probe tip, down to what you are
actually measuring. To be able to do
this requires probes that are matched
to the scope. It is a common mea-
surement error to ignore this impor-
tant link.

It is also a common measurement
error to fail to compensate the
probes before making measure-
ments. Compensation is usually
done with a screwdriver or twist ad-
justment on the probe. It must also
usually be done at scope settings
specified by the manufacturer. The
effects of an uncompensated probe
are shown in Fig. 3. Using an uncom-
pensated probe can result in ampli-
tude or risetime measurement €rrors.

Isala0or Two or None?

Selecting a good scope is the first step
in making measurements. Putting it
to proper use is the next step.

For example, in measuring digital
signal amplitudes, it is important to
recognize the type of signal being
dealt with and to use proper scope in-
put coupling. Figure 4 shows three
typical signal types—bi-directional
(a), uni-directional (b), and uni-di-
rectional with offset (c). Without a
zero reference, uni-directional sig-
nals are indistinguishable from bi-di-
rectional signals. So it is important
to, first of all, establish a 0-volt base-
line on the scope display. This is
done with the scope’s triggering set
to ‘‘peak-to-peak auto’ and the
probe input coupling switch set to
ground. The resulting 0-volt display
is then vertically positioned to a con-
venient scale line on the scope screen.
Then probe input coupling is switched
to the setting (ac or dc) for the signal
to be displayed.

For most logic signals, dc coupling
is the best setting. If ac coupling is
used, uni-directional signals will
have their d¢ component blocked
and will appear as bi-directional sig-
nals. Even worse, any amplitude

March 1987 / MODERN ELECTRONICS / 17

WWW.americanradiohistanscam



www.americanradiohistory.com

WwWWWwW.americanradiohistorv.com


www.americanradiohistory.com

P

Féa e Bt W -~ LS .

Fig. 6. A modern oscilloscope provides menu selection of measurements (a) and shows results on-screen (b) with
readout and automatic cursor placement (dotted lines).

measurements will be ambiguous,
since the signal is shifted from its ac-
tual dc baseline. Dc coupling, on the
other hand, preserves the signal’s dc
component.

The importance of accurate ampli-
tude measurements is further em-
phasized by considering the shaded
‘‘undecided’’ zones in Fig. 4. For ex-
ample, if the logic signal in Fig. 4(a)
is being loaded down or attenuated,
it may not transition far enough to
solidly pass the decision zone and be-
come a solid logic 1 or 0. The signal
could look like a valid logic signal,
but its low amplitude could result in
ambiguous detection of logic levels.
In Fig. 4(b), low amplitudes could re-
sult in detection as all zeros. In Fig.
4(c), too much offset could result in
an all 1s detection.

When troubleshooting logic cir-
cuits, it’s not enough to just look at
the signal and say, ‘‘yes it’s there.”’
The amplitudes must be measured to
ensure that they solidly pass the 1/0
decision levels. Does the signal have
sufficient peak-to-peak swing, or
+peak, or —peak swing? Is there
offset? Should it be there, and if so,
is the offset value correct?

The definitions for these measure-
ments are shown in Fig. 5. Typically,
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the measurements are made by
counting divisions from the baseline
and multiplying the count by the
scope’s scale factor readout. Modern
oscilloscopes, such as the Tektronix
2246 GPS (General Purpose Scope),
simplify this process considerably.
As shown in Fig. 6, the 2246 GPS
provides pushbutton selection of
measurements from an on-screen
menu. When a measurement is se-
lected, the 2246 automatically keeps
track of where the zero baseline is
and makes the selected measurement
with a built-in waveform voltmeter.
The measurement result is displayed
in the on-screen readout and is indi-
cated on the waveform by automatic

placement of measurement cursors,
—the dotted lines in Fig. 6(b).

The measurement cursors shown
in Fig. 6(b) can also be manually po-
sitioned on-screen to measure the
voltage difference between any two
amplitude points. This is useful, for
example, in checking digital signal
noise margins. By placing the cursors
at the logic decision levels, you can
easily observe whether noise, ampli-
tude drift or signal aberrations are
crossing the threshold and causing
false ones or zeros (Fig. 7).

IsItallIn Time?

Measurement cursors offer the same
convenience in making time mea-
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Fig. 7. Cursors can be manually placed for amplitude measurements, or (as
shown) can be used as amplitude markers for observing noise violations.
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