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Introduction

WHAT is an oscilloscope? Onc may consider it as being a graph plouer,
which may operalc at slow speeds, but more commonly at high specds The
usual display is two dimensional like 4 normal graph, as in figure L.}, where
the X information is displayed honizontally and the Y information vertically.
This is a type of graph in rectangular co-ordinates since the two axes are at
right angles. Although a normal graph is a two-dimensional display it 1s
possible to clfectively have a three-dimensional display by vanation ol the
brightness of the trace. This is called the Z-axis and is at right angles to the
X and Y axes, shown diagramatically in figure |.1.
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Provided the two (or three) quantities to be displayed can be turned into
equivalent voltages they can be displayed on a cathode-ray oscilloscope. Thus.
the uses of such an oscilloscope are extremely numerous, covering a widce

*range of ficlds from clectrical and mechanical engineering to medical work.
One may consider also that a television picture is an oscilloscope used in such
a way that a variable signal (the picture signal) is displayed on the Z-axis,
However, such interpretations have not been included. The types of oscillo-
-~ scope described are predominantly those for use in clectrical engineering
tather than those designed for particular applications such as compuler
displays, medical patient monitors - to give just two examples.
/ Some 20 years ago the cathode-ray oscilloscope was a comparatively simple
.~ instrument, hut of great value at the time. Since then oscilloscopes have
changed enormously and some have become extremely complex in order to
cope with the design and testing of modemn apparatus. The frequency range
has been much expanded and the oscilloscope has changed from being morc
of a display equipment 1o a measuring and display cquipment.

As stated the two axes can be made to represent any quantity provided a
voltage can be obtained proportional to the quantity. However, in a large
number of the applications the harizontal axis is proportional 1o ime, and the
display is the way in which some quantity, e.g. voltage or current, varies wilth
time. This is usually referred to as a wavceform. Much of the book is devoted
1o this type of display, but others have been included.

The applications of an oscilloscope, even if confined to clectrical engineer-
ing, are so varied that it is difficult to quote typical figures for sensitivity, etc
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Where figurcs have been quoted it must be stressed (hat they are only examples
and thal there are vscilloscopes, particulurly those for special purposes, having
quite different figures. A simple oscilloscope would serve, say, a radio and
television servicing technician where the requirements arc casy to meet and
cost is important. On the other hand a research engineer working un the
frontiers ol science would need a most sophisticated equipment, which may
be difficult to design and be very expensive.

With their 4D10 oscilloscope, Scopex Instruments have taken vc?' scriously
the 1dca of making a simple oscilloscope which is casy 10 use and designed 10
prevent errors in taking readings. Simplification, and the omission of lacilities
that are never or hurdly ever required, kept the cost down to about £130 (1975).
Vanable controls for Y-sensitivity and the timebase are excluded because the
calibration ol an instrument is no Jonger correct when they are used. Thus, at
all umes (assuming no faults) the calibration of the oscilloscope s correct on
both axes. Automatic triggering 15 used and there arc simple arrangements
for a dual-trace display. Such an instrument is ideal for radio and television
servicing but, of course, of limited use when advanced facilities are required.
It is surprising how many servicing technicians appear to be alarmed at the
idea of using an oscilloscope; given a simple instrument there should be no
difficulties in using it and when proficient perhaps they will wonder how Lhey
ever managed without it. Of course, one can be put off by a complex oscillo-
scope. Telequipment also produce relatively simple oscilloscopes with variable
controls for the servicing industry.

Tektronix produce some of the most sophisticated oscilloscopes which may
cost £10,000 or more. Some of these are extremely versatile but difficult to use
correctly and, in particular, to make full use of all their possibilities. The 7000
range consists of # number of main frames (i.¢. the tube, power supplies and
part of the X and Y amplifiers) depending on the tvpe of Lube rccgnrcd, eg.
normal or storage. The remainder of the facihties is provided by plug-in
units such as amplifiers and umebases. Many plug-in units arc available so
that practically all facilities can be provided. The advantage of plug-ins is
that one need buy only those necessary for immediate requirements and later
add units as needed. Some of these plug-ins are described later. It would be
impossible to include all facilities in a single instrument because of the size
and cost.

Other manufacturers produce ranges of oscilloscopes between these two
limits, both complete instruments and main frames with plug-ins,

As it is essential 1o know the properties of the tube before one can appreciate
the equipment required to feed it the general principles and construction of the
cathode-ray tube are first considered in Chapter 2. The basic principles of the
cathode-ray oscilloscope are given in Chapter 3 so that one can understand
the purposcs of the various pans of the apparatus. Chapters 4 to 12 cover the
various parts introduced in Chapter 3, together with added complications
such as multitrace oscilloscopes and dual limebases. Chapter 13 is devoted to
some uses, although examples of use are given in some of the other chapiers.
A record of the display is usually done by photographs, and Chapter 14 is
devoted to this (which may be more involved than at first thought). Chapter 15
has brief descriptions of some of the arrangements used on complex oscillo-
scopes. Chapters 17, 18 and 19 are devoled to what might be termed special
oscilloscopes but used extensively. These are very complicated, and only a
short introduction has been given to them. Finally, there is a glossary of most
of the terms and controls used.
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The Cathode-Ray Tube

THE cathode-ray tube can be divided into three basic sections:
{(a) The electron gun which produces the electrons and focuses them into
a bcam.
(b} The deflection part where the beam is deflected in two directions at
right angles to cach other.
(¢) The screen where the beam of electrons 1s made visible due to the
clectrons falling on a fluorescent screen.
The simple basic oscilloscope tube will be considered under these three
headings.
\.
. {a) Electron Gun
This consists of a cathode heated by a suitable heater; a grid to control the
magnitude of the beam current; and two or more ancdes which serve to
accelerate the electrons and 1o form them into a beam.
A common arrangement 8 given in figure 2.1, where H is the heater and C
is the cathode, the cathode being oxide coated. Close to the cathode is the

Aj
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-./ FIG 21 BASIC CATHODE-RAY TUBE

grid G, consisting of a disc with a hole in it. The accelerating and focus systems
consist of the threc anodes A\, A; and A, Anodes A, and A, are often in the
forms of discs with a hole in the centre, while A, is a cylinder. The physical
arrangement may differ considerably.

To explain the focusing action one must remember that an electron tends
to travel along clectrostatic lines going from the negative to the positive.
This is the reverse of the correct definition of an electrostatic line, which is
the direction in which a positive charge will move. In this book the positive

~
§ dircction of the electrostatic line will be taken as the direction in which an
% ¢lectron (a negative charge) moves. A simple diagram of the three-anode gun
. is shown in figure 2.2. The grid tends to concentrate the beam and controls
the beam current; the more negative it is made in relation to the cathode the
less the beam current and brightness of the trace. This forms the BRIGHTNESS
N .
. 3
¢ 3
e 3
£3
i



4 THE CATHODE-RAY OSCILLOSCOPE

R e +1000V  +1000 V
RO ELECTROSTATIC
P -0 o FIELD
Cnpﬁ“ . SRt S
1
RS
;n .y CATHODE \ ANODE '\
. FIRST THIRD
ANODE ANODE

FIG. 2.2 FLECTROSTATIC LENS FORMED BY THREE ANODES

control. Although the beam passing through the hole of the first anode is of

small cross-section it tends to spread out due 10 mutual repulsion beiween
electrons. Thus a ‘lens’ is required to focus the electrons so that they arrive al ‘

the screen in a spol that is as small as possible. The clectrostatic lens acts in a

way very similar 1o an optical lens and forms an image of the cathode (or,

more correctly, the crossover point near to the cathode) on the screen. The

electrostatic lines belween the anodes are shown in the figure, and it will be

scen that they are in such a direction 4s to tend to bend the electrons round

3 s0 that they are all focused 10 the same point. This obviously is a very simple

RS - explanation of a complex clectrostatic lens system. The second anode com-

monly has a potential about onc-fifth of that of the first and third anodes,

G/,Cg
~~d s
—_—

U | which usually are at the same or about the same potential, as in the figure.
-4 By varying the potential of the second anode the ceffective focal length of the
{9 electrostatic lens is varied, hence this forms the Focus control.

',..l? This is known as a monoaccelerator tube because all the electron accelera-
U ¢ 7 tionis done in one stage in the electron gun.

The velocity of the electrons leaving the final anode will depend on the
voltage applied to the final anode, ie. the greater the voltage the higher the
velocily. The energy ol an electron. due to the final anode voltage 3, will be
eV, joules where ¢ 15 the charge on the electron. The kinetic energy of the
electron will be 4me? joules. where m is the electron mass and ¢ is ity velocity.
Equating these:

tme! = eV,

orv = \/'Z%ll;:mctres/second whcrc:‘—l = 1'759 % 10" coulomby/kyg.

It will be seen Jater that this velocity s of some importance and it should be
noted that the velocity is proportional to /¥, rot ¥,. To give some indica-
tion, if ¥, = 5kV Lhen the velocity is 42 x 10° metres/second, which is very high.

(b) Deflection Part

Electrostatic deflection is used almost universally for an oscilloscope.
{Magnetic deflection is sometimes used for large screen demonstration
oscilloscopes and is, of course, used in 1clevision). The deflection is done by
two pairs of plates, one pair following the other at right angles to each other.
The arrangement 1s shown in figure 2.3, where the beam passes through the
final anode A, and between the two defiecting plates D, and D, If D, is
made positive with respect t0 D, Lhe field (as regards electron movement) is
upwards, and during its travel between the plates the eleciron is accelerated
in a vertical direction. After it leaves the field between the plates the electrons
continue in a straight line. However, sinee the electrons now have a vertical
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/ . o
__as well as a horizontal velocity, they travel in a line at an angle as shown and
strike the screen at a distance Y from the centre. [t can be shown that

VL
- 2 a

voltage applicd between the deflecting plates

the length of the deflecting plates

distance from the cenire of the plates to the screen
distancc between deflecting plates

¥, = accelerating voltage, i.e. vollage on A,

Y
where V,
l

L
d

It is scen that Y is proportional to ¥, as it should be to obtain an undistorted
trace. The ratio

n.‘:|*<'

commonly expressed in cmy/volt, is called the ‘deflection sensitivity' of the tube
and hence equals

AL

2d

QT_

-
~

For a given lube, |, L and 4 are fixed, but V, may be vanied within limits. Hence,
s if the deflection sensitivity 1s quoted for a tube the value of ¥, must also be
quoted. Alternatively, it may be expressed in terms of V, Suppose

then the sensitivity may be quoted as Tf volts,‘'cm,volt (or Pﬁ volts:cm-kilovolt

d o

where P = IPZ_ [ C} Thus. if P is 50 then the deflection sensitivity for a tube
working on 2500 volts will be

%&—)cm/voll = 002 cm/volt.
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~ The inverse of the deflection sensitivity 1s called the “deflection factor’ and
1s equal to

2,
iL
and expressed in volls/em, Thus it is the voltage required to obtain a deflection

of I em. Like deflection sensitivity, this depends on ¥,, which must be quoted.
or the factor given as @ volts om volts (or @' volts‘em kilovolts) where

.
=1

and is a constant for a given tube. Unfortunately, the terms are sometimes
conlused, the term “deflection sensitivity' being used for ‘deflection factor'.

In genceral, the larger the deflection sensitivity (and the less the deflection
factor) the better because a smaller voltage is required from the X and Y
amplifiers for a given size of display The deflection sensitivity is

IL
v,

and we will now consider how this may be increased.

(1) The distance from the deflecting plates 1o the screen, L. may be length-
ened. This 1s generally limited for convenience as it increases the front-
to-back dimensions of the oscilloscope. Also. increasing L makes the
beam more likely 1o be deflected by stray ficlds, and 1t enlarges the
spot size since it increases the magmfication given by the electrostatic
lens.

(1i) Increasing the length, © of the plates will increase the sensitivity. This
will increase the capacitance between the plates and will also limil the
size of display for a given spacing, If very high lrequencies are concerned.
it will cause the high frequency response 1o fall a1 a lower frequency
(see later in chapter).

(1) Decreasing the spacing, d, will also increase the capacitance between
the plates and again will reduce the maximum scan available When
paralle] plates are nsed the effect of { and  on the maximum scan iy
shown in figure 2.4 If a bigger scen is attempted, the heam is inter-
cepled by the plates. The scun can be increased without much change in
sensitivity by using sloping plates, as in figure 2.5(a); by using hemt
plates as at (b); or by curved plates as at (c).

Although the normal Lrace may be lintited to, say, a total of 6 ¢m
vertically, a larger vertical deflection than this may be used (eg., in
viewing a portion of the wavelorm in more detail). In this case the beam
may be intercepled by the plates, and a current will low in the plate
circuit. It may be necessary to allow for this in the deflection amplifier.
In some tubes, where maximum sensitivity has been aimed at, the
available horizontal deflection may be limited and in this case there
should be cqual deflections available each side of the centre line

& \ Owing to manufacturing tolerances this may not be so, and a small
deflecting plate 15 added in the gun so that the beam can be centralised

(§ ' \}» between the X-deflecting plates. A preset voltage is fed 1o this deflecting

plate.

The first sct of deflecting plates is followed by a second set at right
angles, as in figure 2.6, The first set is normally designed to move the
beam vertically, and the second set 10 move the beam horizontally.

The reason for using this order is that the first set of plates (afier A,)

gives the greater deflection sensitivity (for equal other factors) because

X

]
&1
1
Y

b
1
f
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FIG 24 MAXIMUM SCAN WITH PARALLEL PLATES
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FIG. 26 THE X AND Y DEFLECTING PLATES

Lis greater. In general the higher frequency is on the vertcal axis, and
the greater deflection sensitivity is an advantage.
— Distoruon is liable 10 occur when the beam is deflected, and some O
' shaping of the plates may be done 1o reduce this, Usually. a screen is
4> | placed between the pairs of plates, as shown in figure 2.6, preventing a
G\ | distorting field being set up between them. Although the potential of
& ' this shield should be approximately the same as that at A ,, some control
.. over the geometry (barrel or pincushion distortion) can be made by
f & varying its voltage siightly relative to A,. Another electrode after the

& Lo X-plates may also be used for the same purpose. Sometimes shicld
. plates are placed at the side of the deflecting plates to reduce distortion
2 and unwanted stray fields. Some defocusing of the spot will occur when \
N ! @it s deflected because the distanee from the plate to the screen is 3
L. Increased, but this effect 1s usually small compared with others. ¥
1% -,} It is very important that the deflecting plates are fed in push-pull 3
¢ | so thal their mean voltage does not vary in relation to A, otherwise 3 i
= | scrious distortion occurs. The spot on the screen may not be round ¢4
=5 ;\||' but may be oval in shape which is known as ‘astigmatism’. It is usual 10 v
Y .\" v have a control 1o reduce this, cither on the front pancl or as a preset [ & }
AN control. The control vanes the mean voltage of the Y-plates relative | ! .
+ F 10 A, and forms a variable cvlindrical lens between the plates and the | ,? :
<« final anode A, The effect is shown in figure 2.7, e g

tiv) Reducing the value of ¥, will increasc the sensitivity but, as will be
seen later, ¥, needs to be high o obtain adequate brightness of the
trace. I 1s possible to usc a low A, voltage and yetr get adeguale bright-
ness by post deflection acceleration (PDA), e accelerating Lhe elec-
trons after deflection This 1s dealt with laler in the chapter.

As the frequency of the deflecting voltage is increased, there comes a ume
when the transit time of an ¢lectron through the defiecting plate becomes O
comparable with the time of one cycle of deflecting voltage. When this occurs
the deflection sensitivity decreases. If one considers the extreme case where
the transit time is cqual 10 the time of a cycle there will be no defiection because
the clectron will be accelerated in one direction for one half-cycle and in the
opposile direction for the other. The frequency at which this occurs is increased
by reducing the length of the deflecting plate and increasing the electron
velocity by raising tic final anode voltage V.. Both these changes reduce
the deflection sensitivily and so they are undesirable.

Greatly improved performance is possible by using DISTRIBUTED DEFLECTING
PLATES, as shown in figure 2.8. The deflecting plates are now divided into a
number of sections. Parallel plates have been shown for simplicity, but the
overall *plate’ may be curved The plates are joined together through inductors
so that together with the capacitances of the various sections (and perhaps
added external capacitances) a distributed or delay line is produced. If the
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FIG 27 EFFECT OF FOCUS AND ASTIGMATISM (ONTROLS

/ FIG 28 DISTRIBUTED DERLECTING PLATES

speed of propagation through the line is equal to the speed of travel of the
clectrons there will be no decrease in deflection sensitivity. The lines are matched
by resistors R to prevent reflection, the line must be matched to the signal
source. The speed of propagation through the line depends on frequency,
whereas the electron speed is independent of frequency. Hence the operation
can only be correct at one frequency. However, it dees enable better perform-
ance to be obtained, and tubes operating up to 1000 MHz are possible. As
1000 MHz Y-amplifiers are not available at present, the tube can only be used
at this frequency by using a direct connection to the plates. The signal to be
nvestigated is not normally a push-pull onc, so the signal is applied to only
one plate, consequently usymmetrical deflection wath its disadvantages has to
be accepted. Al present (1975} the limit of the Y -amplifier is about 500 MHz. ||
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THE CATHODE-RAY TUBLE 1

(c) Screen

The purposc of the screen is 1o convert the encrgy of the electron beam into
visible light energy. When the electrons strike the screen they produce light
called *Aucrescence’. Some light s also produced when the beam of electrons
has been removed ; it is known as "afterglow’ and is due to phosphorescence.
A numbcr of phosphor matcrials are available, and the properties of the three
most common arc given in Table 2.1, Manufacturers have their own code
numbers, those given being the JEDEC designations. Many other phosphors
are avatlable for special purposcs. The figures for relative brightness arc only
approximate and will depend on operating conditions; the figure is highest
for the Py, material because green corresponds approximately to the fre-
quency of maximum sensitivity of the human eye. In a similar way the relative
photographic recording speeds are approximate and the Py, phosphor gives
maximum speed because the blue light corresponds to the frequency of
maximum sensitivity of photographic materials. The Py, phosphor 1s used for
normal purposes, while the P, is mainly for photographic purposes where the
highest writing speed s required. The P, is used where a long aiterglow is

. required - mostly of advantage on low-frequency traces.

When the beam strikes the phosphor, light is cmitled in all directions, hence
only part of it is used when viewing the screen, much of the light being emitted
backwards into the tube. This loss of light can be reduced by a thin coating of
aluminium on the inside surface of the phosphor, known as ‘aluminizing’. The
light emitted into the tube is now reflected in the forward direction with an
increase in brightness of the trace. There is a small loss of clectron energy duc
101ts having to penetrate the aluminium coating, hence the need for the coating
10 be thin. The aluminium coating lessens the possibility of screen burning.

It is possible to bum the phosphor screen, but not so easily with modern
tubes as with early oncs. The Py, phosphor is more resistant to burning than
the P, and P, by a factor of some ten times. When the electron beam hits the
screen some o} the clcctron energy is converted into light (about 109) and the
remainder into heat. If, therefore, the beam current is large and the beam is
stationary the temperature will risc and the screen will be burnt. Thus this
part of the screen will afterwards always show a dark mark. Modern tubes will
not normally be burnt when a trace is being displayed. A bum is usually
caused by a siationary spot of high intensity and is attributable to careless use.
When a timebase is being used (since modem timebases are triggered and
use unblanking techniques) a stationary spot is difficult to produce unless the
brilliance control is turned up very excessively.

The contrast of the image may be improved by a filter in front of the screen.

~Of course, the brightness of the trace will be reduced but the contrast will be

improved. This is because the emitted light has to pass through the filter only
once, whereas the ambient light has to pass through the filter twice - from the
outside 1o the screen and back again. A filter is therefore mainly of value under
conditions of high ambient lighting. A grey or hlue-grey filter may be uscd,
or a green one with phosphors such as P,, or P,. The effect is shown in figure
2.9. A blue filter should be used with P, phosphor screens. If an amber hlter
is used with a P, phosphor thc slow {long afterglow) component will be
enhanced, and if a blue filter is used the short component will be enhanced.

TUBE SHAPE

Until fairly recently only circular-faced tubes were used, but now rec-
tangular tubces are made with the idea that a larger proportion of the screen
surface can be utilized. This certainly fits better in the display of multitrace
oscilloscopes. If the horizontal trace on 4 circular tube 15 not truly horizontal
it can easily be corrected by turning the tube round. This cannot be done with
a rectangular tubc, so a trace rotation coil must be fitted which will correct

k:"“‘ '))'<°
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paivy
FIG. 29 EFFECY OF FILUER IN VRONT OF SCRELN
Greer. P31 screen wilk grey-blue fi ter on lcll-hand hall. no biler on nighl-kand hall, and boagkl smbicet nghung

both the X and Y traces 10 be truly horizontal and vertical. Such coils are
described later in connection with graticules,

POST DEFLECTION ACCELERATION (PDA)

As the requency of operation is increased, especlally where fast transients
are 1o be seen or photographed, the trace has to be brighter. This can be done
by increasing the beam current so that more electrons reach the phosphor.
However, increasing the beam current means a larger spot size, therefore the

_beam current must be limited in value. The only other way ol obtaining more
Q(‘Vbrightncss 15 10 1ncrease the velocity of cuch electron by raising the acceler-
¢ sating voltage However, as has been shown the deflection sensitivity is inversely
K4 Q’Pproporli()nal w the accelerating voltage V, apphed before the deflecting
4 r.«"‘ { plates. This 1s a serious disadvantage, as it is difficult 1o get a large deflecting
v. % [ voltage at high frequencies, particularly when transistors are used. The actual

v sensitivity will depend on the deflecting plate size and spacing; an older O
monoaccelerator wube with a final anode voltage of 4 kV had a deflection
lactor of 50 voltsjcm. Thus, to get a 3 em peak deflection (7 e. a total of 6 cm
peak-to-peak) regquires a deflecting voltage of 3 x 50 = 150 volts peak (or
300V p-p). If the accelerating voltage becomes 8 kV then the required delect-
ing voltage 15 300 volts peak or 212 volts r.m.s. The deflecting plates capaci-
tance is, say, |10 pF and at 10 MHz the reactance is about 1600 2. The current

mto the deflecting plates with 212 volts is
U2 013 A(rms)
1600

which gives some indication of the problem. The volt-amperes to the deflecting
phites = 212x 013 = 28

Post deflection acceleration (PDA), is now very commeonly used i oscillo-
scopes. The genceral ideais that if the final anode of the gun is given a voltage of,
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say, only | kV, the electron beam will have a relatively low velocity when pas-
sing through the deflecting plates, and the deflection sensitivity will be high.
If the clectrons are accelerated afier deflection it will have little or no cffect
on the defiection sensitivity. There are several methods of doing this. One is
to use a high resistance helix (e.g. 500 MQ) deposited on the inside ol the
tube, as in figure 2.10(a) overleaf. The screen end of the helix is connected to
high voltage, and the other end 1o a polential a1 or near that of the final anode
Ay An clectrostatic field 15 produced as shown in figure 2 10(b). which doces to
some extent reduce the deflection sensitivity but %y no means to the same
cxtent that would result inapplying the final PDA voltage to the final anode A .

ELECTROSTATIC
LINES

FIG k) PDA TUBE WITN SOME DECREASE IN DEFLECTION SENSITIVITY

Reduction in deflection sensitivity can be overcome by fitting a spherical
mesh afler the deflection plates, as in figure 2.11, and by sUitable arrangement
of the helix. In this case the beam travels at rlght angles to the Lqmpolunlml
surfaces, and s not, therefore, deflected by the clectrostatic field. Conse- !

: ELECTROSTATIC
, LINES

- FIG. 211, PDA TUBE WHERE NO CHANGE OF SENSITIVITY OCCURS

quently, there is no reduction in deflection sensitivity due to the PDA voltage.
By making the equipotential surfaces more convex one can gel scan magnifi-
cation, as in figure 2.12, which may be up to two times. The mesh structure,
however, forms a pattern on the screen when the spot is defocused (but not
visible when the tube is operated normally). The mesh collects some of the
clectrons, which reduces the cffective beam current so far as the screen is
concerned.

by
o

.»"w

e

J°‘(¢ e

The voltage fed to the final anode A, is usually | to 2 kV, comparativcly) ‘4'\
:’

low so as to keep up the sensitivity. The final PDA accelerating voltage is
commonly 310 10kV, but may go to 20 kV.

Direct comparison with moncaccelerator tubes and PDA tubes is difficull
because the deflection factor is also altered by changing the length of the

C.
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AQUADAG COATING

LS
GUN MESH

FIG 212, PDA TLHE WHERE SCAN MAGNIFICATION OCCURS

deflecting plates and the spacing between them. Further, the effect of the
PDA construction may reduce the sensitivity (increasc Lhe deflection factor)
or increase it (decrease the deflection factor). Tubes are available with a
deflection factor as low as about 4 voltsjcm for the Y-plates for a PDA
voltage of 10 kV, which is a great improvement on that given carlier of 50
" volts/em at 4 kV final anodc voltage. The final anode voltage A, is about

15 KV for such tubes. The X-deflection factor 1s usually considerably more,

say 1010 15 voltsiem. By bringing out the deflecting plates leads to_the side.of Mq_

the tube {rather than ot1¢ Base) the capacifance is reduced to. say, lord pF.
‘Thus, for a 3 cm peak deflection in the Y direction a peak voltage of only

Ix 4 = 12 volis peak or 85 volts r.m.s. is required. At 10 MHz, 1l the capacl-

tance is assumed to be 4 pF, the reactance 1s 4000 £2, hence the current is

8-
22 - 0002 A,
4000

The volt-amperes required for deflection now become only 85 x 0 002 =007,
This should be compared with the 28 for the carlier caiculation using a2 mono-
accelerator tube having 8 kV final anode voltage.

Without the introduction of PIDA tubes it would not have been possible
to produce oscilloscopes with their present-day performance, both as regards
high frequency operation and fast writing speeds.

Careful design of PDA tubes is esscntial or a distorted trace will be obtained
which may be barrel or pincushion in shape.

GRATICULES

It will be explained later that practically all oscilloscopes have dircet cali-
bration of both voltage and time, therefore a graticule must be fitted to the
screcn so that the magmiude of the deflection can be read. One way of doing
this is to fit a picce of transparent plastic suitably cngraved or marked in
front of the screen, as in figure 2.13. To make the engraving stand out, especially
when using photographs, the graticule is illuminated from the edge by one or

—~ BuULB

Nodl

- I.-|_, —-GRATICULL

l MARKING
| ON GRATICLRLE
'.

FIG 213 SEPARATE GRATICULE TuBE

A
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7Z;M
J\GRATICUL[

FIG. 214 PARALLAX ERRORS [MUE TO SEPARATE GRATICULE

more bulbs. The brightness of the bulbs can be varied by a control knob,
usually marked GraricuLE: The drawback to this type of graticule is that it
suffers [rom parallax errors, as shown in figure 2.14. The glass of the cathode-
ray tube is fairly thick, and the phasphor coating is on the inside. The graticule
should be placed as close as possible with the front of the c.r.., but as the
lace 15 never quite flat there will be a gap. Suppose that the screen spol cor-
responds 1o S, 11 this spat is now viewed from position X (at night angles to
the screen) the reading on the graticule will correspond 10 A. I, however,
the screen is viewed from position Y the reading on the graticule will correspond
to point B. Hence the reading is going to vary according to the viewing ungle.
Always viewing from a position at right angies 1o the screen at the particular
point will reduce the error but there 1s always likeily to be some crror This
can be largely remedied by marking a graticule on both sides of the plastic and
a reading taken when both graticules appear on top of one another.

A parallax ercor also occurs when the trace is photographed because the
camera looks at the screen {from one fixed point.

Parallax errors can be avoided by making the graticule on the inside of the
tube, as in fipure 2.15, called an “internal graticule’. However, itis considerably
more costly, it is not so casy to illuminate and. of course, it cannot be changed.

TUBE
(LTI
A
:jj‘/cuancuu
/
PHOSPHOR — =17,

i7771£

FIG. 215 INTERNAL GRATICULE

The external graticule can easily be changed, which may be necessary when the
oscilloscope is used for several special purposes.

Although the internal graticule is very suitable for normal viewing, illumin-
ating it satisfactorily for photography is difficult, and a better result may be
obtained by using a separate graticule. A separate graticule has its edge Iit
and the marks stand out with little illumination of either the screen or the
rest of the graticule. With the internal graticule the lighting iluminates the
graticule marks, but some light falls on the phosphor screen, so reducing the
contrust. One manufacturer (Hewlett Packard) uses an internal Aood gun for
graticule illumination which gives a uniform background on pholographs.
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The internal graticule requires some type of trace alignment. For example,
if the deflection system on a normal circular tube does not correspond exactly
to the marking on an external graticule (say the horizontal trace is sloping)
this is casilv corrected for by simply turning the tube until the tube and
graticule are in alignment. This cannot be done with an internal graticule, but
the trace can be rotated through a small angle by an axial coil placed as in
figure 2.16. The order of 50 AT may be required for a 5° rotation, but depends
on the tube construction. Tektronix use two cotls One is near the screen which

oI
=

——
——

FIG. 216 USE OF ALIGRMENT COIL

rotates the whole trace and is used to adjust the alignment along the horizontal
lines of the graticule. The other coil is placed n the region of the Y-plates
rotates the vertical trace only, and is used to align the vertical deflection with
the graticule.

MAGNETIC SCREENING

Because the beam is easily deflected by stray magnetic fields produced
either by the oscilloscope itself {e.g. mains transformer) or externally, the
tube is magnetically screened by a mumetal screen usually extending the [ull
length of the tube. This is much easier and cheaper to make for a arcular
tube than for a rectangular one which, of course, is rectangular only at the
screen cnd.

BEAM BLANKING AND MODULATION

In modern oscilloscopes it is usual to cut off or blank the beam when it is
not producing the required trace, e.g. during flyback. Onc may consider that
the beam is suppressed duning periods when not required, t.e. the beam 13
blanked. Alternatively, one may consider that the beam is produced only
when rcquired, commonly called ‘unblanking’. Blanking or unblanking ¢an
be done by the application of a suitable voltage to the grid of the tube, or by
blanking clectrodes. When blanking electrodes are used it is called *deflection
plate unblanking’ (or blanking). A basic arrangement is shown in figurc 2.17.
where two deflecting plates D, and D, are placed between two dises forming
the first anode A, . Plate D, is connected to A,. With no potential applied to
D, the beam passes through the holes in the lwo anodes and eventually strikes

FIG 217 DEFLECTION PLATE BLANKING | }/c
(OR LINBLANKING)
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the screen. If a negative voltage is applied to D, the beam is bent, as shown,
and is intercepted by the second disc of the anode, so that so far as the screen
is concerned the beam is cut off. The arrangement can only be used for cutting
off the beam and not for vanable intensity modulation as can be done by the
grid.
Grnd blanking requires more power and can be overriden if the brightness 22
control is advanced too far (with the possibility of screen burning). However, gomah®
gnd blanking does cut off the beam, and therefore lengthens the tife of the
cathode of the tube. With deflection blanking the cathode current is Rowing
all the time.

Since the first anode is usually at the same potential as the final anode and
atl approximately the same voltage as the deflecting plates. it 15 near earthy
potential (see later chapters). Hence 1L is casy to apply a suitable voliage or
pulse 1o the deflecting plate of the deflection blanking system. The grid 1.
of course. at approximalely the cathode potential, and hence at a large
negative voltage (1 kV or more) relative 1o the carthy connection. This causes
problems when unblanking {or blanking) signals have 1o be fcd 1o the gnd

More details are given in Chapter 7 dealing with cathode-ray tube circuits.

A typical clectron gun is shown in figure 2.18. This has a deftection blanking
system. but using two pairs of plates. The second anode comprises 4 series
of discs rather than a lube.

TRACE WIDTH

[n general, the fincr the trace the better, and tube manutacturers ollen quote
the beam width. This is difficult to measure in the normal way as the brighiness
varies over the width. in the way shown in ftigure 2,19 lor example. It is
usually quoted in mm and determined by what 1s called the ‘shrinking raster

BRIGHTNESS

i
CENTRE
OF TRACE

FIti. 219 YARIATION OF RRIGHTNESS OF TRACE OVER (1S WIDTH

method’. The 1dea 1s 1o produce a raster consisting of a number of parallcl
lines, as in figure 2.20. similar to a television raster {which is shown for simpli-

Fig 720 RASTER PRODLCED BY SPOT

ity as having only 14 lines). When the hines are spaced apart there will be dark
areas in between. as in figure 2.21(a}. The lincs are now brought ncarer together
by reducing or shrinking the size of the raster until the dark lines disappear
and the raster looks uniformly bright. This occurs when the 50%, brightness
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BRIGHTNESS

AN N

OISTANCE

FIG 220a)  LINES SPACED APART

N A'AA o
_JAANN

FIG 22t LINES AT A DISTANCE WHICH PRODUCES UNIFORM (LLUMINATION .

level of one trace just coincides with the 50% brightness level of the other,
as shown at {b). To obtain the trace width the height of the raster in mm is now
divided by the number of lines.

Dual-beam and split-beam tubes are considered in Chapter 10.

" .
Ty The Basic Oscilloscope

= f Q/G’ I this chapter we shall deal with the block diagram of a simple basic
“ . oscilloscope. such as that given in figure 3.1. The first point to make is that the
/ deflecting plates must be ut approximatcly the potennial of the final anode A,

/ A 4 Ol the gun. The deflecting plates, buth X and Y. are normally fed from amph-
S* 9 fiers; one side of the amplifier must be at earthy potential. Thus the deflecting
: j‘c. plates will be near earth potential (the output voltage of the amplificr), and

G q}v -,5,*:\, is approximaltely at the same voltage. Hence, the cathode of the tube will
8 ¢

be at a relatively high negative voltage with respect (o earth {say 1 kV) and
this is provided by the negative e.h.t. supply. If a PDA tube is fitted then a
positive e.h.t. supply (say 4-12 kV) 15 required to feed the PDA electrode.
A power supply {or supplies) s also required to operate the amplifiers and
timebase circuits.

Although 1t is sometimes possible to connect directly 1o the X and Y plates
of an oscilloscope such a connection is used only for special applications. the
plates usually being fed from the X and Y amplifiers as shown. The signal
under mvestigation is normally fed to the Y-plates through the Y-attenuator
and Y-amplifier as shown. This arrangement of u fixed-gain amplifier and
variable atlenuator is almost universal and is used because direct calibration
of the vertical scale on the screen is required. The attenuator is a passive device
and should maintain its calibration. II, therefore. the calibration is checked
or adjusted on one range it should be correct on all ranges. Calibration

/
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would be more difficult f a vanable gain amphiticr were used. The range ol
mput vollages to be covered is large and the input sensitivity (also called
*deflection factor’y may range from 10 mV-cm to 20 V-cm {u range of 2000:1).
The attentuation 1s in steps, usually in 1, 2, § ratios. The frequency response
of the ¥ -circuits will depend on the oscilloscope, but must be designed 10 meet
the specification and 10 have a small nse ime, The problems of bandwidth
and nise time are considered in Chapter 4. A d.c. amplifier is now almost always
used.

In some applicattons it 1s necessary to apply an external voltage 1o the
X-plates through the X-amplifier using the switch §,. In some, but not all.
oscilloscopes, there is direct access 1o the X-amplifier in this way. For most
purposes the oscilloscope 1s used to examine waveforms, the horizontal axis
being rimei. For this purpose 4 device is needed (o move the spot across the
screen from the left-hand side to the right-hand side at a uniform rile, known
as a "lincar timebase’ or ‘sweep generator'. At the right-hand side of the screen
the spot must be returned quickly 1o the lefi-hand side ready for another lincar
movement (sweep or scan) across the screen. The shape of waveform required
is shown in figure 3.2. I a voltage (say sinusoidal) is apphied 10 the Y -plates
al the same tme as this waveform is applied to the X-plates. the spot will

flybacx flyback
sweep 1sCan} Sweep
!
L side
| ~sdeof sCemn rksi%e . rhsce

FIG 32 BASIC HORIZONIAL DEFLECTING YOLTAGE (SAWTOQUTH WAVEFORM)

trace oul a sine wavelorm. If the time of one cycle of the timebase (i.¢e. sweep
plus flyback) is equal (o the time of two cycles of the Y-wavelormm then two
cyveles will be raced out (nepglecuing the loss due 1o the fivback time). 11 Lhe
frequency relationship is exact the waveform will be truced out in preciscly
the same position on Lhe next scan and a stationary trace is obtained. Thus. if
the Limebase runs at an exact submultiple of the incoming frequency a station-
ary trace is obtained. Older oscilloscopes used this system. In order that the
timebise run at EXACTLY a submultiple, a lraction of the Y -waveform was led
into the timebase to synchronize it. Thus 1t was a frec-running timebase
synchronized with the wavelorm under examination. This is the method
used in television receivers where the timebases (line and ficld) self-run (to
obviate the possibility of a stationary spot burning the screen) and urc
synchronized by the synchronizing pulses. When this arrangement 1s used the
FLYBACK is initiated by the synchronizing pulses or Y-signal The arrangement
is unsuitable for a modern oscilloscope. IT the frequency of the signal under
examinalion changes, it becomes necessary 10 change the frequency of the
limebase and it may be necessary o adjust the magnitude of the synchronizing
signal. Because of the need 10 continuously vary the timebase frequency, direct
calibration of time-scale. along the X-axis, is almost impossible.

