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necessary 5o that the trace is not crased by transient conditions that occur when
switching off or on.

If the voltage corresponding to point G is made more negative than the
brightness cut-off point X, it will take longer for the target to charge to point F,
hence the rate of rise of the background is reduced. However, the more negative
point G the greater must be the charge given to the target by the writing beam,
therefore the writing speed is reduced {for a given beam current).

There can be an intermediate stage. [f the flood-gun beam is reduced there
will be fewer positive ions produccd, and it will take longer for the ions to upsct
the charge on the mesh. Naturally, the brilliance will be reduced since there are
fewer clectrons to fall on the phosphor screen. Thus onc can trade bnlhance
for storage tme. This usually is not donc by reducing the steady flood-gun
current but by pulsing it on and off, and varying the ratio of the on-10-ofT
periods. As the off period is increused the number of flood-gun electrons arc
reduced This reduces the number of positive ions and the rate of charge of
targel. but also reduccs the brightness of the display. By this means the display

.time can be increased by, say, a factor of 10, but with 7, ol the brightness.

A rather complex pulsc s applied to erase the trace, as in figure 16 8. First.
the target mesh is made positive (V) above the first crossover point A (say
-+ 200 V) 5o that all parts of the mesh charge up la the stable upper point 1.
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{This 15 cssential becuuse some parts of the sereen may have been charped by
the wniting beam above A to the upper stable point D). The pulse may be
of 20msduration The voltage s then reduced to voltage V,, which is below that
of the flood-gun cathode and removes any positive jons in the arca of the
mesh (for, say, 200 ms). The mesh is now given a small positive voltage V, (say
+8 V), asalready explained. This causes the target to charge to the lower stable
point F. This may have a duration of 600 ms. The voltage is then reduced to a
small positive voltage V, (say +2 V) which takes the target to point G. and

. the screen is ¢ut off ready for writing another trace. During Lhis erase process
the ¢.h.t. to the phosphor may be removed so that more flood clectrons are
available to charge the target.

If the tube 15 required 1o record an uncontrolled transient it can be placed
into another condilion, sometimes called AUTO. Until the transient occurs the
flood gun is off and the background remains dark, the target remaining at point
G When the transient occurs the trace is written by the writing beam and the
flood gun then automatically switches on to give a display. Alternatively, the
flood gun can be maintained off, and when required it can be switched on
manually.

The tube can also be operated as a variable persistence tube (similar 1o a
long afterglow (ube) with a persistence time from, say, 1 second to | minute.
This can be most usclul when viewing low-frequency phenomena. The Lube is
written in the normal manner, but is subject to short duration erasc pulscs.
Shert duration (approximately I ps) pulses of small magnitude, say 8 V, arc
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applied to the target mesh. During the penod of the pulse the target is taken to
a potential corresponding to F, or above, and hence collects electrons, which
tend to cancel the positive ions collected during the remaining period. Thus
the background is charged buck towards G, and the background does not
come bright as is normal. The written portion being more positive will collect
more clectrons; it is also charged towards point G, i.e. it tends 10 be erased.
For long persistence time the pulse rate is low, say 1 per 15 millisecond, but by
increasing the pulse rate (o, say, | per millisecond the persistence is reduced Lo,
say. 1 second.

This may be used to examine repetitive waveforms, with superimposed
random noisc. The noise wiil decay rapidly, but the repetitive signal will remain
relatively bright and frec from noise

The tube can also be used as 4 normal oscilloscope, the flood gun being cut
ofl and the ¢ h.t. may also be reduced. The storage mesh is given a negative
voltage. say — 30 V. In practice one would not normally use the tube regularly
i this manner owing 10 its cost. e

The storage tube 1s very expensive, 1s somewhat fragile, and necessitates care
50 that the larget is not burnt by a bright stationary spot. Its life (ends to be
shorter than that of a normal tube. The writing speed 1n the storage mode is
not so high asa normal tube, say 1 cm/ps, depending on the tube and the Rood-
gun current. The big advantage of the transmission-type storage tube is 1ts
bright trace, which is due to the fact that the flood-gun clectrons which do get
through the mesh are aceelerated by the high phosphor voltage, e.g. 6-7 kV.

TRANSFER TRANSMISSION STORAGFE, TUBE

A difficulty with storage tubes is getting a high enough writing speed. As
already mentioned, the storage time of a transmission tube is limited by the
gradual increase of the background due to the positive ions that are collected
by the target mesh. For 4 given beam current and writing speed (i.e. number of
clectrons falling on a particular clement of the mesh or the charge given 1o the
mesh) the vollage change will be greater if the capacitance of cach clement is
reduced. Thus, by modilying the mesh structure 1o give a low capacitance
between the insulated portions and the conducting mesh the writing speed will
be increased. However, in the same way, the positive ions will also cause a
greater change of volluge und reduce the storage time Thus high writing speed
can be traded for storage time, bul obviously at some stage the storage time
will be too short 1o be of any use To avercome this Tektronix manufacture 1
tube with twa storage meshes; a fast one (1.e. nearer to the writing gun) with
low capacitance, and a slow ovne next 1o the phosphor screen. The trace is
written on the high-spesd mesh (about 100 imes fuster than the slow mesh)
and within a period ol 01 sccond alter the writing on the fast screen the image
is transferred 10 the slow screen. This gives a long viewing time but, of course,
at the high writing speed scitled by the first mesh. Improved speeds are possible
by increasing the accelerating vollage (which increases the secondary emission
ratio) and by reducing the size of display.

To muke the transfer a very high voltage pulse is applied to the sccond target
(slow speed) wilh the ¢tect that the flood- gun electrons naw pass through those
portions ol the fast turget (similar 1o the operation of a normal transmission
tube). These ast electrons “write’ the display on 1o the slow target as with a
normal beam. The second turget is operated in the bistable mode, as already
explained. After the pulse the second turget is restored to its normal working
voltage; the lirsl target is made positive so thal Mood-gun clecirons can now
pass through. and the second target then operates as a normal bistable targel.
Since the target operates in a bistable mode the display can be vicwed for a long
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period without deterioration, the high voltage on the aluminized screen giving
a bnght trace.

By erasing the trace on the fast target it is possible to produce multiple dis-
plays, which arc written on the slow bistable target. The second target can be
used normally as either a bistable or half-tone storage, the fast target now being
connected to the collector mesh and so has a negligible effect. This special type
of tube will give storage writing times of 1000 cm/us.

DIRECT BISTABLE STORAGE OR BISTABLE PHOSPHOR
STORAGE OSCH.LOSCOPE

This is manufactured by Tektronix and does not have a transmission type
storage mesh. The basic construction is shown in figure 16.9. The tubc has a
writing gun G, and flood guns G, as in the transmission tube. The screen
cansists now of a phosphor coating S which acts as the target, and 4 transparent
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FIG 189 PRINCIPLE OF DIRECT BISTABLE STORAGE TUBE
hackplate B which acts as a collector. The storage target layer consists of a
large number of insulated elements of phosphor. Although the phosphor
maleniat is basically the same as on 1 normal tubc. the phosphor layer in this
type of tube 15 critical. [t must be porous so that particles are insulated {rom
cach other, and so that the backplate can collect the secondary electrons
emitled. As previously, the cathode of the flood guns will be taken as the refer-
cnce voltage. Suppose Lhat the storage target layer is at a voltage below the
first crossover point A of figure 16.3 and that only the flood gun i1s operating
The electrons from the flood gun will charge the target elements in a negative
direction 10 point F slightly below the potential of the flood-gun cathode.
Thus, assuming perfect conditions, no further clectrons will reach the target
and there will be no glow from the screen. I the writing gun is now operated the
clectrons from it will strike the target at a high velocity because the writing-gun
cathode is at several kilovolts negative with respect to the flood-gun cathode.
(The clectron density of the writing gun is very high compared with that of the
flood gun). These writing clectrons will cause the screen to glow in the normal
manner and produce a trace. However, if they are m sufficient numbers they
will also charge the parts ol the targel they hit In a positive direction above the
first crossover point A towards point D. Any part charged above point A will
now collect flood electrons and it will be charged to the upper stable operating
point I, which is approximately equal to the voltage on the backplate which
acts as a collector. Thus, those parts written on by the writing beam are at
potential D, say + 300 V. and will attract flood-gun electrons and will glow.
The unwritten parts will remain at roughly flood-gun cathade potential and
repel electrons. This 1s shown in figure 16,10, Where the clectrons bombard
the written poruion, so causing fluorescence, secondary electrons are produced
(see figure 16.3) equal to the number of primary electrons (so that the Larget re-
mains al a fixed potential). Thus an image of the trace, produced by the writing
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gun, results and will continue theoretically so long as the floed gun is on. In
practice the time moy be up, say, (o 4 hours. To reduce bombardment of the
screen by 1ons a mesh may be placed in front of the target, und is made lhe.
most posilive clectrode. The mesh is placed a few millimctres away from the
larget,

