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EIT Decade Counting Circuits

The principle of operation of the Mullard/Philips
EIT decade counter tube is fundamentaily different
from that of all other types of counting tube.
The EIT is a high vacuum tube which has been
especially designed for counting purposes; it has an
indirectly heated cathode. The EIT is basically a
small cathode ray tube of special design without
any vertical deflecting plates and of about the same
size as an octal based radio receiving tube. It has
the advantage of being a self indicating device, but
it cannot easily be used to control digital indicator
tubes because the same electrodes are always being
employed in the E1T whatever the state of the count.
The method of readout is unique. An H.T. supply
of 300 V is adequate for most E1T circuits.

The E1T is not a gas filled device and, therefore,
its maximum operating speed is not limited by
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Fig. 5.1 The EIT decade counting tube
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ionisation and deionisation times. All EIT tubes
can operate at counting speeds up to at least 30,000
pulses per second, but about 759 of all the tubes
can be used in slightly more complicated circuits
for counting at frequencies up to 100,000 pulses
per second™®, Operation at frequencies of the order
of one million pulses per second has been reported®,

The form and the dimensions of the E1T are
shown in Fig. 5.1.

51 READOUT

The E1T tube employs a ribbon shaped electron
beam of rectangular cross section which has ten
stable positions in the tube. A small portion of the
beam passes through one of the ten holes in theanode
and strikes a fluorescent coating on the inside of
the tube envelope so that a vertical green lumines-
cent mark is formed in a position near to the digit
which is to be indicated. The ten digits themselves
are marked on a paper mask which is fixed to the
outside of the tube. The beam advances at one step
per input pulse until the digit ‘nine’ is reached, after
which a further input pulse will reset the beam to
Zero.

Even digits are indicated as a mark on the upper
strip of fluorescent material and odd digits on the
lower strip (see Fig. 5.1); this enables a clearer indi-
cation to be obtained than would be possible if only
one fluorescent strip were used to indicate all ten
digits. The beam itself is not deflected vertically in
order to enable it to strike the appropriate fluores-
cent strip, but is merely deflected horizontally across
the tube. There are holes placed alternately in the
upper and lower parts of the anode; when the beam




passes through one of the upper holes an even digit
is indicated, but at the next step it will pass through
one of the lower holes to indicate an odd digit.
Only a small portion of the beam passes througha
hole, the remainder of the beam being intercepted
by the anode.

5.1.1 The Electrodes of the E1T

In order to show that the tube has ten stable posi-
tions, the somewhat complicated electrode structure
of the tube (shown in cross section in Fig. 5.2) must
be studied. The conventional symbol for the tube,
as used in circuits, is shown in Fig. 5.3 with the
connections to the B12A base. Some of the less
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Fig. 5.2 The electrode structure of the EIT

important electrodes which have no external con-
nection are not shown in this symbol. Sometimes
g3 and g, are also omitted from the symbol.

The electron beam is formed at the rectangular
shaped cathode, k, the front of which is covered
with an electron emissive oxide coating. The beam
flows through the control grid, g;, past the beam
forming electrodes, b, and is then accelerated
through the electrode g,. These electrodes focus the
beam and also give it the desired rectangular cross
section which resembles a piece of thick ribbon
placed in a vertical plane.

The beam is then deflected by the deflector plates,
x’ and x”, into one of the ten stable positions. The
electrodes g3 and g, are suppressor grids which are
internally connected to the cathode to prevent any
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Fig. 5.3 The symbol for the EIT; the numbers indicate
the base connections

unwanted effects which might be caused by secon-
dary electron emission from g, or from the anode,
as.

The electrode g, has slots of the shape shown in
Fig. 5.4. As will be shown later, it can be arranged
that the electron beam will be stable only when a
certain fraction of it is passing through one of the
vertical rectangular slots in g,. The purpose of the
horizontal slot will be discussed later.

The beam then travels to the anode, a,. A portion
of it passes through the anode to the fluorescent
target, t. This target is covered with a conductive
coating which is connected to the positive H.T.
supply line so as to prevent the accumulation of
negative charge from the electron beam which might
disturb the operation of the tube.

The electrode a; is the reset anode. When the
tube is indicating the digit ‘nine’ and a further pulse
is received, the beam is deflected by the plates x’
and x” so that it strikes the reset anode; the mecha-
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Fig. 5.4 The g, electrode showing the one horizontal and
ten vertical slots
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nism by which the tube is reset is then initiated by
the fail of the reset anode potential.

The auxiliary anode, @,y is internally connected
to the accelerating electrode, gy, and is employed
to capture undesired stray electrons. The screen s
is internally connected to the cathode.

5.1.2 Ribbon Shaped Electron Beams®: ¥

In tubes such as the EIT in which the beam is
deflected only in one plane, a ribbon shaped electron
beam of relatively large cross sectional area can be
used (since the resolution in one plane is unimpor-
tant), but in normal cathode ray tubes a very small
circular beam must be used to obtain good resolu-
tion in two dimensions. For a given charge density
in the beam and a given applied voltage, a larger
current will flow in a ribbon shaped beam than ina
small circular beam owing to the larger cross sectio-
nal area of the former. A large current is desirable
in the E1T so that the stray electrode capacitances
can be quickly charged. The ribbon shaped beam
enables the tube to operate from fairly small volt-
ages. This favours high operating speeds because the
change in the electrode potentials (and hence the
change in the charge of the stray capacitances) is
kept small.

The use of a ribbon shaped beam also has the ad-
ditional advantages that the dimensions of the tube
(and hence the inter-electrode capacitances) can be
small and that the alignment of the tube need be car-
ried out accurately only in one dimension.

In the E1T a beam current of about 1 mA is used
at an applied potential of about 300 V.

52 ANODE CHARACTERISTICS

The anode characteristics of the E1T must be exam-
ined in order to ascertain why the ten holes in g,
enable the electron beam to exist in ten stable states.
If the horizontal slot in g, (shown in Fig. 5.4) were
not present, the main anode current, lgp plotted
against the deflector voltage of plate x” (Vi)
would be as shown in Fig. 5.5(a) provided that the
potential of the other deflector plate, V., were kept
constant. When the potential of x” is altered, the
beam is deflected and passes through a series of
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Fig. 5.5 Theoretical characteristics of the EIT, (a) when
g, has no horizontal slot and (b) when the horizontal
slot is present in g,

maxima and minima as it passes across the holes
in g,. The anode current will be a maximum when
the beam is centred on one of the holes in g, and
will be zero when it is entirely intercepted by g,

In normal operation the main anode, as, is con-
nected directly to the deflector plate x". The poten-
tials of x” and of a, are therefore identical and Fig.
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Fig. 5.6 The EIT anode characteristic for Vo = 156 volts




5.5(a) is the dynamic anode current/anode voltage
characteristic for this method of connection when
the potential of x” is constant.

The presence of the horizontal slot in Fig. 5.4
changes the anode characteristic from that shown in
Fig. 5.5(a) to that shown in Fig. 5.5(b). When the
beam is in a position to the left of the fifth vert-
ical slot in Fig. 5.4, a constant current passes
through the horizontal slot and this current is super-
imposed on any current which may pass through
one of the vertical slots. Hence the shape of the Fig.
5.5(b) characteristic.

In practice the characteristicis further modified by
the fact that the slots in g, are not of constant
width. The actual E1T anode characteristic is shown
in Fig. 5.6 for the case when the x’ deflector elec-
trode has a potential of 156 V ¢ % 6. It may be
noted that when both of the deflector electrodes
have the same potential (V,, =V »= Vg, = 156 V),
the beam is not deflected and the tube indicates a
number in about the middle of the decade.

5.3 BEAM STABILITY

The basic type of circuit used to supply voltages to
the tube is shown in Fig. 5.7. The anode resistor,
R,,, normally has a value of 1 M. The straight
line in Fig. 5.6 is the load line for this value of resis-
tor.

If the beam is initially at the position a of Fig. 5.6
(indicating the digit zero) and the potential-of the
deflector electrode x’ is increased relatively slowly
(so slowly that the effect of the stray capacitance, C,
shown in Fig. 5.7 is negligible), the beam will tend
to be deflected towards the electrode x’. As the
beam moves, however, it can be seen from the anode
characteristic of Fig. 5.6 that it begins to pass out of
the slot in g, and less of it strikes the anode. The re-
sulting reduction in anode current leads to a reduc-
tion in the voltage dropped across the resistor R,,
and hence to an increase in the common potential
of the anode and of the deflector electrode x”. The
slope of the E1T characteristic is very steep at the
points where it is crossed by the load line shown
and therefore this increase in the potential of x” is
almost equal to the initial increase in the potential
of x’ which caused it. As both deflector electrodes
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Fig. 5.7 The basic circuit for the EIT

are increased in potential by almost equal amounts,
the amount by which the beamis deflected is virtually
unchanged.

Similarly if the beam is at a and x’ becomes slowly
more negative, the anode current is increased (see
Fig. 5.6) and this in turn causes a reduction in the
potential of x”*. Thus the position a in Fig. 5.6 is a
very stable one. The intersections of the load line
with the rising parts of the E1T characteristic are
the ten stable beam positions which are required
for storing the information about the state of the
count.

The anode a, and the x” deflector plate are con-
nected in a feedback system. The stope of the E1T
characteristic is very much greater than the slope
of the 1 MQ load line at the operating point and
this results in the feedback factor —and hence the
stability of the operating point — being very high.
The positions a, ¢, ¢, &, I, €tC. in Fig. 5.6 are all very
stable.