All modem oscilloscopes use an arrangement consisting of a triggering
circuit and timebase. The signal under examination is fed from the Y-amplifier
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through $, to the trigger circuit; or an cxtemal signal may be fed to the trigger
circuil as shown in figure 3.1. The trigger circuit generates a pulse to operate
the timebase. The timebase may opcrate in two basic ways, automatic or
tnggered. (To simplify matters the automatic operation will be described later).
The timebasc does not self-run and the START of the trace is now initiated by
the pulse from the trigger circuit. The speed at which the spot travels across
the screen can be varied (usually in steps). It is independent of the triggering
pulse and is determined by the SPeED SETTING control. This can be directly
calibrated so that the time/division is known. With this mcthod of operation
the pulse from the trigger unit starts the trace. When the spot reaches the
right-hand side of the screen it returns rapidly 10 the left-hand side and remains

there until the next triggering puise. If the togger circuit operates at the same |

point of the waveform in cach case, the trace always starts at the same part of
the waveform and a stationary truce results. It is important to note that the
repetition rate of the timebase is made a submultiple of the Y-waveform by
varying the waiting time of the spot on the left-hand side of the screen. This is
shown in figure 3.3. It will be seen that a whole number of cycles are not
necessarily seen on the screen. If the frequency of the Y-signal is varied then,

Lot i
TRIGOEAD T

CCEND
AT Ty AT freg
INSTANT INSTANT
v [

/ | WAE FORML  NOER £ LAMSATION
d //
POATION

T BASE  wpevd FORM

-.II'"& Tinaf
| BLAMKIMG OR UNMBLAMGNG PULLE S
[T
o
PERO
. FIG. 33 OPERATION OF TRIGGERED TIMEBASF OR SWEEP GENERATOR

for a given timebase speed setting, the number of cycles will change. This is
shown overleaf in figure 3.4.

In order that the flyback of the spot and the stationary spot are not visible
on the screen, these are blanked out by pulses as shown in figure 3.3 The
pulses may be applied to the grid to cut off the beam or to the deflection
blanking plates described in the last chapter. Or, put another way, the spot is

normally suppressed and is unblanked by the pulses shown during the trace !

period only.

As no trace is visible until the timebase 15 triggered by suitablke pulses,
‘automatic triggering’ is often used (the two basic sysiems are described in
Chapter 6). With this arrangement, in the absence of tnggering pulscs the
timebase frec-runs so that a trace is visiblc on the screen but will lock only when
trigger pulses are produced.

Details of the various blocks will be considered in succeeding chapiers.

-
\
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4
. The Y-attenuator and Amplifier

IT is not intended to go into the design of the blocks that follow. Some of
the problems will be indicated; the type of circuit will be explained: and. in
particular, explanations given of the us¢ of the various controls. The detailed
arrangements will vary between type of oscilloscope and manufacturers, so
only basic circuits will be given, Also, only transistor circuits will be considered

To prevent distortion the MEAN potential of the two Y -deflecting plates must |
be about the same as that of the final gun anode A, (the only difference in |
potential is that for astigmatism correction as described in Chapter 2). For
this reason push-pull deflection is required. ie. one plale will change in
voltage by +V while the other plate changes by —V, so that the mean or
average vollage 1s constant. The input to the amplifier is usually single-sided.
1.¢. carthy and live only, hence there must be some means ol converting this
input to the push-pull vutput required.

The input impedance of an oscilloscope should normally be high, say at
least | MQ (an exception may occur at very high frequencies when S0 €2 iy
used), so that connecting the oscilloscope W a piece of equipment docs not
upset its operation unduly. The input impedance is settled by the attenuator
design. but the attenuator can have a high impedance only if the amplitier
input impedance is high. When valves were used this was easy, since the mpm
impedance of a valve 15 very high and largely settled by the grid resistor
required ; 2 MQQ was quite casily obtained. A hipolar transistor has a relatively
low input impedance, hence field effect transistors (FETs} arc commonly

sed. The change from valves 1o transistors brought its own problem A large
.ollage may be fed to the grid of a valve without causing damage. The grid
current can be limited by, say, a 100 k€2 resistor in series, Consequently, valve
oscilloscopes would usually stand a large input, even with the attenuator set
to its most sensitive position. Users were in the habil of applying a signal to
the oscilloscope without checking the attenuator setting. IFlhc input was too
large the trace went off the screen, no damage was done. and the attenuator
was adjusted to produce a suitable trace. This is exactly the opposite to what
one should —and in mest cases must - do with a non-electronic multirange meter
(such as an Avometer). However, mistakes are always possible and oscillo-
scopes have built-in protection against overloading. To appreciate how much
overload there might be suppose that 60 volts peak (42 volts r.m.s.) arc apphed
(intended to give 3 cm deflection in one direction, a total peak-to-pcak deflec-
tion of 6 cm)on the 20 V/em range and the oscilloscope 1s set to the 20 mV/iem
ranges. The signal input is now 1000 times or 100,000/ above its correct
value. Not many devices will withstand such overloads.

25
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A block diagram ol a typical Y-channel is given in figure 4.1. In some
oscilloscopes the Y-amplifier may be a plug-in unit. §f so, part of the block
diagram will be in the plug-in and part may be in the main frame, ¢.g. the
output amplificr. The virious blocks will now be considered.

—a-Y,
, INPUT LJATTEN-L} FET || -0 LI OUTPUT
INPUT |COUPLING| | UATOR [ | INPUT AMPLIFIER
'—.'Y;
VERTICAL
POSITION
FIG 41. BLOCK DIAGRAM OF Y-CHANNEL
INPLT COUPLING .

A common arrangement of the input coupling is given in figure 4.2, In
posilion | there is a direct connection from the input to the allenuator and
0 to the amplifier. In this position both d.c. and a.c. inputs are fed to the

1

1~p.t c».-—‘ AN
2 ‘e attenuator

——{bmm—o

C
o3

2t

FIG 4.2, INPUT COUPLING 1Y-CHANNEL)

oscilloscope tubc. In position 2 a capacitor C is added so that any d.c. com-
ponent is removed. This enables one to view an alternating vollage super-
imposed on a larger direct voltage. The frequency response will depend on the
value of the capacitance, bul usually, say, 3 dB down at § Hz. In position 3
-the attenuator 1s connected to the carthy line, the input, of course, not being
short circuited. This facility (not always provided) is useful for setting the
zero input position of Lhe trace without disconnecting the signal, ie. the
position of the trace for no inpul, corresponding Lo the zero line,

ATTENUATOR

This s a stepped attenuator normally goingin 1, 2, S ratio. The total attenu:
tion required 1s large since the input sensitivity may vary from 10 mV/divisiod.
w 20 Vidivision (much higher sensitivity of 10 pV/division may also be
available on some instruments). On the 10 mV/division setting the atlenuator
is cut out s0 that on the 20 V/division sctting the attenuation is 2000 times.
This cannot be obtained on a single switch bank, and commonly a number of
fixed attenuators are used connected in cascade as required. An example is
givenin figure 4.3. The attenuators are potential dividers, and a typical cireunt
1s shown mn figure 4.4. At low frequencies this is a resistance attenuator, the
values of resistors R, and R, being chosen 1o give the required attenuation,
The input impedance of the oscilloscope should be the same on all ranges,
therefore the input impedance of the +10, + 100 and + 1000 attenuators
must be the same as the input impedance of the amplificr. These attenuators
sometimes feed the umplifier and, in other positions, the =2 and < 5 attenua-
tors. Again, these must also have the same input impedance as the amplifier.
The values of R, and R, must allow for the fact that the attenuators are feeding
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Ca

é L

o

FIG 44 TYPICAL ATTENUATOR CIRCUIT

the amplifier or other attenuators. If, for example, the input impedance of all
attcnuators is IM€, then the input impedance of the amplifier must also be
1 MQ. If an attenuator 15 1041 then R, = 900 kQ and the cffective lower arm
must be 100 k€. This is composed of R; and the | mf2 input resistance of the
device being fed from it, or

Rifm:i) - T(l)T) (R being in kilohms).
Thus. R, =H= 11 k.

To offset the cflect of stray capacitance at high frequencies, the potential
divider becomes a capacitance potential divider consisting of C, and C, and
stray capacilances. C; is adjusted to give the required attenuation at” high
{requencies (the same as that given by R, and R, at low frequencies). Again,
C; must allow for the fact that C, includcs the input capacitance of the
attcnuator or amphfier being fed from the attenuator. The input capacitance
of the oscilloscope should be the same at alt scttings (so that a potential probe
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cun be used- see Chapter 8). Cy is adjusted to give the same input capacitanoe
for all aticnuators.

Other attenuator arrangements may be used. and in some cases some of
the change in sensitivity 15 done within the amplifier itsclf. Although an
attenuator is used in this way it is marked i voLTs/DIVISION. The divisions
ure usually centimetres, but not always, and refer. of course, 1o the divisions
on the graticule. If the sensitivity is set to, say, 10 volts/division, a d.c. voltage
of 10 volts will move the trace vertically by | division. If 10 volts sinusoidal a.c.
is applied the total deflection will be much more. First, because 1t displays the
peak value and the normal voltage gquoted 1s the r.ms. (for a sine wave the
peak value is 1414 x r.m.s. valug), sccondly, the polarity changes and the
trace is defiected in both directions. The trace would be of magnitude 1-414 x 2

= 2:828 divisions. All modern oscilloscopes have direct calibration in this
way. A variable gain control may be provided, but it is important to nole that
the calibration is correct only #t one position of the variable control. usually
marked caL. The input resistance of oscilloscopes is generally | M€ and the
input capacitance is, say, 11 to 50 pF. :

Thick film planar resistors may be used in the atlenuators in place of the
ordinary types.

INPUT CIRCUITS

The most common arrangement is Lo use a junction FET as a source-
lollower. The gate leakage current of a junction FET is small; it depends on
drain voltage, drain current and temperature, and 15 of the order of 107° to
10 * A, By connecting the transistor as a source-follower the current is
reduced (i.e. the input impedance is increased) and the oulpul impedance
reduced. An FET must be protected against overloading such as when the
atlenuator is in the most sensitive position. say 10 mVidivision (i.e. zero
attenuation) where the input socket feeds dircctly to the amplifier. One
protective arrangement is shown in figure 4 5. The input resistance is R, and
R, in senes, which must be the same as the input resistancee of the attenuators.

Cy ML
R,
; I pa—
—_
FROM oo«
ATTENUATOR
R:
o 00 K

pa

FIG 45 FET INPUT CIRCUT

The input resistance of the FET is so high that normally it can be neglected,
and R, swamps oul any variations due o temperature, etc. C, is adjusted to
give the same input capacitance as Lhe atienuators; C, is adjusted lo give
uniform frequency response (i.¢. it compensates for the inpul capacitance of
the FET).

For a positive input voltage, gate-source current will flow when the gate is
more than, say, 0-7 V positive, but the current is limited by R (and perhaps
to some extent by the resistance in the FET source circuit). With an input of
100 V the current is limited by R, 10 1 mA. The FET will ordinanly cerry this
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current {or larger) without damage because the dissipation is low (the gate-
source vollage being low). When a negative voltage is applied the gate-source
voltage rises until avalanche breakdown occurs, the current again being
limited by R, In this case the dissipation is greater and the FET must be
capable of withstanding these conditions without damage. Owing to the
dissipation, damage may be done if the overload is maintained. Better pro-
tection can be obtained by increasing R, and decreasing R, However, this
results in some loss of signal, and necessitates more gain in the amplifier.
Some lurther prolection may be incorporated by the use of diodes, as in
figure 4.6, the input circuit being as figure 4.5. These diodes protect the FET,
and also the transistors fed from the FET. For 4 positive gate input the FET

+ ¥ + ¥y

INPUT 3 — OUTPUT

[} }

_va
FIG 44 FET INPLT CIRCUIT WITH DIODE PROTECTION ON FE.T SOURCE CIRCUIT

source voltage will nise, but limited by D, to a little over + V. With a negative
gate input the FET source voltage will decrcase, but this will be limited by D, to
a little over V, and so protect later transistors. The gate-drain junction will
break down as previously. An alternative is to place the diodes on the input as
in figure 4.7 R, gives the required value of input resistance and R, hmts the
current flow. C, is for frequency compensation For a positive input voltage
D, will conduct and clamp the gate voltage 10 a value slightly above + V, (i.e.
V, plus the drop across D, }. In the negative direction D, will clamp the gate
voltage at a value slightly higher than V. [n this way the gate voltage can be
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FIG 47 FET.INPUT CIRCUIT WITH UDIODE PROTECTION ON THE GATE
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limited to safe values. The disadvantage is the leakage currents of D) and D,
and their capacitancies, which are now across the input of the FET.

The maximum voltage input to oscilloscopes is commonly given as 400
volts, but the conditions are not often slated. Generally, oscilloscopes will
stand 400 volts d.c. or peak a.c. (or d.c. + peak a.c. il both present) on the
most sensitive range, ie. direct to the amplifier. However, this overload
condition should not be maintained or damage may result.

As already stated, the input is single ended, but push-pull signals are
required for feeding (o the deflecting plates. This is almost always donc by the
use of a long-tailed pair. The circuit shown in figure 4.8 uses bipolar transistors,
and will now be described.

4

INPYT

FIG. 4% BASIC LONG-TAILED PAIR CIRCUIT

Tr, and Tr, have a common emitter resistor R, (which may be replaced by
a conslant current circuit). The bases of Tr, and Tr, are fed with a suitable
bias voltage and the signal is applied to the base of Tr,. If the transistors have
the same %ias the circuit is symmetrical and equal currents will flow in Tr,
and Tr,, producing equal steady voltages at oulputs (1) and (2). Suppose that
the input signal goes in a positive direction. This will cause the current of Tr,
to increase and this current will low in R, causing a rise in voltapge across R .
Since the base of T'ry is at a fixed voltage its base-emutter voltage and its current
arce reduced. The voliage on the emitters of Tr, and Tr, cannot vary much
without cutting them off, so the vollage across R, will change only slightly.
Hence the current of Tr, has been increased and that of Tr, decrcased by
almost the same amount (since the vollage and current in R is approximately
constant). The potential of output { 1) henee decreases, and output (2) increases
by about the same amount. Thus a push-pull output is available to eventually
drive the deflecting plates.

One muy consider that Tr, is an emitter-follower, of approximately unity
voltage gain, driving Tr, as a common-base circuit, hence having almost
unity cutrent gain. Thus a certain input voltage will cause a certain current
to flow in Tr, (and through R;), and this current is the input current to Tr,
{neglecting the current in R,). This is almost the current flowing in R, Thus,
almost equal current flow in R; and R,.

A circuit 15 shown in figure 49 where C, R, and R, form the protection
circuit already described. Try and Tr, are junction FETs, commonly a

®
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FitG. 4.9, TYPICAL INPUT CIRCINT USING FETs

matched pair to reduce drift due to temperature changes. Tr, is connected
similarly to Tr, but fed with a variable bias from R,, which may form the
SHIFT of VERTICAL control. Ry and R, are the source-resistors connected to a
Suilable ncgative supply. The signal voltage is developed only across R, but
if there is no signal and the circuit is balanced (i.e. no shilt voltage is applied),
the voltages across Ry and R will be equal. Thus, equal steady or bias voltages
are fed to bipolar transistors Try and Tr,, which form a long-tailed pair with
the common emitter resistor Rg (which may be replaced by a constant current
circuit). R, and R, are the collector-load resistors and from these resistors
push-pull signal outpuls arc available, as explained carlier. Varying R, is
equivalent to an equal and opposite signal fed to Tr,, and causes a shift of the
beam so that the trace can be moved vertically to any part of the screen. There
are many variations of the basic circuit; critter-followers may be placed
between the FETs and Try and Tr,.

An alterpative 1s to maintain a single-sided circuit until later in the amplifier.
A basic circuit is given in figure 4.10. The two FETs, Tr, and Tr, carry the
same current since they are m scrics. The bias voltage on Tr, is the voltage
across R, Since Ry = R, the voltage across R, must equal that across R,
If the transistors are assumed to be the same then the drop across R, must be
the bias voltage of Tr,. If the output is taken from the source of Tr, it will be
more positive than the gate voltage by this bias voltage, but by taking the
output from the lower end of R, the voltage at this point must equal the input
or gale voltage. R, together with Tr, form the source load. Tr, acts as an
emitter-follower with emitter-load resistor R,. In the oscilloscope (Advancc
Electronics) this output is taken to a common-emitter amplifier with switched



32 THE CATHODE-RAY OSCILLOSCOPE

_VI

FIG 410 SINGLE-ENDER INPUT CIRCUIT
(Simphicd Advance Flectranic;

feedback so the gain can be varied (this takes the place of some of the allenua-
tors, only a + 100 attenuator being used). This stage then feeds a long-tailed
pair from which a push-pull output 1s obtained to drive the cutput stage
consisting of a push-pull cascode stage.

In all these circuits, since they are d.c. amplifiers, drift occurs henece the
circuits are designed to reduce it as much as possible, particularly with tem-
perature. They are basic circuits; the methods used 10 reduce drift are outside
the scope of this book. )

In place of junclion FETs for the input stage MOSFETs (metal oxide
semiconductor field effect transistors) may be used. As the input resistance of
a MOSFET is so high (leakage current, say, | nA) it can be connected as a
common-source amplifier instead of a source-lollower. The leedback capaci-
tance between drain and gate can be reduced 1o an cxtremely small value bg’
the use of dual gate MOSFETS (say 20 fF where fF is a femto Farad = 10°
pF). They act like a cascode circuit, the sccond gate being at carthy potential
as regards a.c. A simplified circuit used by Scopex is given in figure 4.11.

Protection is applied by the use of diodes D, and D,, the current being
limited by R, (the circuit is stmilar 10 one a]rcaciy described). Excess voltage
must not be applicd to a MOSFET as the insulation will break down and the
transistor will be destroyed. The second gates of Tr, and Tr, are fed from R,
and R,, and a suitable bias vollage is fed to Tr, {rom R, which [orms the
Y SHIFT control. These two transistors act as along-tailed pair with the common-
emitter resistor Ry. The drain-load resistors are R4 and Ry which feed another
long-tailed pair, Tr; and Tr,. The common cmitter resistor is now R,
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Variation of gain is by presct resistor Ry; the lower this is in value the more
the sources are coupled together and the greater the gain.

PRESET GAIN CONTROL
The Y-amplifier must have a preset gain control so that the amplifier gain

can be set 10 its right value and the calibration of the attenuator (voltsidivision}

switch bc made correct.

VARIABLE GAIN CONTROL

A variable gain control 15 sometimes provided to give a sufficient change of
gain so that, togcther with the attenuator, continuously variable gain is
available throughout the full range. 1t is not calibrated and it must be sel to
the calibrate or caL position before voltage readings are taken from the
screen, On oscilloscopes where the variable control is concentric with the
atlenuator switch (VOLTS/DIV) it is easy to turn the variable control accidentally
when operating the attenuator switch, It is therefore advisable to check the
position of the variable control before taking amplitude measerements. In
some oscilloscopes 4 lamp is used to indicate that the variable control is
in usc. The variable control may consist of a variable resistor across the two
outputs of one of the push-pull amplifiers, or it may be placed in the emitter
or source circuit of one of the long-tailed pairs, as in figure 4.12. The gain is
reduced by adding R, and R, (cqual resistors) in the emitter circuits (since
it allows onc emilter 10 vary in voltage relative to the other). The gain can
then be changed by varying the value of R, which eventually shorts them out,

—-¥
FIG. 412 VARIABLE GAIN CONTROL CIRCUIT

OUTPUT AMPLIFIER

This foilows on the same lines, usually being a long-tailed pair amplifier.
Sometimes a cascode amplifier is used. 2 basic single-ended cascode circuit
is shown in figure 4.13. Tr, operates as a common-emitter stage, while Tr,
15 a common-base circuit since the base is connected to the carthy line by C,
The purposc of this circuit is to reduce the feedback capacitance. The feed-
back capacitance of Tr, is between collector and emitter, and is small com-
pared with that between collector and base of Tr,. There is no current gain
in Tr; and it has a low input impedance. The current gain is provided by Tr,.

Bipolar integrated circuils are also used in some Y-amplifiers. -
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FIG. 413, BASIC CASCODE AMPLIFIER CIRCLIT
DELAY LINE

In many cascs the timebase will be triggered by the signal itsclf; details are
given in Chapter 6. The triggering of the timebase takes a finite time. There-
fore, if the same signal is fed to the timebase as to the Y-plates then the first
part of a signal wili not be displayed when it occurs at high speed. To overcome
this the signal can be delayed in the Y-amplifier by a time approximartcly
equal to the triggering time. This is normally produced by a Jength of coaxial
cable connected 1o a suitable point (afier the trigger take-off point) in the
amplifier. The cable must of course be suitably terminated at both ends to
prevent distortion of the waveform being examined. The dclay time required
will depend on the oscilloscope, but may be 0-1 -0-25 ps. A thin film curcuit
is sometimes used.

Obviously, frequency compensation is necessary in the amplifier, particu-

o larly when the Y-amplifier goes up to high frequencies. A bandwidth of 10 MHz

. now appears 10 be a minimum figure; 50 MHz is fairly common and there arc

amplifiers available going up to 500 MHz. The detailed analysis of these
circuits and means ()Fcompcnsalion are beyond the scope of this book.

Some amplifiers have Facilitics to increase the gain by, say, a factor of 10,
but at reduced bandwidth. This i5 often uscful but is becoming less important
with the greater sensitivity of the amplifiers. When two Y-amplifiers are used
(in double-trace oscilloscopes) it is sometimes possible to cascade two so
as to get limited increased gain, say x 10,

Since the Y-amplifier sensitivity is now calibrated it is important that it is
stable and that there should be hittle drift on d.c. Variations in mains voltage
can be prevented from altering the gain by the use of stabulizers for the various
voltages. These may be conventional electronic stabilizers or a constant-volt-
age transformer (used in one model by Advance Electronics).

Vaniation in mains voltage will vary the ¢.h.t. The usc of stabilized supplies
{which are costly) can be ¢hminated by making the gain of the amplitier
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increasc in the same way that the tube sensitivity decreases with increased
e.h.t. voltage.

The linearity of the Y-amplifier is also important so that the calibration
does not vary at different parts of the screen. In most cases the shift control
is more than sufticient 10 move the spol over the total vertical height of the
tube. The amplifier 15 designed so that a part of the wavelorm may be examin-
cd, say a § to §, by increasing the sensitivity re. decreasing the vOLTS/DIV
sclting. It would be extremely difficult to make an amplifier to have a hnear
output of, say, five times that normally requiced. What happens 15 that the
amplificr limits when the voltage 1s rather more than that required to give full
screen deflection. Since this part is not seen, limiting 1s unimportant, provided
the amplifier is lincar over that part of the output seen on the screen. The effect
of increasing the sensitivity, and operating the shift control on the waveform
(as seen on another ¢.r.0.) on the Y-platcs, is shown in figure 4.14.

1<) Overscann:ng, bus truce moved downwarda 3o only top part of irace viuble

FIG 414 VOLTAGE ON DEFLECTING PLATE OF OSCILLOSCOPE
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BEAM LOCATE BUTTON

When an oscilloscope is used with large X and Y shifts it is sometimes
difficult to find the beam, and many oscilloscopes havec a BEAM LOCATE or
REAM HNDEK button. This reduces the gain of both X and Y amplifiers (includ-
ing the amount of the shift) so that a trace will appear on the screen under all
conditions.

The trace may be disterted and will not be in the centre of the screen. The
X and Y shift controls shoukd be operated 1o bring the trace to the centre of
the screen, both horizontally and vertically. If the bution is now released the
trace will appear approximately in its correct position. 1t may be too large in
amplitude, m which case the voLT/DIV controls must be moved to a less
sensitive (more volts/div) position.

Some oscilloscopes have neon indicators, one at the top and bottom and onc
at each side. If the trace is off screen then the neon lamp(s) lights, correspond-
ing 1o the position the trace is off screen,

1n the case of a triggered timebase no trace will appear when the BEAM
LOCATE button is pressed unless the timebase is triggered as the beam will be
cut off. This difficulty can be overcome by arranging that the BEAM LOCATE
button makes the timebase sell-run; or a lamp can be used to indicate whether
the timebase is triggered. In the latter case one must get the timebase running
either by adjustment of the tngger level or setting it to AUTO before using the
locate button.

BANDWIDTH AND RISE TIME

At one time a frequency response of | MHz was considered good, but today
the ‘normal’ oscilloscope goes up to 10 MHz, and there arcinstruments readily
available going up to at least 500 MHz. In this section we will discuss what is
meant by bandwidth and its importance.

First, the definition of bandwidth. Assuming a d.c. amplifier, the response
curve, ie. the amplitude of deflcction at differcnt requencics for 2 constant
input amplitude, is as shown in figure 4.15. At high frequencies the amplitude
of the trace will decrease and the frequency at which the amplitude has

1 —— = - —ouu

DEFLECTION

A |- — - = = —m m - — - - — -

FREQUENCY  MHI
(Log scoke §

FIG. 415, RESPONSE OF OSCILLOSCOPE

decreased o 0707 (— 3 dB) of its low-frequency value (often taken as 50 kHz)
is called the bandwidth. The way in which the response drops can vary, ie.
it may be a slow rall off or a rapid decrease; the ideal is as shown, e. it falls to
0-35 (-9 dB) at a frequency of twice that at the 0-707 (-3 dB) point. In
other words, the rate of fall over this region is 6 dB per octave (6 dB per doub-
ling of the frequency). The frequency response required obviously depends on
the range of frequencics to be examined, but most important on the shape of
the waveforms of the voltage to be examined. Sine waveform voltages up to
a maximum frequency of 1 MHz would need an oscilloscope with a bandwidth
of 1 MHz (or a little morc). If one wishes to examine | MHz squdre waveforms
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then the situation is quite different. A square waveform of | MHz contains a
fundamental of ! MHz and a large number of harmonics— in theory an infinite
numbser. If it is considered necessary to reproduce the 3rd, Sth, 7th and 9th
harmonics without reduction in magnitude, an oscilloscope with a bandwidth
of 10 MHz is essential. A square waveform on an oscilloscope having a band-
width of | MHz would be very distorted and look almost like a sincwave.
Thus it 15 necessary to make sure that the bandwidth of the oscilloscope 1s
adequalc or there will be misleading results. This is illustrated in figure 4.16.

(b) On owilloscope with handwidih about 75 MHz .

HIG 416 EEFECT OF FREQUENCY RESPONSE OF OSCILLOSCOPE
APPROX | Mi: SQUARE PULSE

Thus if one wishes to view any type of pulse waveform the bandwidth must
be large compared with the repetition rate or frequency of the pulse waveform,
Instcad of specifying the bandwidth the rise time of the oscilloscope is
commonly quoted as this is more important when dealing with pulses having
fast risc umes. The rise time is defined as shown in figure 4.17. It is the time 1
taken for the voltage to rise from 10% to 90% of its maximum amplitude.
There is a relationship between the nise time and bandwidth as follows:

Rise time ¢ x bandwidth f = 035 . . . e 4.1)
where ¢ is in seconds and fin Hertz. -

This 1s an approximate relationship and depends on how rapidly the response
(alls off at high frequencies. If it falls more rapidly than that shown in figure
4.15, some overshoot in the waveform will result, as in figure 4.18(a); or a
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damped oscillation may occur, as at (b).
Turning equation (4.1) around Bandwidth f = —_-0'3_5—
Rise time ¢

Thus, 1f the risc ime is to be 10 nanosccond (10 x 10°° second) then the
bandwidth must be at lcast’

035
W = 35 MHz.

To see what this means consider pulses at | MHz having equal mark-space
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ratios. The time of a cycle is 1/10° seconds or | ps. The time of the puls: is
0-5 us or 500 ns. A rise time of 10 ns means that the rise time is d5th of the
period of the pulse, as in figure 14.19. If a pulse of this shape is 1o be examined
then the bandwidth has to be at least 35 MHz, for a pulse frequency of | MHz,
for satisfactory results.

100
90}

VOLTAGE

107

—w= 10ns «—

FIG 419 | MH: PULSF WITH 10 oy RISE TIME (NOT DRAWN TO SCALE)

If two picces of cquipment are used in cascade having risc times of #; and
t, it can be shown that the total rise time

T=.41+1;}

If an oscilloscope has a rise bme ¢, equal (o that of the signal under examina-
tion ¢,, the rise time seen on the screen will be

T= 1+, =141y

i.e. it will be 4097 longer than it should appear. To prevent this error the rise
time of the oscilloscope should be small compared with that of the signal
being examined. If the rise time of the oscilloscope is five times less than that
of the signal the error is only 2%, Thus, if we wish to measure pulse rise times
of 10 ns the rise time of the oscilloscope should be less than 2 ns, which cor-
responds to a bandwidth of some 175 MHz. Rise-lime measurcments are
important in many pulse applications, When very fast rise-time measurcments
are required comparisons are better than direct measurements, and in this
case an oscilloscope with a rise time approximately the same as the signal will
suffice.

When very fast rise-time pulses are 10 be examined great care is necessary
in feeding the oscilloscope. Some details are given in Chapter 8 on the usc
of probes. In some oscilloscopes designed lor measuring high rise-time pulses
a Y-input is provided having an input impedance of 50 ochms. This can then
be fed with a cable of the same characteristic impedanoe from a source of 50
ohms so Lhat reflections and distortion are reduced to a mimimum.

When the response of the amplifier drops off at low frequencies the 0-707
{—3 dB) frequency is usually given, together with the high [requency limit
rather than the difference between them, which is the usual definition of
bandwidth. When considering the relerence frequency this should be 20 times
the frequency of the low frequency —3 dB point, and 5 of the frequency at
the high frequency —3 dB point. In giving the bandwidth in this way n is
assumed that there are no great variations of gain between the 1wo —3 dB
points. When a d.c. amplifier 15 used the response at d.c. should be the same
as at the reference frequency and not —3 dB fromit.

In some wide-bandwidth oscillescopes the bandwidth can be reduced (say-
from 200 MHz 10 20 MHz) when the wide bandwidth 1s not required. This
reduces the noise and gives a clearer trace.
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X-deflection Amplificr

THE main purpose of the X-amplifier 15 to apply the signal from the ume-
base or sweep generator to the X-deflecting plates. The design will depend on
whether this is its only purposc or whether it 1s to be used for external signals
and of what type. In many oscilloscopes the X-amphfier simply amplifies the
timehase output, and little amplification may be required. Tt 1s necessary to.
change the single-ended {unsymmetrical} output of the sweep generator to a .
balanced or push-pull output to feed the deflecting plates. This change 1§
normally done by the use of a long-tailed pair, as descnbed in Chapter 4. The
deflecting voltage required is usually larger than that on the Y-plates since the
X-plates scnsitivity 15 less than that of the Y-plates. The ratio of X to Y sensi-
tivity varies, but commonly the Y-plates are about twice as scnsitive as the
X-plates. The required frequency response of the amplifier will depend on the
timebase frequency.

The maximum speed of the sweep gencrator is often about 10 ns’division
and, assuming 10 divisions across the screen, this means the time for the
complete sweep is 1000 ns or 1 ps. There will be some time for the Ryback and
hold off, but lﬁc repetition rate of the umebase 15 approaching | MHz This
is a sawtooth waveform, and one might expect that the bandwidih would have
to be high to reproduce the sawtooth correctly. 1t is unnecessary o reproduce
the sawtooth waveform correctly provided the sweep 1s maintained linear.
What happens during flyback is of little importance. Thus, the bandwidth of
the X-amplificr is usually less than that of the Y-amplifier and may. in fact,
be only a tenth. The gencral design follows that of the Y-amplifier already
described.

It is usual to provide some magnified sweep so that the trace can be ex-
panded. This may be by means of a VARIARLE MAGNIFICATION CONTROL
(variable gain control) giving a maximum magnification of say, 5 or 10 times,
When this is in use it MusT be borne in mind that the calibration of the X-scale
has been lost and that the calibrated horizontal time-scale can be used only
when the VARIABLE MAGNIFICATION controf is in the CALIBRATE position. Alter-
natively, a switch may be provided to give eather 5 or 10 umes magnification
(in some cases 100 umes). With this the calibration is maintained and the
SWEIP SPERD sctting is multiplied by the magnification used.

As in the Y-amplificr an x-SHIFT or POSITION control 15 required n order
that the waveform may be moved horizontally. This is essential when swrep
MAGNIFICATION is used so that any part of the waveform can be examined.
The POSITION control must be able to move the trace from one end to the other,
e.g., 10 times the screen width. The magnitude of the X.deflecting voltage for
normal scan may be 60 V p-p and it might be inferred that, on 10 TIME MAGNI-
FIED SWEEP, the amplifier must provide 600 V p-p. This is not the case as the

4]
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change of voltage is not much more than 60 V p-p, say 100 V p-p, due to
limiting by the circuit.

This is shown in figure 5.1, where it is scen that a slice is taken from the
normal sweep waveform in the MAGNIFIED SWEFP setling, the position of the
slice being determined by the setting of the x-pos1TION control. The amplifier
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must be designed so that this limiting does not upset the accuracy of the
sweep when operating under all conditions.

The effect of using the x 10 MAGNIFICATION switch is shown in figure 5.2,
The x 10 magnification does, of course, increase the sweep s by this factor
and henee, if the normal maximum sweep speed is 100 ns/division, the maxi-
mum with sweep magnification is 10 ns/dwision. This is a very fast sweep
speed, particularly if one realizes that at this speed a Y-signal at 100 MHz
(assuming the oscilloscope will operate at this frequency) will produce a
trace with 1 cycle corresponding to 1 division.

When a TRACE LOCATE of SPOT FINDER bution is fitied the X-gain is reduced,
and also the amount of shift, so that the trace always appears on the screen.

Where plug-in timehases are fitted part of the X-amplifier is situated in the
plug-in unit and part in the main frame.

Tuming now to external X-deflection facilities, these vary greatly depending
on the oscilloscope, many only making a very modes} provision. A switch
may be provided as in figure 3.1, so that an external signal can be fed to the
X-amplifier provided for the timebase. In this case no provision is made for
differing magmitudes of input signal, although some variation of gain is
available by the use of the SWERP MAGNIFICATION control. The sensitivity of
the amplifier will generally be limited and, as already stated, the bandwidth
may be quite small compared with that of the Y-amplifier.

For best results the X and Y amplifiers should be similar so that there arc
equal phase shifts on the two axes. If this is not the case then when the oscillo-

e
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{a) Sweep speed ret 1o 01 ps.div and no X expanuon

(b) Sweep tpeed 301 1o 0| us/div and x 10 horzonlal CApARLIGN correspanding (0 3w eep speed of 01 udidiv or
10 ns.dn.

FIG 52 PULSE WAVEFORMS

scope is used to display characteristics of devices, loops tend to form due Lo
the differing phase shifts. Some oscilloscopes are made with identical X and Y
ampilifiers, which increases the cost.