[L1s important to note that any part of the target is either at point F or point
D (figure 16.3), and so there is no half-tone; the screen 1s either lit up or not,
hence the name “bistable’. If the writing beam moves the target above peint A,
the lood beam will charge it up to point D; but if the writing beam docs not
take it up to point A the flood beam will charge it in a negative direction to
puint F. The higher the wnting beum current the higher the charge given w the
targel, hence the faster the writing speed. .

To erase the trace a voltage waveform, as in figure 16.11, is applied to the
backplate. The positive portion raises the potentiat of the target, through the
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FIG 16t ERANEF WAVEFORM FOR BISTABLE TUBE

capacitance, above point A and the whole target is writlen by the flood gun,
e taken to point D. The negative portion takes the target below point A and
the target s charged by the flood gun 1o point F. As the potential on the back-
plate stowly nises, the target potential tends (o rise with iL; but provided the rise
is not too rapid, the flood-gun electrons falling on the target maintain the
potential below point A, and at the end of the pulse it is charged to pont F
ready for the writing of another trace.

Some imprevement in writing speed can be obtained by using an ExHANCE-
MENT control. If the writing beam is not sufficient to charge the target above
point A then, if nothing clse happens, the flood gun charges this portion of the
targel back lo point F and there is no trace. The idea of the enhancement is to
apply a positive pulse of suitable amplitude to the backplate (or 2 negative
pulse to the flood-gun cathode in some cases, which has the same effect), this
pulse being applied after the trace. Suppose that the writing beam takes the
target to point R (figure 16.4), i.e. below point A. If a positive pulse is now
applicd 10 the backplate nerore the flood gun has a chance to charge the
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written portion in a negative direction {and the pulse is large enough) 1t will
take this portion of the target above point A. The flood gun will now charge
this portion of the target in a positive ditection 1o point 1D and writing has
occurred. Provided the pulse ts not too large the remainder of the target will
remain below point A, and will be charged back 1o point F after the pulse.
The mechanism 1s rather more involved and the magnitude and duration of
the pulsc are important. If the pulse is too large it will take the whole target
above point A and the whole target is written. The magnitude of the pulse
can usually be varied to give the best results.

Another method of cffectively gwmg a faster writing speed, but applicable
only to repetitive traces, is called the ‘INTEGRA TE mode’. In this case the Aood
gun 1s cut off during several scans of writing. Thus the first scan of the writing
beam may charge the target to pownt R (figure 16 4) and as there are no flood-
gun clectrons it will stay at this potential. The next scan will be additive and
_May charge it above point A. 1f the flood gun is now switched on the electrons
) will charge this part of the target in a positive direction to point D, Hence,
writing has been obtained by a writing beam which was not large cnough to
charge the target sufficiently in ong scan.

Tektronix make a bistable storage oscilloscope with a split screen. The
6 x 10 cm screen is divided into two portions measuring 3 x 10 ¢cm. Each half
can be operaled as a conventional or storage oscilloscope independent of the
other half, which is particularly uscful when two traces are produced by using
a swilched beam. One half, for example, can be used to store a reference trace
while parameters of the circuit are changed and the trace shown on the other
half in the normal way.

Erasure can be manual, or automatic erase can take place a predetermined
time after a single trace has been written, the timebase being tnggered only
once until erasure takes place. The normal maximum writing time is of the
order of 0-5 ¢cm ‘s and up to 5 cm;ps in the enhance mode. This type of tube 1s
stmpler, more robust and cheaper than the transmission tube. Split screen
construction is not practicable in a transmission type tube. However, the
brightness of the stored trace is much less than that of a transmission tube
owing to the low voltage available to accelerate the food electrons to the screen
(hundreds of volts instead of, say, 6 kY as in the transmission tube). The display
15 a bistable one and has no half-tones, i.e. there is only brighiness of fixed
value or darkness. This makes photography rather casier as there are only
these two fixed levels. In practice there 1s some slight glow from the back-
ground. depending on the voltage applied to the backplate. The higher the
voltage on the backplate the brighter the trace, but the brighter the back-
ground. The actual operation of the target 1s complex duc to some leakage

.lhrough the insulation of the phosphor from the backplate

The clectrical performance of the starage oscilloscope such as bandwith,
and imebase facilities, has little to do with the storage facilities, and hence these
are similar to those of normal oscilloscopes and in the similar manner can vary
considerably. In some cases the same plug-in units can be used as with the non-
storage oscilloscopes.

TRANSIENT RECORDER

This equipment 1s included here as it performs a function similar to a storage
oscilloscope. The signal fed to 4 storage oscilloscope is an analogue signal
which is stored as such on the mesh. It would be convenient to have an analogue
store where a transient could be fed into it and the information stored. If the
information could then be fed out at a slower or faster rate it could be displayed
on, say, a normal oscilloscope, particularly if a repetitive output could be
obtained. A tape recorder is. of course, an analogue storage device, but of
limited use for storage of transicnt wavcforms, The idea of the transient
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recorder is to converl the analogue information into digital information using
an analogue-to-digital converter (A:D converter) and then store the informa-
tion in a digital store. This information can then be recovered and fed out at
any speed using a DyA converter. The output can also be repetitive, and henee
displayed as a continuous waveform on a normal oscilloscope.

Transient recorders of this type are made in this country by Data Laborator-
ies Ltd and are intended to feed a normal oscilloscope. The output can also be
fed to an X-Y recorder, tape punch or computer, but such applications wilt
not be considered. Three models are at present produced : one going from d.c
to 100 kHz: one from d ¢. to 3 MHz: and one to 20 MHz. The controls are
similar to those ol an oscilloscope and the input has a similar input impedance -
1 M£ 48 pF. The sensitivity is controlled in 1, 2, 5 sleps Itom 0-01 V 10 50 V
full scale (depending on the model), and the input may be d.c. or a.c. coupled.
Triggering arrangements are generally similar to those ol an oscilloscope and
may be internal or external. The timebase arrangement Is similar to that of a
dual timebase oscilloscope, there being two sweep speeds set by two controls
A and B. The sweep speeds are such as wo produce a total sweep time of 200 ps
to 10's. There is also a digital delay control. The recorder mav be used in three
ways:

(#) Delayed Sweep. In this case the delay is used to give a delay between the
trigger pulse and the start of the sweep. At the end of the sweep (settled by the
number of samples that can be stored) the recorder changes to the display
mode and leeds the oscilloscope. In the single-shot mode further tripgenng
does not oceur, and in the continuous mode further triggering cun be prevented
for a period determined by the B sweep.