If the beam is at any moment at b or d, any slight
increase in the potential of x” will cause the beam
to be deflected towards this electrode and it can be
seen from Fig. 5.6 that the anode current will then
increase as more of the beam passes through the
slot ing,. The potential of the anode and of x”’ there-
fore decreases causing the beam to swing farther
away from the x” electrode. Eventually the beam
will come to rest at one of the stable points ¢ or e.
Similarly if the beam is momentarily at b or d and
the potential of x’ is decreased slightly, the beam
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will move so that the voltage of x”” becomes higher
until a stable operating point is reached. The posi-
tions b, d, £, etc. are therefore unstable and the beam
does not stay in a position represented by one of
these points for more than a minute fraction of a
second. At these unstable points the anode current
decreases with increasing anode voltage, thus giving
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Fig. 5.8 The EIT anode characteristic for Voo = 170 volts

a negative resistance effect over this portion of
the curve.

The criterion of stability for any operating point
in Fig. 5.6 is that the anode current of the E1T must
increase as the anode voltage increases. That is, the
point at which the load line cuts the characteristic
of the tube is stable if the characteristic at that point
slopes upwards from left to right.

If for any reason (such as a change in the supply
voltage) the potential of x” alters fairly slowly, the
anode current/anode voltage characteristic will
maintain the same general form as shown in Fig.
5.6, but will be moved horizontally along the x axis
(anode voltage axis) of the graph. This is because
the stabilising effect discussed above alters the volt-
age of the anode and x”’ electrodes to maintain the
beam deflection almost constant.

Fig. 5.8 shows the anode characteristicfor an E1T
with a potential of 170 V applied to the x” deflector
electrode (I 5 ®_Tt can be seen that the same sys-
tem of stable and unstable operating points will be
present and the general operation of the tubeis un-
affected by this voltage change.
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5.4 THE COUNTING PROCESS

A very different process occurs when a positive go-
ing pulse with a very short rise time is fed to the x’
electrode. The beam will be deflected to the left and
the potential of the anode and x” electrode will
again tend to rise by the process discussed prev-
iously. The capacitance C (shown dotted in Fig.5.7)
prevents any very rapid change in the potential of
the anode and of the electrode x”, as time is taken
for C to charge through R,,. The capacitance Cis
merely the inter-electrode and stray wiring capaci-
tance of the tube circuit. The beam is therefore de-
flected to the left before the voltage of x’* has time
to rise appreciably. If the pulse is rapid enough and
of a suitable amplitude, the beam will therefore
move to the next stable position to the left of the
initial position in Fig. 5.6 and a count will have been
registered.

The stabilising mechanism of the tube circuit can-
not work more quickly than is permitted by the
anode resistance R, and the unavoidable stray
parallel capacitance, C.

The pulse rise time and amplitude are quite crit-
ical. If the pulse is of too small an amplitude, the
beam will not be deflected as far as the next stable
position and no count will be registered, whilst if
the amplitude is too large, the beam may pass
through one stable position and register two counts
for only oneinput to x’. The amplitude of the input
pulse should be approximately equal to the differ-
ence of the tube anode voltage between two adja-
cent working points, e.g. a and ¢ in Fig. 5.6. The
geometry of the tube and the shape of the electro-
des are carefully chosen so that the voltage difference
between each of the stable working points (atoc, cto
e, etc. in Fig. 5.6) is constant (about 13.6 V). The
input voltage required to cause the tube to register
one additional count is therefore independent of
the digit being indicated.

It is most important that the input pulse ampli-
tude to the x’ plate of the tube should be 13.6 V=
15% (thatis, 11.5to 15.5 V).

An additional requirement is that the trailing
edge of the pulse must not be too sharp or it will
deflect the electron beam back to its initial state and
no count will be registered. If the slope of the trail-




ing edge is not very great, the stabilising effect dis-
cussed previously will prevent the tube returning to
its initial state when the trailing edge is applied to x’.
If the time of fall of the pulse is too long, however,
the maximum counting speed is reduced. It might
be thought that if the stray capacitance, C, could be
made very small, the maximum counting rate could
be increased. In actual practice, however, the reset
time is usually longer than the counting process it-
self and sets a limit to the maximum counting speed.

A suitable pulse for feeding into the x’ electrode
of the E1T is shown in Fig. 5.9. The slope of the lead-
ing edge of the pulse should not be less than
2x107 V/sec and that of the trailing edge should
not be greater than 1.2 X 10° V/sec. If the average
amplitude of the pulse is to be 13.6 V, the rise time
should not therefore be greater than 0.7 psec and
the time of fall should not be less than 11 psec.

The mechanism of the counting process can be
considered to operate in the following way. If the
operating point is at @ in Fig. 5.6 corresponding to
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Fig. 5.9 An input pulse suitable for the operation of the EIT

an indication of zero, the anode and x’* potential is
about 230 V whilst the x” deflector electrode poten-
tial is about 156 V. If a fast rising positive going
pulse of 14 V is applied to the x’ electrode (raising
its potential to 170 V), the voltage of the x” electrode
remains constant for a very small fraction of a
second owing to the stabilising effect of the capa-
citance C. The operating point is therefore moment-
arily moved to the point ¢’ on the characteristic of
Fig. 5.8. The pulse then decays slowly so that the
potentials of x” and x”’ decrease at about the same
rate. Thus the operating point on the characteristic
of Fig. 5.8 at ¢’is transformed relatively slowly into
the characteristic of Fig. 5.6, but the operating point
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now has time to move along with the curve and
finishes at ¢ in Fig. 5.6.

It can be seen from Fig. 5.6 that the horizontal
slot in g, (see Fig. 5.4) lifts up the low voltage part
of the anode current/anode voltage characteristic
so that the height of each peak above the load line is
fairly constant. The rate at which the stray capac-
itance, C, can be discharged by the E1T anode cur-
rent during counting operations is dependent on the
height of each peak of the characteristic above the
load line. A reasonable height for each peak is
essential in high speed counting circuits. This subject
is more fully discussed in the section of this chapter
which deals with the design of an input circuit for
100 kc/s operation.

The stabilising effect of C on the anode potential
should not be confused with the stabilising effect
that R, has on the position of the beam. Advan-
tage is taken of the latter effect (which is suppressed
during the steep front of the input pulse by the pres-
ence of C) for maintaining the beam at the correct
position after it has been displaced.

55 FLYBACK CIRCUITS

When the tenth input pulse is received, the EIT
tube must be reset from ‘nine’ to ‘zero’. Normally
this resetting process is initiated by a pulse from
the reset anode, a;, which is connected to the H.T.
positive line via a 39 k() resistor (as in Fig. 5.7). If
the tube is initially indicating the digit ‘nine’ and an
additional input pulse is received, the beam will be
deflected to strike the reset anode. The current pass-
ing to this anode will cause a voltage drop across
the 39 kQ resistor and a negative pulse can there-
fore be obtained from the reset anode. The pulse
may be used to trigger a monostable multivibrator
which is designed to provide suitable pulses to reset
the tube and also to trigger the next decade.
Another method of obtaining a pulse to reset the
EIT circuit does not depend on the use of a reset
anode. When the beam is deflected from position
‘nine’ onto the reset anode, it leaves the &, electrode.
This electrode is fed from the H.T. line via the resis-
tor R, and its potential therefore rises as the current
through the resistor falls. This rise in potential can
be used to render a triode conducting and the triode
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in turn provides a pulse to cut off the EIT. An
example of this type of circuit will be given in Fig.
5.16.

The E1T itself may be reset by two basic methods.
In the first method a negative pulse is applied to the
control grid, g;, or a positive pulse to the cathode,
k. This pulse should have an amplitude of at least
24 V so that it is large enough to completely cut
off the electron beam. The main anode current falls
and therefore the main anode and x”’ electrode po-
tential rises. The change of the x” electrode poten-
tial causes the beam to be deflected towards it so
that ‘zero’ is indicated. This method of resetting the
tube takes a comparitively long time and cannot
therefore be used in high speed circuits. The cir-
cuitry required is, however, simpler than that used
in the higher speed resetting circuits. Examples
of practical circuits involving beam cut off will be
given in the circuits of Figs. 5.10, 5.13 and 5.16.

In the second method of resetting the tube, a posi-
tive pulse is applied to the x” electrode and deflects
the beam to the zero position. This method is suit-
able for high speed circuits operating at up to one
million pulses per second®. An example of this type
of circuit will be given in Fig. 5.15.

5.5.1 Reset Involving Beam Cut Off

When an E1T tube is cut off, its anode voltage will
rise exponentially as the stray capacitance C (shown
dotted in Fig. 5.7) charges through the resistor Raa
The time taken for this capacitance to charge limits
the maximum frequency of operation of the tube.
The minimum reset time may be estimated by the
method discussed below.

