ADR-15A

Uctober 1, 1955

To: All TEKTRONIX Representatives
Froms Promotion Department

Subject: Dual-Display Oscilloscopes

"Dual-Display Oscilloscopes® was put together by John Mulvey to help
answer the questions of people who ask about this subject, These copies
are being sent in the hope that they will prove useful to you when you
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= DUAL-DISPIAY OSCILIOSCOPE3S

The simulteneous display of two or more waveforms on the screen of a
Cathode~Ray Oscilloscope is a simple technique for meking close comparisons
between different signals., Differences in time, amplitude or general wave-
shape can readily be appraised in this way. Most often it is sufficient to
make comparisons between waveforms one at a time, and so the need for more
than two displays at a time is not as great., This discussion, therefore,
applies primarily to dual displays, although the basic aspects of multiple
displays are similar,

There are two systems for providing dual displays. For simplicity they may
be referred to as the "dual-beam" system and the "dual-trace" system. There
should be little room for confusion with this terminology since "dual-beam"
distinctly describes one system, and "dual-trace" adequately describes the
other,

The dual-beam system involves the use of a special Cathode-Ray Tube having
two separate beams but only. one screen., This necessitates two entirely in-
dependent channels for at least the vertical deflection of each beam, and
often independent horizontal deflection is also provided.

The dual-trace system uses a "time sharing" principle wherein a conventional
CRT is used to alternately display first one signal and then another. Each
of the two systems has certain advantages over the other. The comparative
advantages and disadvantages should be known, and wherever possible, demon-
strated to anyone contemplating the use of dual oscilloscope presentations,

In the design of the dual-beam system, every effort is made to make the two
vertical channels exactly alike in every respect. For this reason the two
vertical amplifiers. are usually of identical design, and the characteristics
of the two sets of CRT deflection plates held to close toierances. This is
equally true of the two horizontal chermels whenever tnere are separvate hori-
zontal channels, Careful attention must be given to the equality of such
factors as deflection plate sensitivity, deflection plate capacitance, and
particularly deflection direction. If the vertical traces are not parallel,
or if the horizontal traces are not parallel, then no amount of circuit com-
pensation can effectively correct the inherent limitations on accuracy of any
comparison. In spite of any amount of care, the problem of making any two
things enough alike to be considered identical is an imposing one, Even
amplifiers of identical design do not perform identically, especially with
regard to phase shift in the region of high frequency roll-off, For these
reasons, a dual-beam system usually is not adequate when it is desired to
make the most exacting kind of comparisons between two signals. The degree
of accuracy possible on any particualr instrument can readily be judged by
trying to superimpose two displays of just one signal and noting any differ-
ences, The signal should be typical of the most difficult type to amplify
that is likely to be encountered, such as fast rising pulses or squars waves.

The dual-trace system employs only one conventional CRT, only one main amp-
lifier, and only one sweep circuit, Since they have but one identity, they
of course respond in identical ways each time they handle any sipnal. Such
a system, therefore, is simpler to design, and for a given standard of pre-
cision measurement can offer much more for the money than an instrument with
several duplicated sections, At this point some of the limitations of the
dual-trace system should be pointed out,
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In the first place, the dual-trace system is incapable of making a dual dig=-
play of a very fast transient when such a transient occurs only once. This
might be said to be because the system, being a time sharing arrangement,
does not have enough time in which to write two displays. Although somewhat
true in principle, this explanation is not entirely adequate.

There is only one operating mode in which the dual-trace system will permit
the capture of two aspects of a transient (or two simultaneous transients)
that occur only once. That mode is commonly called the chopped mode, and
indicates that the two signals are being displayed alternately during the

one sweep. This results, for single sweeps, in the two displays consisting
of short dashes instead of solid traces. How closely these dashes are spaced
in any trace will govern how nearly solid it will seem, or in other words,
how well delineated the two displays actually are. A fast chopping rate,
therefore, permits the best delineation, and the faster the rate the shorter
the single transient may be before i1t will no longer be adequately delineated.
A 100 k¢ square wave sweep-chopping signal permits either input signal to dis-
play for about 5 microseconds before switching to display the other input; a
complete switching cycle taking 10 microseconds. Therefore, a chopped sweep
that took one millisecond to traverse the whole screen would consist of two
displays each having one hundred plots (or dashes) in it, For most purposes
this would provide more than adequate delineation, since single transients
are usually photographed and the space between dashes can be easgily imagined
or traced in. Transients faster then one millisecond or so, however, could
not be compared carefully at this or a slower chopping rate. Two factors,
incidentally, which limit any chopping rate are: (1) How "clean" the chop-
ping square-~wave is, and (2) how good the transient response is of the
amplifier being switched.

No such limitations as the foregoing need apply to the study of repetitive
waveforms. OSwitching can be done at a rate low enough to allow bhe signals
to display for entire sweeps. The best method is one which switches inputs
during the retrace intervals, thus avoiding the spurious patterns of the
switching transients themselves. With this method of presenting entire un-
interrupted sweeps, much faster sweeps may be used than with the chopped
sweep mode; the only limit being the fastest sweeps provided in any given
instrument., Clear synchronization of two entirely independent and dissimilar
waveforms is possible in this mode by triggering internally from the alternate
vertical signals as they are permitted to go through the main amplifier. On
the other hand, triggering externally from just one of the two input signals
(or any signal associated directly with it) permits very exacting time or
phase comparisons of the signals.

Dual-trace displays have some additional drawbacks of a rather minor naturee
Cne is that trace flickering can occur more often. When using the alternate
sweep mode, it can occur at sweep repetition frequencies up to twice the fre-
quency where it occurs normally; say 50 cps instead of 25 cps. This is easily
overcome by using the chopped sweep mode, provided the sweep chopping rate is
fast, Another drawback can be that trace intensity will suffer (imder con-
ditions of low sweep-duty cycle) for cathode-ray tubes having equal writing
rate capabilities, CRT acceleration voltages offer a rough clue to the writing
rate comparison between cathode-ray tubes,

In summation, it can be generally said that a good dual-trace system does the
better job of displaying two repetitive or cyclic waveforms and that the dual-
beam system is required where it is necessary to display two very fast non=-
repetitive transients. It should also be added that in some instances it may

be desirable to display the two waveforms on sweeps that are not_of the same
speed, and that the dual-beam system is usually required when this 1s necessarye
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