When dual-trace oscilloscopes are used (see Chapter 10) two Y-amplificrs
arc provided, one for cach trace. On some of these equipments it is possible
to switch one of these amplifiers into the X-circuit so making identical amplhi-
fiers available in both X and Y directions, but, of course, only a single trace

an then be used. In one oscilloscope (Tektronix) it is possible to plug a

.(-ampiiﬁer inlo the position normally occupied by the plug-in timebase
unit. This gives the advantage of having two high-quality amplifiers, one for
cach direction of deflection. Both arrangements afford full facilitics of the
normal Y-amplifiers for both X and Y direction, ¢g. attenuator, a.c./d.c.
swilch, full bandwidth, cic.
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Trigger Circuits and Timebase Circuits

Tur trigger and timebase circuils can be extremely complex and are very
variable as regards circuits. Accordingly, only the general principles and block
diagrams can be considered with some basic cireuits. Almost all oscilloscopes
now use a triggered timebase or sweep generator. This imebase does not run
continuously {except in the automatic mode 10 be described later) and, in the
absence of trigger pulses, the spot remains on the left-hand side of the screen.
The purpose of the trigger circuit is 1o produce suitable pulses normally from
the signal under examination (but may be from another external signal). When
4 pulse occurs the timebase sturls its scan or sweep amd travels across the
screen at a speed settled by the timebase swerp seken control. When the beam
reaches the right-hand side of the screen it rapidly returns to the left-hand
side (the flyback) and waits for another tnggering pulse. "

A block diagram of the basic arrangement is shown in figure 6.1. The TRIGGE
SELECTOR block determines from where the tripgerning wavelorm is to be
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FIG n1 BLOCK DIAGRAM OF TRIGGER AND ITMEDBASE CIRCUITS

obtained. The iINFUT COUPLING determines in whal way the selected trigger
waveform will be moditied. The LEvEL CONTROL block determines at what
level of 1nput signal the tmebase shall be triggered, and also whether it is 1o
be triggered by a positive- or negalive-going signal. The PULSE GENERATOR
gives a pulse of fixed magnitude to operate the TIMEBASE MULTIVIBRATOR
which, in turn, operales the RAMP GENERATOR OF SWEEP GENERATOR 1o pro-
duce the scan via the x-ampiirikr. Other blocks may be added, as will be seen
later.

The tngger circuit will be considered first.

TRIGGER SELECTOR BLOCK

This block establishes from where the triggering waveform shall come:
there are three general sources

{a) Internally from some part of the Y-amplilicr

(b} Exiternally from the external trigger socket.

{¢} Mains or line, the waveform being obtained Irom a suitable transformer

connected to the mains.

{a) The output from the Y-amplifier must be taken from such a point that
a reasonable amplitude 15 obtained even with a small trace height, say for a
signal of 1077, or less, of maximum. The circuit must be designed so that the
connection of the triggering circuit does not upset the operation of the Y-
amphfier, and 5o a buffer stage may be necessary. Ifa Y-delay line is used then
the triggering waveform muest be taken before the delay line.

{b) The external trigger socket should have a high resistance, say | MQ,
and a small capacitance, say 25 pF or less, so that its connection o a circunl
has a minimum effect on the circuit. Obviously, there will be a minimum
signal for satisfactory triggering,; this should be lairly small, say 100 mV 1o

44
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500 mV. The figure will vary with frequency, the higher the frequency the
greater the voltage for triggenng. There will also be a maximum input. In
some oscilloscopes a simple attenuator can be switched into circuit 1o decrease
the triggering sensitivity, usually marked =10,

(c) Although not always provided, this facility can be extremely uscful.
When working with mains frequency equipment the internal trigger may
be used, but if the voltage varies, it may be necessary o alter the trigger level
control from time to time. This can be overcome by feeding a mains frequency
voltage into the external trigger socket, but it is more convement if it can be
done internally by the operation of a switch.

Multitrace oscilloscopes require additional switching so that the trigger
waveform can come from any of the inputs. This is fully discussed in Chapter
10.

INPUT COUPLING BLOCK

This block determines how the selected triggering waveform shall be modi-
fied before being applied 1o the LEVEL coNTROL block. The facilitics available
will depend on the type and intended use of the oscilloscope. The facilities
that may be provided arc as follows:

(1) D.C. In this position there is a dircct d.¢. conncction from the trigger
wavelorm source 1o the LEVEL CONTROL block. The timebase will now trigger
when the waveform reaches a certain d¢ level as set by the level control.
Suppost that we have a waveform as shown by the [ull line of figure 6.2,
which has both a d.c. component and an a.c. component, {.e. 1t 15 a varying

TAGGER
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YOLTAGE
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TIME
FIG. 62. EFFECT OF DC COMPONENT ON TRIGGERING

d c. voltage. For the trigger level shown the timebase will trigger at point X,
If the d.c. component is decreased (but the a.c. component remains at the
same value), as shown by the dotted curve, the timebase will not be triggercd.
Figure 6.3 shows an application where this is useful. Suppase now that we
have a television waveform as shown, which has s full d.c. component.
Al (a) is the case where the picture is mainly white, while at (b) it s mainly
black. However, if the d.c. component of the waveform is present, then the
tips of the synchronizing pulses will stay at the same voltage. Thus, triggening
will always occur at point X (for the particular trigger level setting shown)
independent of the picture content. Thus stable tnggering will result.

(2) A.C. In this position a blocking capacitor 1s placed in series to the
LEVEL CONTROL block so that any d.c. component is climinated. The response
is commonly uniform down to a frequency of, say. 3 Hz. Thus, considering the
wavelorm of figure 8.2, as regards the trigger circuif (and not that seen on the
screen), the wavelorm will be as in figure 6.4 and, with the trigger level shown,
the timebasc would trigger at point X. If the d.c. component were changed,
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as shown dotted 1n figure 6.2, then, as regards the trigger circuit (but not as
regurds the display on the screen), the waveform will be as figure 6.4 and will
not change {assuming the a.c. component 10 be the same in both cases).
Thus the triggering woukd remain constant independent of the d.c. compo-
nent. It must be emphasized that it is the triggering circunt that is being dis-
cussed and not the selection of the waveform to the Y-plates. IT the Y-selector
were on the d.c. pusition the waveform would appear as figure 6.2 in both
cases.

Consider now the television waveform as in figure 6.3 but with the trigger
selector 1n the a.c. position. As regards the 1 EVEL CONTROL block the wave-
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forms would now appear as in figure 6.5, with no d.¢. component, i e. the
arca above the zero line must be equal to the area below, as indicated. With a
picture of mostly white content, as at (a), the synchromzing pulse will cross
the trigger level shown and the timebase will be triggered at point X. However,
when the picture is mainly black, as at (b), the synchronizing pulsc does not
reach the trigger level and the timebase will not he tnggered. Therefore, to
maintain the timebase triggering on a synchronmizing pulse 1t is necessary to
kecp changing the trigger level as the picture content changes. Hence, for
this waveform the d.c. position is the correct one to usc.

If a low [requency signal 15 being examined it is better to use the d.c. posi-

.tion due to the attenuation in the a.c. position at very low frequencics. This is
particularly truc in the case of a sine waveform where the rate of change of
voltage will be small in relation, say, to a pulse waveform.

(3) L.F. reject (low frequency reject), also called ac. fast or h.f. (high
frequency). In this casc a small capacitor 15 used between the TRIGGER SELECTOR
block and the 1.EVEL conTROL block. This, of course, removes the d.c. com-
ponent as in (2), but greatly attenuates the low frequencies, or, one may say
that it passed only high [requencies. The frequency at which the input is
attenuated wilt depend on the oscilloscope; it may be below 10 KHz or much
lower, say below 200 Hz.

An application is shown in figure 6.6. At (a) is a television waveform with
superimposed low frequency hum with the input coupling to a.c. (To simplify
the drawing the hum frequency and line frequency are not in the correct ralio).
Tt is assumed that we wish to tngger the timebasc on every alternate pulse.
At (a) the timebase would be triggered at P, but not again until R, while at S
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12) [nput wavelprm. ¢b) Trgger wasclorm when inpel coupling set w11 1eject
it would be triggered carly by the picture portion of the waveform rather than
the synchronizing pulsc. If the input coupling is now set Lo 11, reject the wave-
form seen by the level control block (but not that displayed on the screen)
will be as at (b). The low frequency hum content has been removed and there
may be some distortion of the waveform. It must be emphasized that this docs
not alter the waveform seen on the screen, but only that scen by the level
control block. The timebase will now be triggered at point P, Q, R and S, as is
required, and satisfactory triggering will resull. If the picture content changes
then, of course, the sume problem will arise as described in (2) because the doc.
component has been removed. An interesting effect of this control is described
i Chapter 13.

(4) H.F. reject (high frequency reject) or LF {low frequency) alf. (audio
frequencies). In this position the high [requency components fed to the
LEVEL. CONTROL block arc reduced. The [requency at which attenuation occurs
will depend on the oscilloscope; at, say, 15-40 kHz or much less, say 1 kHz.
The coupling may be d.c. or a.c. but where the d.c. is removed it is more
correctly called “a.c. b.f. reject’. This position ¢an be used to remove noise or
any high frequencies from a low frequency waveform 1o get more stable
synchronizing. This is shown in figure 6.7 At (a) is the input waveform, and
that fed to the Cevis. conTrot block if the INPUT OOUPLING is a.c. 1t will be
seen Lhat the imebase is triggered at instants X and Y. but these are different
in relation to the low frequency waveform due to the high frequency com-
ponent. If the input coupling is on h f. reject then the wavelorm seen by the
level control block will be as at (b), und correct triggering will take place, both
points X and Y being the corresponding points on the low frequency wavcform.

(5) T.V. hinc. Itis frequently required to Lrigger from a composite (i e. video
plus synchromzing pulscs) television waveform. Often this can be done using
the d.c. or a.c. pusition of the input coupling and by suitable setting of the
trigger level, as alrcady explained. However, it is better if the vidco signal is
first removed. In this position of the input coupling a television synchronizing
scparator is brought into circuit which produces only the composile synchro-
nizing pulses and these trigger the timebase. The exact arrangement depends
on the oscilloscope; in some instruments the synchronizing scparator will only
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(2 Iapul waveferm. thl Trigger wavelorm when input Souplieg sel 10 h £ repecl

operate with one polarily of video input.

(6Y T.V. field. There are numerous occasions when it is nccessary to trigger
the timebase by the field pulses, which is not usually satisfactory with the
other settings of the input coupling. [n this position a synchronizing scparalor
15 used. as in (5), but a partly integrating circuit is added to produce a pulse
corresponding to the fiekl synchronizing pulses (i.e. a field synchronizing
scparator). These are led to the LEVEL coNTROL block to Irigger the timebasc.
Again, the exact arrangements vary and the synchronizing separator may
only operate with one polarity of video signal. A stmpler method sometimes

sed is a low-pass filter (similar to h.f. reject but at a lower frequency) which

ill produce an output corresponding 1o the field pulses but may need more
careful adjustment of the triggering level,

{7) H.F. Although this is not part of the INPUT COUPLING block its inclusion
herc is for completeness. Its purpose is to assist triggering al high frequencies
and its action will be discussed later. [t is NOT the same as L F. Reject: un-
fortunately the term h.t. is used for both purposes but not on the same oscillo-
scope.

LEYEL CONTROL BLOCK

The purpase of this block is to select the voltage at which the tnggering
takes place. It has a slope or polarity switch which decides whether the time-
base is triggered on a positive-going or a negalive-going voltage. The exact
action of the level control will depend on the setting of the TRIGGER SELECTOR
block and 1%PUT COUPLING block. Various settings will be considered.
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{a) TRIGGER SELECTOR block sct to Internal ard INPUT COUPLING
block to D.C.

Under these conditions the wavefonm fed 10 the LEVEL conTRoL block is
that seen on the screen, including the d.c. component. This means that the
limebasc is triggered al a certain d.c. level. Exactly what this means depends
on the oscilloscope because there are two possibilities. It may mean (1) that
the timebase is teiggered ar a certain vertical level on the screen: or () it may
mean that it is triggered at a certain vertical distance from the zero line of the
trace. For the present it will be assumed that (i) applics; (i) will be considered
later. If the slope control is in the positive position triggering will occur when
the waveform crosses this level going in 4 positive direction and not in a
negative direction, This is shown in figure 6.8(a). If the slope control is turned
10 negative then the timebasc is triggered when the waveform crosses this

st S, VS A

FIG 6xinp  POSITIVE TRIGGER SLOPT SKTTING
level gaing in a negative direction, but not when going in a positive direction.
This is shown in figure 6.8(b) for the same trigger level setting and samc
amplitude of trace.

FIG sRIb)  NLGATIVE TRIGGER SLOPE SE

Il the trigger level control is varied then the instant of triggering will be
varied. With the slope control at positive, increasing the trigger level moves
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{b) Effect of decreasing Lnigger level

FIG 69 POSITIVE TRIGGER SLOPE SETTING

the instant of triggering up the trace, as at figure 6.%(a) compared with 6.8(a),
and triggering occurs later, If the trigger level is decreased then the timebase
will be triggered carlier, as at 6.9(b). When the slope control is negative,
increasing the tnigger level causes the waveform to be tniggered earhier, as
shown in figure 6 10{a) compared with figure 6.8(b). Decreasing the trigger
level moves the instant of triggering in the opposite direction, as at 6.10(b).

If the verticat shift or position control is operated so as to move the whole
trace up and down it must be remembered that the trigger level on the screcn
remains at the same point, and so changes in relation to the waveform. This
is shown in figure 6.11. At (1) is with the wavcform in the centre, with the
(nigger level on the zero (centre linc), and with the SLOPE CONTROL on positive.
At (b) the waveform is shifted upwards, and at (¢} it is moved downwards.
Using the vertical shift or position control varies the instant of triggering.
The cffect of varying the amplitude of signal, with the trigger level and slope
control at the same sctiing 1s shown in figure 6.12. At (2) thc amplitude is
small and the triggering level has been set to a low value and the slope control
to positive. At (b) and (¢) the amplitude 15 increased; it will be seen that the
level at which the timebase triggers remains the same but, because of the
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change in amplitude of the trace, the instant of triggering on the wavcform
changes.

If, of course, the triggering level is greater (either in a positive or negative
direction) than the maximum amplitude of the trace then the timebase wil
not be triggered and there will be no trace on the screen (unless the timebase
is set to the AUTO position, to be described later).

If the Y-amplifier input is set to d.c. the waveform on the screen will contain
any d.c. component. This will therefore have an effect on the triggering, since
the trace will move up and down the screen (and relative o the trigger level).
If, however, the input is sct to a.c, then the d.c. tevel will have no effect on the
position of the trace. This does not alter the fact that the trigger level control
15 stll d.c. coupled, henee the trigger level is constant, ie. the trigger level
control still sces what is on the screen, including a d.c. level such as produced
by the vertical shilt or position control. It s important to distinguish between
the effect ol changing the Y-amplifier input circuit and the input coupling
selting of the trigger circuit.

Now consider the other possibility where the trigger level is at a certain
vertical distance from the 7zero line. The only difference is that the trigger
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(b} Wavelarm sh:fied upwards

FIG. 6 111} & (b1 EFFRCT OF VARYING Y-SHIFT CONTROL WITH DC TRIGGER INPUT
COUPLING {on some osc:lossopes)

lcvel now moves up and down with the vertical position control {so that it
always remains al a certam distance from the zero line). With this type of
oscilloscope figure 6 11 does not apply. and the instant of triggering is not
varied by the vertical position control. Apart from this the oscilloscope be-
haves as described for the first possibility, i.e. figures 6 8, 6.9, 6.10 and 6.12
still apply. The difference is caused by the fact that in one casc the position
control operates before the trigger output point from the Y-amplifier and in
the other case after it

In the examples shown the setting of the trigger tevel 1s perhaps not im-
portant, but if one considers a television waveform, as shown in figure 6.13,
{pp 55 & 56} then it is of importance. If the triggering is not to vary with the
picture content then the timebase should be triggered by the synchromzing
pulses, as shown at (a). If the trigger level is sct as shown and the slope set to
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{c) Waveform shited downwards

FIG o1y EFFECT OF YARYING Y-SHIFT CONTROL WITH D C TRIGGER INPUT
COUPLING (on sume owillowopes)
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(u} Small ampliude

FIG o WiNa} EFFECT OF VARYING AMPLITUDE OF SIGNAL, TRIGGER LEVEL BEING
PIXED

positive the timebase will be triggered consistently on the pulses and the picture
content will have no effect. In order that the pulse remains at the same level
the Y-1input should be set to p.¢. and the full d c. component of the signal must
be present, otherwise the waveforms move up and down with picture content,
as explained At (b) is shown a television signal synchronized in this way.
This 15 the waveform of an actual picture, hence the vision portion is different
on cach line, and resuits in the complex video portion. At (c) is shown the
result of lowering the trigger level so that it triggers on the video content. The
result is unsatisfactory triggering and a multiple trace of line pulscs.



TRIGGER CIRCUITS 55

el Large amplilude

FIG 61Ub) & (cb EFFECT OF VARYING AMPLITLDE OF SIGNAL, TRIGGFR LEVEL BEING
FIXED

TACGER —u
LEVEL

YOLTAGE

]

FIG 614a) CORRECT SETTING OF TRIGGER LEVEL

(b) TRIGGER SELFCTOR black set to Internal and INPUT COUPLING
bock to A.C.

The waveform now fed to the trigger level control is that seen on the screen,
but without any d.c component Thus, if the Y-input is set to p.C. and there
is @ d.c. component to the signal this will be displayed on the screen bur will
have no effect on the triggering. Similarly, if the shift control is operated
there will be no effect, whatever the type of osalloscope (see carlier). This is
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FIG 6 13ib}  IMSPLAY WITH CORRECT SETTING OF TRIGGFR FEVEL TRIGUERING
ON SYNCHRONIZING PULSES AND POSITIVE S1LOPE
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FIG 613ic)  DISPLAY WITH INCORRYCT SETTING OF TRIGGER LEYEL
TRIGGERING NUOW ON PICIURE PORTION

shown in figure 6.14 where the waveform has been moved vertically by the
shift control. If the Y-input 15 sct 10 a.¢ then, of course, the d.c. componen
will not be seen on the screen and the triggering will be as with the Y-inpult set
to n.C.

In this position the tripger level will be at a definite value relative 10 the
zero line, the value depending on the setting of the level control. Thus, sup-
pose the input is of the wavelorm shown in figure 6.15(a} The waveform to
the trigger circuit will settle down so that the arca above the zero line is equal
to the arca below, as shown. 1f the (rigger level is set as shown, and the polarity
or slope set to negative, then the timebase will be triggered at instant X_ If the
mark-space ratio of the waveform changes 1o thatl at {b) then the wavelorm
to the trigger circuit will move upwards, as shown, and with the same trigger
level setting the timebase will not be triggered.

Varying the trigger level and slope controls have a similar effect as with the
input coupling set to 1.C. shown in Aigures 6.8, 6.9, 6.10 and 6.12, but not as
figure 6 11.
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(<) Muved downwards
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(¢) TRIGGER SELECTOR block set to Intemal and INPUT COUPLING
block to either ..F. reject or A.C. H.F. reject

In both these cases the d.c. component is removed, hence the general effect
is as (b). As already mentioned the 1. F, reject may be used to reject hum or low
frequency interference, and the a.c. H.v. reject for removing the cffect of noise
or high frequency interlerence on triggening. If the oscilloscope is fitted with a
12.C, ILF. reject position, the general effect is as (a) since the d.c. component is
fed to the LEVEL CONTROL block.

Where TV triggering facilities are in the form of a synchrenizing scparator
the effect will depend on the arrangement used and is too varied 1o be con-
sidered in this book.

{d) TRIGGER SELECTOR block set to External and INPUT COUPLING
block to D.C.

The signal now fed to the trigger circuit is not that fed to the Y-amplifier
(it could be but there is little point in doing s0). Whether or not the d.c.
compongent is present on Lhe screen depends ONLY on the setting of the
Y-amplifier selector. The signal now fed to the LEVEL CONTROL block is that
fed to the trigger input socket and will include the d.c. component. The general
operation is the same as (a) bearing in mind that it is the waveform fod to the
Irigger input socket which is controlling the triggering.

(e) TRIGGER SELECTOR block set to External and INPUT COUPLING
block to A.C.

This 1s similar to (d) cxcept that the d.c. component of the signal fed to the
Trigger Input Socket is not now fed to the LEVEL conTROL block. The general
operation is as (b), keeping 1in mind that the trigger signal is not usually the
same as that secn on the screen.

{) TRIGGER SELECTOR block set to Line and INPUT COUPLING
block to D.C. or A.C.

In this case a sine wave is fed to the TRIGGER LEVEL CONTROL at mains fre-
quency and as itisa.c. only it is unimportant as to whether the INPUT COUPLING
block is set to D.C. or A.C. The level control will select the part of the waveform
at which triggering occurs. This is of little importance in general, although it
will affect the phase of the triggering relative to a mains voltage fed to the
Y-input.

BASIC LEVEL CONTROL CIRCUTT
A basic level control circuit using a long-tailed pair is given in figure 6.16.
This is not the only possiblc circuit, but one that 1s commonly used. Suppose
.lhat the basc of Tr, is set to zero voltage and that the base of Tr, is negative.
Under these conditions Tr, will be conducting, and the current Rowing will
be such that the drop across R, results in the emitter voltage of Tr, (and Tr,)
baing almost zero. Tt will, in fact, be negative by the base-emitter drop of
Tr, - a fraction of a volt, The voltage on the collector - the output voltage -
wi]z] be low. Tr, is cut off. Suppose now that a ramp voltage is applied o Tr,
{as the tnangular waveform used in carlicr examples). At some nput voltage,
approximatcly zero in this particular case, Tr, will start 1o conduct. As the
current in Tr, increases, the current of Tr, will decrease, since the current in
R; must be approximately constant if Tr, is conducting; the base-emitter
voltage can be only a fraction of a volt and f}\e base voltage 1s constant, As the
input voltage rises, the current of Tr, also riscs, so tending 10 increase the
voltage across Ry and 5o reduce the current in Try, Eventually, the current in
Try is reduced to zero and the emitters then move in a positive direction
following the voltage applied to the base of Tr,. When Tr, is cut off the col-
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FIG 616 LEVEL CONTROL CIRCLUD
lector voltage rises and therefore Lthe output voltage rises to the voltage of the
positive line. I the input voltage now decreases, a similar action oceurs when
the input is approximately equal to that from the level control R, (zero volts
in this example) As the input voltage goes through this value the current in
Tr, rises and the collector voltage and output voltage drop 1o a low valuc.

The level at which the switch-over occurs and a change of output voltage
occurs can, of course, be varied by varying the voltage fed to the base of Tr,
from the level control R .

The level control circuit feeds a pulse generator and is designed so that it will
produce a triggering pulse only when the input moves in one direction, say
when the input voltage niscs in a positive dircction. Thus, in the circun
described, a synchromzing pulse will only be produced for a voltage 1o Tr,
which 1s rising, and no triggering pulse when itis going in a negative direction.
To be able to switch the circuit so that triggering will oceur with the input
going in the epposite direction (i.e. opposite slope} the base connections of
Tr, and Try may be reversed as shownoin figure 6,17,

With the slope control switch 1n position | the operation is as before. In
position 2 the input is fed to Tr, and the trigger level voliage to Tr,. Assume
that the trigger level control is at zero, thal the mput voltage is negative then
Tr, is conducting, and Tt is cul of. When (he input reaches approximately
0 volts Tr, becomes conducting and Tr, is cut off The output voliuge is
reduced. but this will not result in a triggering pulse. When the input vollagc.
decreases again (i.e. going in a negative direction or has negative slope), Tr,
becomes cut off (when the voltage goes through 0 volis). This results in a posi-
tive output and a triggering pulse. Thus the timebase is triggered by a negative
slope bul not by a positive slope. Looking at wavelorms. suppose Lhat the
input is a triangular wavelform, as shown in ligure 6.18(a). The outputl will
vary as at (b) il the slope switch is in the negative position Thus when the
input voltage reaches the trigger level (set by R,) at A the output goes in a
negative direction to a low voltage. This docs not produce a trigger pulse to
operale the timebasc. As the input voltage decreases and becomes equal to
the trigger level voltage at B the oulput nises Lo positive line voltage and the
pulse generator produces a pulse to trigger the timebase. Insicad of switching
the inputs in this way the sume cffect can be obtained by taking the output
from one or other of the collectors.

We have now selected a suitable source lor triggering, provessed it and
obtained a voltage change, the instant of which depends on the setting
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of the level control and the slope control. The trigger level and slope control
may be combincd, as shown in figure 6.19. If the knob 18 moved to the lelt the
timebasc will trigger only on a positive slope and the trigger level will depend

1O\

FIG. 6.19. COMBINED LEVEL AND SLOPE CONTROL
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on the position of the knob. Similarly, the timebase will only be triggered by a
negative slope when the knob is turned to the right.

PULSE GENERATOR

Two circuits are commenly used: the Schmitt trigger circuit, and the tunnel
divde.

A basic Schmitt trigger circuil is shown in figure 6.20. Suppose that the
input voltage V is zero. Under these conditions Tr, will be non-conducting
+

Ry

OUTRUT

Tra

INPUT ¥

[+]

J
A
FIG 620 SCHMITT TRIGGER CIRCLI
since there 15 no positive voltage on its hase. The voltage at its collector will
therefore be neariy at positive line voltage (assuming R, + R} high compared
with R ). There will be a positive voltage on the base of Tr, which will there.
fore conduet, and a current will pass such that the voltage across R, is almost
the same as the voltage on the base of Tr,. Since T, 1s conducting, ils collector
voltage will be low. Assume that the input voltage gradually increases in a
positive direction. Nothing will happen until the base voltage of Tr, is slightly
more than the voltage on its emitter, which is the same as the emitter voltage of
Tr,. When this occurs current will flow in Tr, causing its collector voltage to
fall. The voltage on the base of Tty will be reduced which tends to drop the
emitter vollage and so cause Tr, to conduct more to maintain the voltag
across R,. Thus there is cumulative action (i.e. positive feedback), Tr, is
rapidly cut off and Tr; made conducting. When Tr, is cut off its collector
voltage nises Lo positive line vollage. If the input voltage is made more
positive Tr, conducts more so that the drop across R, almost equals the input
voltage. The changeover from one transistor to the other is very rapid, being
speeded up by C, which improves the frequency response of the potential
divider R;R,.

If the input voltage is now reduced the collector current of Tr, decreases
(since the emitter current must decrease so that the drop across R, lollows the
input voltage) and the collector voltage nses. Hence the voltage on the base of
Tr, rises and at some input voltage the base of Tr, will become positive with
respect to its emitter. Thus Tr, starts 1o conduct, the additional current flowing
in R, increases the voltage across it so tending to cut off Tr,. This still lurther
increases its collector vollage and the basc voltage of Tr, This cumulative
action rapidly results in Tr, being cut off and Tr, conducting - the original
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state. The input voltage at which the aircuit switches back is less than the
voltage required to switch Tr, on. The difference is known as the *hysteresis
voltage’. Within limits this can be varied by the choice of component values
and can be made vanable by splitting the common-cmitter resistor as n
figure 6.21. This results in the non-conducting transistor having a slightly lower
crtter voltage than that of the conducting transistor, so causing changeover

FIG 621 METHOD OF YARYING HYSTERESIS YOLTAGE

to oceur sooner. The circuit becomes unstable if R ¢ 1s made too large. C, is used

to maintain the full loop gain at high frequencies so as not 10 slow down the
speed of changeover.

The action can be seen more clearly from figure 6.22. At (a) is shown the

voltage from the trigger level circuit where the rate of voliage change is
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FIG 622 WAVRFORMS OF SCHMITT [RIGGER CRRCLTI
(a) Input. 3} Oulput

relatively slow. (There 15 no positive feedback or tnigger action in the level
control). At point A the Schmitt trigger operates and the output voltage rises
to positive line voltage. Due to the positive feedback or cumulative action this
rate of nise of voltage is high. When the voltage from the trigger level control
decreases, the Schmitt trigger will operate at point B, which is at a lower
voltage than A. Again, a sudden drop in output voltage now occurs.

For high-speed timebases a tunnel diode is used as the pulse generator
because a Schmutt tngger circuit is not fast enough. The characteristic of a
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FIG 623 CHARACTERISTIC OF TUNNFEL NODE

tunnel diode 15 given in Bgure 6 23, Starting at point A, if the current is in-
creased the diode operates along the characterisic AB and the voltage drop s
low. If, however, the current reaches point B then the operating point suddenly
changes o point C with a greater voltage drop. 1f the current is increased fur-
ther then the operating point lollows the line CID. I the current s now
decreased the operating point moves along the characteristic to E and then
there s a sudden change to point I at a much reduced voltage. Thus the device
swilches rapidly between two voltage levels ina similar way lo @ Schmitl
trigger but the speed of change is faster. occurning inabout | ns.

A basic circuit ol a tunnel diode pulse generator is given in figure 6.24. The
load line representing R, from a voltage V is shown in figure 6.25, and cuts

+

R,

INPUT == 1 } - QUTPLT

FIG 624 TUNNEL DIODE CIRCULT

the characleristic at three points. Suppose that the operating point s A with a
low output voltage. If 4 positive input voltage is now applied a current wll
flow in R, so increasing the diode current. When point B is reached the diode
will suddenly switch to point C, the position of C depending on the values of R,
and R ;. The voltage output has now suddenly increased 1f the input voltage is
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FIG: 628 OPERATEON OF THE CIRCUIT OF FIGURFE 624

reversed the current will be reduced until D is reached, when there will be a
sudden change to point E and a rapid drop in voltage occurs. [ the input
voltage is now returned to zero the operating point becomes A. The action of
the circuit is similar (o that of figure 6.22 except that the d ¢, tevel of the input
wavetorm must be displaced so as to give a positive and negative input. The
rate of change of valtage is now very rapid but small because of the small
voltage drop across the tunnel diode,

Ry the use of one of these circuits we now have a pulsc which has a rapd
rate of rise and fall which can be used to trigger the timehase accurately.
This is essential: if the nstant of triggering of the timebase varies relative to
the signal then hitter of the waveform will oceur.

SWEEP GENERATOR

We must now consider that section which actuaily produces the sweep and
fiyback This section, as shown in figure 6.1, 15 reproduced in figure 6.26. The
detaled arrangements vary, but these are the basic blocks. The ramp or sweep

S
ER TIMEBASE SWEEP

—— RISTARLE - i GENLRATOR —_—
TRIGGER PULSE | s | —r ¢ ° <L puTePut
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FIG 626 SWEEP GENERATOR BLOCK DIAGRAM

generator is a device that will produce a voltage changing in a linear way with
time (i e a vollage proportional to time}. Under rest conditions, i.e. with the
spot on the lefti-hand side, the imebase bistable 1s in such a state that the ramp
generator is clamped so that 1ts vuput is fixed. When a trigger pulsc is apphed
to the timebase bistable from the Schrmitt trigger or tunnel diode the histable is
switched over, s0 allowing the ramp generator W operate. Thus, an output 18
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obtained and the sweep or scan takes place. When the oulpul voltage of the
ramp generalor has rcached a predetermined value it resets the timebase
bistable which quickly returns the output of the ramp generator to zero. The
spot therefore returns to the left-hand side of the screen, i e. this is the flyback.
The hold-off circuit is also operated by the output of the ramp generator. lis
purpose s lo prevent the himebase bistable being triggered again unti a
predetermined time after the flyback has started, This time is to allow for the
ramp generator and bistable to reach a steady state again, so that it always
starts from the same conditions whenever it is triggered. This reduces jitter.
The circuit is also designed so that the timebase bistable cannot be triggered
during the ime the ramp generator is operating.

Some basic waveforms are shown in figure 6.27. First, we require trigger
pulses of short duration. These are obtained from the Schmitt trigger or tunnel

. ot ° ¢
R maE ©
VOLTAGE '
L T we @

FIG 627 OPERATION OF SWEEP GENERATOR CIRCUIT

diode pulse generator circuit by differentiation. Thus, a positive short pulse is
produced when the output of the pulse generator goes in a positive direction
and a short negative pulse when lEc outpul goes 1n a negative direction. The
negative pulsc is removed, say by a diode, so that short positive triggering
pulses arc obtained, as in figure 6.27(b). This is the reason why the level control
circuit only triggers the limebase when the input voltage to it is changing in
one direction and not when it is changing in the other direction. The first of
these pulses triggers the bistable at instant A, and the voltage output of the
ramp generator starls to rise. This nise continues to point B, when the bistablke
is reset and the ramp generator output is rapidly reduced to zero at C.The hold-
off circuit now prevents any action occurring during the period C to [ [shown
at (¢)]. At D the circuit is free ready to be triggered again. It will now be trig-
gered by the first pulse after instant D, i.¢. at E. This switches the timebase bi-
stable and the action restarts. As already mentioned, after instant A and until
after D the circuit is made to be inscnsitive 10 pulses from the pulse generator.
Thus, pulses X and Y have no effect. The rate of rise of the ramp voltage (and
hence the speed of the sweep in milliseconds/division) will be scttled only by the
time-constant of the charging circuit of the ramp generator. Since the timebase
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bistable is reset by a predetermined ramp voltage amplitude, the faster the rise
of ramp voltage the shorter the time AB. hence fewer cycles will be displayed
on the screen,

It is perhaps important to realize that the peniod AB docs not have to
correspond to a complete number of cycles. The only effect of gradually
increasing the sweep speed {i.e. the rate of rise of ramp voltage) is to cut off
part of the last cycle of the wavelorm, but without altering the width of sweep
or scan, since the width is determined by the ramp output V (which is pre-
determined and independent of the sweep speed). This is shown in figure 6.28
where the sweep speed increases from (a) to (e). The next time that the imebase
is triggered must, of course, be a whole number of cycles from the first time,
i.e. atinstant E (figurc 6.27). Thus. 1f the time AB is reduced the time BE must

FIG 628y &by CEFECT ON DISPLAY OF INCRUANMNG THE SWLEP SPLL D SETTING
WITH CONSTANT FREQUENCY INPUT
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be increased by the same amount until such time as the timebase is triggered
by pulse Y instead of pulse Z.

In figure 6.2K {t) to (i) is shown the output of the sweep generator under
various conditions. At {f) the sweep gencrator is triggered soon after the
flyback, as would be the result in the case of the display shown at (a). Al (g) the
frequency of the triggering signal was vaned so that there was an appreciable
time belore the sweep generator was triggered again. In the case of (h) this is
taken further where the waiting period is as long as the sweep period. This is
the sort of thing that would happen in the case of the display shown at{d), since
there must be a conssderable time before the voltage 1s going in the correct
direction and of suitable amplitude to trigger the imebase again. The effect
of increasing the sweep speed still further is shewn at (1), where again there is a
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FIG 62800 BFEECT ON DISPLAY ON INCREASING THE SWELP SPEED SETTING WITH
CONSTANT FREQUENCY INPLT
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FIG 6280 1. EFFECT ON TIMEHBASE WAVEFORM ON INCREASING TIU SWHEEP SPEED
SETTING WITH CONSTANT FREQUENCY IRPUT
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long waiting time between sweeps. 1t should be noled Lhat the amplitude of the
wavelorms is the same in all cases, and so the amplitude of the horizontal scan
is the same.

RAMP GENERATOR

We will now consider the busic principles of the ramp generator. Like
almost all timebases the ramp voltage 15 produced by charging a capacitor
through a resistor. If & capacitor 15 charged through & resistor R from a
constant voltage V, as shown in figure 6.29(a), the vollage across the capacitor

L
l iv (@)

FIG. 629 (a) BASIC C-R TIMEBASE CIRCUIT
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FIG 629 (b} RISE OF CAPACHOR YOLTAGE

will rise as at {b). This is an exponential rise and the capacitor eventually reaches
the voltuge V. The capacitor voltage v, is given by

Vo= V(l—e_ﬁ_)

where ¢ is the lime trom the instant of applying the voltage V 1o the circuit, The

voltage v, will equal 6329 ol V in a time CR known as the time-constant of
the circult (C being in farads and R in ohms). The problem with this voltage

across Cis that it does not rise in 4 lincar way, being rapid at first and the rate

of ris¢ decreasing us C becomes charged. The first part of the characteristic

(say 1030} is nearly linear. However, if only 10% of the total voltage is used it
meuns that either the output voltage is small or a high supply voltage V is
required. To overcome these difficulties a means of making the curve more

linear is commeonly used. The reason why the rate of rise of voltage decreases is

that the voltage across the resistor decreases as the capacitor becomes charged.

This therefore reduces the current and hence the rate of charge, since

dv _ i

e~ ¢

If the voltage across the resistor can be maintained constant then the rate of
change of veltage will be constant. Two methods (although others are possible)
are commonly used in vscilloscopes: the bootstrap circuit and the Miller
integralor.