It is important to ensure that the duration of the
cut off pulse fed to the tube is great enough (with an
adequate safety margin) to allow the stray capaci-
tance, C, to charge to a potential which is enough
to cause the beam to return at least as far as the zero
position. Otherwise the beam may come to rest at
any intermediate position. If the cut off time is too
long, however, the reset time will be increased and
the maximum counting rate will be reduced. If the
beam is deflected too far, it will be in an unstable
state and will quickly return to the zero position at
the end of the cut off pulse.
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It can be estimated from Fig. 5.6 (allowing ade-
quate safety margins for normal tolerances, etc.)
that the maximum voltage swing of the anode a,
ever likely to occur in practice is from V,, (9) =95V
in position ‘nine’ to V,,(0) =240 V at the ‘zero’ po-
sition®. The maximum stray capacitance, C, in pa-
rallel with R, can be taken as 16.5 pF. If a close
tolerance 1% high stability resistor is used for R, ,
the maximum possible value of this resistor will be
1.01 MQ. In addition a 10 k€ resistor is normally
placed in series with R, for test purposes (as
shown in Figs. 5.13 and 5.15). The maximum value
of R, is therefore 1.02 MQ.

The capacitance C charges from the H.T. supply
voltage ¥, from the initial anode voltge of V,, (9)
volts to ¥, (0) volts during the cut off pulse.

It is shown in many elementary text books on
electricity that if a capacitor C is charged from a
source of voltage ¥, via a resistor R, the voltage V'
across the capacitor after a time # is given by the re-
ation:

V = Vb (1 —C -—-I/RC)

where e is the base of natural logarithms.
The above equation may be altered to:

Vb‘_‘V

£

— ¢ —1/RC

This equation applies only if ¥'=0 when ¢=0. In
the case of the stray capacitance C charging through
the resistor R,,, however, V="V, initially.

If C had charged to a potential of ¥, (9) from an
initial potential of zero through R,,, the time taken,
t,, would be given by:

Vy—Va,9)
Vb

— e~11/RaC 1)

If ¢, is the total time taken for the potential across
the capacitance C to reach the value ¥, (0) from an
initial value of zero,

V,—Vay(0)
Vb

= ¢ —12/RaC (2)
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Fig. 5.10 An EIT counting and reset circuit for operation at frequencies of up to 30 kels

Dividing (2) by (1):
wa_ Va,_,(O) = e—{ta—t1)[Rqa2C
V,—Va,(9)

In this equation (f,—1;) is equal to the time taken
for the beam to move from position ‘nine’ to the
‘zero’ position.

Let (tz“‘tl) _ T
Vo=Va®) | _rirac
V,—Va,(9)

Putting the values quoted above into this equation :-

-7
300—240 e 1.02><106><16.5><10—12)

300—95

When this equation is solved for 7, it is found to be
about 20.68 psec. This is the minimum possible
resetting time. In actual practice the resetting pulse
should be somewhat longer than this in order to
allow an adequate margin of safety. If an allowance
of 33 psecismadefor theresetting time, the maximum
counting rate which can be attained is about 30,000
per second™,

It is found in actual practice that E1T circuits can
operate reliably at up to 30,000 pulses per second

11

when the resetting operation is carried out by cut-
ting off the electron beam in the tube in the type of
circuit shown in Fig. 5.10. In practical circuits the
stray capacitance C should be kept as low as pos-
sible. The anode resistor R,, should be soldered di-
rectly to the a, or x”” contact of the E1T tube base.

5.6 30 KC/S COUPLING CIRCUIT

A circuit @ 5 8 which will reset E1T tubes and
provide a suitable pulse for triggering the next tube
is shown in Fig. 5.10. The E90CC (V2) acts as a
monostable multivibrator. The grid of V2a is
returned to the cathode of this valve via R, and
no bias is provided. ¥2a is therefore normally
fully conducting when the circuit is in the stable
state. The anode current of 2a flowing through the
4.7 kQ) cathode resistor (R;;) produces a voltage
drop of about 25 V across this resistor. The grid of
V2b is returned to the lower end of this resistor and
the 25 V across it therefore biases ¥2b to cut off.
If the electron beam is deflected onto the reset
anode, a current flows through the reset anode
resistor (R;) of the E1T and the negative voltage
pulse produced is applied to the grid of V2a via the
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capacitor C;. The anode current of ¥2a is thereby
reduced so that a positive pulse is produced at its
anode. This pulse is fed to the grid of V2bvia C,
and causes this triode to conduct. A positive pulse
is generated at the cathode of ¥2b and the common
cathode voltage increases, thus cutting off V2a. The
grid voltage of ¥2b is therefore raised further.

The negative pulse from the anode of V2b is fed
to the grid g of the E1T via the capacitor C,. The
E1Tis thus cut off and therefore the main anode and
x’ electrode of this tube rises in potential so that
the beam is deflected to the zero position. Therise in
total cathode current of ¥2 when F2b conducts is
used to trigger the succeeding decade via Ci.

As C, discharges at the end of the pulse, the grid
potential of ¥2b decreases exponentially. The com-
mon cathode voltage also decreases exponentially
until the bias is reduced so much that ¥2a conducts.
The resulting negative pulse at the anode of V2a
passes to the grid of ¥2b via C, and quickly restores
the circuit to its original stable state in which V2a
is conducting and ¥2bis cut off.

If C; were omitted, a pulse with a steep leading
edge could not be obtained from the cathode
resistor of V2 for the purpose of triggering the
next decade unless the value of Ry were reduced.
A lower value of R, would, however, result in a
much greater continuous current being taken from
the H.T. supply. If C; is used to shunt most of the
cathode resistor, as shown, only the 1,000 Q resistor
is operative forabrupt changes of voltage and sharply
rising output pulses can be obtained. The high value
of the cathode resistor together with the fairly
large value of Ry render the circuit very stable. The
pulse amplitude and duration are not affected very
much by changes in the valve characteristics. The
tapping on the cathode resistor at the junction of
R,5 and R;3has been chosen so that the output pulse
to the next decade is of a suitable amplitude.

The negative going pulse which is used to cut off
the E1T commences by a rapid fall of potential of
about 60 V. The potential then rises to about
—27 V in a period of about 27 psec. The tube is
completely cut off by a bias of —27 V and the dur-
ation is very suitable for ensuring that the beam is
reset to zero without the reset time being much lon-
ger than is necessary.
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The component tolerances for the coupling cir-
cuit of Fig. 5.10 are shown beneath Fig. 5.13,

57 INPUT CIRCUIT FOR
FREQUENCIES UP TO 30K /S

An input circuit must be employed in front of the
first E1T tube. This circuit converts the incoming
pulses into pulses of an amplitude and duration
which can be counted by the EI1T. The input circuit
described in this section (shown in Fig. 5.11.)is
suitable for handling up to 30,000 pulses per second.

10 x'
DEFLECTOR
PLATE OF
bew EIT

Fig. 5.11 An input pulse shaper circuit for use at frequen-
cies of up to 30 kcls

A faster but more complicated input circuit will be
discussed later.

The input circuit * % 8 of Fig. 5.11 consists of a
differentiating circuit (470 pF plus 39 kQ) followed
by a monostable multivibrator which is very similar
to that used in the resetting circuit of Fig. 5.10.

If the differentiating circuit were omitted, at a
low rate of counting the length of the input pulses
might exceed that of the natural period of the multi-
vibrator. The multivibrator would then return to
its initial state whilst the input pulse was still pre-
sent and a spurious count would be registered. This
difficulty is only encountered in the input circuit and
not in the circuits of succeeding stages because the
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Fig. 5.12 An auxiliary pulse shaping circuit for feeding the circuit of Fig. 51101513

inputs to all stages after the first are derived from
the multivibrator of the previous stage which gives
a pulse length which is quite short.

The 0A71 germanium diode in parallel with the
39 kQ input resistor prevents any positive pulses
from reaching the grid of Vla. Such pulses arise
from the trailing edge of a negative going input
pulse or the leading edge of any stray positive going
pulse; if they reached the grid of Vla they could
cause faulty counting.

The coupling capacitor and the grid resistor of
172b have somewhat lower values than those recom-
mended for the coupling circuit of Fig. 5.10 in order
that the maximum counting rate can be attained.
The output pulses will be somewhat shorter owing
to the lower time constant, but this is no disadvan-
tage, however, since the pulses from the multi-
vibrator of Fig. 5.11 do not have to operate a
resetting circuit.

The triode Vla is normally conducting and V1b
is normally cut off. The input pulses to Vla should
have an amplitude of between 20 and 50 V and
should be negative going with a leading edge dur-
ation not exceeding 13.5 psec or positive going with
a trailing edge duration not exceeding this same
value. The total pulse duration should equal one
cycle of the pulse repetition frequency less at least
10 psec. At 30,000 pulses per second this input

11*

pulse duration should not therefore exceed

33.3—10 = 23.3 psec.

The component tolerances for the circuit of Fig.
5.11 are shown below that of Fig. 5.13.

If sinusoidal signals are to be counted, they may
be passed through a double limiter which will clip
both positive and negative going peaks. A square
wave input signal is thus obtained which can be used
to operate the circuit of Fig. 5.11.

5.7.1 Auxiliary Pulse Shaper

The circuit of Fig. 5.12 may be used to convert
pulses of arbitrary waveform (including sine waves)
into pulses which will operate the circuit of Fig.
511 67, When this additional pulse shaping circuit
is used, the components marked Cj, G, D, and
R, in Fig. 5.11 may be omitted.