(b) Swilched Sweep. A trigger pulse now starts the recording at a rate seitled
by sweep speed A for a time settled by the delay control. The remaiming
information is stored at a rate scttled by the sweep B. This corresponds to the
normal mixed sweep trace. However, unhke a normal oscilloscope the speed
of ime sweep A can be faster than B. This is useful for showing the nise time of
a transient that has a long tail, :

(c) Pre-triggered Recording. This is a useful facility. It saves delay lines ete.,
and enables a signul 1o be obtained prior to and alter triggering. The recorder
is started and records information continuously al a rate setted by sweep
control A, and the memory is filled up with information before the trigger
pulse. The number of pre-tnigger samples 10 be kept is determined by the
delay control. When triggering occurs the remainder of the store s filled up
with information taken after triggering,

The stored signal is fed to a normal simple oscilloscope and may be expand-
ed with x5 und x 10 controls provided. together with X and Y position con-
trols The display can also be inverted. The display time is 1 ms. The recorder
uses g 1024 MOS digital memory {(in the two lower [tequency models), which
15 fed from a 5 MHz K-bit analogue-todigital converter. The number of
samples taken and displayed is 1000

Oscilloscopes using this principle are manufactured in America. It would
appear that such devices will become more important, particularly if the cost
can be reduced which is very likely as the cost of converters and stores 1s
decreasing, This type of recorder is very versatile and can be used for recording
high-speed transients (within the imits of its frequency response), and also
slow-speed transient information. Both can be displayed as a continuous
display on any simplc ostilloscope. A digital storage oscilloscope is now
produced by Gould Advance Ltd.
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Sampling Oscilloscopes

SAMPLING oscilloscopes are also complex instruments and again only the
basic principles can be considered.

The two basic types ol sampling oscilloscopes arc.

(a) Those using equivalent ume sampling or non-real time sampling.

(b} Those using rcal time sampling.
Both work on the same principles, but it is convenient to consider them sepa-
rately, and type (a) will be taken first.

(3) EQUIVALENT TIME SAMPLING

As the frequency of the signal to he examined gets higher there comes a
limit which Y-amplifiers cannot be constructed to reach. This limit has
increased over the years and at the present time (1975) 1s around 500 MHe.
Perhaps even morc important is the rise time. In Chapter 4 it was shown that
there was a relationship between the maximum bandwidth (in this case,
maximum frequency, —3 dB point) of operation of an oscilloscope and the
rise time, This was

nse time x bandwidth = 0-35

ience a 500 MHz oscilloscope will have a risc time of about 0-35/500 ps =

0'7 ns. It was pointed out that 1o avoid large errors in the measurement of the
risc time of a signal, the rise time of the oscilloscope should be small compared
with that of the signal. Thus, without the use of a sampling oscilloscope one
1s limited (at present) 1o about these figures. By connectling directly to the
plates of the tube it is possible to go up 1o about 1000 MHz (1 GHz) but, of
course, a relatively large voltage 1s then required, so this method is limited.

By using a sampling oscilloscope it is possible to catend the bandwidth to,
say, 20 GHe (20,000 MHz) with risc time of the order of 20 ps {1 pico second
(ps) = 1072 ns), which is 4 great advance on the performance of a normal
(real time) oscilloscope.

A sampling oscilloscope can be used only on a repetitive waveform, and the
idea 18 to measure the magmatude of the waveform at a certain instant on the
first cycle. On the second cycle it is measured at another instant, and so on.
If sufficient instants or samples of the amplitude are taken they can be dis-

199



200 THE CATHODE-RAY OSCILLOSCOPE

o
./‘
Y

L__ 1ns elive e .

4y attual 1Te

IG 171 PRINCIPLE O SAMPLING OSCILLOSCOPE

played on an oscilloscope of very limited bandwidih. This is shown in figure
17.1. For simplicity, in both the explanation and the diagram it is assumed
that a sample is laken from each cycle. This is not normally the case as the
sampling [requency 18 quile low, say 100 kHz, hence sampling only occurs
every X cveles where x may be large when the input [requency s gh Agiin
for simplicity it will be assumed that a sample is taken during each ¢vele of
the waveform. Consider an input frequency of | GHz (1,000 MHz) and hence
the time of 4 cycle 1s 1 ns (1/1000 = 0-001 ps). Al instant A 4 measurement
of the magnitude ¥, of the wavelorm s taken over a very short period of
time The voltage measurement is displayed on an osalloscope with, say,
a total timebase sweep lime of 8 ns. On the next cycle of the signal a saimphe 15
taken at B, which is slightly morc than [ nsin ume [rom A. Let this amplitude
be y, This is displayed on the oscilloscope as y; again approximatcly | ns
from y, or approximately §th along the X axis, since the total X deflection
time is B ns, This continues to point H and a complete cycle has been displayed
on the oscilloscope as samples (in practice, as a serics of dots similar o those
shown) Only 8 samples have been used in order to simplfy the figure. It 15
important Lo note that the actual timehase sweep time of the oscilloscope is
& ns, but the trace indicates a wavelormn having a cycle time of only | ns. Thus
the waveform is shown in non-real time or eguivalent time. In fact, the timebase
sweep selting would show a total sweep time of | ns (0-] nsfdiv with 10 divi
sions). Thus the timebase time/div control shows the equivalent time and o
the actua) limebase speed. In practice this ratio is much greater than in this
example.

There are two methods of sampling:

(i} That shown. known as sequential mode sampling, in which the samples
follow onc another, the second being slightly later m the ¢yvcle than the
first.

(i) Random mode sampling, i.e. the samples are taken al random.

The basic principles of the two mcthods are the same. Sequential sampling

will be assumed for the present: the advantages of random sampling will be
cxplained later.

(i) Sequential Mode Sampling
Perhaps the first query might he: Why can we take samples in this way
for a time which must be a fraction of the cycle time of the signal and yet




SAMPLING OSCILLOSCOPES 201

cannot amplify the signal directly? The answer is that it is possible to use very
high speed diodes in a gate for sampling; these will operate at a frequency far
beyond that possible by a transistor amplifier.

At least two methods may be used for taking and displaying the samples —
numely apen cycling sampling and error sumpling feedback system.

The basic idea of the open cyele sumpling system s shown in figure 17.2
R, represents the internal resistance of the signal source and D, s the fast
sampling diode. This diode is normally reverse biased by the positive voltage
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fed through R, and a normal signal is not sufficient to tum it on. Very short
duration positive sampling pulses are fed through C, which are large enough
to turn on the diode. However, the voltage fed to the diode is the algebraic
sum of the magnitude of the input signal, at this instant, and the magnitude of
the sampling pulse (constant). Henee, the actual amphtude of pulse developed
across Ry will depend on the magnitude of the signal at the instant of sampling.
Thus the pulses fed to the amplifier are amplitude modulated by the input
signal. The amplifier serves two purposes; it increases the amplitude of the
pulse; but it also increases the Jength of them Lo, say, | ps. This type of amph-
fier is commonly referred o as a ‘stretch amplifier’. The pulses are then fed
into what is called 'a memory’, which produces an approximatcly square
s pulsc proportional to the magnitude of the pulsc into the amplifier {and so
propartional to the signal amplitude at this instant). and of duration. say,
ps. This is fed to the Y-plates of the tube to give the Y-deflection. During
this period the tube is unblanked (by a pulse derived [rom the sampling pulsc)
$0 as to produce a dot on the screen. As will be seen later, during this period
the X movement is stopped and so a spot is produced and not a shart line. Al
the end of this pulse the memory is reset ready for the next pulse. In this way a
series of dots are produced representing the input waveform.