The speed of the sweep must. of course. be made variable over a large range
1o cover all requirements, Usually, the sweep speed is varied in sicps, commonly
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i a |, 2,5 ratio. In order to cover the large range of speeds required the
SWEFEP SPEED control changes both R and C of the timing circuit. The range of
sweeps covered will depend on the oscilloscope. but may be as larpe as 5
sccond/division 1o 50 ns/division - a range of 10 to 1. Ii the X-magnification
facility is used these are then increased by the magnification factor, commonly
5 or 10. In many cases a continuously variable sweep speed control is fitted
which covers at Icast the range from one fixed setting to the other. Howcever,
when this is moved from the calibrate position the calibration s upset. It is
most important to remember this when taking time measurcments.

BOOTSTRAP CIRCUIT

The basic idea 15 shown in figure 6.30. The voltage across the capacitor C 5
fed to a unity gain amplifier (with infinite input resistance) so that at all umes

T([ - !
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the voltage at B is equal to that at A. The voltage fed to the R-C circuit is now
the battery voltage E plus the voltage v, from the amplifier. On switching on
{and assuming that C is initially discharged) voltage v, will be zero and the
voltage fed to the circutt is E. Since there 1s no voltage across C the voltage
across R is equal to E. When C has become partly charged there will be a
voltage outpul v, from the amplifier, equal to that across the capacitor. The
voltage now fed to the RC circuit is E + v,,. Since the voltage across C is v, the
voltage across R must remain at E. The voltage across R is constant, equal 1o
the battery vollage E at all umes. Thus a constant current flows in R and the
rate of rise of voltage across C is constant, resulting in a lnear rise of voltage
(until limited by the amplifier). This is a positive feedback circuit with 1067/,
feedback, but a gain of unity (hence it does not oscillate). To reset the circuit
the switch S is closed so rapidly discharging C.

Obviously a battery or floating supply 15 inconvenicnt since the whole supply
is varying at the output voltage and frequency of the ramp generator. In
practice it may be replaced by a capacitor, and a modified circuit is given in
figure 6.31, where the capacitor C, replaces the battery of ligure 6.30. The
value of C, must be considerably greater than the value of C - sav 20 umes,
With switch S closed, v, is zero and C, charges through D, from the positive
line to a voltage V,. On opening S the voitage v, from the amplifier equals the
voltage v across C. This s applicd 1n series with C,; and therefore C charges
through R and, as before, the voltage across R = V. As soon as the capacitor
C charges, v, increases and the diode D, becomes reverse biased. Assuming
that the voltage across C, remains constant, the circuit operates exactly as
that of figure 6.30. Provided C, is large comparcd with C the voltage across C,
will remain almost constant during the sweep period. 1t wall be recharged
again through D, when § is closed. For good lincarity the gain of the ampiifier
should be exactly unity, When using valves a cathode-follower can be used,
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but not a simple bipolar transistor circuit because of its low input resistance.
The inpul resistance of the amplifier must be high compared with R, otherwise
an appreciable proportion of the current in R will not go into the capacitor.
An F.ET. connecled as a source follower may be used. Alternatively, a
multiple emitter-follower circuil muy be used.

Instead of capacitor C, a zener diode may be used, and a basic circuil used by
Advunce Electromics is shown in figure 6.32. The timing resistor and capaci-
tor are R and C, which are varied 10 give the required range of sweep speeds.
The voltage across Cis applied to the triple emitter-follower circuit comprising
Try, Try und Try The use of three emitter-followers resubts in a high input
resistance for Tr,. A current flows from the + 170 ¥ supply through R, to
zener diode 7., s0 maintaining a constanl vollage across 7, and R, The
voltage v, (the output of Tr,) will be about equal to the voltape across C, hence
the voltage fed to the C-R circuit is v, plus a fraction of the voltage across 7,
selected by R, which forms u fine sweep speed control. The circunt therefore
operates to give u linear rising vollage n the same way as described. The out-
pul to the X.amplifier is taken from Try and C is discharged by a transistor
connected across it (not shown in the figure).

MILLER INTEGRATOR
The basic Miller integrator circuit is shown in figure 6.33. The timing
circuit consists of R and C, and C is connected between the output and input

of a high gain amphlier having 180° phase shift. In this case the feedback is

negative. If the gain of the amplifier is high then point A is almost al a constant
voltage, and there is a constanl voltage across the resistor R equal 10 V.
Assuming an ifinite input resistance to the amplifier then the current through
Risthe charging current of Cund hence the rate of change of voltage across €
must be conslant. As point A tends 1o go positive point B goes negative and B
will move 1n voltage by an amount such as 1o maintain A at an approximately
constant voltage, the more the gam the more constant the vollage. Thus, point
B moves in a negative direction at a linear rate. The cflective value of C s
(A + | YC where A is the gain of the amplifier without fcedback. This 1s, in fact,
an integrating circuit and is used as such in analogue computers.

When valves are used the amplifier can casily be a pentode valve with the
capacitor connected between anode and grid, the resistor R then going 10 a
negative supply. Simple bipolar transistor amplifiers cannot be used because
of the low input impedance, but FETs may be used A simple circuit ts shown
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in figurc 6.34. Suppose that § is closad so that a suitable negative voltage 1s
applied 1o the gate of the FET so that the drain current is small and hence the
voltage at X is high. The capacitor will now be charged in the direction shown.
On opening S a current will flow into C from R so discharging it (i.e. causing
the voltage across C to decrease) the operation being similar to that described
carbier. The gate will move slightly in a positive direction as C discharges
causing the voliage at point X to decrease in 4 linear manner. At the end of
the sweep S is closed and C 15 rapidly recharged through R, The circuit may
operate the opposite way by R being fed with a ncgative voltage. In this casc
the initial condition is little bias on the gate so that a large current flows and
point X is at 2 low voltage. On opening the switch current now tlows out
through R, C charges, the voltage of point X rising as the gatc goes more
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FIG. 634 MILLER INTEGRATOR SWEEP GENERATOR CIRCUIT

negative, and the drain current 1s reduced. There arc many possible variations
of the circuit, but all operate on the same basic principle.

To return 10 the complete imebase, it is not intended to include complele
circuits as there are very many variations and they are oo complex. Only a
more detailed block diagram (figure 6.35) will be considered.
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FIG 615 BLOCK DIAGRAM OF SWEEP GENERATOR

There may be some variations from this diagram in some oscilloscopes, but
the general principles are the same. The output from the Schmiut trigger or
tunnel diode is fed to the SHAPING CIRCUIT which produces a pulse when the
Schmitt or tunnel diode suddenly changes output. This is shown as a positive
pulse, but the polarity will depend on the circuit arrangements, also the polarity
of waveforms shown may be different. If the circuit is in the quiescent state (i.e.
the beam at rest on the left-hand side of the screen) the pulse from the shaper
circuit 1s fed through the TRIGGFR CONTROL DIODE t0 the SWEEP MULTIVIBRATOR.
This switches over the multivibrator (usually bistable but can be monostable),
aclivaling the clamping circuit 10 allow the sweep generator to operate and so
produce the sweep. (The sweep penerator is usually a Miller mtegrator or
bootstrap circuit). When the SWEEP MULTIVIBRATOR is switched to this position
it biases the TRIGGER CONTROL DIODE 50 that no further pulses can be fad to the
sweep multivibrator and upset the sweep. At the same time this multivibrator
operates the UNBLANKING CIRCUI, 50 producing a trace on the screen. The
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sweep generator continucs to run, but at a certain output voltage it causes the
sweep multivibrator to return to its original state. This causes the CLAMP
circuit to operale and terminate the sweep and produce the flyback. The
switching back of the multivibrator causes tﬁc beam to be blanked 5o that the
flyback is not visible on the screen. Al the same time the HOLD-OFF circult 1

~ operated, this block feeding a voltage to the TRIGGER CONTROL DIODE 0
preventing any trigger pulses being applied 1o the SWEEP MULTIVIBRATOR until
the flyback has been completed and the circuit settled down to equilibrium.
After a time, settled by the hold-off circuit, the trigger diode is again made
conducting, so that the sweep multivibrator can be operated by the next trig-
ger pulse. The hold-off circuit may be a multivibrator or a capacitor-resistor
circuit. Tts hold-off time will depend on the sweep velocity, its component values
being vancd by the SWEFP SPEED control. The output from the unblanking
circuit may be fed to the grid of the cathode-ray tube or to the unblanking
deflection plate (sec Chapter 2).

. VARIABLE HOLD-OFF CONTROL
Some oscilloscopes are fitted with a variable hold-off control. Considering
figure 6.36, the hold-off time is the time after flyback when the timebasc
cannot be triggered by a triggering pulse. The purpose of this control is to
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FIG 63 WAYEFORM PRODUCED BY SWEEP GENERATOR

vary the length of the hold-off time. It is useful when triggering is required

from a complex waveform, particularly a digital waveform such as in figure

6.37, which is a type in common usc. In this waveform there are a number of

pulses which form a pulse train or word which are repeated Thus, one may
A B C

. FIG 837 DIGITAL PULSE WAVEFORM

consider that the cycle or word is tfrom A 1o B or B to C. So that a steady
display of the pulse train can be obtained the timebase should be triggered by
the pulse at A and B and C, etc., and not by other pulses.

If the sweep specd scting is as shown in figure 6.38(b) the timebase is
triggered first at A, a swecp will then take place followed by a hold-off, but
the timebase will be triggered next time by pulse P instead of B and a multipk
display will be obtained. If the sweep speed adjusiment is, say, in |, 2, 5 steps
the next position will make the sweep too long, as shown at (¢). If there is a
continuously variable sweep speed control 1t can be adjusted until the hold-off
finishes just before pulse B, and then satisfactory triggering will occur as
shown at (d).

Not all oscilloscopes have a variable controb and if fitted then the time/
division (i.e. sweep speed) calibration is upset when moved from the calibrate
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pusition. To vvercome this the sweep speed is set 1o the value shown at (b) and
the hold-oll ime increased. 11" the hold-oll ume 15 increased as at {e) so that 11
linishes just before pulse B, triggering will be satisfactory because the wavelorm
will be triggered by the sume pulse cach time. The complete train will not now
be shown. only those pulses during the sweep period X Y which may not be
important. By altering the sweep speed and hold-off so that triggering occurs
at A and C, el thigure 6.37) a whole train and part of a train of pulses will be
displayed. Figure 6,39 shows some actual results. At (a) is the pulsce train wave-
form as obtained by external triggering. With a normal sweep setting as shown
at (by « mulliple display is obtained because the timebase triggers on different
pulses. Operating the fine sweep speed control results in (¢). which is satis-
factory except that the time calibration has been lost. Resetting the variable
sweep speed control (o CALIBRATE and operating the variable hold-off control
results in (d), which is also satisfactory and the ume-scale is still correct,
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STABILITY CONTROL

In some oscilloscopes the sweep multivibrator {or sweep multivibrator and
sweep gencrator) has a stability control. By varying this the triggering sensi-
tivity of thc timebase may be set:

(a) So that it cannot be triggered (low sensitivity).

(b} So that it can be triggered by pulses frem the pulse gencrator {(normal
operation).

{¢) So that it runs continucusly at a frequency depending on the com-
ponents of the sweep speed control. Under these conditions the time-
base will not trigger correctly.

Such & control must be adjusted (with ne signal input) until the timebase

just does not run, Normally, once it is adjusted further adjustment is querd
only at infrequent intervals.

AUTOMATIC TRIGGERING

Up to the present “normal triggering’, as it is called, has been described.
This means that in the abhsence of a signal there are no triggering pulses and
the timebase does not operate. Even when there is a signal present the timebase
will operate only if the trigger level control has been set to the correct value.
Since the tube is blanked except when the timebase is operating nothing is seen
on the screen. This can be confusing, particularly, for example, when the
input signal decreases so much that the trigger level is not reached. Under this
condition the trace disappears from the screen until the trigger level is opera-
ted. To prevent this it is desirable to have the timebase operating, cven without
an input, so thal there is something visible on the screen and. when a suitable
waveform 1s applicd, to automatically lock or trigger.

There are two basic ways of doing this which will be described. Unfortuna-
tely, hoth are often called AuTO, but to distinguish them the second one will
be called *auto bright line’.

Auto

When the timcbasc is set 10 auTO (often a switched position on the level
control) the LEVEL contrex. block (or the 1EVEL CONTROL block and PULSE
GENERATOR) is made into an oscillator (essentially an astable multivibrator).
The frequency chosen is low, say 40 Hz, and this circuit will produce pulscs
continuously in the absence of a signal. These pulses trigger the sweep genera-
tor whatcver the sweep speed setting. If the sweep speed is such that the
complete sweep (ie. sweep, flyback and hold-off) is slightly less than the
period of oscillator (i.e. 1/40th second) the timebase will be triggered at 40
times per second. If the sweep speed is s¢1 1o a low value so that the time of a
complete sweep is greater than the period of the oscillator the timebase will
be triggered by a next pulse after the release of the hold-off circuit, and will
run at a low frequency. In the AL TO position the input coupling block is set to
a.c. and approximately zero tniggering level; the pulses from the level control
block now trigger the timebase and a locked waveform should resuit under all
conditions. However, it cannot be relied on for frequencics below about 40 Hz
(the free-running frequency of the oscillator).

When the timebase has a stability control this must be set correctly. With
no signal applied the oscilloscope should be switched to NORMArL and the
stability control adjusted until the timebase just does not run, ie. the trace
disappears. This means it is set to condition (b). On switching to AUTO the trace
should reappear. If the stability control sclting is too low there is no trace
when on aUTO. In practice, this system works well provided the stability control
is properly set. There is, of course, no method of varying the trigger level, e
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the point on the waveform where triggering oceurs; or alienng the trigger
circuit so that it triggers on a particular slope.

One disadvantage of this circuit is that at high sweep speeds of the limebase
{(r.e. small ms/div) the trace with no signal becomes very dim. This is due to
the fact that the timebase i1s tniggered only at the frec-running frequency of
the pulse generator (about 40 1z), but the speed of the spot across the screen
is high, There i therelore o long waiting ume between traces, This is over-
come in the bright line auto system.

Aute Bright Line or Auto Stability

With this arrangement the sweep generator is made to self-run in the absence
of pulses. The basic arrangement is shown in figure 6.40. With the auto bright
lime OFF the aircuit operates normally; the sweep multivibrator and sweep
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generator only operate when a pulse is fed 1o the sweep mullivibrator. When
the auto bright line circuit is switched Lo the ox position, provided that there
iare no pulses from the pulse generator, the auto circuit alters the conditions on
the sweep multivibrator and sweep generator so that they free-run and produce
repetitive sweeps. There are several ways in which the circuit can be made o
free-run depending on the exact circunts used. When pulses come from the
pulse generator they are fed to the auto bright line circuit, which now produ-
ces & voltage (¢ 2. by rectification and smoothing) so as (o set the sweep mulu-
vibrator and sweep gencrator Lo the normal method of operation, i.e. operated
only by trigger pulses. Il the trigger pulses cease then the auto bright line
circuil operates (in say 100 ms) 1o make the timebasc free-running again. Thus
there will always be a trace on the screen. If a waveform is applied 10 the Y
input or external trigger input, but the tnigger level control is set so that no
tngger pulses are produced, then the waveform does not lock because the
timebase free-runs. However, where the trigger level control is sel correctly
the wavelorm locks. It will be scen that when there are trigger pulses the
circuit operates exactly as normal (the trigger level control and slope control
thus having exactly the same effect as on normal setting). The only difference
is that if no trigger pulses are available from the rigger pulse generator, a
trace 1s still obtained but not locked. In other words, the stability control of
the timebase is automatically set according lo whether or not there are pulses
~ hence the name. Since the free-running frequency will be of the same order
as when triggered the brightness remains approximately constant independent
of the sweep speed setting. This circuit has the advantage thal there is no
stability control to set correctly.

Therc are some variations ol this basic arrangement. When on autt the
range of the level control may be limited so that the trace (unless very small)
normally locks.

In one oscilloscope (Philips) the range of variation of the level control iy
automatically controlled so that it is no greater than the peak-to-peak value
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of the signal This is also known as 'p-p auto’ and is used by other manufactur-
ers.

The automatic cireuit of figure 6.40 must have a time delay so that it does
not change over from triggered to [rec-run between trigger pulses. Thus there
may be a short delay beiween the application of the signal and the circutt
operating and the trace locking. For this reason auto should not be used
below about 40 Hz.

It is uscful 1o know when the timebase is being triggered (parbicularly i
the trace is off screen); this may be indicated by a lamp display as on the
Tektronix 7000 series. The lamp only lights when the sweep 1s actually being
triggered. not when it is running free on ALTO.

SINGLE SHOT or SINGLE SWEEP OPERATION

This facility is not provided on some oscilloscopes and 1s mainly of use in
examining transient phenomena. When the oscilloscope is placed in this
position an additional circuit is used to prevent the timebasc being triggered
mare than once. Details of a circuit will not be given but it may be a histable
multivibrator which will be called the lock-oul tistable. Until the circuit 1s
reset this bistable’s state is such that it prevents pulses being applied to the
sweep multivibrator (in a way similar to the hold-off circuit). To examine a
transient a button 1s pressed which sets the lock-out bistable in the other
condilion so that trigger pulses can now pass to the sweep multivibrator.
Usually a lamp is fitted to indicate that the circuit has been reset or is ‘armed’
ready for operation. The triggering arrangements are exacily as alrcady
described for tepetitive traces and must be appropriately sct. I a transient
waveform is now applied, with the trigger arrangements correctly set, the
timebase will be triggered and the sweep generator will operate producing a
single trace. At the end of the trace the lock-out bistable is set to the lock-out
position 50 preventing further triggering until the reset button s pressed. The
speed of the sweep 15, of course, seliled by the SWEEP SEEED controls. This
method of operation is mainly for photographing transients. If the transient
is 4 last onc then photography (or a storage oscilloscope) 1s essential. Trigger-
ing can he from the Y.amplificr (intermal) or external to the external trigger
sockel.

H.F. SWITCH

“This is to be found mainly on the less expensive oscilloscopes. As the input
frequency increases, triggering becomes more difficult, partly because of the
problem of producing and maintaining sharp high frequency pulses. To
overcome this at frequencies above about | MHz the h.f. switch can be opera-
ted. This converts the Schmilt trigger pulse generator into a high-frequency
oscillator at, say, 500 kHz, which synchronizes with the incoming signal, ind
its output triggers the timebase. This results in a more stable trace than using
the normal circuits, In some cases the (requency of oscillation of the pulse
generator circuit is controlled by the level control, which should be adjusted
for satisfactory locking.

Dual timebase and delayed swecp timebases are covered in Chapter 11
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Power Supplies, Cathode-Ray Tube Circuit
and Z-modulation

THERE are a number of supplies required, as follows:
(1) A negative supply of, say. | to 2 kV for the cathode-ray tube.
(2} A high voltage positive supply of 5-12 kV for the ¢lectrode of a PDA
tube where fitted.
(3) Scveral supplics to feed the amplifiers and timebase, etc., say, 20 1o 150
volts, positive and/or negative.
The power supply arrangements will depend on whether the oscilloscope
i5 1o work ofl the normal 240 V, 50 Hz supply; or whether it is to be portable
and operate off internal batteries or a low voltage supply of, say, 12 volts. .

MAINS SUPPLY OSCILLOSCOPE

(1) In most oscilloscopes the negative supply voltage is obtained from a
mains transformer using a voltage-doubler circuit with capacitance smooth-
ing. The voltage may be stabilized by zener diodes. Variations of this voltage
will alter the deflecting plate sensitivity and the calibration. One voltage-
doubler circuit is shown in figure 7.1. When B is positive with respect 10 A,
current flows in Re,, and C, will become charged in the direction shown to
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FIG 71 YOLTAGE DOUBLER CIRCUIT

the peak voltage of the transformer winding. On the other halfcycle, when A
is positive with respect to B, current flows in Re, charging up C, to the peak
transformer voltage. Hence, on no load, the output voltage will be twice the
peak voltage of the transformer winding.

An alternative voltage-doubler circuit is given in figure 7.2 When A is
positive with respect to B a current flows in Re,, charging C, in the direction

Re,
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7.2 ALIERNATIVE VOLTAGE DQUBLER CIRCUIT

shown to the peak voltage of the transformer winding, say V. When B is
positive with respect 1o A, Re, is reverse biased, and the voltage in the C,,
Re,, C, and transformer circuit is now 2V, there being a voltage V,, from the

82
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transformer and a voltage V, from the capacitor C,. Thus a current flows in
Re, charging up C, o a voltage 2V in the direction shown.

A typical simple circuit for supplying the tube is given in figure 7.3 The
vollage on A, must be madc vanable to give a focus control and the grid is
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73 SIMPLE CATHODE-RAY TUBE CIRCUILT

. given a variable negative voltage, with respect to the cathode. so that the
brilhance of the trace can be varied.

In place of a mains transformer an e.h.t. oscillator may be used to provide
the negative and possibly positive ¢.h.t. required.

A much simplificd oscillator circuit {Advance Electronics) is shown overleaf
in figure 7.4, The transformer T, has five windings. Iwo being centre tapped.
W, 15 the feedback winding to the bases of the transistors from the main
collector winding W . Thus the circuit operates as a push-pull oscillator at
) kHz. Winding W5 and Re,, together with smoothing circuit C,, C; and
R, provide the negative cathode supply and the focus voltage for A; from the
potentiometer R,. This focus potentiometer is tn scries with Ry and R,
to a stabilized + 15 V supply. Under normal conditions the ratio of R; and
R, to R, is such that the voltage on the base of Tr, 1s around zero volts. Try
is 2 serics control transistor fed from Try. If the negative cathode voltage from
Re, should rise then the voltage at the base of Tr, will go in the negative
direction. This will reduce the current in Tr, and reduce the basc-emutter
voltage of Tr,, so reducing its collector current and the base current of Tr,.
The emitter voltage of Te, will drop, reducing the voltage on the oscillator unti!
equilibrium is reached. In this way the negative cathode and focus supply are
stabilized. This negative vollage can be set to the required value by R,
Winding W,, Re; and C, form a separate floating supply for the grid circuit.
This forms part of the blanking and Z-modulation circnit. Windings W, and
W, feed a tripler to supply the PDA clecirode (sex Tater). An overioad pro-
tection circuit 1s included, but not shown in the figure for simplicity.

(2) The high positive vollage for the PDA electrode may be obtained from

. a mains transformer using a voltage multipher rectifier, say a tripler to a
septupler. A tripler circuit is shown in figure 7.5, which operates on the same
principle as the doubler of figure 7.2. When B is positive with respect to A,
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FIG 75 VOLIAGE TRIPLER CIRCUIT
curcent flows in Re, and charges C, 1o the peak transformer voltage V,
in the direction shown. When A is positive with respect to B the transformer
voltage and that across C, cause a current to flow in Re,, charging up C; to
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2V, in the direction shown. Now consider B positive with respect to A and
take the circuit C,, Rey, Cy and C,. In this circuit there is, 10 an anticlockwise
dircction, + V, from the transformer, +2V_ from C, and -V, from C,. 4
resultant of 2V_. Thus. a current flows in F{c, charging up C, to a voltage
2V, as shown. The voltage output at point C will be that across C, plus that
across Cy, a total of 3V, This voltage is applicd, ofien through a limiing or
protection resistor of. say. | m€2, to the PDA electrode.

Allernatively. an oscillator may be used with a voltage multiplier as described
carlict for the negative supply, the winding W, and Wy of figure 7.4 leeding a
tripler circuit similar to that just described. The tripler is followed by a simple
R-C filter circuit.

(3) Amplifier and timebase supplics will be required from, say, 15 to 150 volts
which may be positive or negative, depending on the oscilloscope. and gencr-
ally will be more numerous with the complexity of the oscilloscope. Many
possible stabilizer circuits are used. One 1s shown in figure 7.6 where Tr, 15 the
scries control transistor. Tr, and Tr, form a long-tailed pair, with the common-
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FIG 76 YOLTAGE STARILIZER CIRCUIT

emitter resistor Ry, The base of Tr, is at a fixed potential, the same as the
zencr diode D, while the base of Tr, is fed with a fraction of the output voltage
by the potential divider R, R, Thus, if the output voltage rises. the base of
Tr, goes more positive causing Tr, to conduct more, while transistor Tr,
conducts less. This reduces the voltage across R, so decreasing the voltage on
the basc of Tr, which also conducts less. This reduces the base current of Try
and so it tends to conduct less, the voltage rises across it o reducing the out-
put voltage until equilibrium is reached. C, is used to feed the full npple
voltage 10 the base of Tr, so increasing the loop gain for a ¢. and reducing the
ripple in the output.

Advance Electronics in one of their oscilloscopes use a constant voltage
transformer for stabilization.

PORTABLE OSCILLOSCOPES

This type of oscilloscope will not be dealt with in detail. [t is only reeently
that such oscilloscopes have become available due to the use of transistors.
Normally, the oscilloscope is made so that it can be operated off the mains,
from, say, an external 12 volt supply, or off its own internal battery. Arrange-
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ments are usually incorporated to recharge the battery when the instrument is
connected 10 the mains supply. When the instrument is on the external d.c.
supply or on its own internal battery the voltage is stepped up by an oscillator
or inverter to provide all the vanous vollages required. A standby position
may be provided which just maintains a supply to the cathodé-ray tube heater.
This obviously reduces the loading on the battery or external supply, which is
relatively large when the oscilloscope is in operation. On the mains, a suitable
d.c. supply is obtained by reclification Lo feed the inverter. The basic oscillo-
scope 1s the samc as non-portable types. Since the current consumption is
rclatively large the time of operation on rechargeable batteries may be quite
short, say four hours The time to recharge may be 14 hours. Replacement
batteries are very expensive. )

Z-MODULATION AND BLANKING

Blanking of the trace 1s often essential, for example, to prevent the display
of the flyback. Blanking is an cxtreme case of Z-modulation, i.¢. the beam is
cither fully on or fully off. As explained in Chapier 3, blanking can be achieved
by the use of deflection blanking plates, but they cannot be used for Z-modu-
lation (other than fully on or fully off). The advantage of using deflection
blanking plates is that they arc at approximalely the final anode voltage A,
(assuming the voltage on A, to be the same as on A,). This is near earth
potential and hence feeding the plates with a suitable potential, including d.c.,
1$ comparalively eusy,

The other way of blanking is to usc the grid, which must be used for normal
Z-modulation so that the brightness can be varied continuously. Unfortuna-
tely, the grid is at a high negative potential 1o carth, say | to 2-5kV_Ifonly a.c.
15 1o be [ed to the grid, therc is no great difficulty as it can be fed through a
suitable capacitor, as in figure 7.7. R, is added Lo maintain a reasonable input
impedance on the Z-input socket. R; prevents a static voltage being developed

Z mad

FIG 1.1 SIMPLE Z-MODULATION CIRCUIT

on the Z socket, and also a rapid voltage change on the grid of the Z-input is
suddenly connected, say, to earth. The input voltage must be limited so that
the grid is not driven in a posilive direction. This simple arrangement is all
that is sometimes required.

Two improvements may be made:

(a) Using an amplifier between the Z-modulation input and the grid.
This amplifier may also be used for other blanking waveforms and
may need to have a good frequency response when switched beam
oscilloscopes (see Chapter 10) and readouts are used (sec Chapter 15).

(b) The usc of a d.c. restorer on the grid side of C, so that the meun grid
voltage does not change with variations of the mark-space ralio.
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In many cases d.c. modulation is necessary or desirable. This is essential
for blanking or unblanking when a low sweep speed timebase is used.

1t may be assumed that the tube is normally ox and blanked when the erace
15 not required ; or that the tebe is normally OFF and the tube is unblanked or
brightened (bright up) when a trace is required.

Many timebases go down to 5 secidiv or, say, ) seconds per traverse; ac.
coupling at this low frequency is not practicable. As high frequency blanking
and modulation are necessary the grid 1s commonly fod by two circuits. An
a.c. arcuit having o good frequency response; and a d.c. circuit of relatively
low frequency response but, of course, going down 1o d.c. The a.c. circuit is
as already described, re. capacitance coupling 1o the grid or, in some cases.
to the cathode. The methods of getting essenuially d.c. coupling vary.

In order 10 get d ¢ coupling to the gnd of the cathode-ray tube for blanking
(or bright-up) Advance Electronics {in the OS 3000) use a scparale Noating
grid voltage supply (see figure 7 4). A simplitied circuit is shown in figurc 7.8,
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The cathode is led through R, from a scparate supply. The grid is led from the
adting supply and the grid voltage can be varied relative o the cathode by
he preset control Ry to allow for variations in cut-ofl of different tubes.

The positive side of the floating grid supply is fed through R, from the bright-

up (or unblanking} amplitier. Thus. if the steady voltage of the bright-up

amplifier varics, the Roating supply moves in relution 1o carth, and hence
cathode Thus the gnd voltage also chunges relative to the cathade. To obtain
rapid changes the grid is fod through C| so this forms the a.¢ circust. The time
constant of C, R, 1s much greater than that of C,R . hence if a sudden voltage
step takes place in the output of the bright-up amplificr, the grid chanpes
rapidly by the voltage fed through C,. Before this voitage has had time to
decay the voltage across C, rises und changes the potential of the floating
supply relative to earth. so maintaining the grid at the correct steady value.

The BRIGHTNESS control varics the d.c. voltage on the bright-up amplifier, and

therefore the vollage across C,.

The Z-modulation input is fod 10 an amplifier and then 10 the bright-up
amphificr. This Z-modulation amplificr also feeds the cathade of the cathode-
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ray tube, as regards a.c., through Cy. This is used so that the frequency res-
ponse of the Z-modulation is not himited by the frequency response of the
bright-up amplifier. The Z-modulation frequency response is d.c. to 40 MHz
This basic idea is also used by other manufaclurers.

An interesting arrangement is used by Scopex (model 4D 25) for blanking,
~No Z-modulation factlities are provided. The bright-up pulses from the
timebase are fed, as regards high frequency a.c., by a capacitor in the normal
way. The stcady component is obtuined by the use of an optical coupler. Dur-
ing the limebase sweep, current is fed into the Light-emitting diode of this
coupler. The resulting light is fed 10 a light-sensitive transistor which leeds
the grid through a d.c. amplitier. This is one way of overcoming the problem
of the large d.c. voltage on the grid. Intertrace blanking (see Chapter 10} 1s by
feeding pulses to the cathode through a capacitor. This principle is also used
by Advance Electronics.

In some of their oscilloscopes, Tektronix basically use a modulated carrier
system. An alternating vohtage of relatively high frequency is used, which is.
varied in amplitude (by clipping) as required by the BRIGHTNESS control and
modulating voltages (unblanking and external modulation). This vollage is
then fed through capacitors to the grid circuit where it is rectificd by a peak-lo-
peak rectifier circuil, and smoothed to provide the required bias voltage. The
high lrequency connection is through a capacitor in the normal way. The same
idea can be used to control the focus voltage. This modulaung and demodula-
ting of a carrier is also used by other manulucturers.

Automatic locusing is now used in some oscilloscopes so that as the brilhanee
is vancd, the focus voltage is automatically varied to mamntain the tube in
good focus.

8

Connection of Oscilloscope to Circuit under Test, .
Voltage and Current Probes

The oscilloscope has W be connected 10 the circuit under test, which may
sound simple but 15 not always the casc. It is important that the connection
should have the least possible effect on the circuit. The input resistance of the
oscilloscope is usually 1 MQ and its input capacitance may be, say, 25 pF
{11 to 50 pF). The Y-input connection is normally a coaxial type socket (e.g.
BNC), hence many operators use a length of coaxial cable. At low frequencics
this is generally satisfactory, but a 1 metre length of coaxial cable will probably
have a capacitance of 100 pt. No doubt the designer of the oscilloscope has
tried lo keep the input capacitance as Jow as possible, but is completely
defeated by the use of the couxial cable, The input cupacitance will now
be, say, 125 pF. One way of reducing the capacitunce is 10 use a single live
lead and a corresponding earth. lead, but is not generally desirable owing Lo
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pick up on the lead and the possible radiation from it, which may cause
oscillation and many mislcading results. However, sometimes a more accu-
rale waveform may be obtained. as shown in figure 8.1. At (a) a single short
lead has been used, and at (b) about 0-6 metre of normal coaxial cable.
At (a) the live lcad has picked up interference {e.g. hum) which has blurred the
wavcform. However, the capacitance is less than that of the coaxial cable at
(b}, thercfore the waveform (4 square wave) is more correct in (a) than in (b).

() Lineleac ard earth lead show:ng puck up ol inteeference and some distutiion of wavelorm

(¢l = 19 prohe showing improved rise bime duc lo reduced ¢Apacitance

FIG x1  EFFECT OF CONNECTION OF OSCILLOSCOPL TO CIRCUT
IMPEDANCE OF CIRCUIT 470 k) AND FREQUENCY @ kH:




%0 THE CATHODE-RAY OSCILLOSCOPE

The effect of this capacitance is obviously going to depend on the internal
impedance of the circuit under test and on the [requency concerned. The
device under test can be represented by the circuit of figure 8.2, where ¢ is the
source of e.m.I.. R; the internal resistance, and C; the capacitance ol the
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FIG. 82 EQUIVALENT CIRCUIT OF SOURCE OF SIGNAL
device itself. The inpul socket of the oscilloscope can be represented by th
circuit ol figure 8.3, where R, is the input resistance (nearly always | M(2)
and the input capacitance C,, say 2§ pF. When the (wo are connected the
circult is as figure 8.4. When a connecting cable is used C| is increased by the
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FIG 84 COMBINATION OF THE CIRCUITS OF FIGURES E2 AND E 1Y

capacitance of the cable. The circuil is a low-pass filter. For d.c. the vollag\.
led o the oscilloscope will be ’
R,
R R,
In most applications R, will be large compared with R, and the input 1o Lhe
oscilloscope becomes equal to ¢. As the frequency is increased the reactance
of C,--C, becomes lower and, when comparable with the value of R, the
results arc upsct. If a sine waveform is being cxarmined the shape of the wave-
form will not be changed, but the amplitude led to the oscilloscope will be
reduced at high frequencies. When the reactanoe of C,+C, is equal to R,
the voltage fed to the oscilloscope will be 7079 of e ( —3 dB). For example,
if R, = 320 ohms and C,+ C, = 50 pF then the reaclance of C; + C, becomes
320 ohms at 10 MHz Thus, the magmtude of the input to the oscilloscope
will be incorrect at this frequency. Considering the circuit of figure 8.2 the
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. output would, of course, drop even without the connection of the oscillo-
scope, bulif C; = 10 pF the voltage would not drop by 3 dB until a frequency of
30 MHz is reached.

To reduce the effect of the capacitance (where important) a correctly
designed voltage probe should be used. There arc two Lypes of probe: the
passive ones containing only R, C and L clements; and active probes using an
active clement such as an FET. The passive types are normally used.

PASSIVE VOLTAGE PROBES

Voltage probes called x 1 {or 1x) probes are available that produce no
attenuation. They consist of a low capacitance coaxial cable which sometimes
has the centre wire made of resistance alloy so as to reduce possible reflections.
They arc available in scveral lengths. A probe of | metre length has a capaci-
tance of some 30 pF. so that when used with an oscilloscope having an mput
capacitance of 25 pF the probe input capacitance becomes 55 pF, which is still
appreciable but less than with normal coaxial cable. The input resistance is
near enough that of the oscilloscope’s since the probe’s resistance (which may
include a resistor in the probe itself} is only a small fraction of | MQ. They are
not intcnded to operate at very high frequencies — say up 1o 20 MHz,

The probe more commonly used is one giving attcnuation, usually attenua-
ting by ten times and known therefore as an x 10(10 x ) probe. This probemay
be used for two reasens:

(2) To increasc the voltage that can be applied te the oscilloscope.

{b) To reduce the effect that connecting the oscilloscope has on the circuit

under test.