The use of the circuit of Fig. 5.12 enables sine
waves of a frequency as low as 10 ¢/s to be counted
if the input voltage is at least 15 V. At still lower
frequencies sinusoidal signals may be counted if the
input amplitude is increased and if a clipper diode
is incorporated in the input circuit to render the
waveform suitable for triggering the auxiliary pulse
shaping circuit by increasing the slope of the puise
edges. The value of the input capacitor used may
also be increased at low frequencies.
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58 ACOMPLETE 30 KC/S CIRCUIT

Fig. 5.13 shows the circuit of a two decade E1T
counter‘? 5 & which can count pulses at frequencies
up to 30 kc/s. It is based entirely on the circuits
which have just been discussed with the addition of
a suitable power supply.

The first part of the circuit to the left of the first
dotted line is a pulse shaping circuit which feeds
the first E1T tube. If necessary the circuit may be
preceded by the auxiliary pulse shaper of Fig. 5.12,
in which case Cy, Cy, Ry and the diode in parallel
with Ry in Fig. 5.13 may be omitted. The circuits
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Fig.5.13 A complete two decade counting

between any two of the dotted vertical lines in Fig.
5.13 form one complete decade including the coup-
ling and resetting circuits. Any number of similar
decades could, of course, be added after the circuit
of Fig. 5.13, but the values of the potential divider
resistors and the power supply should be modified,
however, if more than seven decades are to be
used.

The switch S, normally connects the E1T grid
line to the -+11.9 V tapping on the potential divi-
der. If S; is used to momentarily connect the E1T
grid line to a supply of —60 V, the E1T tubes
are cut off and the electron beam in each tube is
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circuit for frequencies up to 30 kcls

returned to the zero position by the same process
as that discussed previously.

The power supplies need not be stabilised provid-
ed that the +156 and the 411.9 voltage lines are
obtained from the --300 V supply by means of a
potential divider such as that shown. Any fluctua-
tions which occur in the mains voltage will then
alter all of the supply voltages by the same percent-
age. This will have no noticeable effect on the oper-
ation of the tubes for normal variations of the
mains voltage (310%). Such circuits have been
found to operate reliably at mains voltages be-
tween 140 and 270 V, but prolonged operation at

such extremes might impair the life of the tubes® ),
It is, however, most important to ensure that the
resistors in the potential divider chain have toler-
ances not exceeding -=1%; wire wound resistors.
are especially suitable.

An 0A71 diode (or an 0ASS or 1N86) is placed in
parallel withtheresistor R, ;. No diode need be placed
across the corresponding resistor, R,,, in the sec-
ond decade or across the corresponding resistor in
any succeeding decade which may be added to the
circuit. During the intervals between the negative
going resetting pulses which are fed to the control
grids of the E1T tubes, the potentials of these grids
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depend on the counting speed. This effect is only
appreciable in the first stage where the counting
speed may be high. A diode is therefore placed in
parallel with R, of the first decade so that the pot-
ential of the E1T control grid is kept constant (ex-
cept during flyback) whatever the counting speed
may be. Except for the presence of this diode in the
first stage, all of the decades are identical.

In any decade except the first, 10% components
may be used in the multivibrator circuits only pro-
vided that the values of coupling capacitors such
as C, and grid leaks such as R,  are increased to
82 pF and 180 k() respectively and provided that
the output pulse amplitude to the next decade is ad-
justed to 13.6+29% by adjustment of the value of
R, This adjustment may have to be repeated from
time to time, since 10%, resistors alter somewhat in
value during life. It is therefore normally much more
convenient to use the close tolerance resistors speci-
fied for the circuit. It is, in any case, essential to use
close tolerance resistors in the cathode and anode
circuits of the counter tubes.

In order to facilitate testing of the circuits, the
anode load of each E1T tube may be split into two
parts as shown in Fig. 5.13. An oscilloscope may be
connected to the test point. If the stage is operating
correctly, the oscillogram should show ten distinct
steps. The effect of variations in the mains volt-
age on the tube may thus be investigated.

59 CIRCUIT FOR USE AT UP TO
100 KC/S

If the E1T tube is to be used to count at up to
100,000 pulses per second, it is essential that each
counting operation should be completed within
10 psec. This limitation is imposed on both the
resetting operation and onthenormal forward move-
ment of the electron beam as it moves from the zero
to the ninth positions. Carefully designed input and
resetting circuits are therefore essential for high
speed operation of E1T tubes.

5.9.1 Input Circuit Design

The leading edge of the pulse fed to the E1T should
be very steep so as to occupy the minimum amount
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of time. The trailing edge cannot be very steep or it
will immediately reset the E1T to its previous state.
1t must, however, be as steep as is consistent with
reliable counting. In addition the trailingedgeshould
decrease more or less linearly with time in order
that the shortest trailing edge which will not reset the
tube to its former state can be used.

The application of the leading edge of the pulse
to the BE1T deflector plate results in the electron
beam being suddenly moved to the next stable
position. The anode and x” deflector plate voltage
will not decrease immediately to their value at the
new stable state because of the effect of the stray
capacitance C (see Fig. 5 /7). If the beam is to remain
in its new position, it is important to ensure that
the trailing edge of the input pulse does not decrease
at a rate which is greater than that at which the
anode voltage can decrease. The rate of change of
the anode voltage is determined by the current which
can be taken by the E1T tube to discharge the stray
capacitance, C. This current, I,, is the difference
between the maximum tube current at the particular
peak of the characteristic concerned and the current
flowing through the load resistor at the existing
instantaneous voltage. [, is thus the height of the
peak of the characteristic above the load line.

The charge of the stray capacitance, C,isequal to
CV coulombs where ¥V is the potential difference
across the capacitor. If it is assumed that /, and the
slope of the trailing edges of the pulses are constant,
the time, ¢, taken by the anode and x’’ potential to
decrease by an amount ¥ volts as C discharges is
given by the equation® % ®:

{ = —— S€C
I

[

The minimum possible duration of the trailing edge
is equal to this time, .

Tt should be noted that ¢ is inversely proportional
to I,. The presence of the horizontal slot in g, (see
Fig. 5.4) raises the value of I, when the digit being
indicated is five or more. This extra slot thus enables
the duration of the trailing edge of the counting
pulse to be kept as short as possible and the maxi-
mum counting speed to be attained.

In the 100 kc/s circuit to be described (Figs. 5.14
and 5.15), the total stray capacitance, C, by-passing




the anode is about 23 pF. The smallest positive
peak of the characteristic (see Fig. 5.6) is that situ-
ated between the stable points where the digits zero
and one are indicated. For the average tube this
peak is about 70 LA above the load line. If one
substitutes these values of C and 7, in the above
equation together with the value of about 14V
between the successive stable positions, one finds
that the minimum duration of the trailing edge of
the pulse, 7, is 4.6 psec® &8 In some EIT tubes
this first peak is smaller, but the steps can be
completed in 10 psec provided that no peak has a
value of 1, less than 35 A,

500 APRACTICAL100KC/S INPUT
CIRCUIT

The circuit shown in Fig. 5.14 can be used to con-
vert input pulses of arbitrary waveform into pulses
of the correct amplitude and duration for feeding
into an EIT tube® %8, The trailing edges of the
output pulses from this circuit are linear. The total
duration of each output pulse is slightly less than
10 p.sec so that operation at 100 kcfs is possible.
The pulse shape and amplitude are substantially
independent of changes in the tube characteristics.

The E90CC (or E92CC) double triode acts as a
pulse squarer. It is used in a monostable multi-
vibrator circuit in which the triode V1a is normally
conducting and ¥'1b is normally cut off owing to the
differences in their quiescent grid voltages. When a
negative going input pulse is applied to the circuit,
V'lais cut off and V1b conducts. The anode voltage
of V1b drops from about 173 to 130 V until the
circuit returns to its quiescent state at some point
in the positive going trailing edge of the input signal.
The current taken by V1b in the fraction of a second
during which it conducts is made equal to the nor-
mal quiescent current of ¥1a. The supply voltage at
the lower end of R, is, therefore, independent of
the counting frequency.

The pulse squarer thus provides a negative going
pulse of 43 V amplitude for the shaping circuit.

5.10.1 The Pulse Shaper

The capacitor C, and the resistor R;, of Fig. 5.14
differentiate the square wave so as to provide one

EIT DECADE COUNTING CIRCUITS

negative going and one positive going peak. The
negative going peak is removed by the diode ¥2a
and the positive going peak is applied to the anode
of ¥2b. The capacitor C, together with any associ-
ated stray capacitance is charged from the cathode
of V2b. The output voltage rises quickly to about
170 V, thus giving the desired 14 V amplitude over
the quiescent value of 156 V.

C, and Ry, are chosen so that the anode potential
of ¥2b, after reaching its peak, will decrease faster
than the cathode voltage of the diode which there-
fore becomes non-conducting. C; and the associated
stray capacitance therefore starts to discharge
through R,3 and R,, and the output potential tends
towards 490 V. As soon as it drops to 4156 V,
however, the diodes conduct and the output poten-
tial then remains constant. Thus the trailing edge
of the pulse is reasonably linecar—as has been veri-
fied by oscillograms at 50 kc/s and 100 kc/s(®: 9).

It is important that the stray capacitance between
the output of the circuit of Fig. 5.14 (including the
EIT input circuit) and earth should be kept to a
minimum, as variations in this capacitance will
affect the amplitude and duration of the pulse fed
into the E1T. The stray capacitance in the multi-
vibrator circuit should also be kept to a minimum.
The leading edge of the output pulse from Fig. 5.14
has a duration of about 1 psec and the trailing edge
a duration of about 8 psec. The pulse duration will
be somewhat smaller when the beam is near the x’
electrode, since this electrode takes some current
and effectively acts as a resistance in parallel with
Ry3 and R, ,. The reduction in pulse duration when
the tube is indicating a large digit is not important,
since the height of the peaks above the load line is
greater in the case of the large digits (see Fig. 5.6).