The basic idea of the error sampiling feedback svstem is shown in figure 17.3.
When a sumpling pulse is applied to the gite, at A, the gate is closed, and hence
the signal applied 1o the capacitor C,. This capaciter. C |, will churge through
R, (which represents the internal resistance of the source and of the sampling
ctrcuit) and ideally it would charge to the input voltage at this instant. How-
ever, the ime of gate closure is too short, and it may only charge 1o {sth of the
input voltage. This 15 known as the ‘sampling efficiency’ and in this case is
only 10%,. When the next sample occurs at B the input voltage is greater,
and the capacitor s charged to a higher voltage. but again the chinge of
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voltage will be only 10%, of that between the two samples. To correct this low
sampfmg efticiency a fecedhack system is used, and is shown in figure 17.4.
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The vohtage across C, is amphified by the a.c. amplifier which also stretches
the pulses in length. These are then fled 10 the memory arcuit through a
memory gale, The memory gale is opened for a longer periad than the sampling
gate, but fed with pulses derived from the pulse generator feeding the sampling
gate. There is feedback from the memory to the gate output through an attenu-
ator. The idea 1s to feed back a signal 1o C, [grom the memory so that it s
charged 10 the value of the input signal. Suppox that the input signal is
0-1 V and that the sampling efficiency is 20%. In the absence of feedback, this
will produce a voltage across C, of 001 x 0-2 = 0-002 V. This is umplified, say,
to 2 volts in the memory circuil. The attenuator is sel so that the voltage ed
back raises Lhe voltage across C) to 0-1 V. Thus, when the second sample is
taken the capacitor has a voltage equal to that of the signal when last sampled.
The loop gam must, of course, be correct as otherwise C, 15 not charged
sufficiently or is overcharged. Lk

The gawn of the a.c. amplifier is made variable (in sleps) so as (0 give differe
sensitivity ranges, and so the attenuator must be coupled to this scnsllwnl
control to maintain a constant loop gain. Sy

When the next sample is taken the same action takes place. The voltage
across the memory circuit is increased or decreased (it 1s not reset 10 zero
between samples) in the same way as the input changes at the instamt of
sampling. The output trom the memory feeds through suitable amplifiers o
the Y-plates, giving the vertical defiection. As in the previous case the tube is
unblanked to show a dot.

As in any other oscilloscope some means of tnggering is required, which
may be from the signal or from an external source. The actual arrangements
for triggering are involved, and vnly basic principles are considered Again,
assuming that a sample is taken from cach consecutive cycle, the sampling
pulse generator must be triggered by the signal (or externally) in a similar
way to a normal oscilloscope. The sampling pulse generator is a complex
¢ireuit required to produce the very short sampling pulses. It aiso has 1o pro-
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ducc other pulses, etc. Depending on which system is used it must provide
reset pulses or memory gating pulses. It must also be arranged that the next
sampling pulse is delayed slightly on the first and so on, until the whole wave-
form has been sampled. At the end of the sweep the process starts all over
again. It must also operate in conjunction with the horizontal limebase or
sweep generator. The sweep gencrator is not a sawlooth or linear ramp
generator as in a normal oscilloscope but is a staircase generator producing a
waveform as in figure 17.5. Thus the horizontal motion of the Spot Is in steps
or jumps. During the period when the voltage is constant and the horizontal

.
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FIG 115 STAIRCASE SWEEP WAVEFORM

motion is therefore zero, the sample is displayed by unbianking the tube
Hence the sample spot is displayed. Between samples the spot moves rapidly
from one horizontal position to the next. It is this staircase waveform that
normally controls the operation of the sampling pulse gencrator circuit.
One method used is for the trigger circuit to start a fast ramp generator. The
output of this s fed into a comparator together with the staircase waveform,
As soon as the ramp voltage cquals the staircase voltage a sampling pulse is
produced.

A simplified block diagram is shown in figure 17.6. Consider the first step A
(figure 17.5) of the staircase waveform. The fast ramp generator, starting at X
{and assurning a positive ramp) will only run for a short time before it cquals

trigger fastramp | comparato—e] STaIrcase
cwcuit generakcr generator

" memory gate pulse
Samplig g | pLise Y gate pul
puise generdtor L— g unblenk ng pulse

FIG 176 SEQUEN AL MODE SAMPLING
this low step of voltage at A, hence the sampling pulse is applied at instant A
On the next trigger pulse the ramp gencrator will again start at point X. byt
will now have to run for a longer period until it reaches the voltage at B of the
staircase gencrator. Therefore, the sampling pulse (and other pulses) are
delayed and the sccond sample taken at a time corresponding to B. This
continues to the end of the staircasc gencrator waveform (when the spot will
be on the right-hand side of the screen) and the sweep gencrator is reset again.
Other methods of producing this result may be used bul will not be described.
Having considered the basic principles we will now consider the arrange-
ments in more detail. Sampling units are often made as plug-ins to normal
oscilloscopes, but the units must replace both the normal Y-amplifier and the
normal timebasc by the special staircase generator. The X and Y final ampli-
fiers of the frame are used, of coursc.
The actual sampling head, commonly containing lour diodes, is the vital
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part of the circuit which settles the nise tme and bandwidth. This may be
built in to the plug-in or a scparate unit. The latter arrangement has the
advantage that it can he placed next Lo the circuit under investigation and
there is less chance of distortion of the wavelform by the connecting leads o
the sampling head. The sampling unit is usually designed wath 30 € inpul
impedance for matching to 50 (} cables, but high impedance (1 MQ) ones are
available. Probes are also available. As the maximum reverse voltage of the
diodes is relatively small the maximum signal that can normally be apphied to
the sampling head is usually about 2 V peak-to-peak. It 1s important that the
maximum inpul is not exceeded or the diodes will be damaged. There is usually
an OFFSET control which applies a d c. voltage (posilive or negative) so that any
d.c. voltage on the inpul can be cancelled out. If the magnilude of this offset
voltage can be measured then il can be used to measure the d.c. component of
the input. There is ulso the normal VERTICAL POSITION control. As in a normal
oscilloscope there is a sensitivity control usually operating in sleps, also
there may be a variable control. The range may be 2 mV.div 1o 200 mV.div.
A control called SMODTHING is usually fitted which can be used 1o reduce
effects of noise but must be used with care or distortion of the irace can oocur.
It reduces the gain of the feedback loop.

It is quite usual 1o make dual sampling units similar te normal dual ampli-
fier oscilloscopes, the two traces being time shared hetween samples. Such
facilities as udding of the two inputs and subtraction by use of inverting switches
are common.

Turnmg now to the timebase unit, this varies considerably between oscillo-
scopes, but often has many of the fucilities (and others) provided by a normal
limebase unil. A sweep TIME DIv control is fitted and basically operates in the
same way as a normal oscilloscope. It may be calibrated Irom say 100 ps;div
10 | ns/div. However, this is, ol course, the EFFECTIVE himebase sweep speed
and noT the actual timebase speed which is quite low. A trigger level control
and polarity control is also common and operates in the same basic way except
that this is controlling the triggering of the pulse generator and the sweep
generator only indirecly A horizontal sweep magnifier may be fitted which
expands the horizontal trace in exactly the same way as a normal oscilloscope,
i.e. it increases the gain of the X-amplifier. Dual timebases may be used so
that a trace hy one timebase can be delaved by the other. A variable hold-off
control may also be filled.

Oftten the samples.div may be changed from, say, § 1o 1,000, the greater
the number of samples the less the dot structure. This controls the number of
steps in Lhe staircase waveform. Figure 17.7(a), {b) and () show the effeet of
increasing the samplesidiv. Diagram (a) is 5; (b) 1s 10; and (<) 15 50, These
wavelorms are at | MMz, the sweep speed (elfective) being 02 psidiv. The
effect of the number of samples is shown more clearly at (d) and (e). Both
these are taken with the horizonta) sweep magnifierat x 2,{d)having 5 samples;
div and (e} baving 1,000 samples/div.

There may be a TIME ExpPanDER control. This expands 4 portion ol the
waveform but maintains the same number of samplesidiv. Incorporated with
this may be a time delay control so that the actual portion of the waveform
being viewed can be selected. The cffect of the TIME EXPANDER is shown in
figure 17.7(f), {(g) and (h). These arc all taken with a MME/LIV setting of
50 ns/div and 20 samples/div. AL(D) the TiME EXPANDER is at x |, at{g) x Sand
at (h) % 20. In all cases the samplesidiv remain the same. Al (1) 15 shown a
680 MHz sine wavelomn using a Time; v of | nsidiv, 100 samples per division
iand x 2 ume expansion.

With a dual sampling umit lacilities are sometimes made to produce an
X-Y displav by using one unit on the X-axis and the other on the Y-axis.

As there s a delay in the operation of the triggering circuit, il the trigger
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circut s fed from the wavelform under examination then the first part of the
waveform will be missing (as in 4 normal oscilloscope with no Y-delay line).
This can be overcome by tripgering from a circuit that gives a trigger pulse
Just before the main waveform, if this 15 possible, Alternatively, the signal
may be delayed hefore being applied to the sampling unit by a suitablc delay
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FIG 17.2d)-4¢) 1 MHZ SQUARE WAVEFORM

line. There is always the possibility of distortion when using a delay linc, the
need for which can be removed by using random sampling as explained later.