(a) Oscilloscopes vary in the minimum sensitivity, ie maximum voLTS/
DIVISION, and may be as low as 10 V/division. Assuming a 6 division maximum
trace. this would mean a maximum a.c. input of 60 V p-p. With 4 [0-times
probe this is mcreased to 600 'V p-p, or 300 V peak, or 212 V r.m.s. Thus, even
with the probe, the 240 V supply may overscan and an x 100 (100 x ) probe
may be required. There are special probes with attenuations up to 1000 times
for use with high volla%es upto 20 kV,

(b) The basic circuit of a simple probe is given in figure 8.5, where R, and C,
represent the input resistance (normally | M(2) and inpul capacitance of the
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oscilloscope. The probe itself has a resistor R, with a smal] preset capacitor in
parallel. The coaxial cable should be of low capacitance and may have a
resistance wire for the centre lead to reduce reflection from the incorrectly
terminated coaxial cable. If R, is | MQ and R is made 9 M then the attenua-
tion for d.c. and low frequencies is [0. The input resistance is now 10 MQ
instead of | MO when a direet connection is made. Thus, using a probe has
less effect on the circuit under test, particularly if it is one of high intcrnal
resistance. The capacitor C, miust be added so that the attenuator becomes a
capacitive divider at high frequencies, C, being adjusted to give an attenuation
ol 10 times. The capacitance of the cable must be added to C,. so the valuc of
C, will not be 4th of that of C, However, the input capacitance will appreci-
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ably be less than that of the oscilloscope plus the cable, say 10 pF for an
oscilloscope with an input capacitance of 20 pF (for a | metre length). Hence
the usc of this probe will reduce the capacitive loading effect on the circun
under test. This is shown in figure B.1(c).

The probe is usually supplicd with a number of different ends for use in
different cquipment, eg. a clip-on probe, a fine probe for conncction 1o
integrated circuits.

Dual probes are also available that can be changed from x 1 to x 10 by
changing the end or operating a bution on the probe.

1t a 100-times probe is used the input resistance 1s commonly 10 megohms
{to avoid the use of very high resistors which tend 1o be unstable) but the
input capacitance is reduced stll further 1o, sav, 3 pF for 4 | metre probe.

Since the cable is incorrectly terminated at both ends this type of prohe
is not suitable lor frequencics ubove, say, 20 MHz to 50 MHz; or where very
fast risc times are concerned. The probe rise ime may be 5-10 ns.

Unless C, is adjusted to the proper value the frequency response ol the
probe will be incorrect. If too large the output will increase with [requency:
il 100 small the output will decreasc with frequency. If the frequency response
is not uniform the probe will distort any non-sinusoidal waveform applied 1o
it. The distortion can be senious, and is shown in figure 8.6 where (a) to (¢}
arc taken using the 1 kHz square wavetorm. Al {a) the value of €, has been
correctly adjusted, and a good syuarc wave is produced. At (b) the value 1s
too small, and so the lop of the waveform rises towards the right-hand side,
Al () the valuc of C, is too large and the top now slopes downwards to the
right. Thus it is most important that C, is adjusied to the correct value, using
a test wavelorm before use or very misleading results will be obtained.

If the square wave is of a different frequency slightly different results are
oblaincd. The result is shown in figure 8.6 at (d), (¢) and (f), when the test
frequency is § kHz: (&) 15 correet; () C; too small, and (f) C; too Turge. The
prtﬂw is most easily adjusted on a gooé square wavelorm of, sav, | kHz (o
S5kHe

Many oscilloscopes have a test wavelorm availuble especially for setting
up probes. A probe that has been in use on one oscilloscope must be checked
before use on another oscilloscope because the value of C; depends on the
input capacitance C, This varies with different oscilloscopes, and even with
those of the same 1ype there will be some tolerance on the value of C,. The
effect of changing the probe which was correctly adjusted on one oscilloscope
to another may be similar 1o (b} ar {¢) of tigure B.6. This is the reason why, when
dealing with the Y-amplifier, it was slated that the input resistance and capaci-
tance must remain the sume on all settings of the attenuator. However, if
accurate work is being done it is prudent 1o check the probe on the different
aftenuator settings as there may be some variations.

When a probe 1s reguired for higher frequencies or short rise imes @ more
complex type may be used. Compensation is now done with inductors at the
oscilloscope end of the probe, and details of these probes are outside the
scope of this book. However, it is just as important that the probe is adjusted
correctly to malch the oscilloscope. This type of probe may produce a rather
different type of distortion, but the method of adjustment is the same. Probes
of this type are made for use up to a frequency of at least 250 MHe,

Special probes are alse available for oscilloscopes with a 30 § input impe-
dance. The input resistance of the probe is now low, say § kQ, bul the capaci-
tance s also low, say 2 pF.

It has been shown that the inpul capacitance of the probe (or lead) may cause
changes in magnitude of high frequency sinusoidal signals and distortion of
pulses or other non-sinusoidal signals. If one 15 interested in the phase of the
voltage then, of course, Lhis cupacitance will cause a phase shift. The amount
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increases with source impedance, input capacitance and frequency, and can
be caleulated in a particular case. Therefore, if the phase of two high frequency
voltages are being examined care is necessary. If the frequency or source
resistance 15 Jow the cffect may be negligible. but if it is not neghgible, then
both circuits should be made identical so that the phase difference remains
the same.

It is important to see the effect of the loading eapacitance on the nse time.
The nise time of a circuit is the time to rise from 109 to 0% of its maximum
vilue. This is shown in figure 8.7, where tis the risc ume. If the rise time of the
voltage ¢ in figure &.1 is 7ero the rise time of the voltage across C, is given by

00y~ - - - -

9Oy - - -

VOLTAGE

0

TIME

P .
FIG 87 RISE TIME OF WAVLFORM

22CR,. In the example quoted, if R, =320 Q and C, = 10 pF, risc time 1 =
(22x 320 10:x 10" "} x 10° ns =7 ns. If an oscilloscope with an input

; capacitance of 40 pF (oscilloscope plus probe) is connected across the circuit
the effective Cis now 10+40 = 50 pF. The rise ime is (2-2 x 320 x 50 x 107 '3)
x 107 = 35 ns. Thus. if a rise-time mcasurement was made using the oscillo-
scope it would be 35 ns (neglecting any other elfects which might increase it).
whereas the circuit itself is only 7 ns. Thus a large error can result. The rise
time of the oscilloscope and the probe should be small compared with that of
the circuit under test, as mentioned in connection with Y-amplifiers.

The cffect on a | MHz pulse of various connections will now be shown, the
source resistance being about 500 chms. These are shown in figurc 8.8. At (a)
1 shown the waveforms using a short direct connection. While at ( b} the effect
of the capacitance of an x | probe. At {c) an x 10 probe (correctly adjusted)
has been used, when it will be scen that the result is similar to (a). At (d) is
shown the very misleading result obtained by using a coaxial cable about 0-6
metre long.

When looking at hugh-speed pulses the earth return is very important, and
some results are shown in figure 8.9 using a | MHz pulse gencrator correctly

|
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{d) Ué melre cous o cahle

FIG 2% EFFECT OF CONNECTION OF OSCILLOSCOPL
1 MHz PULSES WITH SOURCE RESMSTANCE S0 G}

terminated with 50 chm resistor. At (a) 1s shown the result of a very short
lead between the terminating resistor and the oscilloscope input socket. Al
(b) is shown the result of using an carth retum about 0°6 metre long between
the terminating resistor and the oscilloscope (thc live lcad was sull very short).
Diagram (c) shows the same wavelorm using an x 10 probe between the
terminaling resistor and the oscilloscope, while (d) shows the same conditions
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but with an carth retum of about 0-6 metre between the terminating resistor
and the probe earth connection.
Thus it will be scen that when looking at high-speed pulses great carc is

(dV « '0 probe but O 6 m earth return

FIG 89 EFFECT OF CONNECTING LEADS TO OSCILLOSCOPE | MH: PULSES
FROM PULSE GENFRATOR CORRECTLY TERMINATED [N 30 O




98 THE CATHODE-RAY OSCILLOSCOPE

needed and short leads are essential. When the source of pulses should be
maltched to 5) ohms then more satisfaciory results may be obtained by using
an oscilloscope with a 50 {1 input connection, or a 50 £1 matching unit when
using the 1 MQ input.

The problems associated with probes for very high frequencies or very
short risc times are involved and cannot be considered in this book, e.g. probes
used with sampling oscilloscopes.

ACTIVE VOLTAGE PROBES

Sometimes a small input capacitance is required, but the loss of sensitivity
by using, say, an x 10 probe cannot be tolerated. In such cases an active probe
may be used. A simphfied block diagram is shown in figure §.10, where the
first stage is an FET 50 that a high impedance is obtained. This may be 10 M)

INPUT AMPLI- QUTPUT
1 feT [*] FIER SYAGE [ ™
CABLE To
INPUT OSCILLOSCOPE

ot

FIG 310 BLOCK DIAGRAM OF ACTIVE YOLTAGE PROBE

and have an input capacitance of only 5 pF. The overall gain is unity and the
bandwidth may be d.c. to 200 MHz. The input voltage that can be applied
is limited to, say, 0'5 V although x 10and x 100 attenuator probes may be used
in front of the FET circuit.

Differential active probes are also available where Lhe processing of the two
signals takes place in the probe itself. Such devices may go up to 100 MHz.

CURRENT PROBES

It is somelimes necessary 1o measure or examine the current in a circuil,
which must be done without upsetting the operating conditions of the circuit.
In simple cases thiscan be done by using 1 low value series resistor, for example,
as in the emitter circuit of a transistor, figure 8.11. The voltage across R is
proportional to the current and will have the same waveform as the current
at low frequencies: but capacitance effects will cause problems at high fre-
quencics. One other problem which arises is that (unless a differential amplificr
is used : see Chapter 9) one side of this added resistor must be carthy. However,
these difficultics can be resolved by using a current probe. One passive type
consists of a current transformer and requires breaking into the circuit, as
shown in figure 8.12. Such instruments may have a sensitivity of S mV/mA,
i.e.a volage of 5 mV is produced for each milliampere flowing in the primary.
The frequency response varies with the design, but may go up to 100 MHz
or more. Probes are also made using the same idea where the lead is simply
clipped in the probe, as in figure 8.13. This is a much more convenient arrange-
ment. Being current transformers they give an outpul corresponding to the
a.c. component of the current and often are only suitable for frequencics
above 100 or perhaps 500 Hz.

An active custent probe may be used incorporating a Hall effect device,
which can be operated on d.c. and may go up o 50 MHz. This is more complex
and expensive but valuable if the d.c. component 15 required. Current probes
cover such a range that it is impossible 1o give typical figures and manufactur-
ers’ literature should be consulted.
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DIODE PROBE

When examining r.f. signals it is often convenient 1o demodulate the signal
before applying it to the oscilloscope. Demodulation is essential if the fre-
quency response of the oscilloscope is not sufficient to deal with the modulated
signal. Normal demcdulator circuits are used and may be a half-wave circuit,
as in figure 8.14{a), or lull-wave or voltage doubler as at {b) (overleaf),
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Differential Amplifiers

ThE carthy terminal of an oscilloscope is usually connected to Lhe case which

invariably is earthed. Supposc that we have a circuit such as in figure 9.1,

and that we wish to investigate the wavelom of the voltage across the resistor.
P R ¢ .

I—}
e 1 F

S
—

FIG 91 CIRCUIT WHERE DIFFERENTIAL AMPLIFIER MAY HE USED

This is not possible with a normal oscillescope amplifier because both sides
of the resistor are at an a.c. potential to carth. 1 1s someumes possible to
disconnect the carth from the oscilloscope and then connect the oscilloscope
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across R. This 1s a very dangerous practice if high voltages are involved as the
whole case of the instrument becomes alive. Also, particularly if the impedance
of the circuit or the frequency is high, results are misleading owing to the
large capacitunce of the oscilloscope’s case to carth and the possibility of
stray pick up.

A differential Y-amplifier is therefore used which has two inputs. A and B,
If the same signal (called the common mode signal) is applied to two inputs
of the amplifier there will be no trace on the screen. If different signals are
apphed then it is the difference between the two signals which appears on the
screen. It is important to recognize that it is a ‘difference’ amplifier and nothing
10 do with ditferentiation. Sometimes the input is referred to as the *differential
input’, which may be misleading since it is really the difference input. The term
“loating input’ is sometimes used since the two inputs are free or floating with
respect to carth. If the two inputs arc a.c. the voltage seen on the screen atany
instant is the difierence between the instanlanecus valucs at that instant

. A basic circuit 15 given in figure 9.2, where the two transistors Try and Tr,
have a common-emitter resistor R, The valuc of R, should be high compared

1K

+t v

R,
0K

=200 ¥
FIG %2 BASIC CIRCLIT OF DIFFERCNTIAL AMPLIFIER

with R, and R, (R, being equal 1o R;). It may be advantageous to replace
. this by a constant current circuit. which acts as an extremelv high resistance as
regards a.c. Its operation is explained more casily by using tigures. Suppose
R; =R, =1kQand R, = 50 k{2 Suppose also that normally a current of
2 mA flows through cach transistor so that there will be 2 x 1 = 2 volts drop
{using milliamperes and kilohms) across R, and Ry. Since 4 mA will flow in
R, the drop across it will be 4 x 50 = 200. These voltages are shown in figure
9.2, the base-emitter voltage drop being neglected, fe. assumed zero. Now
suppose that both bases are raised by + 10 volts (the common mode input). The
drop across R, must now increase by 10 volts to a total of 210 volts, and henee
the current = 210/50 = 4-2 mA, therefore cach transistor will pass a current
of 221 mA. The drop across R, and Ry will be 1 x 21 = 2-1 volts. Thus a
10 volt common mode signal results in an output of only 0-1 volt.
Suppose that the base of Tr, is raised 1o 01 voit and that of Tr, remains at
zero — a difference-voltage of 0-1 volt. This will cause the current in Try
to increase and so increase the voltage across R, but reduces the base emitier
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voltage of Try. Henee the currentin T, is reduced by almost the sume amount
since the current in R, must be practically constant, One may consider that
the base-cmitter voltage of Tt is increased by 0-05 V and that of Tr, is reduced
by 0-05 V. Assume that this causes the current in Tr, to increase by 0'5 mA
(to 25 mA) and the current in Try to be reduced by the same amount (to
1-5 mA). The vollage across R, now increases to 1% 25 = 2'5 V, an increase
of 05 V. The voltage across Ry will be reduced by 0-5 V. Thus a difference-
input signal of 0°1 V produces an output across either transistor of 5 V, ie.
a gain of 5 times. However, the common mode signal of 10 volts only produces
an outpul of 0-1 V of a gain of 0 1710 = 0-01 {actually a loss). The ratio of
gdin to a diflerence-signal to the gain with the common-mode signal is called
the ‘ligure of merit o#thc amplifier’. In this example it 1s 5/0-01 = 500, It is
also known as the ‘common mode rejection ratio’ (CMRR) and commonly
given as 4 ratio, 500: 1 in this case.

Bipolar transistors are shown in figure 9.2, but similar arrangements (f.e.
field effect transistors} ure used as in the Y-amplifiers described in Chapter 4,

Many oscilloscopes use plug-in amplifiers so that a differential amplifier
can be used when required. The input facilities are as for a normal amplifier
such as d.c. or a.c. connections, carthing of amplifier inputs. Stepped attenua-
tors are fitted on each input, the two being panged together to form a single
voLTs/DIv control. There may be [facilities o control the bandwidth by
switchable high-pass and low-pass filters. Differential amplificrs cover a
wide range, some having very high sensitivities of, say, 10 pV/div. In general
the higher the sensitivity the less the bandwidth. In some diiTerential amplifiers
the bandwidth may be small compared with normal Y -amplifiers, say | MHz.

When the coupling mode of the amplifier is d.c. the common mode rejection
ratto generally decreases with increase in frequency owing to the difficulty of
maintaining exactly similar conditions on the two halves of the amplifier at
high frequencies. When the coupling to the amplifiers is a.c. then the common
mode rejection falls at low frequencies, say below 50 Hz. The gain of cach
amplifier will, of course, also [all al low frequencies due to the coupling
capacitor, As the magnitude of the common mode signal increases then the
common maode rejection ratio decreases. For example, it might be 100,000
with a | volt common mode inpul and 10,000 with 20 volts.

There is. of course, a limit to the maximum value of the common mode
signal that can be applied, but it is important to distinguish between (a) the
maximum non-destructive inpul voltage; and (b) the maximum common
mode input voliage. (a) is the voltage that can be applied withoul damage to
the amplifier, but this input-may overload the amplifier and give an incorrecl
display. (b) is the maximum voltage that can be applied to both inputs without
overloading. This will vary with the range in use; it might be + 10 volts on the
I mVidivio 50 mV:idiv ranges, and +400 volts on the 100 mVidiv ranges and
ubove. A DIFFERENTIAL BALANCE control 1s sometimes fitted so that the
amplifier can be set for maximum common mode rejection ratio.

Il a differential amplifier 1s used to display the voltage across R in figure 9.1,
one input would be connected to P and the other to Q. The earth connection
of the oscilloscope would be connecled to the carth or common lead C of the
aircuit. The difference between the two inputs which is the voltage across R
would then be displayed.

An OFrseT voltage control might be provided. This offset voltage 15 used to
cancel any d.c. voltage applied 1o one of the inputs so that the a.c.-only com-
ponent may be examined.

PRECAUTIONS IN USING DIFFERENTIAL AMPLIFIERS
It must be noted that any differential amplifier 1s not perfect and that there
will be some output due to the common mode signal. To take an example,
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suppose that the common mode rejection ralio is 10,000 and that « common
mode signal of magnitude 10 volts 1s applied on the | mVidiv range. Supposc
now thal the difference signal is 3 mV, i.e. the ditference between the two signals
applicd. On the 1 mV/div range this will produce a deflection of 3 divisions,
-" The common mode signal of |0 volts is equivalent to a difference-signal of

10 volts _ 10 —imV
CMRR 10,000

This will produce a dcflection of 1 division and the total waveform on the
screen will be the sum of the two. The common mode signal of PmV compared
with 3 mV of wanted or difference-signal is not negligible and obviously will
upset the result. If the common mode rejection ratio had been 100,000 then
it wouk] have only been 01 divisions compared with 3 divisions of wanted
signal, which could be neglected for most purposcs.

‘The common maode rcjection ratio quoted for a differential amplifier is
that of the amplificr itsell, and is true for equaf signal applied to both inputs. «
There are two reasons why in practice these two inputs might not be equal,
although connections arc made to two points having the same voltages.

Itis common practice to use probes (say x 10) to connect between the cquip-
ment and the oscilloscope For a normal amplifier this generally produces
more accurale results as both the resistance loading and the capacitance
loading arc reduced. [n the case of differential amplifiers the result may be
unsatisfactory. If the two probes are identical they will not introduce any
error; bul, of course, probes are not identical and there will be tolerances on
the resistance and capacitance values. Assume one probe to be perfect with a
ratio of exactly 10/1: and the other to be 1%, out with a ratio of 10-1/1, If
equal voltages of, say, 10 volts are applied to the probes then the inputs to
the two amplifiers will be

:—g = 1 volt, while the other will be II—O =09%0V.
This is c?ruivalcnt to applying a differcnce voltage of | —09%0 = 0-01 volt.
A truc difference-signal applicd to the probes to give an equivalent deflection
on the screen would be 001 volt (due 1o the 1071 ratio of the probes). The 10
volts common mode gives the same deflection as 0¢1 difference-signal, or the
common maode rejection ratio is now only 100/1 even il the amplifier itsclf
has an infinite common mode rejection ratio.

The second reason for an apparent reduction in the common mode rejection
ratio is the internal impedances of the sources of voltage. If these are the same
then no crror will result, but if they are different, which is quite likely since
they arc at different parts of the circuit, then a reduction in the CMRR will
occur. Consider figure 9.3 where circuit (1) has an em.[. ¢ and an internal
resislance of 10 k€); and circuit {2) has the same e.m.[. e but internal resistance
20 k€. [t is assumed that the two circuits are connected directly to a differ-
cntial amplifier of input resistance 1 M (assuming both inputs to have
cxactly the same input resistance). The actual voltage fed to input (1) will be

1,000,000
s = ()99
* 1,010,000 00 e

and that fed to input (2) will be

1,000,000 _
X m = (9804 ¢.

This is equivalent 10 a difference-voltage of 0-9900 = 09804 ¢ = 0-0096 e volt.
Thus, an apparent common mode input of ¢ volts produces a deflcction

€
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corresponding Lo a difference-signal of 0-0096 ¢. The apparent common
mode rejeclion ratio is

e
00096 ¢ 104:1
assuming, of course, that the differential amplifier itself has an infinite com-
mon mode rejection ratio. This effect can be reduced by (4) aking the voltage
from points of low internal resistance; and (b) increasing the inpul resistance
of the differential amplifier. Some amplifiers have this facility.

The above calculation hus been done on the resistive ¢lements only, but
similar or worse ¢rrors occur at high frequencies due 10 differing source
impedance and capacitances.

Care is needed as regards the carth connections, particularly when high
sensitivity differential amplifiers are in use. The screens of the probes should
be connected together and to the amplifier carth at the amplitier, as in figure
9.4. They should not be cunnected 1o the earth of the apparatus under test. A
single wire should connect the oscilloscope earth to the apparatus earth, This
prevents the possibility of circulaling currents 1n the probe screens, which
can induce unwanted signals into the amplifier. .

_—
—t —
|93 -
APPARATUS
UNDER AMPLIFIER
TEST

FIG 94 EARTH CONNECTIONS WHEN USING DIFFERENTIAL AMPLIFIER
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DIFFERENTIAL COMPARATOR AMPLIFIERS

Busically this is a differential amplifier with an additional facility; it may be
used as a differential amphilier in the way described. However, a variable, and
accurately known d.c. voltage source is available that can be applicd to one
or the other of the inputs. The d.c. source goes in both positive and negative
directions and has a voltage cqual to the maximum voltage that can be applied
to one input, The idea is 10 use what is known as the ‘slide back’ technique
using the oscilloscope as the null indicator. Supposc that a voltage of approxi-
mately + 10 volts is apphicd to input A and that the amplifier is sct to 4 sensi-
tvity of 10 mVidiv. The spot will go off the screen but can be brought back by
the application of = 10 volls to mput B. this sccond voltage coming from the
variahle source. Thus, if the vanable voltage is adjusted until the trace is in
its central position (assuming it 10 be n the central position with no voltage
applied to cither input) then this is a measure of the unknown voltage applicd
to input A. If a deflection of 01 division can be read, the input voltage can be
measured to an accuracy of 01 x 10mV = I mV, or | mVin 10 volts, or 001 3.
This is assuming that the source ol variable voltage is exactly known and
that the common mode rejection ratio is infinite  Both these factors will
cause crrors, but the possible overall accuriacy can be calculated f the accu-
racy of the variable voltage 1s known (say 0'17%;) and the common mode
rejection ratio is known,

This method is not limited to d.¢. voltage measurements Suppose we have
a pulse, or any other waveform. superimposed on a rclatively large d.c.
voltage. The variable voltage 18 now varied until the top of the pulse corres-
ponds to the zero line and the value of voltage source noted. say V. The
variable voltage is now reduced until the bottom of the pulse corresponds to
the zero line and the voltage noted, say V,. The magnitude of the pulse is now
V, -V, Ina similar way the peak-to-peak value ol an a.c. voltage can be
measured. The variable voltage 1s varied in, say, the positive direction until
the top of the waveform is on the zcro line and the voltage noted, say V.
The variable voltage is now made negative and adjusted until the botiom
of the waveform corresponds to the zero line and the new voltage noted, say
V,. The peak-to-peak value of the voltage is now V+ V. In both cases the
accuracy of measurement can be much higher than using the direct measure-
ment off the oscilloscope screen. The differential amplificr must be designed
to recover quickly afier being overdriven. The variable voltage may bave a
digital readout or a dial readout {multitum potentiometer).
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Multitrace Oscilloscopes

THERE arc many applications requiring more than one trace on the screen at
the same time so that waveforms at two points in a circuit may be examined
This could be done by 1wo oscilloscopes, but apart from the obvious expense
it is not casy to compare wavelorms at particular instants in time. But, for
example, if two traces are produced on a single tube using a common horizontal
deflection then comparison of the two waveforms is easy at any instant. In
addition, difference measurements (say) can be made. There arc three hasic
ways of oblaining multiple traces, using monoaceelerator or PDA tubes:

{1} By asingle-gun dual-trace or split-beam tube.

(2) By a multigun tube.

(3) By beam switching using a single-beam tube

(1) DUAL-TRACE or SPLIT-BEAM TUBES

This was the carliest method of obtaining two traces on a single screen and
was used by Cossor in the 1930s. The idea 1s to use a single gun with means of
splitting the beam so that each portion passes through different Y-plates. The
beams then pass through common X-deflecting plates. The basic idea is shown
in figure 10.1. The sphtier plate is a thin plate placed in the centre of the two
Y-deflecting plates, so splitting the beam into two. This plate is connected to

Az l___zz
%
L UPPER BEAM
——  LOWER BEAM
Vd
SPLITTER X4

PLATE

FIG 101. SPLIT-BEAM TUBE
the final anode A ;. A positive voltage applied 1o Y, relative to A, will deflect
the upper part of the beam upwards; a positive voltage applied to the Y, plate
will deflect the lower part of the beam downwards. Therefore, for the same sig-
nal applied to the two Y-plates the two traces are 180° out of phase, or in
opposite directions. This can be confusing. An altemative is to use two holes
in the anode and two separate seis of Y-deflecting plates. This allows sym-
metrical deflection 1o be used and avoids the 180° phase difference on the two
beams.

The split-beam arrangement has the following advantages:

(a) Tube construction simplicity in comparison with two-gun tubes.

(b) Itonly requires onc brightness control and one focus control, and there-
fore reduces the cost.

(c) Since the two traces are deflected by the same X-plates the time-scake is
the same for both traces. This makes precise comparison casy. Also,
there is no possibility of phase error measurement (provided one allows
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for the possible 180° phasc difference on the two Y-plates where this
occurs) which can happen in a switched-beam oscilloscope if operated
incorrectly [see (3) BEAM SWITCHING].

There 1s only onc heater to fail and only onc heater-cathode insulation
1o break down.

There are no problems on transicnt displays [see (3)].

The split beam arrangement has the following disadvantages:

The brightness of each trace is half of that obtained by the equivalent
normal tube.

The brightnesses of the traces cannot normally be controlled scparately,
but is possible in some tubes.

Only asymmetrical deflection can be used with the arrangement shown
in figure 10.1.

There is some interaction between the plates. (Some compensating
arrangements can reduce this).

The upper part of the beam may cut off towards the bottom of the screen,
and the bottom part cut off at the top of the screen.

If Y delay lines are required then two must be provided, one for cach
trace.

Very few oscilloscopes now use this type of tube.

(2) MULTIGUN TUBES

These tubes use completely separate guns with separate Y -deflecting plates.
The X-plates may be scparate, one pair for each gun, but it is more usual for
them te be common to all guns. Only two guns are used as a rule (although
four-gun tubes have been made) and the explanations that follow will assume
two-gun tubes, [or simphcity.

In comparison with the dual or split-beam tubx the arrangement has the
following advantages. :

(a}
(b
(c)
(d)

(c)

.(f')

(g)

The brilliance and focus of cach trace can be controlled scparately.
Other things being equal, the traces should be twiee as bright
Symmetrical deflection can be used.

There is no problem of 180° phase difference on the two traces provided
the plates are correctly connected.

If separate X-plates are used then two traces can be produced having
different time-scales.

As n the spht beam there 1s no possibility of false phase measurements
|see (3)), when common X-plates are used.

As in the split-beam there are no problems in displaying two transients

[see (3)]:

The arrangement has the following disadvantages.

(a)
(b)

{c)

The tube is much more complex.

Separate brightness and focus controls must be provided, which may
have advantages but increase the cost.

Due to tolerances in the positioning of the two guns the beams may not
be in the same position along a harizontal line. Assuming common
X-plates it is essential that they fall n the same position if accurate
phase comparisons and mecasurements are to be made. To overcome
this a small separatc deflecting system may be used, commonly between
thc A, and A; anodes, to correct for the manufacturing tolerances. [t is
essential that when deflected horizontally the two traces arc parallel;
again, some correction may be necessary for this.
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(d) Since there are two heaters Lhere is a greater possibility of heater Failure
or heater-cathode shorts

(c) As with the split-beam arrangement il’ Y-delay lines are used then two
are required.

Mulugun tubes are rarcly used in oscilloscopes al present.

(3) BEAM SWITCHING

This system makes use of a normal single-beam tube. it has the advantages
ol a simple tube, only one brightness control (normally) and enc focus control,
with no difficulties in the alignment of two separate beams. This method of
obtaining multiple traces is used almost universally al the present time.

The basic idca is to time-share the same beam between the two traces; it
may be considered to be o time division multiplex system. For simplicity it wil)
be assumed thal only lwo traces are required. There are two basic ways of
doing the ime sharing,

(4) ALTERNATE TRACES. Signal A s displayed lor one traverse of the spc.
across Lthe screen, then signal B is displayad for one traverse. and so on,
The switching is now done at hall the timebase repetition rate.

by Chowrii TraCEs. The switching is now done at a high frequency, say
30kHz 1o 1 MHz, as shown in figure 10.2. Om any particular horizontal
traverse of the heam cach trace will consist of short sections and only
half of the actual wavelorm will be completed. However, il the switching
frequency is not locked to the timebase, the posiion of the short
sections on cach waveform will move and a continuous trace will be

o
AN
|,/ \\Ji'

A
/", \\J/

TRATL 3

FIG 192 CHOPPED DINPLAY

Both types of switching are usually provided on the osailloscope becaus
cach has its limitations. At low frequencies the allernate trace method caus
bad flickering because each trace is produced at only half the timebase repeti-
tion rate. 1115 therefore more suited to medium and high frequency displays;
the advantage is that a complete wavelorm is drawn on each traverse. The
chopped trace syslem is more suntable for low frequencies and overcomes the
disadvantage of the alternate trace method as regards flicker. As the frequency
is increased the portions of the waveform drawn on each trace become longer
as do the missing portions, hence the eflect of the beam switching becomes
more visible. The frequency ol the waveform being examined musl normally
be considerably less than the chopping requency. In carly oscilloscopes the
chopping frequency was Jow, say 10-20 kHz, but much higher frequencies are
now used of 10 kHz to | MHe. In the chopped system the beam must be cut
ol during the movement of the spot from onc trace to the other. This can be
donc by feeding a suitable switching waveforn to the grid or blanking clectrode
of the cathode-ray tube from the chopping wavelorm generator.
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In most oscilloscopes it is possible to switch from alternate trace to chopped
trace. the user selecting the mode depending on the frequency and type of
wavelorm under examination. In some oscilloscopes when the imebase sweep
speed is low it is set to the cHoreEn mode, and at high sweep speeds (high
repetition rates) is automatically changed (o ALTERNATE modc.

In gencral it is preferred that the chopping waveform generator is nol a
locked multiple of the timebase repetition rate so that the portions of the display
waveform ‘run round’ the trace and give the appearance of a continuous trace,
often making it difficult 1o know that it is a chopped trace Unfortunately, m
many cases the chopping waveform generator locks into siep at a multiple of
the timebase repetition frequency and only sections of the waveform are drawn.
This is shown in figure 10.3(a). At{b) is shown the cfTect when this locking does
not occur, and (c) shows the result of running the oscilloscope in the alternate

F1G. 10 Mar  CHOPPED TRACE CHOPPING FREQUENCY LOCKED TO SWEEP
GENERATOR

FIG 100 CHOPPED TRACE CHOPPING FREQUENCY NOT LOCKED TO SWEEP
GENERATOR
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FIG 103ic) ALTERNATE TRACF
tracc mode which overcomes, of course, any distortion of the waveform due to
chopping. This locking was morc common when valves were used; it depends
on how well the circuits are isolated. In some oscilloscopes it is almost im-
paossible to see this chopping even at high frequencies.

In both the alternate and chopped modes it is possible 1o shift cach beam
scparately in the Y or vertical direction. The X-shift control, of course, moves
both traces by the same amount.

TRIGGERING

When using alternate traces the method of triggering is very imporiant as
false phase relationships can be displayed. If the two signals are of the same
frequency or are frequency related and the phase relationship is required, then
the timebase must be triggered by once signal only. Supposc the timebase is
triggered by signal A only. When tracing out signal A it will be triggered at a
cerlain instant depending on the setting of the level control, say at X in figurc
10.4(a). When the beam is tracing out signal B the timebase is still triggered by
signal A and will be triggered ar the same instant X (assuming correct trigger-
ing), as before. Thus signal B will be traced out with the correct time (and phast)
relationship 1o signal A. Alternatively, the trace can be triggered by signal B at
all times. The limebase must ~vor be trigpered by signal A when displaying A
and by signal B when displaying B, i.e. ALTERNATE triggering. If this is done
then the timebase will be triggered at instant X when displaying signal A, and
it will be triggered by signal B when it has the same voliage as A had at X, and
displayed as shown in figure 10.4(d). Thus the two waveforms wll appear
approximate in phase at all times. The phase relationship actually displayed
will depend on the magnitude of the traces and on the level of triggering. This is
illustraled in figure 10.5. At {a) the display is ALTERNATE bul the triggering is
from the larger trace (channel A). This is therefore the correct phase relation-
ship. At (b) the display is in the cHOPPED mode, which confirms the correct
phase relationship given by (a). At (¢} (d) and {c) ALTERNATE displays arc shown
with ALTERNATE triggering. The ditference between them is that the ingger level
is altered (reduced) between photographs. It is seen that the phase relationship
changes greatly, and hence ALTERNATE (rigger must not be used when correcl
phase relationships are important. This is illustrated again in figure 10.6, where
one of the waveforms is a square waveform. The correct phase relationship is
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1b) Chopped display (correct phese relatonship)

{c) Aliesrare display. shicrnale tnggenng hnvorreel phase relatonship)

) Alcraate diplay, ulirnate 1oggening and reduced igger kevel pecorrect phasc t¢lahionship)

FIG. 10 8(by-1d} METHODS QF TRIGUERING
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fe) Alternate d.cp-ay. alieraale Inggenng and furiker reduchon in thgger level Gncorredt phae reln sbopt
FIG 10 Sed METHODS OF TRIGOGLERING

given at {a), when a cHoppen display was used. At(b) (¢ and {d) are ALTERNATE
displays and ALTERNATE trigeermg, with the triggering lcvel changed between
photographs. Again, il is scen that almost any phase relationship display is

101 AderGale dapliy, alternale (ngges.ng oficcl phasg e atinnsh.p by Sharce)

FIG 10&81-th METHODS OF TRIGGERING
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(<€) Alicrnote display, aliemate tnggerng and difiecent ingger lescl (incorrect phase relatonship)

(d) Alterrate duplay, slernare opgerng and dillezem tagyes lesel hnvorrevt phase relatanship)
FIG 196ie)-id} METHODS OF TRIGGERING

possible. Correct phase relationship is obtained if the triggering 1s from one
(cither) signal only.

In the case o lwo wavelorms with a sharp leading edge. such as two-square
wiavelorms, the waveforms will always appear in phase. Many vseilloscopes
now do not allow one to trigger the timebase in this way. If such a facility is
available great care is necessary to avoid very misleading results. Ut is a mode of
operation that should be used only for special purposes. One oscilloscope has
this methed of triggering but only by the use of an external connection so that
one is well aware that it is being used. Unfortunately, one manufzcturer cu]l’
this mode ‘normal’.

When in the cHOPPED mode the triggering is not important as it cannot
alter the phase angle displayed because both traces are being drawn during a
single traverse of the limebase, Triggering may be from either signal or from
the sum of the two signals.

It 15 possible 1o show waveforms of different and non-related frequencics
on the screen. If the timebasc is triggered by signal A for both traces then signal
A will be stationary; but signal B will not be slationary and a moving (un-
locked) trace is obtained, as in figure 10.7%(a). If the timebase is triggered by
signal B then (if the triggering is adjusted correctly) signal B will be a locked
trace and signal A will be moving.

If signal A is used for triggering when being displayed and signal B is used
when being displayed. ic. ALTERNATE triggering, both signals will be locked
and appear stationary on the screen, as in figure 10.7(b). The sweep speed will,
of course, be the same for both traces as this is determined by the timebase sweep
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(1) Aitctaaze display, Ingpening o uppet display

{b) Aliernale display. allernalc tnggenng
FIG. 10.T TWO WAVEFORMS OF DIFFERENT AND UNRELATED FREQUENCIES

sctting. I two such locked traces are obtained on the screen it must not he
inferred that they are of the same frequency or frequency rclated. This can be
checked by switching so that the timebase 15 triggered by one signal only on
both traces. If they are not frequency related. onc will not be locked and will
move or produce multiple traces.