The input pulses to the circuit of Fig. 5.14 should
be of at least 15 V in amplitude and at least 2 pusec
in duration. They may be sinusoidal, square or
triangular in shape. If the circuit is to be fed with
a sinusoidal veltage of a frequency which is less
than about 20 c/s, either a fairly large input voltage
should be used or alternatively the value of C;
should be increased. If pulses of a duration less
than 2 psec are fed into the circuit, the multivibrator
will be triggered, but the amplitude of the output
pulse will be somewhat reduced. '
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) 33kQ 1% Y, W tWire wound) Cs 0.1pF  10%
) 1kQ  10% Y/, W R kQ 10% Y, W C, 22pF 10%
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1 o R 68kQ 2% Y, W 1 b o
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56kQ 1% 1W 2 ‘ o /4 C, 39pF 2
6 c3 k0 19 R, S60kQ  10% Y, w o b 0
2 ) % 1W 2 £ C, 220 pF 109

10k0 10 R, 39kQ 2% 2W )
N 0 1W 5 & C, 220 pF 2%

0 Roq 33kQ 2% Y, W 7
0 1kQ 10% Y, W R 17K0 2% Tw C, 68pF 2
10 18kQ 1% Y, W R 2TKQ 29 1y W Cy, 68 pF 29
n S6kQ 2% 1W 5 ko 15 1/2W C, 680 pF 597
12 47kQ 2% Y, W 2 50KO 2% 1w C,, 0.47uF paper
13 150 kQ 2% Y, W R3° 15 kO 2‘; 1/4 W Cys 0.47 uF paper
680kQY 1% Y, W 31 o

u o s R BKQ 1% 1w
. 39kQ  10% Y W a2 ooy %
1o 15 KO 1‘; R W Ry, 15 kQ 1% Y, W R, may be replaced by two 15 kQ
18 47 KO 5.; 1/ W Ry, 18kQ 1% 1W 29 2 watt resistors connected in
w o e Roy 27kQ 1% Y, W parallel if desired.

10.2 Marginal Tests and Tube Selection

1e switch S, in Fig. 5.14 enables a check to be
ade as to whether any particular E1T tube will
serate satisfactorily at high frequencies in the
rcuit. If S is used to short circuit Rys, the dur-
ion of the trailing edges of the pulses will be
duced by about 18 %. If the circuit operates satis-
ctorily under these conditions, it may be expected
- function satisfactorily when S; is open. These
arginal tests should preferably be carried out at
veral input frequencies, say 20 cfs, 1 kc/s and
)0 kc/s.

This test enables E1T tubes which are suitable
r high speed operation to be selected. Other tubes
hich do not function satisfactorily at high frequen-
es may be used in decades operating at frequencies
p to 30,000 pulses per second.

.11 Fiyback Circuit for 100 ke/s Stage

. has been shown previously that if the electron
sam is cut off to cause flyback, the resetting oper-
tion requires more than 20 psec. If a circuit is to
sunt at frequencies up to 100 kc/s, another method
f resetting the electron beam must be employed
1 which the operation is completed in not more
1an 10 psec.

The circuit of Fig. 5.15 shows a suitable resetting
nd coupling circuit® & 8 for high speed operation.
'he monostable multivibrator ¥2 is identical with
aat used in the circuits of Figs. 5.10 and 5.13. It is

fed from the reset anode via C.. The negative going
pulse at the anode of ¥2b (which was used for
cutting off the EIT tube in the 30 kc/s circuits)
is differentiated by Cg and R,y and the resulting
pulses are applied to both grids of the double
triode V3. Both sections of this valve are cut off and
the anode voltage increases rapidly. ¥4 conducts
and passes the positive going pulse to the anode
and x” deflector plate of the E1T. The beam is
therefore rapidly deflected to the zero position.
When V3 returns to its normal conducting state,
the resulting negative pulse cannot pass through
the diode to the E1T anode. In actual practice the
EIT anode does receive a small part of the negative
going pulse owing to the anode to cathode capaci-
tance of V4 which forms a capacitative voltage
divider in conjunction with the anode by-pass
capacitance of the E1T.

The anode and x” potential of the E1T tube in
the circuit of Fig. 5.15 can rise much more quickly
than in the circuits in which flyback is effected by
beam cut off. When the diode of Fig. 5.15 conducts,
the 1 MQ resistor R, is effectively in parallel with
the combined resistance of Ry (18 kQ) and the
forward resistance of the diode. The latter is small
and the time constant which controls the rate of
rise of the E1T anode potential is therefore approx-
imately 18 kQ multiplied by the stray anode to earth
capacitance. In the 30 kc/s circuits the correspond-
ing time constant is the slightly smaller stray E1T
anode capacitance multiplied by 1 MQ (the tube
anode resistor). Thus the time constant has been
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reduced by a factor of nearly fifty in the 100 kc/fs
flyback circuit. It should be noted that the use of
V4 in the 100 ke/s circuit increases the stray anode
capacity of the E1T from about 16.5 pF to about
23 pF.

It is important that the EI1T anode potential
should be raised sufficiently during flyback for the
beam to return to the zero position, but if it is
raised too high, the beam will take too long to
arrive at the zero position for the resetting operation
to be completed within the permitted 10 psec.

5.12 PRACTICAL DETAILS

The 100 kc/s input circuit is normally followed by a
number of 30 kec/s stages of the type shown in Fig.
5.13.

The heater supplies for the two diodes of Fig.
5.14 and for the single diode of Fig. 5.15 require
special mention. These supplies should preferably
be obtained from a separate transformer winding,
one side of which is connected to the 156 V line.
This reduces leakage between the diode cathodes
and heaters. Alternatively suitable semiconductor
diodes could be used, but care should be taken to
ensure that they have an adequate peak inverse
voltage rating.

Care should be taken that all of the components
used are within the specified tolerances or the input
pulses may not have the desired shape and dura-
tion.

The fairly high value of the E1T cathode resistor
greatly reduces any changes in the tube character-
istics due to ageing. The ageing of the resistors in
the common potential divider chain may result in
a variation in the height of the peaks of the
characteristic; under marginal conditions when
the tube employed in the 100 kc/s stage has a low
value of I, this may lead to counting errors. It is
therefore important that the first E1T tube should
be selected carefully.

If desired, reset facilities may be added to the
100 kc/s circuit by using the same technique as
shown in the circuit of Fig. 5.13.

The E9CCC tube is a special quality valve which
has the same base connections as the ECC91 and
the 6J6 and very similar characteristics.
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The 30 kc/s and 100 kc/s circuits described above
are normally the only ones required in an E1T scaler
(with the possible exception of a circuit for coupling
an EIT to an electro-magnetic counter). These
decade circuits are conveniently constructed as plug
in modules for ease of servicing. Such modules are
available commercially from the manufacturers
of the EIT tube® 19, A 30 kc/s E1T module with
the associated EQOCC tube is shown in the photo-

graph.

5.13 RANDOM PULSE COUNTING

If random pulses are to be counted, the average
resolving time of the 30 kc/s circuit of Fig. 5.13
may be reduced by the use of the input circuit of Fig,
5.14 with the 30 kc/s flyback circuit (Fig. 5.10)0,
R, of Fig. 5.14 should be increased to 1.2 MQ) and
Ry5 omitted so that the trailing edges of the pulses
produced are long enough to operate any E1T tube.

The resolving time when flyback is not involved
may thus be decreased from about 33 to 13 ysec.
This applies to nine out of the ten positions, but
in the tenth position (when flyback occurs), the
resolving time remains about 33 psec and this
limits the maximum counting speed for evenly
spaced pulses to 30 kecfs. The effective resolving
time for randomly spaced pulses is, however, de-
creased to about 15 ysec.

514 10KC/S E1T CIRCUIT

A circuit operating on rather different principles
from those discussed previously is shown in Fig.
5.16(2), Tt may be fed from the input circuit of
Fig. 5.11 or from a previous decade. One advantage
of this circuit is that 109 components can be used
throughout, whereas the faster E1T circuits require
many 1% and 2% tolerance components. In addi-
tion, rather fewer coupling components are re-
quired.

The triode 72 shares a common cathode resistor,
R,, with the EIT tube, V1. The flow of the EIT
cathode current through R, produces a positive
voltage which biases the cathode of ¥2 to cut off,
since the grid of 72 is returned to earth via R,.

When the beam is in position ‘nine’ and an
additional input pulse is received, the beam will be
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Fig.5.16 An EIT circuit for operation at frequencies up 10 10 kels

deflected so that it strikes the reset anode, aj,
instead of the g, electrode. The current passing
through R, therefore falls and the potential of the
electrode g, rises. This rise of potential is fed as a
pulse to the grid of the triode V2 via the capacitor,
C;. The triode conducts and the voltage across the
common cathode resistor, Ry, rises. This rise of
potential of the cathode of the E1T is sufficient to
cut off the tube and the electron beam is reset to
the zero position by the same process as in the
30 kc/s circuit. The reset anode is not employed in
this circuit.