When there is no triggering there 1s no display on the screen under normal
conditions, and one is not sure whether the trace is off screen vertically or is
not triggered. Some later units use an automatic timebase position which
operates in a way similar to that of a normal oscilloscope with an AUTO trigger
setling, i.e. it produces a horizontal line even when not triggered.

(ii) Random Mode Sampling .

Onuly the basic ideas of random sampling will be discussed. In sequential
sampling cach sample is taken a little later in the waveform, and the samples
appear in scquence across the screen. In random samplhing the sampling
pulses may appear in any order. Provided the correct X position is used it
does not matter in what order the samples are taken.

Consider figure 17.8 which shows two cycles of the signal under diticrent
sampling conditions. The random sampling pulses are produced by a rate-
meter around the instant of the signal (o be viewed. The trigger circmt wall be
operated at A, but on the first cycle the sampling pulse 1s at tme B [see (b)),
which is after triggering. This sampling pulse is used to sample the waveform
in the normal manner, giving Lthen a Y-signal, y,, which 1s stored in the memory.
This tngger pulse, at B, is now delayed by a fixed time T, as shown at (c). When
the trigger circuit is operated it starts what is called a “iming ramp’, as shown
at (). The value of this timing ramp. at the instant of the delayed trigger pulse,
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FIG 178 PRINCIPLES OF RANDOM SAMPLING OSCILLOSCOPE

15 obtained and stored. This value 1s x, ‘The two signals v, and x, are then
uscd to display a dot on the screen.

Now consider another cycle [figure 17.8(¢)], where the random sampling
pulse accurs at instant C [figure 17.8(0)]. which is before the trigger circuit
operates. This is used to sample the input waveform and obtain 4 value y,.
As before, this sampling pulse is delayed by the same time T as shown at (g).
Again this is used to measure or sample the timing waveform shown at (h
and produce a value x,. Again, ¥, and x; are used 10 place a dot on the screen.
The action continues, so building up the display. It is important 10 notc that a
sampling pulse may occur before. at the same instant as, or after the instunt of
triggering, Thus the oscilloscope is able to display the whole of the waveform
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before and after the trigger point, and so there is no need for 4 delay linc as
with sequential sampling.

Some of the random pulses when delayed may be outside the display
limits X and Y, und are unusuable pulses. To prevent this happening too
often, and 1o cnsure an cven distribution of pulses between X and Y, a cor-
recting circult is used 1o vary the position of the sampling pulscs.

(h) REAL TIME MODE SAMPLING

‘I'his 15 used 10 extend the range of a sampling oscilloscope in the low
frequency direction. With either sequential or random sampling it is important
1o note thal the ACTUAL sweep of the truce across the sereen is much less than
indicated on the imeidiv scale and used to read ofT times from the displayed
waveform. This method is known as ‘equivalent-time sampling’. Using this
idea, if the sweep time/div on the scale is increased to much more than, say.
100 psidiv, the actual time or traverse across (the screen is relatively long. There
15 now no point 1 using this type of sampling, and real time sampling 15 used.
In this case the sweep speed as indicated pecomes the actual sweep spead as
in a normal oscilloscope.

There are two ways of operaling the real time sampling.

(i) Free-run oscillator

In this case the sampler is fed from a frec-running oscillator and the
wavelorm sampled at a high lrequency (e.2. 50 kHz) dunng cach cycle
(or cycles) of the signal. The normal horizontal sweep is used and the ume
per division of the display is the same as the actual time/div of the horizonial
traverse. A large number of samples are 1aken during each eycle (or section
ol waveform displayed).

(ii) Clocked )

Use is now made of the staircase waveform and a sample taken corres-
ponding to vach step. However, unlike equivalent time sampling many
samples are taken of a single cycle and not one per cycle as in equivalent
time sampling The clock rate (which determines the number of steps in the
staircase) may be at 100 kHz and may produce 1.000 samples per sweep,

TIME DOMAIN REFLECTOMETER

A sampling osailloscope may be used for pulse reflection measurements,
A puisc is fed into the cable by a pulse generator, pant of the outpul going
1o the sampling oscilloscope. If there arc any mismalches in the cable a
reflection occurs, which can be seen and measured on the samphing vscilloscope.
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Spectrum Analysers

SrecTrRUM analysers are complex pieces of cquipment and come in a wide
range as complete instruments or plug-ins for normal oscilloscopes.

The idea of a spectrum analyser is to produce a display of voltage (Y}
against frequency (X). To take an example, consider an amplitude modulated
oscillator. The output will consist of three [requencies. The oscillator or
carrier frequency f. together with two sidebands I+, and f - [, where
f,, 15 the modulating frequency. 1t the output from the oscillator 1s fed into a
suitable spectrum analyser, a display will be obtained of the amplitude of the
three frequencics, on a horizontal frequency scale as shown in figure 18.1.

VO TAGE

LREQUENCY

Fiti 181 DISPLAY OF AMPLITUDE MOIMUI ATED WAVEFORM ON SPECTRUM ANALYSRER
ITIME DOMAIN [DMSPLAY)

A spectrum analyser should not be confused with the use of 4 sweep generator
or wobbulator in conjunction with an oscilloscope, as described in Chapter 13.
Although the display is voltage aguinst frequency on the oscilloscope screen
in the case of the sweep generator, this is displaying the frequency response of a
picee of equipment e.. the response of an i.[ amplifier. The input to the ampli-
ficr is from the sweep generatoe, which varies in frequency. [ts variation is
linked to the horizontal deflection. so that the horizontal scale 1s in frequency.
The output of the amplifier feeds the Y-deflection, so producing a display of
the voltage output of the amplifier at various frequencies. If the input voltige
is constant at all frequencies, the resultant display s the [requency responsc
of the amplificr.

In a spectrum analyser the input can be from almost any source, commonly
of radio frequency, or lrequencies. With a normal oscilloscope we look al the
way the signal amplitude varies with time and display this using a horizontal
time scale, usually called a ‘TIME domain display’. With the spectrum analyser
we wish 1o display the input in terms of frequency, using a horizontal fre-
guency scale. This type of display is known as a 'FREQUENCY domain display”.
If we consider an amplitude modulated wave, this is commonly displayed in
both ways in TiME domain as shown in figure 18.2 or in FREQUENCY domain
as in figure 18.1. The input to the spectrum analyser might be from a trans.
mitter, ¢ither amplitude or frequency modulated, when the various sidebands
will be displayed. The degree of modulation can be determined together with
any distortion. For cxample, if the transmitter produces outputs at harmontc
frequencics these will be displayed on a suitable spectrum analyser. One may
consider that the spectrum analyser is a radio recciver and the output 1§ fed
to produce a Y-deflection proportional to the carrier input to the demodulator
{not the a.f. output). In fact, the same display could be obtained by using a
receiver and tuning it over the range of Irequencies concerned, noting the

211
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output at vach frequency and plotiing them on graph paper. This is very
laborious and the function of the spectrum analyser is to produce this graph
automatically and display it on the oscilloscope screen. To do this we need
to tune the recciver quickly over the frequency range concerned, feed the
outpul to the Y-plates and link the tuning to the horizontal sweep.

The BaSIC prin¢iple is shown in ligure 18,3, which is really a superhet receiver.
Assume that we wish to examine the runge of frequencies from 100-200 MHz.
This input is fed 10 a mixer, which is also fed with the output of an oscillator.