[t is possible Lo make approximate frequency comparisons using this
tisplay since the time-scake is the same for both traces. For example, in ligure
10.7(h) there are approximatcly 5 cycles of the upper waveform and approxi-
malely 2 cycles of the lower waveform. Thus the frequency relationship is
approximately 5 to 2. This can be used to get, say, one frequency at approxi-
mately the correct value relative 1o the other. Then the triggering can be chang-
ed 10, say, signal A and the frequency of signal B adjusted until the display of B
is stationary with respect to the display of signal A. Both will have a certain
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relationship between complete cycles. Easier, and possibly more reliable
mcthods, are given in Chapter 13 on uses of the oscilloscope.

There are facilitics 10 add or subtract the two signals, which provide the
user with basically a differential amplifier. 11 the oscilioscope is connected as
in figure 10.8, and the amplifier set to the difference of Y, and Y, the wave-
form seen on the screen will be that across the resistor R. In a similar way, i

li] i
Y. \(2

Frae? N

FIG 10 USE OF INFFERENTIAL AMPLIFIER

the two signals are necarly alike bul in antiphase, then the difference between
them can be displayed by setting the amplitier 10 the sum position. This
arrangement does nol have as large u common mode rejection ratio as a
properly designed differential amphfier and, of course, there are limits 1o the
magnitude of the commeon mode signal that can be applied. Figure 10 9 shows
two wavelforms. At {a) the two waveforms are in the correet phase and polarity.
Al (b} the upper trace has been inverted. Both these arc taken in the ALTERNATE
display mode but inggered off one trace only. At (c) is shown the same display
but in the CHopre mode. At {d} is shown the sum waveforms of those shown
at (a), while al {¢) is shown the difference waveform, i.e. by sctling the oscillo-
scope to the Api position and switching the amplifier for the upper trace to
INVERT.

[n some oscilloscopes it is possible 1o switch one of the Y-amplifiers to feed

FIG 1D %a)  TWO WAVEFORMS SHOWING CORRECT PHASE RELATIONSHIP.
ALTERNATE DISPLAY, TRIGGERING OFF ONE WAVEFORM QNLY
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FIG In%ey  AS fal BUT CHOPPED DISPLAY

the X-platcs so that an X-Y display is obtained. The advantage is that identical
amplificrs are used in both X and Y directions and the normal Y [acilities are
available for both directions of dispiay.

In one of their oscilloscopes Philips have lacilities 1o display the product of
the two waveforms (i.e. one multiplied by the other). This multiplicr operates
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FIG. 1u9dl SUM OF WAVEFORMS SHOWN AT ()

FIG 10%e) DIFFERLNCE UF WAVEFORMS SHOWN AT (3) r¢ |HE SUM OF THOSE
SHOWN AT (b)
up to 100 MHz and enables one 1o display a wavefonn corresponding to the
instantaneous power in the circuit.
Problems arise when single-shot operation is used with switched beam
oscilloscopes. If the oscilloscope is set to ALTERNATE then only one trace
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will be obtained as obviously only one trace can be produced on a single trace
or traverse across the screen. When the cHoppen mode 1s used, provided the
trace time is much longer than the period of the chopping frequency, a double
trace will be ebtained, but only haif of each waveform will be drawn. If the
transient waveform s not too detailed and chopping takes place many times
during the singlc traverse, the resull is satisfactory. If, however, the speed of
trace 15 increased the result is not satisfactory as a rule. Eventually, of course,
when the time ol trace corresponds to that of a half-cycle of chopping fre-
quency only a single trace results.

We will now compare switched beam operation with dual trace and multiple
gun oscilloscopes. The arrangement has the advantages:

{(a) A simple tube 15 used and much of the cost of an oscilloscope 15 1n the
tubc.
(b) There is only one brilhiance and focus control, which reduces cost and

‘ complexity.

(¢} Symmetrical deflection is used with reduced distortion - not always
possible with split-beam tubes.

{d} No problem of 180 phase difference as in some split-beam tubes.

(¢} The two traces must be in the same position along the X-axis at any
instant, and no adjustment is required as in 2 multigun tube.

()} The traces will be parallcl.

(g} The tube can be used on one beam only with full brilhiance and all
facilities.

(h} There is only onc heater to go open circuit and one heater-cathode
insulation to fail.

(i} Wherea Y-delay linc 15 used only one is required.

(1)) Two modes of display, altcrnate and chopped.

(k) Relatively cheap circuitry to do the switching.

(1) Itis casy to extend the idea 1o more traces  say four.

It has the disadvantages of:

(a) L.ess brilliance than a two-gun tube, other factors being equal.

(b) Possibiluy of false phase information if not correctly used with some
oscilloscopes (i.e. alternale triggering).

{c) Difficulty on single traces, i.e. transients.

(d} Generally, no provision to vary brightncss of one trace relative to the
other, but this is possible,

MULTIPLE TRACES
Morte than two traces may be displayed using this switching technique. The
‘naximum is usually four since the brightness 1s reduced by multiple wraces,
nd it becomes difficult to interpret more than four traces on the screen. Four
traces may be obtained by using a double-trace oscilloscope frame (i.e. case)
and two doublc-trace amplifiers, as shown in figure 10.10. This is the arrange-
ment used on the Tektronix 7000 Series, and is quoted as an example.

This oscilloscope consists of a main frame (available in various forms) with
places for three or four plug-in units, which may be amplifiers or tumebase
units. Single plug-in or dual plug-in amplificrs are available, and it will be
assumed that two dual amplifiers have been fitted. Many other special plug-in
units are available, and some examples are given in Chapter i 5.

The correct setting of the mode switches and triggering is important. The
matn frame MODE switch can be set to L.H., R.H.. ALT.. CHOP oT ADP. When set
10 L.H. the lcft-hand amplifier plug-in is used, which may give a single trace or
dual trace depending on the setting of the amplificr controls. When set 1o R .#.
the same conditions apply to the right-hand amplificr plug-in. When set to
ALT, beam switching takes place on the alternate hasis between right-hand and
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Flti 1010 ARRANGEMENT FOR DISPLAYING FOUR TRACES
(Tekteaniz OO senies)

left-hand amplifiers. Each amplifier muy be set to SINGLE trace, ALT (race or
CHOPPED trace, and so 2, 3 or 4 traces can be obtained. With the main frame
control sel o CHOP, beam switching between amplitiers occurs on a chopped
basis. In the ann position the outputs of the two amplifiers are added.

Each amphifier has a MODE switch giving channel | on its own, channel 2 on
its own, the sum {abp) of the two mputs and also the difference since one
channel can be reversed. Each amplifier can be set 10 ALT or CHOP between its
two Inputs.

Turning to triggering, the main frame triggering control can be switched to
left-hand or right-hand amplifiers, and to a position called MODE. This means
that the triggering is connected to the same signal as the setting of the MODE
switch, i.e. LLH, R.H, ALT, CHOP and aDD. In the CHOP position the triggering
signal is obtained from the addition (sum) of the two amplifier inputs as in the
ADD position. On cach amplifier the triggering can be selected to signal | or 2
and MOLE. Again, the MODE position means that the triggering is obtained from
the source indicated on the mode switch, excepting that when in the CHop
posilion the triggering is from the sum of the two inputs. If, therefore, the
trigger control is placed in the MODE position and the MODE switch is in the acr
position, the triggering is in the alternate position, trace | being triggered by
signal 1 and trace 2 being triggered by input 2. As alrcady explained, this is a
dangerous position and can produce phase errors; but it can be used 1o display
two signals of unrelated frequency. In fact, by also using the frame control i
the same way four unrelated frequencies can be displayed. Figure 10.11 show
four traces using switched beams. This display is using cHOPPED mode between
all traces {i.e. CHOP sctting on main [rame and both amplifiers).

SWITCHING CIRCUITS

There are two parts to the switching system. First, the circuit that switches
the cathode-ray tube from one input to the other; and secondly, the device,
usually a multivibrator, producing the switching signal.

A basic block diagram is shown in figure 10.12.

The device must be fast, particularly in the chop mode or a considerable
percentage of the total time will be lost in the spot moving from one trace to the
other. Once method uses switching diodes; the basic arrangement is in figure
10.13. Many manufacturers use this method.

Each channel has shunt diodes D,D, and D D, and series diodes 1D, D,
and D,Dg. The junction of DyD, 15 fed with a switching squarc wave of
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opposite polarity to that on the junction of D, D, If the junction of the shunt
diodes D, D, is at zero potential, D, and D, are reversed biased by the current
flowing through D, and D, from the + 30V supply. This supply also feeds the
amplifier stage through D, and D,, and 4 signal is therefore fed from input | to
the main Y-amplifier. Hence this channel is operating. On the nexl half-cycle
the junction is given a positive potential, 50 making [}y and D, conduct, but
reverse biasing D, and D, so thal no signal passes to the Y-amplifier. The other
channel works in the same way, but in antiphase.

Shunt and/or series FETs may be used as switches, the gates being fed with
suitable wavcforms. Tektronix use an intcgrated circuit in some of their
oscilloscopes.

So that each trace can be positioned scparately the shift control for cach
channel must be placed before the switching circuit. From the peint of view of
the switching circuit the position or shilt voltage is dealt with in the same way
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asa d.c. signal. If a Y-delay hine is used it is placed after the switching circuit so
that only one delay line is required.

It must be possible to place the muluvibrator into four states:

(a) Channel ) only (¢) Chopped
(b) Channel 2 only (d) Alernate.

In channel | and 2 positions the multivibrator is biased so that onc or other
of the two transistors is fully conducting. In mode (¢} it must be set to run free
(i.e. as an astable multivibrator) at an appropriatc frequency, say 100kHz |
10 | MHz In mode (d) it 1§ s¢t as a bistable and fed with pulses from the tim
base so that it switches over at the end of cach scan of the timebase.

This multivibrator must also supply suitable pulses to blank the trace
during the transition period between the two traces. A suitable waveform is fed
to the grid of the cathode-ray tube or deflection blanking plates so as Lo cut the
beam off as it moves from one trace Lo the other.
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Delayed Timebase or Dual-timebases
(Strobe Timebase)

WHEN examining somc waveforms, such as a tclevision waveform, it is
desirable 10 see a small section in detail. For cxample, if the limebase is run at
picture frequency, the result of integration of the synchrenizing pulscs is as in
figurc 11.1, and no detail is visibk of the field synchronizing pulses. The time-
base cannot be run at a higher frequency because the waveform only repeats

FIG 11 1. INTEGRATION (OF TELEVISION SYNCHRONIZING PULSES (625 LINES) WHEN
TIMERASE OPERATED AT REPETITION RATE EQUAL TO PICTURE FREQUENCY s¢ 25 Hz

iscllat picture frequency. Some improvement is possible where there isan x 10
horizontal expansion. The result of x 10 expansion is given in figure 1.2 and
and often is adequate. However, for some purposes it does not give sufficient
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FIG 1.2, AS FIGURE 1) 4 DUT WITH =10 HORIZONTAL (X} EXPANSION

resolution of the waveform and the delayed umcebase idea was developed. This
uses two timebases, and hence sometimes known as a ‘dual-timehase’. This
will be explained in terms of a television waveform, but as will be seen later it
can be used in other applications.

A umcehase with a high trace speed is required corresponding, say. to 2 lines
of the picture which 15 triggered once per picture, i.e. 25 times per second. In
order that the correct 2 lings arc displayed the instant of triggering of this
timebase must be variable. One timebase is used to produce the variable delay
time and the other the fast sweep. There are three variations of the idea, which
will be called (a) delayed sweep; (b) delayed triggered sweep; and (c) mixed
sweep. .

123
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(a) Delayed Sweep
This is also called ‘delayed prescntation of sweep'. The basic idea 15 shown
in figure 11.3. This is drawn using a simple television type of waveform as it is
impossible 10 druw a complete 625-line waveform. It is shown as a non-
L o J e @

' ¢ 1

S
N

CLT TR T e

1 — v, 1
. ' '
—..«_./._ L — ' _';_..._.._-——é
! 1
b b Ti aSE @
N e
1
1
W
- ORI etk
J L AL w

FIG H1 3 OFERATION OF DELAYED SWEEP
interlaced system with only 15 hines per picture ('picture” and ‘held’ now hawe
the same meaning), and a single broad (or long) pulse for the ficld pulse. At (b)
1s shown the television waveform, and it will be assumed that we wish to look
atl one particular line in detail. It will also be assumed that ficld pulses as shown
at (a) are available for triggering the oscilloscope through the external
tnggering socket. At (¢} is shown the nomal, or main timebase, which is
triggered at instants A, A, ete., by the field synchronizing pulses shown al (a),
Thus, this umebase runs at picture frequency, i.e. it is triggered once per
picture. In an actual television waveform this timebase would be triggered at
25 umes/second, or a submultiple. With this timebase operated normally on
the waveform of figure 11.3, about 11 lines would be displayed on the screen
(i.e. those lines corresponding 1o the sweep) and 1t would be difficull o see the
detail of any onc line. If the timebase were run at line frequency all the lines
would be superimposed @nd. because they are all different, would resull in a
blurred video portion.

There is some confusion about naming the two timebases. The author will
use the term A for the main timebase. This s the one normally used when the
delay feature 15 not in opcration and produces the delay when delayed sweep
is used. The second timebase will be called B. This produces the trace after the
delay. Some manufacturers use the two terms in reverse. In some oscilloscopes
cither timebase can be used on 1ts own, but more usually only A can be used
as a normal limebase.

When dclay sweep is in use timebase A does not produce any X-deflection
but opcrates only as a variable delay circuit and feeds a comparator circuit.
The comparator circuit is also fed with a vanable voltage ¥V, commonly
obtained from a multiturn potentiometer. This control is called the DELAY TIME
MULTIPLIER. When the amplitude of the voliage of timebase A reaches that of
the variable vollage source, say V,, the comparator gives out a pulse which
triggers the timebase B at point X. The sweep speed of timebase B is greater
than that of A, shown at (d), and it is B which gives the X-sweep. The portion
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of the waveform displayed corresponds to the sweep ol timebase Band is shown
at(e}. Thissection, of coursc, 1sexpanded to the full screen width. Hence we now
sec approximately onc linc only. No further sweep across the screcn takes
place unul timebase B is again triggered by A, reaching voltage ¥, on its next
sweep. Thus timebase B is triggered only once per picture. Since the sweep
speed is high and yet operating only once per picture, when changing from
normal timebase A to delayed sweep by timebase B, the brilliance of the trace
will decrease considerably. The AMOUNT of wavcform displayed depends only
on the sweep speed of timebase B, which can be varied in the normal way.
Thus a baif-line can be displayed by doubling the sweep speed of timebase B.
(Timebase B must always be set to a sweep speed higher than that of A).

The postrion of the displayed section is determined by the position of point
X, and hence on the voltage V. Thus the position of the display can be vaned
by varying ¥, using the DELAY TIME MULTIPLIER control. To assist in obtaining
the correct display there is an intermediate condition known as A brightencd
(or intensified) by B'. The procedure is as follows

(i) The oscilloscope is run in the normal way using timebase A which is

triggered by the field synchronizing pulses using cxternal triggering.
This umebase must be run at the repetition rate of the waveform or a
submultiple of it. In a normal relevision waveform this is 25 Hz or a
submultiple. This display is shown in figure 11.4(a) for integrated
synchronizing pulses on a 625-line system.

(#) Timebase operaied al repel-hor rate of 28 Hz
FIG 114 INTEGRATED SYNCHRONIZING PLLSHS

(i} The timebase is now switched 10 ‘A intensified by B'. In this position
umebase A still produccs the X-deflection bul 1 now also triggers
timebase B, from the comparator as already described. However,
timebase B is not used for the X-deflection but 1t produces a brightening
pulse equal in length 10 its sweep time. This pulse is applied to the grid
of the cathode-ray tube so that a part of the waveform is brightened
as at (b}, The position of the brightened part can be varied by the DELAY
TIME MULTIPLIFR (the multitum potentiometer) which varies voltage
V.. The LENGTH of the brightened portion 1s determined by the sweep
speed of the timebase B which is varied by the TiMe‘DIv knob of ume-
base B When the position and length of the brightened portion corre-
spond to that part of the waveform to be examined in more detail, the
timebase is switched to ‘delayed sweep’ and the selected part is now
displayed on the screen as at {c),

The time-scale 15 now settled by the sweep speed of timebase B, and can be
varied as required by altering the TiMeiDIv setting of timebase B, If sufficient
expansion cannol be obtained when timebase B is running at maximum sweep
speed. the X-expansion ( x [ or x 5) control can be usod which will give further
expansion but, of course, allowance must be made for this when using the
time-scale. The portion of the waveform seen can be varied by using the pELAY
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ib) Sweep A iutensied by sweep B

(2) Sweep B (Jelared expanded sweep)
FICi 11 dmi&ie) INTLGRATED SYNCHRONIZING PLLSES

TIME MULTIPLIER. Operaling this control varies V| continuously, hence the
selected part moves steadily across the waveform and any particular portion
of it can be sclected as required. As already menuioned, this display is nol very
bright und the faster the sweep speed of timebase B the dimmer it becomes.
Wilh modern oscilloscopes using PDA tubes there is usually no difficulty in
getting a trace easily visible. It is worth mentioning that if the system is used
10 display one hne of a 625-line television waveform, this corresponds 1o an
X-cxpansion of at least 625 times. In practice it is possible to display only a
part of a line if required. There are other uses of the DELAY TIME MULTIPLIER
which will be explained later.

A drawback to this arrangement 1s thal with large cxpansions there is Lkely

to be some jitter on the display. There are three reasons for this:

{i) There may be slight variations in the triggering of the limebase A
which will cause jitter of the display. The amount depends on many
things, but it will be reduced if there is a sharp leading edge 10 the wave-
form that triggers the timebase. For a television waveform it 1s generally
desirable to usc external triggering from a related pulse.

(i1} ‘The tmcbuse B is triggered when the voltage of umebase A reaches «
certain critical value, which is settled by the comparator. Pue to noise,
ctc., there will be some smail variation in the instant that the comparator
triggers timebase B. This will be reduced in a good oscilloscope; by
careful design it can be kept small, but will always be present 1o some
extent,

(i1} There may be some jitter in the waveforin under examination.

Suppost that we have 4 waveform as in figure 11.5(a), that this triggers time-

base A at poinl X, and that we are examining the portion between the dotied
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FIG 11¢ EFFECT OF JITTER
tal Waselorm to be examined (b1 Evpanded wweep

lines shown caxpanded at (b). If there is any variation in the time Q, jitter will
occur however good the oscilloscope.

The advantage of this arrangement is that the portion to be displayed can
be varied continuously by means of the DELAY TIME MULTIPLIER, also only one
triggering signal 1s required. {.e. to trigger timebase A.

(b) Delayed Triggered Sweep

Also called "delayed generation of sweep’ and “delayed galc trigger modce”.
One problem of delayed sweep is that any vanation in the delay time in
tnggering timebase B, or any variation in the waveform being viewed, the
resulting delayed trace will jitter. As a very large expansion of the waveform is
possible by this method, any small uming crrors are greatly exaggerated and
cause bad ntter When on delayed triggered swecp, instead of the comparator
triggering timebase B, it opens a gate so that imcbase B can be triggered by a
suitable signal. This is cxplained by reference to figure 11.6, which again uscs
the simphfied television type waveform. At (b) is shown the waveforny, and at
(a)the field synchronizing pulses. Timebasc A 1s set up as previously, preferably
triggered externally by the ficld pulscs at (a). The oscilloscope is first switched
to ‘A intensified by B." Under these conditions the sweep is again from time-
basc A. However, when the magnitude of the timebase reaches the value V| it
opens a gate fas at (d)] allowing triggering pulses to pass to timebase B. In this
casc it i1s assumed that the external trigger input for timebase B consists of
composilc pulses as shown at (f). Line pulses would be equally suitable. Now
the gate is opened at X, but timcbase B is not triggered until point X, (it being
assumed that the imebase is set to trigger on the negative-going edge of the
line pulses). Thus, timebase B intensifics the trace and indicates the portion
selected. The tesult appears as in figure 11.4(b). The oscilloscope is now
swilched to delayed triggered sweep and then timebase B as shown at (¢) is
used to produce the X-sweep. A single line 1s displayed as at (g), expanded to
the full screen width. The display is like 11.4(c) (but probably with less jitter).

Shght variations in the operation of the comparator will have no cffect
(except under the conditions where its operation corresponds o the leading
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FIG 116 OPERATION OF DELAYLD LRIGGERED SWEEP

edge of a line pulse) because it is only opening Lthe gite for imebase B. Hence.,
jitter due to this is eliminated. Similarly, any jitter on the waveform itsell will
have a negligible effect because the line being displayed is actually triggering
the timebase. One may consider that timebase B is sel 10 display one line, but
it is only allowed to do this once per picture because trigger pulses can reach
umebasc B only when Lhe gate at (d) is opened.

There is one disadvantage, however, of this arrangement. Timebase B, in
the example shown, can only be triggered at the start of a line (on onc or other
edge of a line synchronizing pulse). Thus as the voltage V, is decreased nothing
happens until the gate is opened belore the next pulse. This is shown in tigure
11.7, where line pulses are shown at (a). At (b) timebuse B will tnigger on ling Q
even Lthough the voltage V is varied lrom ¥, to V. When it is reduced 1oV,

“L‘""'_I - .

e L / b}

/ <}

’
s

|

FIG. 11?7 TFFCECT OF YARYING DELAY TIME MULTIPLIER WHEN USING DLLAYLD
TRIGGERE SWEELP
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timebasc B triggers on line P, as shown at {¢). (There will be some uncertainty
between voltage V| and V). There are sudden jumps from one line 1o the next
asthe DELAY LINE MULTIPLIER is operated. The tmebase B need not be triggered
by external ling pulses: internal triggering from the disptayed waveform could
be used by suitable adjustment of the trigger level control of timebase B. If the
wavcform of figure 1.5 were being displayed mn this way, with the tngger
slope control sel to negative and at the correct level then. provided the gate
opened before the negative cdge of the pulsc, the imebase would be triggered
at point Y, but part of the negative edge may be missing. Varying the nitay
LINE MULTIPLIER would have ne effect in one direction (reducing V) it would
only open the gale earlier, bul the timebase would still only be triggered at
instant Y. Moving it in the other direction would cventually open the gate
after Y, and umebase B would not be triggered at all and there would be no
lrace.

As before, if the maximum speed of timebase B is not sulficient then the
trace expansion (say x 10) can be used. and in this case it is usually more suc-
cessful due (o the reduced jitter.

Figure 11.8 shows the effect of delayed sweep and delaved triggered sweep.
At (a} 15 shown the complete waveform as displayed on timebase A only. At
{b) is shown the sam¢ waveform with 4 portion brightened by the B timebase,
the oscilloscope being sct 1o the *A intensified by B’ position and the pELay
LINE MULTIPLIER sel 1o cover the positive-going edge. At (c) is shown this
section expanded. f.e. set to B delayod by A, so that a much clearer display of
the leading cdge is obtained. There will be some slight jitter, which does not
show on the photograph. At (d) is the result when set to delayed triggered
sweep, the triggering of timebase B being internal (i.¢. lrom the inpul wave-
form), the trigger slope being set 1o positive and the level 1o a low value so as
to include most of the leading cdge Any jitter is now almost completely

(4} Warelnrm as displayed on Umebase A

FIG. 11 Ria)  USE OF DELAY SWEEP, DELAYED TRIGGFRED SWEFP ANID MIXED
SWEE
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removed. At{e) is shown the same waveform, but with maximum Y -expansion
also 1n use; much more detail can now be seen that at (a).

b

—14+4-+;p4-o4-5-5-o+-

(e) Delayed swocp display

FIG 11 8blic)  USE OF DELAY SWEEP, DELAYED TRIGGERED SWEEP AND MIXTD
SWLEP
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FIG 1131} USE OF DELAY SWEEP. DELAYED TRICGERFKD SWEEP AND MIXED
SWLFP

(¢) Mixed Sweep

In this mode one again starts with imebase A on its own, wath suitable
triggening and sweep speed. The oscilloscope is then set to "A intensified by B’
as previously, and either the delayed sweep or the delayed triggered sweep is
used. On now swilching 1o MIXED SWERP, Lmebase A operates and produces
the sweep up to the point when it reaches the delay voltage V. At this point
the horizontal deflection changes to timebase B, giving an cexpanded trace
This is shown lor the same wavelorm as previously in figure 11.8(1), where the
first positive pulse is that obtained by timebase A and the next positive-going
cdge is expanded in the same way as the other traces.

The principle 1s shown in figure 119, Timebase A is triggered as shown at
A, Ajctc, and runs untl point X, when (assuming delaved sweep) timebase 3
is triggered and produces the sweep at an increased speed.

The operation is perhaps made more clear in figure 11.10. At {(a) and (b)
delayed sweep is used and the difference between the two is that the piLay
TIME MULTIPLIER setting has been changed so that at (b) the faster sweep
starts later. The instant of the start of the faster sweep can be varied continuousiy

Ay ’ Ay

FIG 119 MIXED SWEEP OPERATION
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(a) Delayed sweep method

A _
J/\ /\ | /\\ \/\/

{b) As(a) but DELAY TIME MULT:PLIFR control st Lo longer delay

1d] As (<) bul Ingger level increated
FIG 13 Ity MIXFD SWEEP DISPLAYS

by the DELAY TIME MULTIPLIER. Figures (c) to (f) arc using delayed triggered
sweep and internal triggering of imebase B. The instant of start of this fast
sweep depends not only on the setting of the DELAY TIME MULTIPLIER but also
on the level setting and slope polarity of the B timebase. At (c) and (d) the slope
setting is positive. At (c) the Jevel has been set low so that when the gate opens.
timebase B will trigger as soon as the waveform gocs in a positive direction,
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(€] As{d]) bul BFLAY TIME MULTIRLIER reduced

(1) At {e) Bul Dreay Tisg Mol Tipcicn reduced sl lurther

FIG 11L10e) 1) MIXED SWEEP DISPLAYS

At (d) the level has been set hgher, hence the higher sweep speed starts later.
Al (c)and () the DELAY 1TME MULTIPLIER has been reduced, other factors being
the same as at (d). It will now be seen that tnggering takes place af the same
part of a cycle but now occurs on carlier cycles. As one turns the DELAY TIME
MULTIPLIER the point at which timebase B operates jumps from cycle to cycle.

USE OF DELAY TIME MULTIPLIER FOR TIME MEASUREMENT
This is not just a variable control but an accurate timing deviee and it can
be used for precise measurements of time. Suppose that the wavelorm of
figure 11.11 is displayed on timebase A as at (a), and that the length of the
pulse is required. The oscilloscope is swilched 10 *A intensitied by B’ and the

(&)

«)

FIG 1111 USE OF DELAY TIME MULTIPLIER FOR MEASUREMENT OF PULSE LENGTH
(a) Normal display, (b) Sweep A mnensified by B und se1 1o s1an of pulse. (<) As (b} bul st to end of pulse
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B sweep speed set high so that only a small section is brightened. This section
is moved by the DELAY TIME MULTIELIER until it coincides with the leading edge,
as shown at (b). The rcading of the DELAY TIME MULTIPLIER is noted, It is then
moved until the brightened portion corresponds to the trailing cdge as at (¢).
Again the reading is noted. The difference between the two readings is multi-
plied by thc A timebasc sweep setting and the result is the time of the pulse.
For example. if the setting for (b) is 2-7. for (c) 6-3. and the A sweep § ced
setting is 20 psidiv, the width of the pulsc is (6:3-27) x 20 s = 72 ps. TEG 15

an accuratc measurement if the circuit is suitably designed as the resolution
of the DELAY TIME MULTIPLIER is good, being a 10-turmn potentiometer, and
there are no parallax crrors. This method of time measurement is shown in
figure 11.12.

{a) lniensified potuon set ta povtive leading edge

(b} Iniensified portion se1 fu negalive trailing edge

FIG. 1112, USE OF DELAY TIME MULTIPLIER TO MEASURE PULSE LENGTH
PULSE. FREQUENCY 10 kH!
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Calibrators

Some form of calibrator is provided on many oscilloscopes. The calibration
of the vertical amplifiers and the sweep speed of the timebase should be checked
from time to time. The methods used will depend on the type of oscilloscope
and will be more involved on the more cxpensive instruments. The calibration
output is oflten used Lo check the setting of the probes, while in others a separate
oulput is provided for setting up the probes.

One simple arrangement is 10 use the mains supply freguency and generate a
low voltage squarc waveform. This may be donc by using a zener diode
together with a potential divider. A simple circuit is shown in figure 12.1,
the zener diode D, being fed [rom a suitable a.c. voltage through R, IF D, isa

" ®
)

o & lm
l

1 Vp-p Ry

FIG. 121, SIMPLE CALIBRATOR CIRCLIT

10 V zener diode then an attenuator R, Ry may be used to producca | V p-p
oulput. In the cheaper oscilloscopes only one voltage is provided: il the
Y-amplitude is correct or corrected at onc setting of the Y -attenuator, it should
be correct at all settings since the accuracy of the atlenuators should not
change. Generally, a preset gain control is filted on the Y-amplifier(s} so that
the sensitivity can be adjusted 1f required. The same calibration voltage can
be used to check the timebuse sweep speed. The check is only approximate
(since the mains frequency varies) but probably is accurate enough. The sweep
speed can only be checked for two or three settings. It does not follow that the .
others will be correct because other settings use different C and R values on the
sweep generator This low frequency waveform is not suitable for checking a
probe and another output (‘probe test’) may be provided. This may be a square
wave output [tom the timebase which is sel, say, lo 1 kHz The probe s
adjusted for a level trace on the screen (the timebase output is a pulse corres-
ponding 1o the trace, and so only a line is obtained on the screen corresponding
10 the top of the pulse - i.e. it is the unblanking signal).

Expensive oscilloscopes may have a more complex calibrator. Usually a
square wave oscillator of about 1 kHz is used with some means of obtaining a
stable output, and an atienuator may be used so that several voltages are
available. This frequency is high enough for checking the adjustment of
probes. D.C. calibration voltages may also be provided.

A calibration current source might be provided so that current probcs can
be cahibrated. This may consist of a loop carrying a known current; or the

136
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voltage calibration points may be designed to give an accurately known
current when short circuited.

When more extensive calibration and servicing are involved special calibra-
tion units are made which give the facilities to accurately calibrate and set up
ascilloscopes.

PLUG-IN UNITS

Calibration is rather more difficult with plug-in units. For cxample, pant of
the Y-amplification is in the plug-in and part in the main frame. An error in
the Y-gain may be in cither unit It may he corrected by adjusting the gain ol the
plug-in, which will be satisfactory when the same plug-in is used in the samc
frame. However. if the plug-in 1s changed 1o another frame then the calibration
will be incorrect if the original error was due to incorrect gain of the first frame.
Teo overcome this the actual gain of the frame and the actual gain of the ampli-
fier must be checked. Special equipment may be needed and reference must
be made to the manufacturer's handbook lor details.

When plug-ins are changed between framcs a check should therefore be
madc of the calibration 1f the calibrated features are to be used.



13

Some Uses of an Oscilloscope

THE number of uses of an oscilloscope is extremely large and only a selection
can he described,

THE QSCILLOSCOPE AS A D.C. VOLTMETER

As modern oscilloscopes have calibrated d.c. amplilicrs the instrument can
be used as a d.c. voltmeter, It is only necessary to determine the movement of
the tracc on the screen when the voltage is applied. 1t is best to use the oscillo-
scope with the timebase in operation as this prevents a bright spol with the
possibility of burning the screen. The timebase should be set 10 a speed sufli-
ciently high 1o avoid flicker, say several 100 Hz (1-10 ms/div), and if it is set
lo AUTO, a trace will always be visible. With no voltage applicd and the input
shorted (or. where applicable, the amplitier grounded by the appropriate
switch) the trace is moved 1o lie on 4 convenient major mark on the graticule.
The voltage is applied, the new position noled, and the vertical movement
determined. The applied voltage is then the vertical movement in divisions
muitiplied by the verlical sensitivity setting (in volts/div or mV/div). Il
important that if there is a continuous vertical sensitivity control (4.¢. control
of amplifier gam), it Must be placed in the CALIBRATE position. Normally, an
upward movement corresponds to a positive applied voltage and downward
to a pegative applied voltage. In some oscilloscopes the trace can be inverted
by a switch. The range covered depends on the oscilloscope, bul may be from,
say, 10mVidiv o 50 volts;divdireet, and, say, to 500 Vidiv with 10;] attcnuator.
Without the attenuator the input impedance is reasonably high compared
with a voltmeter, being normally 1 MQ on all ranges and 10 MQ with 10/t
attenuator. The accuracy obtainable will not be very high, say §%, depending
on the oscilloscope and whether an external or internal graticule 1s used. One
advantage of using the oscilloscope in this way is that one knows exactly what
is being measured. If there is any ripple or high frequency supenmposed on
the d.c., this will be visible (and may have 10 be removed before an accurate
measurement can be made); whereas when using a d.c. voltimeter there is no
such indication and the reading obtained may not be accurate hecause one 1s
unaware of some ripple, etc.

Figurc 13.1 shows (a) the first position, and (b) the second position. The
timebase was set to | msidiv as indicated by the top right-hand Rgure. (These
figures are produced automatically on this particular oscilloscope see DIGITAL
READOUT in Chapler 15). The change from one position to the other is 36
divisions. The voltsidiv is 50 as indicated by the top left-hand figure, The voll-@
age is therefore 3-6 x 50 = 180 V.

THE OSCILLOSCOPE AS AN A.C. VOLTMETER

Although not essential it is better to use a timebdse to guard against the
pussibility of burning the screen by a stationary spot. Again, the AL10 setting
of the timebase is most convenient. When an a ¢, voltage 1s applied a trace will
be obtained, and 1ts magnitude is measured on the graticule. A timebase
speed producing a large number of cycles is oflen convenient as it is easier to
read the magnitude. The magnitude is most easily read if the Y-shift control
is adjusted to place the bottom of the trace on a major division of the graticule.
The total deflection on the screen is the peak-to-peak amplitude when mulu-
plied by the setting of the sensitivity control (volts/div). The peak amplitude
15 half of this and the r.m_s_ value is the peak value divided by /2 or 1414 (i.e
the peak-to-peak value divided by 2-828) provided the waveform is sinusoidal
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If there is & variable gain control it MUST be set 1o the CALIBRATE position, and
the frequency being measured must be well within the bandwidth of the
oscilloscope. At the limit of the bandwidth the sensitivily will only be 70-7°%,
of that at lower frequencies. If the a.c. input position is used, care is necessary
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at low [requencies because the sensitivity will be reduced at these [Tequencics.
Unless there is also d.c. present it is best to use the d.c. input position.

The measurement of voltage 15 shown in figure 13.2. At (a) is shown the
trace for measuring voltage: the sweep speed is | ms;div and the volts/div is 2.
The number of divisions covered by the trace is 3:6, hence the peak-to-peak
value of the voltage is 7-2 volts. The peak valuc is 36 volts and the r.m.s.
value is

.36
1-414

Al (b) the sweep speed has been increased 10 20 psidiv to show the actual
waveform, which 1s approximately sinusoidal. From (b) the frequency is
casily determined. One cycle covers 48 divisions, hence the time of a cycle is
48 x 20 = 96 ps. The frequency is therefore

1,000,000 ,
. G = 10416 Hz

Using the oscilloscope in this way cnables the operator to sce what 1s being
measured (by looking at the waveform) and can often prevent false readings.
An a.c. voltmeter usually measures mean vollage, but is calibrated in r.m.s.
for a sine waverorM. [f the wavelform is not sinusoidal large crrors can result.
This is a most useful feature of using an oscilloscope as a voltmeter, as most
misleading results are possible undér certain conditions by only using an a.c.
voltmeter or electronic voltmeter. 1f higher accuracy 1s required a voltmeler
can be used in parallel with the oscilloscope. Tt is interesting to note that Grun-
dig produce an electronic multimeter with a small bullt-in oscillescope to
solve just this problem.

= 2-55 volis.

THE OSCILLOSCOPE AS A D.C. OR A.C. AMMETER

One method is 1o use a current probe as described in Chapter 8. Determin-
ing the cyrrent 1s similar to that already described for voltage, but using the
appropriate sensitivity range of the probe.