The impulse from the cathodes passes through
C, to the x’ deflector plate of the succeeding EIT
tube. The resistor R maintains the quiescent poten-
tial of the x’ deflector plate at -+156 V. If the
voltage at the cathodes of V1 and V2 becomes
more positive, the pulse which passes through C, is
limited by V3a to a maximum value of +170 V
above earth. Thus the desired positive going 14 V
pulse for ¥4 is obtained. Similarly when a negative
pulse is fed through C,, V3b limits the minimum
potential to the quiescent value of +156 V.

The time taken for flyback (that is, for the anode
and x’* potential to rise) in the circuit of Fig. 5.16
after the tube has been cut off is as long as in the
circuit discussed previously (Fig. 5.10). In addition,
the voltage of g, takes a short time to rise and the
CyR, circuit delays the pulse considerably. The

maximum operating frequency is therefore limited
to about 10 kc/s.

In any stages after the first, the value of the cap-
acitor corresponding to C; may be increased to
150 pF, since the maximum operating frequency is
lower. The circuit of Fig. 5.16 may be modified to
incorporate a resetting circuit.

5.15°2 KC/S CIRCUIT

A number of attempts have been made to design a
circuit for operation at fairly low frequencies which
does not require any valve coupling stage between
each two E1T tubes® & 13, A typical circuit of this
type is shown in Fig. 5.17 in which a double diode
is the only valve employed between each two E1T
tubes. Germanium semiconductor diodes were not
used because their inverse resistance varies with
temperature and this would result in variations of
the amplitude of the pulses fed to the next E1T tube.
Silicon semiconductor diodes are now available and
these could be used to replace the EB91 valves so
as to avoid the use of valves in the coupling circuits.

The resetting action is accomplished by means of
the capacitor which connects the reset anode to the
main anode. When the beam strikes the reset anode,
the potential of this electrode falls and this fall is
coupled into the main anode circuit so that the beam
is moved still farther towards the x’ electrode. After
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Fig.5.17 A 2 kels EIT circuit which does not require a coupling amplifier.

a short time the anode and x” voltage rises to the
H.T. supply potential and the beam moves back
across the tube. If the value of the coupling capa-
citor connecting the two anodes is large enough, the
main anode potential will continue to rise until the
digit zero is indicated. The maximum operating
frequency depends on the value of the coupling
capacitor, but if this is too small, the beam will be
reset to an intermediate position. It has been found
that the value of the coupling capacitor may be
reduced somewhat if the beam current is reduced
during flyback. This may be achieved by applying
the differentiated g, voltage to the control grid of
the counter tube V3 in Fig. 5.17. This prevents the
reset capacitor from being recharged too quickly.
The maximum operating frequency is approxima-
tely doubled by this technique®), but there is no
point in reducing the beam current in any stage
after the first. A smaller value of coupling capacitor
is used in the first stage than in subsequent stages.

The ‘carry’ pulse which operates the next decade
is obtained from the g, electrode. When the beam
is deflected from position nine, it leaves g, and the

172

potential of this electrode therefore rises. When the
beam returns V,, falls again. These voltage changes
are differentiated in order to obtain a positive pulse
followed by a negative pulse. A diode is used to
remove the negative pulse and the remaining posi-
tive pulse is limited by the other diode. In all stages
except the first a 47 pF capacitor is connected from
the main anode to earth so that the g, pulse is steep
enough to operate the next decade.

The reset anode resistor must have a value greater
than a certain minimum or the beam will not be
reset to zero. The large value of this resistor can,
however, cause premature flyback when the beam
moves from position eight to nine, because a small
fraction of the beam will reach the reset anode.
This is less likely to happen if a fairly high supply
voltage is used so that the beam is focussed more
accurately. The minimum supply voltage at which
most tubes would operate satisfactorily was found
to be 200—250 V, but some tubes required a 350 V
supply when used in the circuit of Fig. 5.17 in order
to avoid position nine being missed. The recom-
mended H.T. supply voltage for this circuit is400 V.
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A suitable input stage is also shown in Fig. 5.17.
It consists of a double triode squarer followed by
a double diode pulse shaper. ¥1a is normally con-
ducting and V1bis normally cut off. Negative going
input pulses are required to cut ¥1a off. A negative
going pulse first appears at the anode of V1b, but
is prevented from reaching ¥3 by the presence of
¥2b. When the circuit returns to its quiescent state,
V2a limits the positive going pulse which is fed to
the E1T.

The circuit should be fed with input pulses of not
less than about 20 V in amplitude and not less than
about 3 psec in duration. Sine waves of not less
than 15 V r.m.s. amplitude may be used if their
frequency is between 20 and 2,000 c/s.

The circuit is reset by the application of a positive
pulse to the E1T tube cathodes. This method can
also be used for the 30 kc/s circuit of Fig. 5.13.
A suitable potential divider is shown for supplying
the required voltages to the Fig. 5.17 circuit when
up to four decades are used. The diode heaters
should be fed from a separate transformer winding,
one side of which is connected to the 4-208 V line.

5.16 PREDETERMINED COUNTING
USING THE EIT

The same electrodes of the E1T are being used
whatever the state of the count. It is therefore con-
venient to obtain an output pulse from an E1T
scaler only when the decades are being reset to zero.

+300V

+i56V

E =S

V,EBS

l'5
|

Fig. 5.18 A circuit for pre-setting an EIT
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In order that a pulse may be obtained after any
predetermined number of counts, some means must
be provided for presetting the scaler to any desired
number of counts. If, for example, a four decade
scaler is preset to 5,672, an output pulse can be
obtained after 10,000—5,672 = 4,328 pulses have
been applied at the input. Arrangements may be
made for the output pulse to automatically preset
the scaler to the number 5,672 so that the process
can be repeated many times.

The E1T tube may be preset to any desired num-
ber by means of the type of circuit shown in Fig.
5.18. When the switch S is open, the diode is non-
conducting and has no effect on the operation of
the tube. When S is closed the diode will conduct
if its cathode is at a lower potential than the E1T
anode. The flow of current through R, causes the
anode voltage to fall almost to the potc;ntial of the
slider of the variable resistor. When S is opened,
the beam will move to its next stable position, the
anode voltage being little different from that of the
potentiometer slider immediately before S was open-
ed. After S has opened the diode cathode potential
rises to the H.T. supply voltage and the diode
becomes non-conducting again.

A number of such decades may be cascaded with
separate potentiometers connected to a common
switch. Each tube can thus be preset to the desired
digit which has been pre-selected by means of the
corresponding potentiometer. In practical circuits
the presetting switch is an electronic device.

The full circuit of a two decade predetermined
counteris shown in Fig. 5.19(: 14 15) This circuitis
based on the 30 kc/s E1T counter described prev-
iously (Fig. 5.13), but slight modificationshave been
made. The g, electrodes of the E1T tubes are con-
nected directly to the H.T. + line in order to avoid
negative feedback during the resetting of the beam.
The amplitude of the required input pulse is thereby
increased from a mean value of 13.6 to a mean
value of 14.7 V. The larger pulse is obtained by
shunting part of the cathode resistor in the input
circuit by 100 pF instead of 82 pF. In all decades
except the first, the pulse amplitude is increased by
the presence of the capacitors which by-pass the

anode loads of the right hand triodes of the coupling
circuits.
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These capacitors also serve to prevent “sticking”
of the electron beam at position nine when the
presetting potentiometer is adjusted so that the
beam passes between the end of g, and the reset
anode(® 14,

5.17 THE ELECTRONIC SWITCH

An electronic presetting stage, V9, is used instead of
the switch S of Fig. 5.18. The left-hand triode of
V9 is normally conducting whilst the right-hand
triode is normally cut off. When the final E1T, V5,
is reset by beam cut off, the negative going pulse
produced at its cathode is fed to V9. The pulse is
amplified and phase inverted by the left-hand sec-
tion of this valve and the resulting positive going
pulse is used to render the right-hand section of V9
conducting. The anode voltage of this triode there-
fore suddenly falls from 300 to 95 V. This is low
enough for presctting to take place to the digits
determined by the positions of the sliders of the
50 kQ potentiometers. OA55 diodes are employed
in each of the grid circuits of 79 to ensure that the
quiescent grid potential is reached at high counting
rates.

The 100 Q resistors in series with the presetting
potentiometers serve to prevent excessive inter-
action of the potentiometer settings owing to the
inductance of these wire wound components.

The scaler may be preset manually by means
of S,. When this switch is pressed, the 0.47 pF
capacitor connected to it is suddenly charged so
that the voltage of the 50 k() presetting potentio-
meters quickly falls and the beam in each tube moves
to the ninth position. When S, moves back to its
normal position, the capacitor discharges through
the 1 mH choke and the 100  resistor producing a

negative going pulse which is fed to the input of the

scaler along the wire ABC and causes the scaler to
momentarily indicate zero. During this process the
last E1T is reset and this initiates the presetting by
means of V9.

5.18THE OUTPUT STAGE

The output pulse from the tapping on the cathod‘e
resistor of ¥7 is applied to the monostable circuit




of V8. The 2.6 M(} variable resistor in the grid cir-
cuit of ¥8 can be used in conjunction with the switch
S; to vary the time for which the relay is energised
from 20 msec to 2 sec. The maximum repetition
frequency of the output stage is about 20 c/s, but
the relay can be replaced by a thyratron circuit in
order to achieve the maximum repetition frequency
of the counter of about 3 kc/s. This is, of course,
the maximum number of batches which can be
counted per second, but the maximum rate at which
the input pulses can be counted is 12.5 ke/s.