‘npy* 1=
= mixer = amplifiespde-{rect frr et Y-ampi [—8= Yoplates
100230 3MHz
Mhg
103-203

pstillaten]  yyy,

4
Sweep - o X-yatr
sererator = Xopates
—
FIG 183 HLOCK DIAGRAM ()F BASIC SPECTHUM ANALYSER .

The oscillator s varied in frequency by the sweep generator over the range 103
1o 203 MHz. The output of the mixer is then fed to an i.[ amplificr having a
centre [requency of 3 MHe. Thus, il the oseillator is, say, at 153 MHz, an input
frequency ol 150 MHz will cause a difference lrequency of 3 MHz which s
amplified by the i.f. amplifier. The output is rectified, amphfied in a Y-ampli-
fier, and fed to the Y-plates. Thus. at this frequency, the amphtude of (he
Y-deflection will be proportional to the input. As the oscillator frequency
changes then the ‘recewver” is looking at other input [requencies and producing
the corresponding Y-deflections. The sweep generator, as well as varying
the frequency of the oscillator, supplies the X-deflection Thus any point on
the honizontal scale will represent the frequency being looked at in the input.
This simple arrangement 1s not practicable because of second channel inter-
ference. When the oscillator is at 153 MHz an input of 150 MHz will produce
a difference frequency of 3 MHz to the i.f. amplifier, but also a frequency
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of 156 MHz. Hence, the analyser would look at two frequencies at the same
time. and morc complex arrangements must be used to reselve this problem.

‘The operating frequencies of spectrum analysers are very large and vanable.
The tuning range may be, for example, 1 kHz to | GHz, or 5 Hz to 50 kHz
ot might be 10 MHz to 40 GHz. These figures are really the frequency range
over which the ‘recciver’ will tunc. The range of frequencies displayed on the
screen, i.e. the horizontal range of frequencies, is also very variable and is
known as the ‘frequency span’ {or dispersion). This is usually variable over a
large range on a single spectrum analyser and might be from 200 Hzidwv to
100 MHz:div. With a 10-division screen this means a span [rom one side 10
the other of the screen of 2000 Hz to 1000 MHz. The span is varicd in steps
aver this range. The vertical display may be linear, ie. the vertical deflection
is proportional to the input. This is not very good lor displaying inputs over a
large range of amplitudes, henee a dB vertical display 1s commonly provided.
which may cover. say. a range of 60 dB. i.e. a voltage ratio of 1000/1. In some
cases a squared output may be used. i . an output proporhional to the square
of the input This is uselul if the magnitudes of the signals at vanious frequcn-
cies are nearly of the same amplitude. To be uble to indicate frequencies which
are closely spaced, the selectivity of the i.{. amplificr must be high. Farexample,
i we wish to distinguish between two signals 100 kHz apart, the bandwidth
of the i.l. amplifier must be less than this. This ability to separate Irequencics
is known as the ‘resolution’. This is commonly made vanable and may be
linked 1o the frequency span (a higher resolution is required when the [re-
qucncy span is small). This might be variable from. say. 30 Hz o 3 MHz. Tt
must be realized that the figures quoted are possible cxamples; a particular
analyscr may vary very much from these figures.

To wark with a large range of inpul voltage, suitable attenuators musl be
placed in the aircuit so that overloading does not occur, The actual sweep
SPEED (1.¢. time to go from onc side of the screen 1o the other) is variable
and docs not PIRECTLY alter the display. However, the maximum sweep speed
has to be linked te the resolution required, owing to the response time of the
various circuits,

In practice, multiple superhet circuils are uscd, one example being given in
figure I8 4

The input is fed 1o mixer M, (usually through a calibrated attenuator) and
it is assumed hat the tuning range is 400-800 MHz. The lirst i.f. amplitier

4LC0-80¢ 250-35C
MH2z

MH2 100 MH? 0 Mz
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—-—1 M, o LA r M? IF? My IF3 reclifier
/J
4 variatle
b bar 2 w'dth
joscdlator | 700-4100 o5l ator] 355-uC0 cto 1atu] 10 y-amz
MHz M2 MH2 Talle
@, @, o
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| I
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FIG 154 MORE DETAILED BLOCK DIAGRAM OF SPECTRUM ANAL YSFR
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(IF,) has a centre requency of 300 MHz, hence the oscitlator must lune from
700 o 1100 MHz (i.e. 400 + 300 to 800 300 MHz). This 1s the main tuning
control and settles the centre frequency of the display. Assuming a maximum
frequency span of 100 MHz, the bandwidth of this i f amplifier must be 100
MHz so that all frequencies in this band are fed to the mixer M, This mixer
15 fed from an oscillator operating from 350 to 456 MHz to produce a second
1.1 of 100 MHz. This oscillator is the sweeped oscillator, the frequency being
varied in a linear way by thc sweep generator, which also produces the
horizontal deflection. The second 117 amplifier 1F, feeds a third mixer M,
which is fed with a fixed oscillator frequency of 110 MHz to produce an i f.
of [0 MHz. which is fed to the thizd i.[ amplifier IF,. This last i.f. amplifier
is made with & variable bandwidth so as to produce different resolutions. It
might have a bandwidih vanable from 10 kHz to | MHz The resulting
output 1s then rectified and fed to the Y-amplifier and Y-plates. The rectificr
and/or Y-amplifier must produce a lincar output, a dB output, and somctimes
a squared output.

Onc rcason for using the multiple superhet principle is to get a large per-
centage frequency variation at the final if. amplifier to obtain adequate
resolution. For cxample, consider two input signals at 500 and 501 MHz
They have a percentage difference at this frequency of only

I u

S0 X 100 =027
With the first oscillator sct to 800 MHz they will produce i.f. frequencies of
800 — 500 = 300 and 800— 501 = 299 MHz If the second oscillator is at
400 MHg, then one second 1.f. would be 400 — 300 = 100 MHz and the other
400-299 = 101 MHz. When fed to the miacr M, the outputs would be 110 —
100 = 10 MHz and 110— 101 =9 MHz. The percentage frequency difference
1s now

| Yy
|—n>( 100 = ]0.‘,,‘

hence it is much easier 1o get the required resolution.

The diagram of figure 18.4 must be considered as an cxample, as diffcrent
arrangements may be used (some of which are most complicated) in order to
get the required performance. It is very important that spurious signals
are kept to a mintmum in the mixing processes or serious spurious displays
appear on the screen.,

Figure 18.5 shows displays obtained on a spectrum analyser of a frequency
modutated signal with two different modulation indexes.






GLOSSARY

Accelerating Voltage - The voltage used 10 accelerate the electrons 10 a high
vclocity.

A.C. Coupling Posinon of Control (Trigger circuit). The condition where the
source of triggering is a ¢ coupled to the trigger unit.

A.C. Fast Position of Control - Same as A C.-LF. reject.

A.C H.F Reject Position of Contrel: This is used in the tnigger circuil and
rejects the high frequency content of the signal fed to the trigger circuut.
The d.c. component is also rejected.

A.C L.F Reject Position of Control - This is used in the trigger circuit to reduce
the low frequency content of the signal to the trigger circuit. Also reiectsd.c.

Add Position of Control. The control position when the inputs of two channels
are added together before being displayed on the screen.

A Intensified by B Position of Control (Dual timebases) - A position where time-
base B is delayed by imcebase A, and timebase B brightens or intensifies the
sweep produced by timcbase A for sweep period of B In some oscillo-
scopes the mebases are named the opposite way.

Alternate Display Position of Conirol- This is where, 1n a switched beam
oscilloscope, one waveform is displayed on one timebase sweep and the
other wavelorm on the next sweep, and so on.

Alternate Trigger Position of Control: The position where triggering is from
signal A when A is being displayed, and from signal B when signal B is
being displayed. The phasc relatonship between signals is now incorrect.
May be used to display two voltages of unrelated frequencics.

Anode of Cathode-rav Tube: The electrode or electrodes. given a positive
voltage, which accelerate the clectrons and focuses them. An electron gun
usually has threc anodes. -

Astigmatism The condition where the spot is not circular. A control is usually
provided (may be preset) to reduce any astigmaltism.

'A" Timebase (Dual timebases) - The hirst (and often the normal) timcbisc
which produces the delay for timebase B. In some oscilloscopes it is marked
the other way round. '

Attenuator: A device for reducing the voltage, usually by a known amount.

Automatic Trigger Position of Control: There are a number of variations. In
general the timebase runs continuously when in this position without the
need for trigger pulses. The display locks when trigger pulses occur.