If a probe 15 not available, the current can be measured by using a series
resistor and connecting the oscilloscope across the resistor. The resistor should
be kept 10 a minimum value to avoid upsetting the circuit conditions. Its value
will depend on the circuit, but must be such that the vollage drop across it s
sufficient to give at lcast a reasonable deflection on the oscilloscope on the
most sensitive range. The voltage across the resistor is determined as already
explained and the current then caleulated by Ohm's law. The value of the
resistor must be known, of course. If 4 normal vertical amplifier is being used,

.il is cssential that one end of the resistor is at carth potential, often possible
by rearrangement ol the circuit. For example, in figurc 13.3 one may wish 1o
measure the a.c. collector current, but if the resistor is placed at point P, then
neither side of the resistor 15 at earth potential. One possibility is 10 place 1t at
Q in the emitter circut. Since the emitter current is usually almost the same as
the collector current this may be satisfaclory. Another possibihty is to place
the resistor at point R and connect the Y-input of the oscilloscope between the
lower end of the reststor and thc zero or earth ling. There should be no a.c.
voltage between the positive line and carth (which can casily be checked). If
there is. it can be removed by placing a large capacitor, C,, from the positive
line to earth, as shown. In this way the ac. voltage across the resistor is
fed 1o the oscilloscope together with the supply voltage. the latter being
casily removed by switching the oscilloscope to the a.c. input position. If it is
not possible to arrange for one end of the resistor o be at carth potential then a
differential amplifier may be used. as explained in Chapter 9.
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FIG 113 TRANSISTOR CIRCUIT IN WHICH IT IS REQUIRED TO MEASURE THE
COLLECTOR ALTERNATING COMPONENT OF CURRENT

WAYEFORMS

The most common use of the osciltoscope is 10 display waveforms, ie.
voltage against time. In this case the linear timebase is used us already descri-
bed. Where a current waveform is required a current probe may be used or a
series resislor, as explained in the previous section

It is not the intention of the author 10 explain how the oscilloscope can be
used in specific applications, e.g. fault-finding i an audio lrequency amplifier,
as the applications arc so numcrous. Only general points will be described.
It is assumed that the reader is familiar with the equipment being tested and
that he can interpret the traces obtained. In some cascs the d.c. component is
important, and the oscilloscope must be switched to the d.c. input position.
In others it is desirable to remove the d.c. component so that a greater ampli-
fication can be used to obtain a more detailed trace of the a.c component.

If the waveforms 10 be observed are at low frequencies, say up to 50 kHz,
there 1s usually no difficulty, a probe or a direct lead may be used. The effect
of capacitance is only likely 10 be important if the circuit is of high impedance
and square waves are being considered, The difficulties become greater at the
higher frequencics. II' correct traces are 1o be obtained a probe becomes
essenlial; it MUST be correctly adjusted and designed for the frequency under
investigation. In rise-time measurements the rise time of the probe becomes
important as welt as that of the oscilloscope. The rise times should be smal
compared with that of the waveform under investigation. The graticule ma
have 107, and 90%, marks so that if the trace is made of suitable amplitude,
possibly by using the Y-amplifier variable gain control, the rise time can be
read oft directly. The use of the expanded X-trace or delayed timebase assists
in accurale measurement of the rise time.

Some examples of waveform measurements will now be given.

(1) Pulse waveform. The waveform is a pulse at 2 MHz and it is intended to
show how the trace can be expanded. Figure 13 4 shows at (a) the waveform
at 01 ps/div sweep speed and 2 v/div vertical sensitivity. At (b) the sweep
speed has been increased to 005 ps/div, the maximum speed of the oscillo-
scope. Al (¢) the sweep speed control is at 01 ps/div but the x 10 expansion is
used corresponding to a sweep speed of 0-01 ps/div.

(2) This 15 an example showing how it is possible 10 obtain a misleading
result. The actual waveform is the sum of two sinewaves of different frequen-
cics and might occur with hum superimposed on a high frequency sine wave
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{B) 005 jyjdir sweep speed

() 0 | wsidiv sweep speed serting bul « 11 honrontal expanvion used resulling in an efecuve sweep speed of
001 3fdrv

FIG. 114, PULSE WAVEFORMS

form. The results are shown in hgure 13.5. At {a) 15 shown the waveform at a
low sweep speed so that the low frequency can be seen. The triggering was
external from the low lrequency source. The waveform at (b) 15 taken at a
higher sweep speed and shows two cycles of the higher frequency. The trigger-




144 THE CATHODE-RAY OSCILLOSCOPE

i€} As (b) but interna) triggenng set to A.C fast (L repect)

FIG 113(m)4¢) SLUM OF TWO SINE WAVEFORMS OFF YERY DIFFERENT FREQUENCIES

ing is now internal using a.¢. Because of the low frequency signal the instant
of triggering varies, giving the result shown. What happens is shown in figure
13.6 at (1), p. 146, when 1L is scen that the point on the cycle where triggering
oceurs varies, and hence a multiple trace is obtained. At (c) the triggering was
sel to A.C. lust {or LF. reject) which removes most of the low frequency
signal from the triggering circuit. Since the wavelorm fed to the triggering
circuit is now oNLY the higher frequency (as shown in figure 13.6(b)] the time-
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(d) As(b) hul dilferent 1einng of level control

1€} At [d) hut d:HererL setting of level contra.
FIG 13 4dkiel SUM OF TWO SINE WAVEFORMS OF VERY [HEFFRENT FREQUENCIFS

hasc is triggered at the sume point on cach cycle. However, the low frequency
signal, which is still applied to the Y-deftection, moves the trace up and down.
This is shown in figure 13.5 at (¢) At (d) and (e} is shown the wavcform ob-
tained by two diffcrent settings of the level cantrol, the triggering and other
conditions being as (b). The rcason for this result 1s shown in figure 13.6 at
{¢) and (d). when it is scen that by raising the trigger level the timebase only

.riggcrs on certain cycles and at {d) only a few cycles when the waveform has
15 maximum positive amplitude. Because it is triggered at fairly long intervals
the brightness decreases, but does not show in the photographs as it has been
correcled for by altering the brightness control.

(3) Television waveforms These are cxamples 1o show the excellent results
that can be obtained by using the facilities of a modern high-frequency
oscilloscope To look at line pulses in a composite waveform the sweep speed
must be such that the 10tal sweep time is one of two lines. The time of a line
(on 625 hines) is 64 us, hence, say, a sweep speed of 10 ps/div would display a
line over 6-4 division, Such a display 1s shown in figure 13 7 (p 147). The level
control is sel so thit the timebase is triggered by the synchronizing pulses, and
by using positive slope 1t is triggered by the leading cdge as shown. Since this
wavelorm corresponds to an actual telcvision picture the vision portion 15
blurred. as it consists of a number of different lines superimposed.

To look at individual lines or field synchronizing pulses the sweep speed
must be reduced so that most of one PICTURE penod is covered by onc sweep.
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WWERORM TO
Y AWMPUIRER & TIGGER CIRQAT

WAVEFORM TD TRGGER CHACUT
WAEFCRM 10 ¥ ampLriDt A5 (Q)

TOGLER LEVIL

FIG. 13.6. EXPLANATION OF WAVELFORM OH FAINED IN FIGURE 135
ta} Insiant of tnggering varies as the high Ircquency wavetarm moses up and down
thy Wavelorm fed to lriggenng aireuit when sel 1o A C last (L F reject)

(¢} Elec of varying level contro: o that trggening only takes place on a lew cyc.es

() As (¢} but higher 10gger lesel .
It could be set to display more than this, but when the expanded trace is used
the brightness is reduced, henec the Taster the sweep ol imebase A the better
(the faster it repeats the better, but it cannot repeal at a frequency more than
25 timesfsecond). The picture time is #sth second or 40 ms, therefore a
sweep speed of, say. 5 ms/div would be simtable The variable sweep control
may be used 10 obtain the required sweep speed as the cilibration is not
required Such a display is shown in figure 13.8(a), Unless the oscilloscope
has a TV field (or TV frame) synchronizing pusition, the umebase 15 best
trigpered externally. If a television receiver is being used there is no difficulty
as such pulses can easily be obtained from the ficld timebase or field output
stage. This display shows little of the synchronizing pulses, and individual lines
cannot be resolved. To get a better display the delayed sweep feature should
be used. (If this is nol available somc improvement is possible by using the
maximum X cxpansion). Having made surc that the trigger is steady, the
oscilloscope is then switched 10 'A intensified by B’, and the sweep speed of B
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FIG 137 TELEVISION WAVEFORM SHOWING SUPERIMPOSEIY LINES
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(B) Timecbase A inlensilied by hmebase B
FIG 132 (h)  TELEVISION WAYEFORM FROM 615-LINE RECEIVER
adjusted 50 that it covers a few lines. The position of the intensified portion is
moved by the DELAY TIME MULTIPLIER to the position required, as shown at (b).
The oscilloscope is now switched to B delayed by A and the result is (c), where
a clear display of the equalizing pulses and field pulscs is shown. As the sweep
speed is high but the repetition rate low (25/s) the brilliance may have to be
increased. One field 15 shown at (¢). It is pure chance which one is displayed as
it depends on which ficld the oscilloscope happens to trigger. The other field
may be obtained by disconnecting the trigger pulse for a brief time, and
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{e) Ceefas and 1¢st waveform duplayed by hmebase B
FI1G 13 8ich (e} TELEVISION WAVLTORM FROM 625 LINE RECKIVER

repeating until the required set of pulses is obtained. A few lines are shown at
(d), oblained by using the DELAY TIME MULTIPLIER control and increasing the
sweep speed of timebase B. Al (¢) the ceeFax waveform is shown on the lefi-
hand side (2 lines) and the colour test signal on the right-hand side (2 lines).
These were obtained from a receiver on a BBC (ransmission. The CEEFAX
wavelorm is blurred because it was continually changing and it changed during
the exposure time.

On an oscilloscope with a bandwidth of at least 50 MHz it is possible to
display the actual modulated signal at intermediate [requency. The same
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procedure is used, but the Y-input is fed from the last stage of the i.f. amplifier.
Waveforms are shown in figure 13.9. At (a) is the display by timebase A, the
tefevision signal being 625 lines, and therefore the modulation is negative.
At (b) is the field synchronizing pulse region where the equalizing and field
pulses can casily be seen. A few lines of an actual picture are shown at (c).

(¢) Bdelsyed by A skowing a few baes of a picture. expanded lrace. 625 hine

FIG 13 %ayt) TELEVISION [F WAVEFORM
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{c) 405-hne 1 [ wavclorm: H delayed by A thowing field synchronining pulscs (pusitne modulstian,
d4odhne system)

FIG 1391dpe(e) TELEVISION 1¥ WAVEFORM

The Ceefax trunsmission and test signal are shown at (d). If it 1s a 405-line
transmission the modulation is positive and the synchronizing pulse region of
such a transmission is shown at (e).

The effect of delayed timebasc operation is shown in the case of integrated
synchronizing pulses in figure 11.4.

{4) Audio frequency amplitier waveforms. Figure 13.10 shows the output
of an audio frequency amphifier with overloading just occurring. Since this
clipping 15 on one half-cycle only it means that the balance conlrol (il s a
quasi-complementary amplifier) was not set correctly, r.e. the steady output
voltage was not half way between the two supply lines.

Ne

FIG 1310 OUTPUT OF AUDIO FREGQUENCY AMPLIFIER SHOWING OVERLOADING

In figure 13.11 is shown the result of square wave testing of an amplifier.
The frequency was 1 kHz, and (a) shows the output with the tone control set
to the central position. A good square wave output is obtained because the
response is uniform over a large frequency range. Il the response is not uni-
form there is distortien of the square wavelorm. In the following wavelorms
the response 15 made non-uniform by allering the setting of the tone controls.
The output waveform with the top response increcased 1s shown at (b), and at
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[a) Outpul with rone controls in centrsl patition, 1 kHz input

161 Outprt w-ih increased o response | kL ipul

() Outpus wuh decreased 1op retpance, 1 kMz inpul

FIG 1) 11ta}-1¢)  SQUARE WAYE [NPUT TO ALDIO AMPLIFIER

{¢) it is reduced. At (d) is shown the effect of increasing the bass responsc, and
at (c) the cffect of reducing the bass response. Distortion does oceur at the
frequency limits of the amplifier, even with the response sct to level. That at
(P 15 at 10 kHz when it is scen that there is some rounding of the square wave
due to the imited high frequency response; and (g) is the same result at 100 Hz,
when a stope occurs on the waveform due to the limited response at very low
frequencies. ’
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1dY Qursur wath ingzeased Basy responde. | kHz input

(g} Outpul w:thinput of 103 Hr. 10ne controls 1o cential pusiion

FIG 1)1y {g) SQUARE WAVE INPUT TO ALDIG AMPLIFIER
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FREQUENCY MEASUREMENT or TIME MEASUREMENT

The ume of | cycle can be read off from the graticule by finding the number
of divisions between two corresponding points on the waveform (ie. onc
cycle) and multiplying by the appropriale time/div of the timebase sctting
If there is a variable control it MUST be set 10 CALIBRATE. Grealer accuracy 1s
obtained by making the cycle cover as many horizontal divisions as possible,
but ~oT using the variable sweep speed control. To obtain a morc accurate
result the oscilloscope is switched to *A intensified by B' and the B timebase
sweep speed increased until only o small pant of the trace is intensificd. The
TIME DELAY MULTIPLIER is now adjusted until the bright portion corresponds
to u defimite peint on the cycle on the left-hand side of the screen. For example,
il 4 sine waveform the zero crossing point, and 1l a pulse lype wavelom a
point having a sharp rise or fall. The rcading of the TIME DELAY MULTIPLIER IS
noled, say 2 63. The T1ME DELAY MULTIPLIER 18 now moved until the brightened
part is at & corresponding part of the wavetorm onc cycle later. The reading is

ow noted, suy §-32. The sweep speed of the A timebase is noted. say 100 ps?
div. The time of the ¢ycle is therefore (B-32 263} x 100 ps = 569 ps. The
frequency is therefore

!

208 =
sgg < 10° = 1757 Hz.

FREQUENCY COMPARISON

Frequency comparison may be done on a double-trace oscilloscope by
feeding onc signal 1o one input and the other frequency 1o the other input.

If only an approximate comparisen is required, the timebase should be set
1o be triggered by aL1 signals (when this is possible),

The number of cycles on one trace can be compared with those on the other,
which is explained in Chapter 10 This can be used for any two frequencies
and one need not be a multiple of the other. .

The sarme method may be used to adjust one lrequency until it is some exact
multipke of the other, and adjusted until the ratio is correct so far as can be
scen on this display. The timebase should now be switched so that it is trig-
gered by signal A Display A will remain locked, but display B will move
{unless onc is an EXACT multiple of the other). The frequency of B can now
be varied until display B is stationary and having the correct ratio to display A.
For cxample, if a ratio of 3 to |15 required there should be 3 cycles of B cor-
responding to | eycle of A, This is a very accurate method but difficult if the
frequencies are high and:or the sources ol the [requencics are not very stable.

A single-trace oscilloscope can be used in a similar way, The lower frequency

fed to the Y-amplifier and to the external trigger input (the timebase being

cl to manual trigger and correctly adjusted), and the timebase adjusted 10

s«'display at least one complete cycle. The number of graticule division cor-
responding to one cycle is noted. This signal 1s now removed from the Y-input
and the other signal (assumed of higher frequency) fed to the Y-input; but the
first signal must still be fed to the trigger input so that the timebase 15 still
triggered by the first signal.

The second frequency is now adjusted until the waveform is stationary,
of nearly so. and such that the required number of cycles occupy the same
number of divisions on the graticule as one cycle of the other frequency.

An alternative way 1s to feed one signal to the Y-plates and the other to the
X-plates when Lissajous figures are produced. Some are shown in figure 13.12,
As one frequency changes relative 10 the other (assuming the frequencics
are not locked 1o cach other) the figures change. Exact multiples up to a ratio
of about 10 arc fairly easy to scc, depending on how stable the frequencies are
The ratio is given by the number of loops contacting one side relative to the
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number of loops contacting a side at right angles to the first. Rt is important
not to miss any of the loops. In certain phase relationships the loops arc
superimposed. Ratios other than exact multiples can be detected in the same

{a) Kana 2/1

{h} Runw ¥

F1G. 13 12t01-1b) - LISSAJOUS FIGUIRES
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way, but stable frequencies are necessary for the more complex figures. Very
accurate comparison is possible using this method.
In figure 13.12 at (a) the ratio s 271, while at (b) it is 3:1. At (c) the ratio s

(dy Ratia 3.
FIG 13 1Xci-1dy  LISSAJOUS FIGURES
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still 3/1. but the phase relationship s different. Al (d) is shown a misleading
result, this actually being 3/1 because the (wo traces as in (¢} are superimposed.
At (e) isa ratio of 3;2, whik: at () is shown a ratio of 1071, which is only possible

ALALA LA d

TR

A

A

{11y Kauo 1O°)
FiG i3 12te)-11)  LISSAJOUS FICGLRES
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li'

LOWER
FREQUENCY

%
Reactance of C:R

FIG 1213 CIRCUIT TO PRODUCE CIRCLULAR TRACE

to use in practice if the two frequency sources are stable.

An alternative is to gencrate a circular trace, as in figure 13.13. from the
lower frequency. The higher frequency is fed to the Z-modulation socket of
the oscilloscope so that the circle is modulated in brightness. I the ratio of the
frequencies 15 x then x bars will appear. Higher multiples are possible this
way If the frequencies are stable. but care is needed to avoid being confused
by bars caused by ratios other than exact multiples which give a similar trace.
A display is shown in figure 13.14, the ratio being 17.1.

FIG 1214 Z.MODULATION (OF CIRCULAR TRACE BY HIGHER FREQULNCY

PHASE DIFFERENCE MEASUREMENT

This 15 most casily done using a double trace {or multitrace) oscilloscope.
[t s prefcrable 1o use the d.c input so that phasc shifts are not produced by
the C-R input circuit as they arc when the oscilloscope is switched to ac
It is particularly important not to sclect D.C. on one mput and A.C. on the
other. It is equally important not 10 use a probe on one circuit and not on the
other. Each channel must be connected by similar means, say two wdentical
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probes. When a switched beam oscilloscope is used either a chopped trace
(at low frequencies) must be used, or an alternate trace provided the timebase
is triggered by one signal only. The ALTERNATE trace triggenng must noi be
used becausc the phasc relationship between the two traces is then lost (sce
figure 10.5). The two traces are superimposed one on top of the other. The
time difference of two corresponding points of the waveforms is noted and
compared with the time of one cycle. The most common point to use is the
z¢ro crossing point, but, of course, the waveforms must be positioned so that
they are exactly symmetrically placed vertically in relation to the graticule
line used as the zero referenee. An example is shown in figure 13.15¢a). The
total number of divisions for one cycle is 62 divs, and the number representing

R Lo SetETEE L
|
!

—.-.-.--'-—.-d_—'-.-p-"\..q 4

(a) Notmal display
FIG 1315 MEASLREMENT OF PHASE ANGLE

the phase difference 1s 0-8 divs. The total number for one cycle represents
360°, and hence the phase angle is
08
. = 46:5°
el 360 = 46'5°.

Greater accuracy can be obtained by expanding the trace by, say, 10 to
measure the time difference between the two traces if the difference is small.
This 1s shown in figure 13.15(b). A result within 2 or 3 degrees is possible using
this method.

If a dual-time base is available, intensified markers and the 1IME DELAY
MULTIPLIER may be used as explained earlier in the chapter for the measure-
ment of frequency. Two measurements need to be made: the time of a comp-
lete cycle; and the tme difference between corcesponding points on the (wo
waveforms,

The phase angle of sinusoidal voltages can be measured without using a
lincar timebase or a double-trace oscilloscope. In this case one input is fed to
the Y-amplifier and the other to the X-amplifier. For accurate results the X and
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{5 L'se of x 10 har:zomal capansion
FIG 13,4 MEASUREMENT OF PHASE ANGLE
Y amplifiers should be similar, or have similar phase-shift characteristics. Some
double-trace oscilloscopes are made so that one of the Y-amplifiers can be
used as an X-amplifier. If there is no phase difference between the inputs a
tilted linc will result, as in figure 13.16{(a). The slope will depend on the
I .

FIG 1318w. X Y DISPLAY WHEN PHASE DIFFERENCE IS o°
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relative amplitudes of the two inputs, and the X and Y sensitivity settings of
the oscilloscope. If there is some phase difference (about 24°) then the trace
will be an ellipse, as in figure 13.16{b). The ellipse will get thicker wiath increase
in phase diflerence, as shown at (¢), for an angle of about 57°, and at Y0°

FIG. 13 Ik X-Y DISPLAY WHEN THERE 1S A PHASE DIFFERENCE (APPROX 247

FIG. 1316 (e) X-Y DISPLAY WHEN THE PHASE DIFFERENCE 1S GREATFR (APPROX 5T}
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FIG 13 18id) X=Y DISPLAY WHEN THE PIASE DIFFERENCE (S 907

phase difference an cllipse is produced as at (d). A circle is produced if the
X and Y deflections are of equal magnitude. The phase angle can be obtained
I two ways:
(a) With reference 1o figure 13.17:sin¢ = %
(.. the amphitude of X, when Y s zero. compared with the maximum
amplitude of X}.

(b) With reference to figure 13.17: cos ¢ = —2—

{i.e. the amphtude of X, when ¥ is a maximum, compared with the
maximum value of X). This 18 most uccurate at large phase angles where
B changes more rapidly with change of angle.

—_—A

FIG 1317 MEASUREMENT OF PHASE DIFFERENCE

In figurc 13.16(b) C = 1 -6 divand A = 4 div.
Thus sin ¢ = 176 —04and § = 24°.
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In tigure 13.16(c) C = 3-4 div and A — 4 divisions
hence sin é = %‘ = 085 and ¢ = 58°. Using the altemative method B — 22
dlvs-and A = 4divs
hence cos ¢ = % =055 and ¢ = 57° {both to the nearest degree).

The shape of the ellipse is the same for both leading and lagging phases.

MODULATION DISPLAY

The X-Y 1ype ol display can be used for indicating the percentage modula-
tion of a signal generator or Iransmitter, and for showing distortion. The
modulated r.f. output is led 10 the Y-plates and the modulating voltage 1o the
X-plates. Such displays are shown in figure 13.18. At (a) the pereentage
modulation is about 502, I V, is the maximum value of the display (on the
left-hand side) and V, the minimum value (on the right-hand side) then the
percentage modulation is given by

YJ__VJX 100 %

Vo4V,

At (b} 1s shown the result of almost 1009, modulation. This also shows
some distortion because the sides are not straight. The loop cfeet is due 10

FIG 1318b) MODULATION APPROX 100% WITH SOMF DISTORTION
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FIG 13180 OVERMODLLATION SHOWING SERICUS DISTORTION

phase shift and not usually of importance. At (¢} is the cfect of over-modula-
tion with corresponding distortion.

DISPLAY OF CHARACTERISTICS OF DEVICES
It is possible to display the characteristics of many devices on the screen
of an oscilloscope. For example, take the circuit of figure 13.19. The voltage
across the devioe is fed to the X-amplificr and produces a horizontal voltage
X

L Device
—t

- T
FIGE 1119 CIRCUIT ¥OR DISPFLAYING CHARACTERISTICS OF DEVICES

.axis, The voltage (ed to the Y-plates is that across R and proportional to
current. Thus the vertical axis becomes a current axis. When an alterpating
voltage (carth-free) is connecled as shown, a continuous display of the
charactenstic of the device is given. The frequency should be low (50 Mz is
convenient) to avoid phase shifts due 10 capacitances. Obviously, the supply |
voltage must not be such as lo damage the device (with either polarity) and R
should be of such a valuc as to limit the current so that no damage is dene to
the device.

Figure 13.20 shows some characteristics obtained in this way. At (a) is the
characteristic of a silicon diode. The centre-line and the sccond major graticule
line are the zero axcs The bottom right-hand figures indicate the volts.
division of the X axis. the arrow only indicating that the INVERT switch was
operated, The top left-hand figures indicate the volts/division of the vertical
axis, and since the resistor R was 1000 £2 the vertical scale is 2 mA /div, At (b)
is a similar characteristic for a germanium diode where it will be seen that the
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FIG 13 200)-b)  DISPLAY OF DEVICE CHARACTERISTICS .
voltage drop is less, but the reverse current 1s greater, Diagram (c) is the sanfe
as (b), but with increased voltage and current so that the diode 1s starting to
avalanche in the reverse direction. At (d) is shown the charactenstic of a
voltage dependent resistor (VDR). This method is only possible for the
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(€Y Germamum recufier with lacger voltage

*
-
1
1-
-
B
0
.

B rh e e

I
}

L b gmmmea e ——— e g

i
|
t
i
i

(d) Dnspluy of characiensnes of valtage dependent reustor (VIR
FIG 13 20c)-1d) DISPLAY OF DEVICE CHARACTERISTICS
display of the characteristics of devices which operate almost instantancously.
e.g. it cannot be used with a thermistor.
Special curve tracers are available for displaying transistor characteristics
and are mentioned in Chapter 15.
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USE OF OSCILLOSCOPE WITH SWEEP GENERATOR

By using a sweep generator (or wobbulator) the oscilloscope is changed to
a display of voltage agminst frequency. A sweep generator is an fm. generator
which produces an output which can be frequency modulated over the range
of frequencies 10 be displayed. By arranging that the X-deflection of the
oscilloscope corresponds to the fTequency variation, the horizontal scale
becomes [requency. There are two methods of operation:

(a) The sweep pencrator may produce a voliage ovutput proportional to
the frequency variation, which is fed inlo the X-amplificr of the
oscilloscope. Often a sinusoidal output at mains frequency 15 used to
frequency modulate the outpul, hence a sine wuve is fed to the X-
amplifier. A disadvamage here s that the frequency is first swept in
one direction and then in the other. This oflen produces two scparate
traces which can be confusing.

(b) The normal timebase of the oscilloscope is used and the sawlooth
waveform 1s fed to the sweep penerator, and it is this veltuge which
frequency modulates the output. Many oscilloscopes have a socket
which gives this sawtooth output. An advantage 1s that the lrequency
modulation is incar and occurs only in one direction, the flyback being
suppressed by the oscilloscope. The freyuency used should be low, say
25-50 Hz. Errors occur if the frequency is oo high, since high-Q
circuits have not sufficient time to reach their maximum response anxl
they do not dic away quickly cnough,

Although a sweep generator is normally calibrated as regards centre
frequency and the frequency sweep may be approximatcly known, the
frequency corresponding to various parts of the trace must often he aceuralely
known. This can be done by using another signal generator of known fre-
quency which will produce a marker pulse or pip where it beats with the output
of the sweep gencrator.

A result is shown in figure 13.21, which s the response of a Lelevision if
amplifier. At (a) the marker has been placed at the vision carrier frequency of
39-5 MHz, and at (b) a1 35 MHz The dip on the left-hand side corresponds to
the sound carrier.

RASTER TYPE DISPLAY

An unusual display is shown in figure 13.22 using hinear sweep gencrators for
bath X and Y deflections This enables one to have a tong time-scale, although
parts are missing due 1o the flyback and hold-off time_ In this figurc a musical
signal has been added to the Y-defiection so producing the long time-scale.
The wvertical sweep generator was operating from bottom 1o top rather than
the usual top-lo-bottom direction. Z-modulation can be used 1n place of
vertical modulation, the device then resembling a television display. .

USE OF ISOLATING TRANSFORMERS
As already stated, the common or E terminal of most oscilloscopes s
connected to the frame of the oscilloscope, which should be earthed. This
can causc difficulties when displaying waveforms from the mains. It is possible
lo remove the earth from the frame of the oscilloscope and get satisfactory
results, but this can be VERY DANGEROUS, not only 1o the user but also 1o others
near the equipment. Onc does NOT expect the ITame of an oscilloscope to be
alive at, say, 240 volts. This difficulty can often be overcome either by:
(«) Feeding the equipment under test off an isolating transformer of, say,
11 ratio; or
(b} Feeding the Y-input of the oscilloscope through an isolating (rans-
former.
The cxtent to which this can be donc depends on the waveforms 1o be
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{8) Muarser 3! vivon caree? fegaency w! 39 5 A2

. (b} Marker at 33 MH:z
FIG 1221 RESPONSE CHARACTERISTICS OF TELEVISION [F. AMPLIFIER
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examined, as one must, ol course, be careful that distortion 1s not produced
by the transformer.

When using a multitrace oscilloscope a similar difficulty arises in that all
the inputs have ¥ common terminal (assuming differential amplifiers are not
being used). In some cases the problem may be solved by rcarrangement of
the components in the circuil or, again, an wsolating transformer in one of the
Y-imputs can sometimes be used.

NON-ELECTRICAL USES

This can be mentioned only briefly as there are so many uscs in a wide range
of subjects. The oscilloscope has many apphcations in mechanical enginecring
where pressures, velooties, aceelerations and vibrations are important.
These are measured by suilable transducers that convert the mechanical
quantitics into corresponding electrical voltages. Ultrasenic testing is another
application. Sound measurements can also use an oscilloscope. the sound
wave being converted into an clectrical signal by 4 microphone. The oscillo-
scope is now used for many purposes by the medical profession such as electro-
curdiograph displays and measuring blood pressure. It is also used lor displays
from computers.

14

Photography

Therk are various difficulties connected with photographing an oscillo-
scope trace. At low frequencies and with repetitive traces there are few
problems; but at high frequencies, especially with high-speed transients
where maximum writing specd is required, photography becomes more diffi-
cult. In principle, photographing an oscilloscope trace is similar to photo-
graphing anything clse, but there are differences. A normal camera can be
used, but it must be capable of focusing down to a short distance so that the
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screen of the oscilloscope covers as much of the film as possible. This may
be done by moving the lens Farther away from the film, as is done in a double
extension camera (using bellows), or by using extension tubes with, say,
- 35 mm camera. Allernatively, a suitable supplementary lens can be used.
The advantage of a supplementary lens is that its effective f number remains
the same, whereas with extension tubes the effective f number is increased by a
factor

S

§-1

where S is the ratio of object distance to focal length of the Tens.

A 35 mm reflex camera is convenient as the trace can be focused and the
camera positioned correctly. If many photographs are to be taken some form
of hood to keep out ambicnt lighting is necessary. The hood may act as a
support for the camera. Without a hood it is difficult to avoid reflections from
the face of the tube, unless working in almost total darkness. Some means are
essential of seeing the trace with the hood in place so that the trace can be
adjusted correctly before a photograph is taken. The question of exposure
is a difficult onc because the trace brightness varies according to the sweep
speed and is also adjustable; 1t is largely a matter of trial and error, at all times
trying to adjust the trace to give the same brightness. A small change in visual
brightness can correspond to | or 2 stops. The definition is improved if
brightness of the trace is kept to 4 minimum. One might expect that a photo-
graph should produce exactly what is seen on the screen. This is not possible
because the range of brighiness that can be seen is of the order of 10%/1, where-
as the range that can be recorded on film is only about 100/). It is sometimes
difficult 1o gauge the correct exposure because portions of the trace may vary
greatly in brightness. For example, a square waveform will have bright top and
bottem portions, but if the rise time is short the vertical traces will be much less
bright. Generally, over-exposure is better than under-cxposure because the
dim portions of the trace will then be recorded. One may have 1o select the
exposure according to that portion of the trace which is the most important.
Portions badly over-exposed will hiave a bnght background due to reflected
light from the trace, and the definition will be reduced because a larger pro-
portion of the spot will be recorded. This is because the brightness of the spot
increascs gradually from one side up to a maximum at the centre, and de-
creases down to zero as in figure 14.1. Photographs showing the effect of
various exposures are shown in figure 14.2. At low frequencies exposurc time
is important. The time of the opening of the shutter must be longer than the
time taken for the spot 1o move across the screen, otherwise only a portion
of the trace will be recorded. It is generally desirable to have several traces
across the screen during the exposure time or the exposure will be uneven,
e.g. there may be |4 traces and hence half of the sereen is brighter than the
(]m},}ien The cifect of varying exposure times is shown in figure 143 (pp 172 &

).

CRMTAE OF TRAC(
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FIG 141 YARIATIONS OF RRIGHTNESS ACROSS THE SPOT
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Pl 4 2mi-b)  EFFECT OF INCREASING THE BEAM CURRENT (BY BRIGHTNESS
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I} Shutle: Time ¢ secund showing ungven Lrace

FIG 14 Msp-ib EFFECT OF SHUTTER OPENING 1iME FREQLERNCY OF WAVEFORM W Hy

Provided the trace has a steady value and there 1s no jitter, better results
are obtainable by using a long exposurc and a less bright truce. However,
il there is jitter the exposure time may have to be reduced.

If the graticule is to be included it must be illuminated: again, the setting
of the illumination must be by trial and error. The separate edge-lit graticule
may give better results than the internal praticule, which is difficult 1o light.
without also illuminating the screen. The normal screen is green apd will
photograph satisfactorily with the use of orthochromatic or panchromatic
materials. If a coloured filter is normally used in (ront of the tube it should be
removed, as it will only reduce the amount of light falling on the film. Remov-
ing a filter may reducc the exposure required by several stops. Special films
are made for photography of oscilloscope traces, but they are not essential for
simple traces,

When a transient is to be photographed the single-sweep timebase must
be used. In this case the oscilloscope is set up and the trace will not be visible
except during the single scan. Henee the camera shutter is opened (using the
*bulb’ setting), the timebase is triggered and then the shutter closed again.

A photograph of the graticule will normally be taken at the same time when
dealing with repetitive traces. In transient recordings it may be betier to
record the graticule scparately with the camera in exactly the same position,
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(d) Shutter e & tecond showing unly part of Lrace

FIG 18 Yokl EFFECT OF SHUTTER OPENING TIMFE FREQUENCY OF WAVEFORM 0 Hy

This cnables the correct exposure to be found for both the trace and the
graticule.

Special oscilloscope cameras are invariably used for high speed recording,
particularly high-speed transient recording, and may also be used for repet-
tive traces. These cameras arc too numerous 10 be described in detail and only
their general principles will be considered. They may use 35 mm film or larger
roll ilm, sheet film or film packs. A negative image is produced on the film, so
any number of positive copics may be obtained by contact printing or en-
largement. An alternative 1s Polaroid film, which is processed in less than
one minute to produce a positive on paper. Multiple copies arc not made 50
casily but, of course, this system has the advantage of being able 1o sec the
results very quickly, Normal flm takes a considerable time to process.
Polaroid film tends to be expensive and on some cameras it is possible to take
a number of photographs on a single sheet, so reducing the cost. A Polaroid
film is now available which produces a film negative. Many camneras are made
with different backs to accommodate the various types of film.

Some cameras have casy arrangements for focusing. Tektronix, for example,
use two vertical bars of light projected on to the cathode-ray tube facc. The
focus control is adjusted until the bars coincide, the camera then being in
focus. Hewlett Packard use a sphit image rangefinder. Mcans for determining
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the exposure may be provided: Tektronix use a projected spol which is
adjusted Lo the same brightness as the trace.

Suppose that we wish 10 increase the recorded writing speed, i.e. the maxi-
mum trace speed that can be recorded, commonly quoted in cmips or cmins.
The writing speed is simply the speed at which the spot (raverses the screen.
and will normally vary between different parts of the truce. In a sine waveform
the maximum vertical wrniting speed is

§ = 2nfA

where A is the peak amplitude of the sine waveform. This expression neglects
the horizontal component of velocity, bul unless this is comparable with the
vertical velocily it will have little effect on the to1al velocity. It is seen that the
writing speed is increased il the amplitude is Jarge, therefore when working
near the recording limit some improvement is possible by reducing the ampli-
tude of the trace.

The writing speed 15 really only of importance in the case of transients:
with a tepetitive trace a long enough exposure can be given to obtain the
required trace. The only problem that may arise is jitier of the waveform
which will blur the photographic image,

The writing speed depends on:

(a) The brightness of the trace; and

(b} The camera and film

(a) THIS DEVENDS ON-

(i} 'The screen phosphor. The blue P11 phosphor has a spectrum that fits
the sensitivity spectrum of the film better than the green P31 screcn.
The writing speed can be approximately doubled by changing the
screen from P31 to P11,

(i1} The accelerating voltage. This s deterrmined by the oscilloscope and
when high writing speeds are required an oscilloscope with a high
acceleraling voltage (normally PDA voitage) is required, say up to
24 kV.