The power supply for the circuit of Fig. 5.19 can
be indentical to that used for the 30 kc/s circuit of
Fig. 5.13, but the —60 V supply used for resetting
the decade tubes of Fig. 5.13 is not required. The
EB91 diodes connected to the E1T anodes must be
fed from a separate 6.3 V transformer winding, one
side of which is connected to the 4156 V line. The
EB91 diodes should be mounted close to the E1T
tubes to which they are connected and the internal
screens of the diodes should be connected to the
4300 V line to avoid pulses in one section of the
double diode from being picked up in the other.

The input pulses required for the operation of
Fig. 5.19 have similar amplitudes and durations
to those required for the circuit of Fig. 5.13. If
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necessary the circuit of Fig. 5.12 may be used to
shape the input pulses before they are fed into the
preset counter.

The optimum setting of the potentiometers for
any digit will vary slightly from decade to decade
according to the individual characteristics of each
EIT tube used. In order to adjust the potentiometer
settings, a 3 kec/s pulse generator should be con-
nected to the input and the potentiometer which
presets the units decade should be calibrated first,
the other potentiometers being turned in a clock-
wise position to the ends of their tracks (corres-
ponding to positions 9). The optimum position of
the potentiometer for presetting a tube to any digit
is midway between the points at which the tube is
just preset to the adjacent digits.

The other potentiometers are then calibrated in a
similar way, but the potentiometers of the previous
stages are set to zero during this operation. The
input pulse frequency may be raised to 12.5 kefs
during the calibration of the potentiometers which
preset the decade tubes which indicate the hundreds
and the thousands. The adjustment of the potentio-
meter which presets the thousands tube is somewhat
more tedious owing to the slow rate of counting
of this tube.

TO CATHODE OF £891 (V3)

+300V
Rs R R R R R R R R R Ry
10k €2 10k Q &2

R=4-7kQ +2%, KW

= ALL OTHER VALUES AS IN FIG.5.19

Fig. 5.20 The potentiometers of Fig. 5.19 may be replaced by the above circuit for switched presetting
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When an E1T is replaced, the calibration of the
potentiometers should be checked. Normally the
only adjustment likely to be required is a slight
rotation of the scale of some of the potentiometers,
but sometimes a new scale may have to be used.

519 SWITCHED PRESETTING

A ten way switch may be used to preset each de-
cade instead of a potentiometer. The type of circuit
used is shown in Fig. 5.20, this replacing the poten-
tiometers and the 100 £ resistors used in the circuit
of Fig. 5.19.

The adjustment of the variable resistors of Fig.
5.20 should be carried out with the aid of an oscil-
loscope and a pulse generator. The oscilloscope is
connected to the test point (Fig. 5.19) of the decade
being adjusted. The decade tube indicating the
units should be adjusted first, then that showing
the tens and so on.

When the decade is switched to position zero, the
oscillogram should show a descending staircase
waveform of ten distinct steps. As the digit to which
the stage is to be preset is increased, some of these
steps vanish. The potentiometer R, (Fig. 5.20)
should be adjusted with the appropriate decade
switched to position 1, the correct setting being
obtained when the transient in the centre of the first
step is of equal height above and below the level of
the step. R, should be adjusted with the decade
preset to position 7 so that the first of the three
steps on the oscillogram shows a transient which
has equal heights above and below the level of the
step. The next decade is adjusted in asimilar way,
R; (see Fig. 5.20) being adjusted with this decade
preset to one and R, with the decade preset to seven.

520 THEUSEOFANEIT TO FEED
ANELECTRO-MAGNETIC COUNTER
ORRELAY]

Each E1T tube can indicate only one digit, but one
electro-magnetic counter can indicate a number of
digits. In some scalers the input pulses are therefore
fed into one or more EI1T tubes and the output
pulses from the final EIT circuit are counted by the
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Fig. 5.21 A circuit for the operation of an electro-mag-
netic counter from an EIT circuit

electro-magnetic counter. The same type of circuit
may, of course, also be used to operate a relay.

The output pulses from the E1T circuits such as
that of Fig. 5.13 are not able to provide enough
power to operate an electro-magnetic counter
directly and their duration is measured in micro-
seconds whilst an electro-magnetic counter requires
pulses which are about one thousand times longer.
A circuit which will both amplify and lengthen the
pulses is therefore required. Normally a mono-
stable circuit is used.

One example of a monostable circuit used to oper-
ate a relay is the output stage, V8, of the predeter-
mined counter shown in Fig. 5.19. The maximum
permissible cathode current for the E90CC is, how-
ever, 15 mA. If a large relay or an electro-magnetic
counter taking a current in excess of about 12 mA
is to be used, the circuit shown in Fig. 5.19 is not
suitable, although it is always possible to use a small
relay which can be operated by the E90CC to
switch on a larger relay or a counter.

An alternative is to use a valve which can supply
more current to the relay or counter. Such a circuit
is shown in Fig. 5.21 in which an EL84 is used to
provide the power. The input pulses for this circuit
may be taken from the junction of the resistors
Ry, R,,and R, in Fig. 5.13.




V1 of Fig. 5.21 is a monostable circuit. Normally
Via is cut off and ¥1b is conducting. A positive
going input pulse causes Vla to conduct and the re-
sulting negative pulse at the anode of this tube is
used to cut off ¥1b. A positive pulse appears at the
anode of V1b and this is fed through the 90C1 tube
to the grid of ¥3. The output tube, V3, is normally
biased to cut off, however, but conducts when
each pulse is fed to it and thus operates the counter.

Table 5.1 THE E1T — ABRIDGED DATA

Heater
6.3 V at 0.3 A. Suitable for series or parallel operation.

Operating Conditions  Inter Electrode Capacitances

*¥, 300V Copat 10.5 pF
%Y, 300V Co —an 3.5 pF
*V, 300V Co'an 3.8 pF
*Y, 11.9+0.15V Cyran 6.8 pF
*V. 156+£1.5V C,pan 7.7 pF
I, 100 pA
I 900 puA

Ry 15kQ+1%
R, 39kQ+10%

1.0mQ +1%
R 47 kQ+5%

B12A Duodecal.
Connections see Fig. 5.3.

Base

* ATl voltages are quoted with respect to the chassis. Provided
that the ratios of these voltages are strictly maintained by using a
suitable voltage divider consisting of 1% tolerance Grade 1 resis-
tors, the supply need not be stabilised unless variations of more
than -- 109 are expected,

Operating Notes

The tube may be mounted in any position except hori-
zontal with the fluorescent screen facing downwards.

External magnetic fields can influence the operation
of the tube. The external flux density should not exceed
2 G (2x10~1 Wb/m?) in any direction.

Ctis advisable to use the tube in an ambient illumina-
tion of between 40 and 500 lux. If the illumination is low,
it may be difficult to read the figures on the mask of the
tube and occasionally some difficulty may be experi-
enced by the neighbouring spots showing some fluores-
ence. If the ambient illamination is too great, some
difficulty may be experienced in the observation of the
luminous spot. It is advantageous to mount the tube a
short distance behind the front panel so that the amount
of light falling on the tube is reduced somewhat.

12*
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The length of time for which the relay is energised
is determined by the time constant of the 1 MQ
resistor and 0.05 p.F capacitor in the grid circuit of
¥1b. The optimum pulse length depends on the
type of counter used; the values shown are suitable
for the P.O. 100 type counters which require a pulse
of about 1/20 sec. If a fast counter is to be used, the
value of the capacitor may be decreased to about
0.01 pF.

A capacitor can be used instead of the 90C1 tube.
The circuit takes quite a large current when the re-
lay or counter is energised and if the same H.T.
supply is used for the E1T circuits and for the cir-
cuit of Fig. 5.21, it is essential that it is stabilised.
1t is probably simpler to use separate H.T. supplies,
since neither then need be stabilised. The electro-
magnetic counter should not be placed near to any
EIT tube or the magnetic field may affect the ope-
ration of the tube.

521 REVERSE COUNTING

If suitable negative going pulses with a sharp leading
edge and a long trailing edge are fed to the E1T, the
tube will count in reverse®. Alternatively positive
going pulses with a long leading edge and a trailing
edge of high slope may be used. The resetting of the
tube from zero to nine can be accomplished by em-
ploying a pulse generated at the g, clectrode. If the
tube is indicating the digit zero and a suitable nega-
tive going pulse is fed to the x’ electrode, the elec-
tron beam will be deflected so that it no longer stri-
kes g,. The reduction in the current passing through
the g, series resistor enables a positive going pulse to
be taken from this electrode. This pulse can be used
to trigger a multivibrator which in turn provides a
suitable negative pulse to the %'/ deflector electrode
so that the tube is reset to indicate the digit
nine.

Other Scales

The E1T tube is essentially intended for scale of ten
counting. It is, however, possible to employ a catch-
ing diode which conducts when the EIT anode
reaches a certain positive potential during flyback
so that the beam stops before it actually reaches
zero™®.
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6

Beam Switching Tubes

Beam switching tubes are high vacuum devices
with heated cathodes which can be used to count at
maximum frequencies of between 1 and 10 Mc/s.
They may be classified into two main types which are
known as ‘Trochotrons’ and ‘Beam X’ switching
tubes. The trochotrons have a fairly large external
magnet ; they are manufactured by the Ericsson and
Mullard Companies in Great Britain and by the
Burroughs Corporation in the United States. The
Beam X switching tubes have ten smalil rod shaped
magnets inside the evacuated envelope which also
serve as electrodes. Beam X tubes are smaller than
trochotrons and not so susceptible to external
magnetic fields. The name ‘Beam X’ is a registered
trade mark of the Burroughs Corporation who
manufacture these tubes. The basic principles of
operation of trochotron and Beam X tubes are the
same, but there are many constructional differences.