Bundwith: The difference between the upper and lower frequencics at which
the voltage response is 0707 (-3 dB) of the response at a reference
frequency. Usually upper and lower frequencies are stated rather than the
difference. The reference frequency should be 20 imes the lower frequency
limit and +th of the upper frequency limit. The reference frequency may
not be the same for upper and lower frequencies. IF the Jower limit extends
to d.c. then the response should be the same on d.c. as at the reference
frequency.

Beam Finder - A button which when pressed reduces the magnitude of the X
and Y deflections so that the display is contained within the limits of the
screen.

Beam Switch {Dual or multitrace oscilloscopes) The electronic switch used in
multitrace oscilloscopes to swilch the beam from onc input to the other.
Bistable Storage Tube : A storage tube producing only one degree of brightness,

i.e.a portion of the trace is cither displayed or not, there being no half-tones.
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Blunking - When part of the trace, e.g. flyback, is not required to be seen it is
blanked by suitable blanking pulses.

Bootsirap Sweep Generator: A sweep generalor using positive feedback of
unity value so that the voltage across the charging reststor remains constant
Hence the rate of rise of capacitor voltage in the CR timing circuit is
constant with time.

Brightness Control: This control varies the brightness of the trace. 1t varies the
voltage on the grid of the cathode-ray tube and hence varies the beam
current

Bright-up Pulse - The pulse fed to the grid or deflection blanking elecirode to
produce a trace.

‘B’ timebase (Dual timebases): The second timebase which produces the
sweep aller being delayed by the A timebase. In some oscilloscopes 1L is
marked the other way round.

Burn: If a stationary stop of high brightness oceurs this may burn the phosphor
of the screen, resulting in a dark arca when used later. 1t can also apply 10
the burming of the storage targel in transmission type storage tubes.

Culibrare Position of Control: A posilion of a variabk control when the cah-
bration is correct.

Calibrator: A device which produces known voliages and currents in order 1o
cabbrate the osolloscope. Mayv be on the oscilloscope or a separate piece
of equipment.

Chapped Display: In this method of display part of the waveform of one input
is lraced out and then part of that due to the secend input This is done
rapidly at, say, 100 kHzto | MHz.

Common Mode Signal (Difterential amplifiers) - This is a signal which is fed 1o
both inpults in the same phase. 1t should result in no deflection.

Current Probe : A probe used to display a current waveform on an oscilloscope.

Curve Tracer: A special type ol oscilloscope o display characteristics of
devices, usually diodes and Lransistors.

DCJIAC Coupling Position of Control. This may be used on the Y-input. On
D.C. both a.c. and d.c. are fed 1o the Y-amplifier and deflecting plates. On
a.c.thed.c is rejected and the deflecting is due to the a.c. component only,
down to about 5 Hz.

D.C. Coupling Position of Control (Trigger circuit) - The condition where the
source of triggering is d.c. coupled to the trigger circuit.

Deflection Blanking : This method of blanking uses a small deflecting plate
(usually on A,) which deflects the beam so that it does not pass through
the hok: in the anode when the beam is required to be blanked.

Deflection Facror (Cathode-ray tube): The inverse of deflection sensitivity
and is the deflection voltage required to produce a deflection of | em for a
given anode voltage.

Deflection Plates: The plates that produce the deflection. Two pairs are used
X and Y plates.

Deflection Senstiwvity :

TUBE: The ratio of deflection to deflecting vollage in cm;volt for a eertain
anode voltage. .
0sCiLLOsCLrE: Often expressed as ratio of the deflection voltage to the
- deflection expressed in voltsidivision or mV.division.
Should really be ‘deflection faclor'.

Delayed Gare Trigger Position of Control (Dual timebases). See Delaved

Triggered Sweep.
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Delaved Sweep: The use of two timebases, one to give a delay and the other 10
produce the sweep. In this way a portion of a waveform can be magnified so
that detail can be seen.

Delayed Triggered Sweep Pasition of Control (Dual tumebascs). This s a
condition where a delay is produced by timebase A, but it does not trigger
timebase B. At the end of the delay time a gate is opened allowing timebase
B 1o be triggercd.

Delay time (Dual timebases). The delay produced by timebase A before
operating {(or gating) timebase B.

Delay Time Multiplier Control (Dual timcbases): The control which varies
the time that imebasc A operates before triggering (or gating) timebasc B.
When timebase A sweep speed is multiplied by the reading of this control
the resultant s the time delay.

Diode probe. A probe using a diede or diodes so that an r.f. signal is demodu-
lated before being fed 1o the oscilloscope.

mispcrsr'on : See Frequency Spun.
ouble-Gun Tube: A cathode-ray tube having two guns. May have scparate
X-plates or common X-plates

Dual Trace: An oscilloscope producing two traces, f.e. has two Y-inputs. This
may he produced by the use of a split-beam or double-gun tube or by the
use of beam switching )

Electron Gun. The pant of the cathode-ray tube used Lo produce and focus the
electrons into a narrow beam. It may also inctude the deflecting plates.

Enhancemenmt Control (Bistable storage tube). The use of pulscs to bring the
written part above the first crossover point of the secondary emission
ratio curve. Enables a higher writing speed to be obtained.

Fquivalent Time Sampling (Sampling oscilloscope). A method of sampling in
which samples are taken on different cycles so that the actual limebuse
sweep is much slower than the equivalent time,

Erase (SmraFc oscilloscopes) - This is the removal of the trace ready for the
writing of another trace.

Fade Negative (Storage oscilloscope) - A condition in which a part of the trace
of screen begins to dim.

Fade Positive (Storage oscilloscope). This is when the background of a storage
oscilloscope gradually fades in a bright direction.

Flood gun. The gun used in a storage oscilloscope 1o produce a uniform cloud
of low velocity electrons on the target.

luorescence: The light produced on a phosphor screen when an electron
ﬁ beam falls on it.
“fyback : The retum of the beam from the right-hand to the left-hand side of
the screen afier the completion of the sweep.

Focus Control. This control varies the focal length of the electrostatic Jens,
and hence the focus of the becam. The control vanes the voitage on the
second anode.

Frame of Oscilloscope - The case of the oscilloscope inte which plug-ins can be
inserted. Consists of the tube, power supplics and part of the X and Y
amplifiers,

Frequency Span (Spectrum analyser). The frequency range covered by the
display.

Gate Out Socke:: The output socket which produces a pulse corresponding to
the gating of a signal, e.g. might be a pulse corresponding to the sweep
time.
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Genmetry Control: The deflections may nol be truly recti-lincar and the
geometry control is used 10 improve this so that the trace does not show
barrel or pincushion distortion,

Gad (Ground): The earth or usually the case of the oscilloscope. and the com-
mon terminal lo X and Y inputs. When this is a position of a switch 1t
indicates that the amplifier input is short circuiled but not the inpul socket.

Graticule: This may be separate or internal. The separate graticule consists off
a clear plasuc sheet with suitable engravings, and 15 placed in front of the
screen, In the case of the internal graticule this is engraved on the inside of
the lube and has the advantage that parallax errors do not occur

Graticule Huntination Control: The vontrol that varies the brightness of the
illumination of the graticule.

Grid of Tube ' The clectrode next to the cathode ol an electron gun which con-
trols the number of electrons going to the screen. It operales at a negalive
vollage with respect to the cathode.

Half-tone Storage Tube: A storage tube which will produce a hall-tone display,
i.e. various brighinesses in comparison with a bistable tube, which only
produces one value of brightness (and zero brightness).

Helix PDA Tube' A PDA tubce using a high resistance helical coaling on the
inside of the tube 10 give the required electrostatic field

H_F.: Used for two different purposes:

(a) A trigger position used when the input 1s of high frequency {say above
1 MHz) and assists in triggering.

{b} A condition where only high frequency signals are fed to the (ngger
circuit, also known as *1.{. reject’.

Hold-off Control: This varies the time after flyback before the timebase can be
triggered again,

Input Impedance . The impedance looking into the input socket of the oscillo-
scope. The impedance is equivalent to a resistor and capacilor in parallel.
For the Y-input may be 1 MQ and 15-40 pF.