{(ini) The beam current. The higher the current the brighter the trace, but
the trace becomes thicker, hence there is a hmit to the usable beam
current,

(1iv) Coloured filter. Remove any colour filter in front of the screen as this
only reduces the light outpul and offers no advamages to photography.
An increase of writing speed of several times is possible

(b) 1HIS DEPENDS ON .
(1} The f number of the lens. The relutive speeds are given in Table 141
Obviously, the smaller the f number the better, but the grealer the cost.
Aiso, the camera must be more carefully focused as the depth of focus

15 reduced.
TABLE 14.|
f number Speed relative 10 128
| x 8
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{iiy Tmage size. If the size of the image on the film is made smaller the
speed is increased, because the same amount of light 15 concentrated
over a smaller arca.

(i) Film speed. The faster the film speed (usually now quoted as an ASA
number) the greater the writing speed. With normal photography.
doubling the ASA spred means reducing the exposure by a factor of 2.
Owing to the limited spectrum of light from the cathode-ray tube this
relationship may not exactly hold. In some cascs the speed of films for
oscitioscope recording is not quoted. Increasing the ASA speed of
Polaroid film from 3000 to 10000 will increase the writing speed some
2 to 2} times.

(iv) Controlled fogging. Some increase in writing speed can also be obtained
by controlled fogging. This may be done before making the exposure,
during or after the exposure, but done during the exposure gives the
greatest increase in speed. An increase of 3 imes for Polaroid films of
speed 3000 ASA is possible and 2 times lor film of speed 10000 ASA.
Some cameras (Tektronix) can have automatic fogging devices fixed to
them for this purpose. Hewlett Packard use a flood gun to illuminate the
screen in some of their oscilloscopes. Figure 14.4 shows the cffeet of
prefogging on a Polaroid film.

13) ~a prefogg.ng

(b} Wuh prefogging
FIG. 144 EFFECT OF PREFOUGING ON POLAROID FILM

The writing speed for an oscilloscope is often quoted, but it must be noted
that this is not just a function of the oscilloscope but embraces the camera and
type of film used. Hence, any figure for writing speed must include data on the
camera and film. Speeds up to the order of 10 ¢cm/ns are possible.

Where a large number of transient phenomena have to be photographad
an electnically operated shutter is a help. This may be arranged so that the
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shutter is triggered and opened, which also arms the osalloscope sweep
Shortly afier the sweep has taken place the shutter is closed.

Photographs can be taken from storage oscilloscopes without any particular
difficulty. By using colour positive film effective slides can be madce from oscil-
loscope traces. These are particularly effective if a coloured graticule is used
that is a different colour to the trace. Obviously, such film is too expensive for
normal usc.

When the transient is long, using the normal swecp ol the timebase may not
give sufficicnt detail. This can be overcome by using a moving film and deflect-
ing the beam in the Y-direction only. Motor-driven cameras are available for
this purposc. Usually a number of film speeds are provided by changing the
gear ratio, With this method the film is started, the shutter is opened and the
transient started in rapid scquence. At the end of the transient the shutter is
closed and the film stopped. Although this is the only method to use in some

.cascs it can be very expensive on film, particulasly if the frequency of the

waveform is high. The afterglow of the screen must be short or a blurred trace
will result An example of a record on moving film is given 1n figurc 14.5.

15

Complex and Special Oscilloscopes

LOGIC CONTROL

As oscilloscopes become more complex with additional controls, difficuluies
arc encountered 10 fitting all the controls on the [Tont panet and yel keeping
the equipment within a reasonable size. Miniature components and often
concentric controls are used. At high frequencies in particular another difti-
culty arises concerning the leads to the vanous controls. In many cascs any
wires carrying high frequency voltage cannot be long as they cause interference
or may pick up nterference, and they increase the circuit capacitances. One
solution is to have a suitable mechanical extension from the knob to the actual
switch or polentiometer, which is placed as near as possible 10 the correct
position. However, this is a method that has obvious limmts.

Tektronix now use in their 7000 series a complex logic system which provi-
des appropriatc command signals from the various plug-ins Lo the main
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frame, ¢te. Thus, many of the switches are operating only the logic circunt so
that appropriate switching action can tuke place in the circuit itself. which is
often an integrated circuit. The logic circuits also feed clock pulses for beam
switching, etc. This is a versatile system and helps in the circut design when a
large number of plug-ins are available 1o fit vanious frames.

DIGITAL READOUT

Also in their 7000 series, Tektronix have introduced an optional readoul
facility. This is of alphanumerical information produced by the normal beam,
the read out being time shared with the normal display. Consider a 7603 main
frane used with two dual amplificrs (giving four traces) and, say, 4 dual time-
base unit. The readout gives the sensitivity (i, voltsidiv or mV/div) for each
of the four channels together with the sweep setting, i.e. ps/div. There are six
places where the read out can be displayed as shown in figure 15.1. Positions
I to 4 display the channel sensitivity scttings, and position 5 displays the sweep

O O O
1 2 5

3 4 6
O O O

FIG 155 POSITIONS OF READOUT ON SCREEN

speed of the main timebase A T the delayed timebase B is used, the sweep
speed is indicated in position 6. When both tmebases are used Tor display. as
in mixed sweep, umebase A is shown in position $ and timebase B in position 6.
If the vanabic gain control is used on any channel then the symbol > ('greater
than’) is displayed before the sensitivity figure drawing attention to the fact
that the channel calibealion cannot be used, 1M the INVERT switch is used on any
channel then an arrow, ,, is placed belore the corresponding scnsilivity figure.
Similarly, if the variable sweep control is used then > is placed before the
sweep speed tigure, drawing atlention 10 the fact that the time scale is no longer
correct. If the x 10 horizontal expansion button is operated, the sweep speed
figure display is automatically altered. If the correct probe is used then again
the sensitivity figure 13 alicred so that it reads the sensitivily at the probe tip.
When four traces are being displayed it is not always casy 1o know which is
which. This is overcome by the use of a button on the amplifier plug-ins, one
associaled with cach channcl. IFcorrect probes arc used, a button on the probe
head serves the same purpose. When the button is pressed the trace is moved
upwards by a few millimetres and the sensitivity figure of this purticular
channel changed 10 read eNnTIFY.

A typical display is shown an figure 15.2, using four traces and one timebase
at (a). At{b)one of the trace identily buttons hus been pressed and mixed sweep
has been used. The brightness of the readout display can be varied relative
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to that of the trace (by a knob concentric with the normal brightness control)
and also switched off

One might think this an unnecessary and costly complication, even rather
a gimmick. but it does help in the prevention of errors. Errors can be extremely
expensive, eg if a piece of research has to be repeated because of incorrect
data being recorded. It is very valuable when photographs are taken as the
settings of all the controls are there on the phetograph and no errors can result.
Most of the readout circuitry is on a single board, which need not be purchased
with the main frame as it can be added later.

This facility has other uses. A ‘readout unit’ plug-in is available which
enables additional data to be written on the screen. This has a series of but-
tons and enables the display of any capital letter, together with figures 0 0 Y
and a number of other symbols, e.g. p, + and €. This is useful for displaying
test data, such as test number, or date of test. As it takes up one plug-in space
it can only be used on the 7603 (with only three plug-in spaces) by removing
an amplifier. 11 can be used with some of the other 7000 series e.g. 7704 with
both amplifiers as there 1s space Tor four plug-ins. The readout facility 1s used
still further with digitat counters, plug-in. etc. to be described later. [t is also
used with the digital processing oscilloscope.

A number of other plug-ins arc available to fit the 7000 scrics, which, at
first, appear (0 have no connection with an osailloscope. These also use the
read oul facilities. Only two will be described, briefly.

(#) Digital Multimeter

This measures d.c. vellage. current and resistance using the readout
facilities of the main frame. The display is 34 digits (e.¢ four hgures. but the
first figure limited 1o 0 or 1). There are four voltage ranges, four current ranges,
and five resistance ranges. There is also 4 lemperature range using a probe.
Polarity 1s automatically indicated together with units Jike k€2, mA and C.

(b) Counter/Timer

This is a sophisticated counter{limer making use of the readout facilitics.
Also, the measurement being tuken 3s displaved on the screen by using the
B sweep as # gating pulse. The ranges in use and the actual time are displayed
on the screen using the readout.

Tektronix also make a digital multimeter (with temperalure measurement)
1o fit on the top of some of their models, including a storage oscilloscope,
the display now being on LEDs (hight emitting diodes). This enables measure-
ments to be made of voltage, resistance, time and temperature. Time can be
measured on a waveform by the use ol a bright marker which is moved belween
the two points ol interest.

A 275 MHz oscilloscope is made by Hewlett-Packard which gives a read
out of voltage and time. The readout is now on a 34 digit LED display. For
time measurement the waveform is displayed in the normal way and two
intensified markers are moved to the two points of the waveform where the
time difference is required. The ditference is calculated on a microprocessor
and displayed by the LEDs. Instead of ime for a complete cycle the frequency
can be displayed, Greater accurucy cain be obtained by the use of a dual delayed
sweep (acility, The oscilloscope will also measure the mean d.c. voltage
and it can also be used to measure the voltage between any two points on the
waveform so that il is unnecessary to count the graticule marks. Compensation
can be made when a 10/1 probe 15 used.

DIGITAL PROCESSING OSCILLOSCOPES (TEKTRONIX)
Again, only brief details can be given, but basically this is a combination
oscilloscope and computer. The inpul signal can be fed 1o the oscilloscope and




COMPLEX & SPECIAL OSCIL1.OSCOPES 181

then processed, e.g. differentiated, and the result then displayed on the screen
of the oscilloscope with the necessary sensitivity, sweep speed and other
information produced by the readout facilities. The facilitics that can be made
available by such complex equipment are almost limitless and depend largely
on what one is prepared to pay. It is outside the scope of this book.

An interesting recording oscilloscope using cathode-ray tubcs is manu-
factured by Medelee Ltd When recording (rom a normal cathode-ray tube a
camera is used as described in Chapter 14. The optical efficiency of this arrange-
ment is poor, even with an aluminized screen. The light is cmitted in the for-
ward direction ltom the phosphor (and by reflection from the aluminium
coating). but over a large angle as shown in figure 15.3. Only & small pro-
portion {c.g. 2%) of the light is collected by the camera tens. Further, except
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FIG 153 PHOITOGRAPHY USING NORMAL OSCILLOSCOPE TUBE SHOWING SPREAD
OF LIGHT AND ONLY SMALL FRACTION REACHING FILM

on the axis of the camera lens, some distortion may occur because the light
has to travel through the thickness of the glass faceplate where refraction
takes place. The idea of this equipment 1s to usc fibre optics to concentrate the
light directly on te the photographic light-sensitive paper without a lens. If a
normal screen were used the definition would be poar owing to the spread of
light, as in figure 15.3. The faceplate is now madc in the form of a large number
of plass fibres cach consisting of a centre portion of high relractive index
glass shcathed by a low refractive index glass, Light is now transmitted directly
along the fibre by total internal reflection, as shown in figurc 15.4. To prevent
cross-coupling between fibres a black light-absorbent layer surrounds each
fibre. The fibres are 75 microns in diameter with almost 200 fibres per mm?.
Since the screen is 100 mm x 80 mm there are more than 1§ million fibres on
the faceplate, giving good definition. This results in a light improvement up
o 100 times compared with a normal tube and camera. [t1sa PDA tube with a
total accelerating voltage of 6 kV and has a blue (P11} screen. The brightness
is such that the trace can be recorded on slow-speed recording paper (as used
in ultraviolet recorders) and developed by ambient lighting. Full chemical
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FIG 144 FIBRE OPTICS FACEPLATIE AND CONCENTHATION OF MOST OF LIGHT
ON TO RECORDING PABER [Medele Lid)
prouessing paper can also be vsed.

The equipment is so made that the paper is pressed 1n contact with the fibre
optics faceplate. The paper can be driven at a number of speeds from 0-5 1o
100 cm/s us normal, but other speeds are possible. The paper covers up the
display so a monitor cathode-ray tube is connected in parallel so that the
trace being recorded can be seen al all times. The monitor tube measures
14 5 11-4 em, hence it can also be used as a normal ascilloscope. There are four
channels with beam switching using the chopping method. Sensitivity fpures
from 10 mVdiv to 50 Vdiv und normal oscilloscope facilities are provided.
The timebase runs Itom 50 psidiv w0 0-5 sidiv with an % 10 expansion control.
The bandwidith of the Y-amplifier is d.c. to 100 kHz, the upper limit being
due to the limited writing speed of the paper. Z-modulation facilities are
available.

The cquipment can be used in 4 number of ways:

(a) Paper stationary. Single sweep transients,

(b) Paper stationary Multiple trace records.

(c) Paper stalionary. X-Y plotting,

(d) Moving paper with signal giving horizontal deflection and paper
moving vertically. This is similar 1o normal paper recorders.

() Moving paper but normal horizontal imebase and vertical deflection
which results in a raster display similar to that shown in figure 13.22
except that there is ne limit Lo the length of the raster. Some information
15 Jost during flyback but it is small. This display method can be most
useful

() Moving paper with normal horizontal timebase but Z-modulation
resulting in raster display. This can produce a lacsimile type display.




COMPLEX & SPECIAL OSCILLOSCOPES 183

COLOURED TRACES '

An oscilloscope using a 15" cathode-ray tube is produced by Telonic
Industries which has three channels and the displays are in red, green and blue,
which makes wlentificatton much easier. Coloured horizontal and vertical
reference lines can be added.

CURVE TRACERS

In Chapter 13 the usc of an oscilloscope to display the characteristics of a
device was described. 1t 1s more convenient 1o have an oscilloscope together
with all the supplics, and such a unit 15 calied a “Curve Tracer’. By using, for
example, a step-function generator to change the hase current of the tran-
sistor under test a whole family of charactenstics can be produced. A typical
characteristic is shown m figure 155, Readout facilities are provided on some
models, and a storage tube may be used so that the characteristics can be
stored 1o determine the effect of temperature, cte. Detailed descriptions of these

.unils are beyond the scope of this book.
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FIG 15 5 (HSPLAY FROM C1! R¥E TRACER TRANSISTOR CHARACTERISTIC WITH
COLLECTOR CURRFENT VERTICALLY AND COLLECTOR VOLTAGE HORIZONTALLY
FOR DIFFERENT BASE CURRENTS

VECTORSCOPE

This 15 a special type of osalloscope used in connection with colour tele-
viston. All normal oscilloscope displays are in rectangular co-ordinates, ie.
X and Y dcflections at right angles. It 1s possible however to make an oscillo-
scopc to display a signal in terms of polar co-ordinates, i.e. as a ling of varving
amplitude and varying phase angle, The latier corresponds to the normal
vector or phasor; itisdifficult to display and is rarely used in other appheations.

[nacolourtelevision signal two colour or chrominance signals i re used which
are modulated on to two carriers of the same frequency, but 90° out of phase
wilh cuch other. The two signals arc then known as V and U signals. The
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saturation of the colour 15 determined by the amplitude of the resultant, and
the hue by the phase of the resultant of vector addition of V and U. It is there-
fore uselul 1o display various colours in this way, for which a veclorscope 1s
used. A typical display is shown in figure 15.6.

FIG 156 YECTORSCOPE DISPLAY FOR PAL SIGNAL ON COLOLR BARS, SHOWING
SUME EKRORS IN ADJUSTMENT

LARGE DISPLAYS

There are many special types of oscilloscopes that cannot be covered, such
as display units used with computers. Special units are also made lor the
medical tield, e.g. patient monitors.
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Storage Oscilloscopes and Transient Recorders

STORAGF. OSCILLOSCOPES

WHEN the phenomena being examined is repetitive at a rate. say, above 20
times per seccond a4 contmuous trace is oblained on a normal oscilloscope. 1f a
record is required a sketch may be made, which is luborious and of inditterent
accuracy. The usual methaod is Lo photograph the trace, as explained in Chapter
14, Where transient phenomena arc concerned then, depending on the speed
of the transient. it 1s difficult 10 see the trace. If the transient is high speed and
requires a high sweep speed the trace is almost impossiblce to see. Witha normal
oscilloscope the only way of seeing the trace is to photograph it. (In some cases

.a long afterglow tube may help to see it). This requires a camera and, unless of
a Polaroid type, the results are not available immediately and one cannot
be certain for some tme that a satisfactory result has been obtained For ex-
ample, if it is required to find out what happens when changes are made 10 a
circuit many photographs may have to be taken - an expensive and time-con-
suming operation. It is particularly time consuming if one wishes to fiid out
the ¢ffect of one change before making another. If the transient occurs at ran-
dom then a large number of photographs may be required before the required
information is obtained.

With a very slow transient, or slow repetitive trace, it is difficult to see the
shape of the waveform or display, although this can be remedied 10 some ex-
tent by using a tube having a long afterglow screen.

The storage oscilloscope removes these difficulties. The transient is written
on the screen and the information stored so that a display 1s seen for a consider-
able time after the transient has passed. This stored information is casily
removed when required and another trace stored. Thus it is possible 10 see and
examine the transient, and the effect of changes in a circuil can be seen
immediatety. If a record is required the stored trace can be photographed, but,
of course, this will only be done when Lhe stored trace is Lhe one that is actually
required. In slow-speed transients and repetitive phenomena, again a stored
trace is obtained and can easily be examined. As will be seen later, most
storage oscilloscopes can also be run as vanable persistance oscilloscopes,
and this mode of operation may be used for slow phenomena.

H the transicnt phenomenon is one that oceurs at random it can be stored by
the oscilloscope and, as explained later, it can be displayed several hours after
its occurrence.

There arc 1wo basic types of storage tubes: the transmission tube; and the
dircct bi-stable wube. The way m which these tubes operate is complex, and
the following explanations are somewhat simplified. There are also variations
in the exact methods of operation used by different manufacturers.

Before describing these tubes some information about sccondary emission
must be given. When a material is bombarded by high-speed electrons (called
‘primary clectrons’) thar energy is transferred 1o some of the electrons
{callcd ‘secondary clectrons') in the matcerial and are emitted. Depending on
the direction of the clectric field near the material, these secondary clectrons
cither travel away from the matcrial or return to it. The number of secondary
electrons emitted depends mainly on the matenial and the veloaity of the
primary electrons. A typical relationship between secondary emission ratio
{i.e. ratio of number of secondary electrons Lo number of primary clectrons)
and the velocity of the primary electrons (cxpressed in terms of accelerating
voltage)isgivenin figure 16.1. There are two important points on thischaracter-

185
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SECONDARY
EMISSION
RATIO

ACCELERATING VOLTAGE

FIG 161 RELATIONSHIP BETWEEN SECONDARY EMISSION RATIO AN ACCELERATING
YOLTAGE @
istic. A and B, where the secondary cmission ratio is unity; they are called the
first and sccond crossover points, respectively. For acceleraling voltages
below A and above B, the secondary emission ralio is less than unily, for
voltages between A and B the ratio is greater than unity. The importance is that
if the ratio is less than umty, there are more primary ¢lectrons arriving at the
surface than leaving it, therefore an insulated larget charges 10 o negative
direction {since it s collecting clectrons). If the ratio is greater than unity {and
all the secondary clectrons arc attracted away) there are more cleclrons leaving
the target than arriving, hence it loses clectrons and so charges in a positive
direction.

Suppose we consider a 1arget T bombarded by primary clectrons {tom an
electron gun with final anode voltage V;, as shown in figure 16.2. The target
is Jargely surrounded by a collector C kepl al a voltage V- (in relation to the
gun’s cathode). The target is fed with a variable voltage V. The first important
point to stress is that the velocity of electrons arriving at the target is settled
OKLY by the voltage V4 and not by the voltages V; on the clectron gun. If the
final anode voltage V¥ ; of the gun is higher than Vo, the electrons will be aceeler-
ated in the gun but decclerated again as they move towards the target T. The
second important point to stress is that the secondary electrons emitted from
the target will go to the collector C il the field direction 15 from target to
collector, but if it is in the other direction they will retum to the target T.

[When referring to the direction of the clectric field in this book this is
alwuys taken as the direction in which an electron (negative charge} will
travel, whereas the true definition i1s the direction in which a positive charge

would move). 9

We will now see how the characiernistics given in figure 16.1 control the target
current in the circuit arrungement of figure 16.2. This is shown in figure 16.3 in
which all voltages arc measured with respect to the cathode of the electron
gun. Point A of figure 16.3 corresponds to point A of figure 16.1, the first
crossover point. The term effective secondary emission rativ” will be used,
which is the ratio of secondary ¢lectrons leaving the target 10 the number of
primary electrons. As explaincd this will depend on the secondary emission .
ratio and on the direction of the field around the target.

With switch S closed and starting at a voltage V¢ slightly higher than that
corresponding to point A of figure 16 3, the actual secondary emission ratio
(SER) is greater than unity (from figure 16.1). Since the collector voltage V. is
greater than target voltage V, (sex figure 16.3) the ficld direction is from the
targel T to the collector C. Thus the secondary electrons will travel 10 the
collector. Because the actual SER is greater than umly more electrons leave
the target than arrive at i, and an ELECTRON CURRENT flows from the supply V,
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FIG 163 FFFECTIVE SECONDARY EMISSION RATIO AND VOLTAGE
Vi APPLIED TO TARGET T OF FIGURE 162

1o the lurget (a conventional current in the opposite direction). Therefore.
the effective SER is also greater than unity. This action will continue as V,is
increased, say. up to point C. Since the actual SER increases (see figure 16.1)
the effective SER increases and a greater electron current flows into the target
as shown. At point C the voltage Vy is approaching that of the collector V.
and so therc 1s only a weak field in the direction of the collector. Beyond this
point, although the actual SER is increasing (see figure 16.1), the cffcctive SER
decreases as some of the clectrons now return to the larget. At point D the
target valtage Vo = Ve and there is no clectric fickl between the target and
collector. Under this voltage condition 1t will be assumed for simplicity that
as many secondary electrons go to the collector as there are primary electrons
arriving at the target. ie. the FFFECTIVE SER 15 unity. Thus, there is now no
electron flow to or from the target supply Vi,

If the turget voltage Vo is now raised above V. the direction of the ficld will
be towards the target, and eventually all electrons will be returned 1o the target.
Thus the EFFECTIVE SER ratio is less than unity (although the actual SER s
greater than unity assuming Ve is less than that corresponding to point B of
figure 16.1). The direction of electron flow from the target is now reversed as
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shown in figure 16.3, etectrons now Howing into the supply V. Thus we get the
important characteristic A, C, D 1o E and beyond E.

At point A (the first crossover point) the actual SER is unity (see figure 16.1).
Since the field is from the target to the collector all the secondury electrons
will go 1o the collector and the effective SER is also unity. There is now no
clectron flow (o or from the target supply V,. Now consider the operation for
a voltage Vi less than that corresponding to point A. The actual secondary
emission ratio (see figure 16, 1) is less than unity and electrons flow out of the
targel into the supply V. When the voltage V. becomes small, few primary
clectrons will reach the target. 1t must be noted that the velocity of the clectrons
reaching the targetis settled onLY by V. Some of the primary electrons will be
repelled and travel back (o the electron gun or 1o the collector C. The number
of clectrons reaching the target decreases as V, is reduced, and so the electron
How out of the target reduces as shown. At some point F no primary electrons
reach the target because the target has a small negative voltage (say — 5 V)
and Lhe ¢lectrons go to the anode of the gun or collector. Again, there is no
electron flow in or out of the target supply Vq.

Consider now the case where switch $ is opened and the target is isolated. 1f
the target were made of insutating material it would behave in exactly the same
way as this isolated Larget, Suppose that we start with an initial potential ol the
target corresponding to point P of figure 16.4 (which is the sanie basic diagram
as figurc 16.3). At this point the ¢lfective SER is greater than umity and more
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FIG 164 EFFECTIVE SECONDARY EMISSION RATIO AND VOLTAGE v, ILLUSTRA TING
BEHAVIOUR OF ISOLATEI? OR thSULATED TARGET

electrons leave the target than arrive atit (i .c. the number of secondary electrons
which all go to the collector is more than the number of primary clectrons).
Thus the target 15 losing clectrons and charging in a positive direction, as
indicated by the arrow. This action will continue until paint D is reached. At
D the effective secondary emission ratio is unity, and the number of clectrons
arriving cquals the number leaving, and the target voltage remains fixed.

Suppose that the inital target voltage Vy was that corresponding (o point Q.
The efiective SER is now less than unity, more electrons will arrive than leave
and the target therefore collects electrons and charges in a negative dircction.
as indicated by the arrow. This action will continue to point D, where the
effective SER is unity and the target therefore remains at a fixed voltage. Thus,
provided the initial target voltage is above that corresponding 1o point A, the
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target will charge in either one dircction or the other to a stable voltage cor-
responding to point D, which, near enough in practice, is cqual to the voltage
V. of the collcctor. This stable point is of great importance.

Now consider the target with an initial voltage corresponding 1o point R.
The effective SER is less than unity, the target collects clectrons and the voltage
moves in & ncgative direction. as indicated by the arrow This action will con-
tinue until the target reaches a voltage corresponding to point F, where the
effective SER is unity. At this peint there are no electrons reaching the target,
s0 it remains at this voltage. Suppose that the initial potential of the target was
more negative than that at point . say point S. [deally it would remain at this
voltage since no electrons would reach the target. In practice, the insulation of
the target will not be perfect and 1t may move in a positive direction due, say 10
leakage from the positive collector. More important, owing 10 the imperfect
vacuum, the primary electrons from the electron pun will cause 1onization of
the gas and the production of positive 10ns. These 1ons will be attracted 1o the
target, as it is now the mosi negative clectrode, and will be collected by it. Thus
the target charges in a positive direction, as shown by the arrow. until it reaches
the point . At point F positive ions may also be collected, but it will scutle to
such a voltage that the number of positive ions cquals the number of clectrons
collccted, therefore point F is another stable point of great importance.

Although the eflective (and actual) SER equals umty al point A, this 1s NOT
a stable point because the slightest change of voltage from this point causes the
targel to go to one or other of the stable points F or D Thus we have a bistable
device with anly two stable voltages for the target, corresponding to F and D.

TRANSMISSION STORAGE TUBES

The basic principles of this type of tube will first be considered, figure 16.5
is a simplified diagram. The tube has a gun G, and deflecting system D, which
are the same as those in a normal oscillescope tube. This gun is called the
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FIG 165 SIMPLIFIED DIAGRAM OF TRANSMISSION TYPE STORAGE TUBE

‘writing gun’. There is a fairly coarse metal mesh C called ‘the collector’, and a
fine mesh T called the “target’. Ths target consists of a metal mesh, but has a
coating of insulating material on the side facing the gun G,. The aluminized
phosphor screen § is maintained at a high positive potential in a similar way
10 a PDA tube. There is a sccond gun (or guns) G, called the *flood gun’,
which is operated at a lower voliage than G, its purpose being to flood the
target T (and screen S) with relauively low-velocity electrons. Collimating
electrodes (not shown in the figure) are fitted on the side of the tube to produce
a umform flooding of the target.

The insulated coating on the target mesh corresponds to the target of figure
16.2 with switch S open, and the collector C (figure 16.5) to the collector C of
the figure 16.2. Descriptions of these tubes cause some ¢onfusion as regards
electrode vollages, and the point of reference is not always made clear. In this
chapter alLL vOLTAGES will now be with reference 1o the flood-gun cathode
unless otherwisc stated. The flood-gun cathoedc 15 at approximately the final
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anode potential of the writing gun and the mean potential of the deflecting
plates. It is therelore around carthly potential, but the vohtage depends on the
Y-amplifier circuit. Under normal conditions the collector will be positive but
only at a low voltage (say 150 V) relative to the flood-gun cathode. Consider
a small portion of the target mesh as in figure 16.6. Suppose that the target
insulating material in pans P and Q is initally below that of the first crossover

INSULATION

COLLECTOR
C TARGET MESH
\ |
I v
. )
o /PHOSPHOR
R | 14 (ALUMINIZED)

+Q

a] )G
e |

F1G 186 EFFLCT OF TARGET YOLTAGE ON ELECTRONS

point A (figure 16.4). As previously explained, the flood-gun clectrons will
charge this portion of the target in a negative direction until the voltage
corresponds to point F, ut which point no primary electrons Fall on the target
as it is negalive with respect 1o the flood-gun cathode. Thus the Aood-gun
clectrons are repelled as shown in figure 16.6.and go to the collector C, which is
positive. The mesh of the target is so made that it prevents any electrons passing
through it to the phosphor screen, i.e. it acts like the grid of 1 valve with a
voltage hugher than the cut-ofl voltage. Thus there is no glow from the phos-
phor. Supposc thal a portion R of the target has an initial charge so that
ils voltage is above the first crossover point A (figurc 16.3 or 16.4). As alrcady
cxplained. this portion will charge in a positive direction to the upper stable
point D, cqual to the collector voltage. The effective SER is now unity, hence
as many clectrons leave the largel as fall on it. Some of these electrons that are
leaving and some of the flood-gun clectrons wiil now pass through the larget
mesh (the target mesh, i.¢. the metal conducting part of it, is maintained posi-
tive al, say. + 100V) and are accelerated 1o the phosphor sereen and so ilumin-
atc the screen. The portions I* and Q are negative. they repel electrons and
prevent flood-gun electrons getting through the target mesh so the correspond-
ing portion of the phosphor will be dark. This charge condition will remain for
a long period, and 1s the condition when the trace 15 being READ, J.¢. scen on the
screen aller it has been written by the electron beam on the screen.

The writing process will now be considered. Suppose, by some means o be
described, that the whole target is given a voltage below the first crossover
point A (figure 16.2) and that there is no beam from the writing gun. The flood
gun electrons will now charge the target to a voltage corresponding to point F,
and no clectrons (or only a few) will fall on the phosphor so it will be dark
Suppose ulso that the writing beam is now switched on and a single trace 15
made across the screen. The cathode of the writing gun 1s al a high negative
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voltage, say —1500 V, theretore the writing beam consists of high velocity
clectrons of much higher clectron density than from the flood gun. Although
the target (insulating material) may be a few volts negative with respect to the
flood-gun cathode it is highly positive with respect to the writing-gun cathode,
and the cffective velocity of these writing electrons is well above that of the
first crossover point A. Hence the writing beam charges the portions of the
target on which it falls to the upper stable point I This 15 the WRITING
condition. Assuming that the writing beam is now cut off, we have the READ or
piIsPLAY conditions, as already explained. The written portions of the target
arc positive (point 1), and flood-gun ¢lectrons illuminate the phosphor screen
while the other portions are negative and prevent clectrons reaching the screen.
Thus a permanent display appears on the screen of that which has been traced
out by the writing gun.

The display can be Exasin by giving the target mesh (sometimes called
the ‘backing electrode’, i e. the conducting metal mesh) a positive voltage for a
short period. By capacitance coupling this raises the potential of the insulating
material above the first crossover point A, and the target insulation material
charges 10 the stable point D. The whole screen will now appear bright. If the
tirget mesh is now reduced in voltage below the first crossover point, the target
will charge in a negative direction to the stable point F and the screen will appear
dark in readiness for the writing of another trace by the writing beam.

This method of operation is known as *bistable operation’, since there can
be only two states of the target - either at point I or point D). There is there-
fore either a bright phosphor or a dark one; there is nothing in between, what
1s commonly called “half-tonc.” Generally this is undesirable: if the writing
speed of the trace vanies, some parts will be wnitten and some not, i.e. the writing
speed has to be stow enough for the writing beam to charge the target above
point A il trace 1s to be seen.

Howcver, the tube is not normally operated in this way, but in 4 modified
way so that a half-tone display can be stored. Although the basic construction
is the same, delailed changes arc necessary and the cut-off characteristic of the
target mesh is now not so great. [n figure 16.7(a) is shown the basic characlens-
tic of a storage tube as in ligures 16.3 and 16.4. The number of flood-gun
electrons getting (o the screen with a target potentiat corresponding to F will
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depend on the construction. In the half-tone Lube this is relatively large, there
being little difference in brightness between voltages corresponding o points
F and D, as shown at (b). However, by making the targel more negative than
poinl F the number of electrons and the brightness drop lairly rapidly to 2e10
al X at a voltage corresponding to point G. Thus, in order to cut offl the Rood-
gun electrons from the screen the Larget must be made more negative than the
lower point F, i.e. point G, which is negative with respect 1o the looad-gun
cathode.

The first operation is seiting the target to point G. This is done by the appli-
cation of 4 suitable pulse to the target mesh (backing clectrode). Assume that
all the target is at the stable point F. The target mesh is now given a positive
pulsc (relative Lo the flood-gun cathode) ol a low value (say +8 V). 1L must not
be so large as to raise the potential 10 that of point A (the crossover point).
By capacitance coupling the insulation of the target will also be pulsed
positive and cause electrons to fall on 11; but, because 11 is operating below
point A, the insulated larget is charged back 1o point F, the stable point.
(During this period the screen will be bright). [Mthe + ¥V on the target mesh
is suddenly removed (i.e. the end of the positive pulse) the insulated section
(which has capacitunce to the conducting mesh) will move in 4 negative
direction by an amount equal to the reduction in mesh voltage, 8 V as in the
example given. Thus the target is at point G and if this voltage s of suitable
value, the lood-gun clectrons are cut off from the phosphor which now appers
dark. Neglecting any eflects of jonization the target would remain i this
state since no flood-gun electrons can reach the negative target.

Suppose now that a single trace is made by the high-velocity writing beam.
Since the writing beam causes the target to operate above the first crossover
point A, more secondary clectrons than primary clectrons are emitted and the
larget charges positive. The amount that the target charges positive will
depend on how many primary electrons fall on a particular section, ¢e. on the
beam current and writing speed. Thus, when the writing beam has passed the
various portions of the target, the target will be at porentials between, say, G
and F. Thus the various portions of the phosphor screen will have varying
brightnesses depending on the potential of the target section, as seen in figure
16.7(b). Thus a hall-lon¢ (i.e. various tonal values) display is produced similar
to that of a normal oscilloscope. If there were no positive ions this condition
would remain for a long period, since the flood-gun electrons will not Lall on
the target because it is below point F. It is possible that some portions may be
charged sufliciently to go to the stable point I, as in the bistable mode, but
this makes little difference to the brightness compared with that at F [sce
figure 16.7 (b)].

Positive ions are produced by ionization of the remaining gas in the tube by
the flood-gun electrons and these fall on the negative portions of the target, so
charging them in a positive direction until they reach the stable point F. Thus
the whole screen (i.e. background of the trace) gradually increases to maximum
brightness called “fade positive’ and the displayed trace disappears into the
background. This occurs in about five o 10 minules. This 1s called the Diseray
or READ mode and, of course, a display lasting this length of time may be suf-
ficient.

However, the trace can be retained by switching to the sTore mode. In this
condition the lood-gun is cut off (by suitable change of grid or cathode voltage)
hence very lew positive ions arc produced and the charges written by the writing
gun atc retained on the target. Under these conditions the trace can be stored
for hours; it can be displayed at any ume by switching on the flood gun.
Howcever, the TOTAL display time is limited to five to [0 minutes. It is possible
to switch off the oscilloscope and to store the trace for several days, o be
displayed again by swilching 1o the READ mode. Certain precautions are
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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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FIG 163 ERASL I'LLSE FOR HALE TONE TRANSMISSION TUBE (INOT DRAWMN [0 SCALTH

{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

G, ~ "

Glass acreen

—

. :I‘:r‘? et Bach plate 0
Ga
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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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
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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
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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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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
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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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FIG 1771 (¢} | MHZ SQUARE WAVFFORM
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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1¢) As (d) but 1000 sampies um

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



212 THE CATHODE-RAY OSCILLOSCOPE

A Al

-l
'{B’Lﬁ b,
‘u"h [

(-]

~—

YOLTAGE © ”

i
il
|

\

FIL 182 MODULATED CARRIER (FREQUENCY DOMAIN 1ISPLAY) .
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
wnpu'l
—-—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
quning Sweop 0S(
| I
y-olates
P g UV
;:::rim — - - x-plafes

FIG 154 MORE DETAILED BLOCK DIAGRAM OF SPECTRUM ANAL YSFR
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FIG 18 ¢»)  DISPLAY WITH 100 MH7 E.M WITH APPROX § ks DEVIATION AND
1 AH: MODULATING FREQUENCY 10 dB/TIY YERTICAL SUALE AND
T LHHDIV HORIZONTAL SCALE RESOLUTION 30 He
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FIG 124b)  DISPLAY WITH 100 MHz F M. WITH APPROX 25 kIi7 DEVIATION AMND
1 kHz MODULATING FREQUENCY 10 dB!DIV VERTICAL SCALE AND
10 kHDIY HORIZONTAL SCALE RESOLUTION 300 Hi
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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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