Integrate Controf (Bistable storage tube): The use of a number of repetitive
traces to build up sufficient charge, the flood guns being switched oft.

Intensity Control: A control which varies the inlensity of the display. Same as
BRIGHTNESS CONTROL.

Intensity Modulation. This is modulation of the intensity of the beam by an
external signal (or internal in the case of blanking). This is done by applica-
tion of a voltage to the gnd {or cathode) of the tube.

Internal graticule See Graticule. .

Jitter: Vanations in the position of the trace when displayin}: repetitive wave-
forms, usually on the X-axis. May be due 1o instabilily of signal or oscillo-
scope and causes the waveform to move slightly in horizontal direction.

Level control: The control which varies the amplitude of the voltage at which
triggering occurs.

Magnified Sweep Control - The magnitude of the X-sweep is increased so that
the corresponding lime per division is reduced. May be x5 or x 10,

Miller integraror: The use of negative feedback 1o produce a constant rate of
rise of voltage across the charging capacitor of the sweep circuit. The
charging capacilor is placed between the input and output of the amplifier.

Mixed A and B position of control (Dual limebases): Seec Mixed Sweep.
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Mixed Sweep (Dual umebases): This uses both timebases; the timebase A
producing both the first portion of the trace, and the delay for timebase B.
The second part of the trace is that duc to timebase B and will be at a faster
sweep speed.

Made position of control. The method of operating the oscilloscope, e.g. a
swilch may be labelled MobE, the switch changing from *Channcl 1" to
‘Channel 2' to Channel 1 4+ Channel 2°, ete

Monoaccelerator Tube - A tube where all the acceleration of the electrons isdone
before deflection, i.e. before the electrons enter the deflecting plates.

Multitrace Oscilloscope - An oscilloscope displaying more than one waveform
on the screen, commanly two waveforms but may be up to four

Neon-real time sampling {Sampling oscilloscope):  See Equivalent Time
Sampling.

.PDA Tube. A tube where post deflection acceleration is used, i.e. the electrons

are acceleratod after passing through the deflecting plates.

Persisience control (Storage oscilloscope} - The time for the trace 1o disappear.
This is usually variable by varying the crase pulses fed to the target.

Phosphor - The material used on the screen to produce the visible display.

Photographic Writing Time: The speed of the spot in, say. cm/ps, which will
give a trace on the photographic film. This depends on the oscilloscope,
the camera, and the film.

Plug-in; A umit, e.g. amplificr or timcbase, that fits mto a frame so muking a
complete oscilloscope. Various plug-ins can be used with the same frame.

Power Swirch: The switch which switches the oscilloscope oN, ie. supphcs
power to it from the mains or batteries.

Probe. A device used to conncct the oscilloscope to the circuit under test. May
be a voltage or current probe, and may be passive or aclive.

Ramp Generator - See Sweep Generator,

Random Mode Sampling: Where samples are taken at random,

Readout - The use of the beam to write alphanumenic displays on the screen
as well as the normal trace.

Real Time Sampling {Sampling oscilloscope) - Sampling which takes place on
one or more cycles and the actual sweep speed is the real sweep speed
Reset or ready position of control (Single sweep). The condition where the

single trace sweep generator can be triggered.
Retrace: Sce Flyback.
.Rr‘.te Time . The time for the voltage to rise from 109 1o 909, of its final value,
Roll off- The manner in which the frequency response decreases, usually at
high frequencics. For example, it may be 6 dB per octave.

Sampling Oscilloscope: An oscilloscope that takes samples of the wavelorm
commonly one sample only from a particular cycic. and known as a ‘non-
real time oscilloscope’.

Sawtooth Out Sucket : The output of the sweep gencrator.

Scan: Sec Sweep.

Sensitivity : Often used to express the voltage required to produce a deflection
of | div or | cm, but to be correct should be the deflection produced by 1
volt. Scc alse Deflection Sensitivity.

Sequeniial Sampling, Where samples are taken in sequence,

Ser Speed Control: See Speed. Set Control,

Signal deiay - The use of a delay linc in the Y-channel longer than the tniggering
delay 50 that the first portion of the waveform can be seen.
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Single Sweep: A method of operation of the sweep generator so that only one
sweep is produced when triggered. It will not trigger again until reset.
Slope Cantrol: The'control which determines whether triggering takes place

on a waveform with a positive slope or a negative slope.

Spectrum Analvser : A device [or displaying the magnitude of the voltage input
against a frequency scale on the oscilloscope.

Speed. Set Control - A preset control used 10 set the sweep speed 1o its correct
value.

Split or Dual-beam Tube: A tube using a single gun, but the beam is split into
two 1o produce two traces.

Stability Control: A control which varies the imebase between self-running,
able to be triggered, and impossible to trigger. 1t must be set correctly for
satislactory opcration of the limebasc.

Storuge Writing Speed. The maximum speed of the spot in cmyps that will give
a visible stored display on a single transient.

Stare Positionof Control (Storage oscilloscope): This is the condition where (h:.
charge pattern is stored {(and there is no display) and the flood guns are off.

Sweep: The movement of the beam from the left-hand side 10 the right-hand

Sweep Generator
(a) The device that produces the horizontal linear motion of the spot

across the screen.
(b) A separate oscillator which is frequency modulated so that a display
of voltage against frequency is obtained, e.g. response of amplifier.

Timebase Sec Sweep Generacor

Time!div or Time/cm: The speed of the sweep produced by the sweep gencrator.

Time Domain Reflectometer: A method, gencrally using a sampling oscillo-
scope, ol measuring discontinuities in cables, ¢tc.

Time Expander (Sampling oscilloscope): Expands a portion of the waveform,
but maintains the same samples/division.

Trace Rotation Comtrol - A control which vanies the current ina coil surrounding
the tube and causes the trace o rotate through a small angle so that the
trace can be correctly positioned relative to the graticule.

Transmission Storuge Tube. A storage tubc using a target through which
clectrons can pass to produce a Lrace on the screen.

Trigger Coupling . The method used to couple the tnigger source to the trigger
circuit, e.g. a.c.,d.c and LT reject.

Trigger-in or External Trigger Socket: The socket by which external trniggering
signals can be fed into the oscilloscope.

Trigger Level Control Sec Level Control.

Trigger Pulse. The pulse vsed to trigger the oscilloscope. This may refer Lo an.
internal pulse or the pulsc applicd to the trigger-in socket.

Trigger Source. The source from which the tngger pulses are obtained for
triggering the sweep gencrator, e.g. it might be internal or ¢xternal.

TV, ( Television) Pusition of Control: A position on the trigger input control
that places a synchronizing separator in the tngger circuit so that the syn-
chronizing pulses are extracted (rom the composite T.V. signal.

T.V. Field (Frame) Position of Control: A trigger position which uses a
synchronizing separator and freds the imebase with a pulse corresponding
to the field synchromizing pulses.

TV, Line Position of Control: A trigger position which uses a synchronizing
scparator and feeds the timebase with line synchronizing pulses.

Unblanking. The beam is normally cut off, i.e blanked, and is unblanked for
those periods when the beam is required to be seen, 7.e. during the scan or
sweep period,
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Vectorscope : A special oscilloscope used to display U and V signals of a colour
television signal.

View or Read Position of Control (Storage oscilloscope). Thus is the condition
where the storage trace is displayed. In some cases the display time 18
limited.

Volistdiv. or voltsicm Contral. The control that varies the sensitivity or
deflection factor of the oscilloscope, ie. the voltage reguired to defiect
the spot one division or | cm.

Wobbulator : See Sweep Generator (b).
Write Position of Control (Storage oscilloscope). The writing of the waveform
by the writing gun using high velocily electrons.

X-pusition or Shift Control: The control that varies the horizontal position of
the trace.

Y-axis Alignment Control: A control which varies the current in a coil so that
the Y-deflection is exactly at right angles to the X-deflection.

Y-position or Shift Control: The control which varies the vertical position of
the trace.

Z-axis faput. The input that produces intensity modulation of the trace, re.
varies its brightness
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