Although the disadvantage of the relatively long
ionisation and deionisation times of gas filled tubes
may be overcome by the use of high vacuum devices,
the latter cannot be switched by the same mech-
anism as that used in polycathode gas filled tubes,
since there are no critical values of striking and
maintaining potentials and the absence of positively
charged ions prevents any priming from taking
place.

In beam switching tubes the electron beam rotates
in a complete circle through ten stable positions
when ten successive input pulses are applied to a
tube. The switching process cannot therefore be ac-
complished by simple electrostatic deflection as in
the other type of high vacuum tube, the EIT, in
which the electron beamis merely deflected through
an angle into ten successive stable positions and is

then reset. The necessity for resetting the E1T limits
the maximum counting speed and complicates the
circuitry. The E1T has the advantage over beam
switching tubes that it is self indicating, whereas
some form of external readout must be used when
beam switching tubes are employed in counting
circuits.

6.1 ELECTRON PATHS IN MUTUALLY
PERPENDICULAR MAGNETIC
AND ELECTRIC FIELDS

In order to understand the functioning of beam
switching tubes it is first necessary to consider the
paths which electrons take under the influence of
perpendicular magnetic and electric fields. This
should really be done by manipulation of differen-
tial equations® 2, but the following simple de-
scription will suffice for a qualitative account of the
functioning of beam switching tubes. The situation
is, in any case, complicated by space charge effects.

In Fig. 6.1 a potential is applied between the two
plates and a magnetic field is present with the mag-
netic intensity perpendicular to the plane of the
paper. Lines joining points of equal potential
(equipotential lines) have been drawn in the space
between the plates. If an electron is placed at point
a and its velocity is initially small, it will start to
move under the influence of the electric field to-
wards the positive electrode in a direction which is
almost perpendicular to the equipotential lines.

As the electron accelerates towards the anode,
however, it receives an additional force from the
magnetic field. This additional force acts in a
direction which is perpendicular to both the direction
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of the instantaneous motion of the electron and to the
magnetic field. As the electron moves from a, the
magnetic force therefore gives it an acceleration
either to the left or to the right (depending on the po-
larity of the magnetic field) along an equipotential
line. If the magnetic force tends to move the electron
to the left, its path will curve away from the anode
under the influence of the two forces as shown at b.

L ANODE

TN b
8 I ] I \
<] f e d a

UNIFORM MAGNETIC FIELD
PERPENDICULAR TO THE PAPER

==t

r CATHODE

Fig. 6.1 The trochoidal path of an electron in perpendi-
cular electric and magnetic fields

The electrostatic force is constant, but the magnetic
force increases with the velocity of the electron.
When the electron is moving parallel to the equi-
potential lines (as at c), the magnetic force will be
acting towards the cathode, since it always acts in a
direction at right angles to the path of the electron.
The latter therefore moves towards d.

As the electron approaches d its velocity is almost
in the opposite direction to the velocity it had
immediately after leaving a. The electrostatic field
is now opposing the motion and the electron slows
down until momentarily the component of its velo-
city in the direction of the electric field becomes zero
(at d). During the time the electron is moving away
from the anode the force on it due to the magnetic
field tends to accelerate it towards the right-hand
side of Fig. 6.1 and this reduces the component of
its velocity along the equipotential lines to zero at
point d. The eleciron is accelerated from d by the
electric field and completes further similar loops
de, ef and fg. The magnitude of each step is deter-
mined by the relative magnitudes of the electric and
magnetic fields.

It can be shown mathematically that the curve
shown in Fig. 6.1 which the electron follows is a
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Fig. 6.2 The distortion of equipotential lines in the region
of an electrode

trochoid, but the important point is that the elec-
tron beam, as a whole, ‘drifts’ along the equipoten-
tial line from a to g. Under the influence of the elec-
tric field alone the electron beam would move in a
direction perpendicular to the equipotential lines.
The effect of the magnetic field is, therefore, to alter
the direction of the beam by 90°.

If the magnetic field intensity is small relative to
the electric field intensity, the electron beam will
commence to move in a trochoidal path, but the
magnetic field may be too small to prevent the elec-
trons from reaching the anode. There is a value of
magnetic field strength which is just large enough
to prevent electrons from reaching the anode and in
this case the point ¢ of Fig. 6.1 will be at the surface
of the anode.

If an additional electrode, the plate P, is placed
in the system as shown in Fig. 6.2, the equipoten-
tial lines will be deflected in a way which depends on
the potential of P. In the case shown in Fig. 6.2, P
has the same potential as that of the equipotential
line marked C.

It has been shown that the electrons travel along
equipotential lines in the systems being discussed.
If therefore a source of low energy electrons (such
as a heated cathode) is placed successively on va-
rious equipotential lines (which necessitates the
source having the same potential as the line on which
itis placed), a large number of electrons will reach P
only if the electron source is situated on or very near
to the line C. If the electron source is placed on any
other equipotential line, the electrons will travel
along the line and the majority of them will pass
above or below P.




Similarly if the electron source is placed on the
line C and the potential of P is varied by means of
the variable resistor shown, the number of elec-
trons reaching P will be a maximum when the
source has such a potential thatit lies on the
equipotential line C. If the electrode does not
have this potential, the distortion of the equipot-
ential lines will be different from that shown; P will
therefore no longer be situated on the line C so that
electrons passing along this line will not strike P.

The current/voltage characteristic curve for the
electrode P shows a single maximum at the poten-
tial of the line C, the current falling off steadily on
each side of this maximum. The curve thus shows
a negative resistance effect on the one side. The so-
called spade electrodes of beam switching tubes
have a characteristic similar to that of P, the impor-
tance of this will be seen shortly.

62TROCHOTRONS

Tubes operating on the trochotron principle were
first described in 1947 by H. Alfvén® % who der-
ived the name trochotron from the trochoidal path
of the electrons in the mutually perpendicular elec-
tric and magnetic fields used in these devices. In
some ways the trochotron resembles the magnetron
valve in which similar perpendicular fields are used.

6.2.1 Construction

Several different basic designs of trochotron tubes
are possible; for example, the linear or plane tro-
chotron, the binary trochotron and the cylindrical
trochotron. Trochotrons with two dimensional
electrode structures have also been described®.
This discussion will be limited to the cylindrical
type, since the others are not generally available.

The shape of a typical trochotron, the Ericsson
VS10G, can be seen in Plate 11, the magnet being
cemented around the tube as shown. The dome is
merely a cap which protects the vacuum seal. A cross
sectional diagram of a typical Ericsson trochotron
is shown in Fig. 6.3. The shape of the electrodes
varies somewhat according to the type of tube; in
particular, the Mullard and Burroughs tubes have
rod shaped switching grids.
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Fig. 6.3 A typical trochotron tube seen in cross section

It can be seen from Fig. 6.3 that there are four
different types of electrode in the tube. In the centre
there is a cylindrical oxide coated cathode which is
indirectly heated. Thirty electrodes are placed
around this cathode as shown so that the tube as
a whole is symmetrical. Ten of these electrodes are
main anodes or target electrodes; they collect most
of the electron beam and areused as output elec-
trodes in most applications. The ten spade electrodes
enable the beam to be formed and to be stabilised
at any desired target electrode. The remaining ten
electrodes are known as switching grids and are used
to produce the distortion of the electric field in the
tube which causes the switching action to occur. The
five evenly numbered switching grids are connected
to a common base pin and the five odd switching
grids are also connected together. These two sets
of grids are usually shown on the left-hand side of
the circuit symbol (Fig. 6.4) for the tube, since the
input is fed to them.

6.2.2 Operation

The basic circuit for the operation of a trochotron
is shown in Fig. 6.4%. The same positive potential
is initially applied to all of the target and spade elec-
trodes whilst the switching grids are held at about
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Fig. 6.4 The basic trochotron circuit with typical component values

half this voltage. The uniform magnetic field (nor-
mally some 200 to 500 Oersteds) is large enough to
prevent electrons from reaching any of the electro-
des surrounding the cathode when the normal work-
ing potentials are applied to the tube. The electric
field is symmetrical and therefore the equipotential
lines are concentric circles around the cathode.
Electrons which leave the cathode will rotate around
it following one of the equipotential lines. They
form a space charge or virtual cathode. Thisis the
cut off condition of the tube.

If the ‘set zero’ switch is closed momentarily, the
potential of the zero spade will fall to that of the
cathode, thus distorting the electric field. It is
now possible for the electron beam to leave the
cathode and travel along an equipotential line to
the zero spade. Once the beam is within the enclos-
ure formed by two spades, one switching grid and
one target, the effect of the electric field becomes
more important than that of the magnetic field and
about 90 % of the electrons pass to the target (which,
of course, has a positive potential) as shown in
Fig. 6.3. The remaining 109 pass to the spade
electrode. Only a small fraction of the maximum
possible cathode current is used to form the electron
beam.

When the “set zero” switch opens again, the
spade current will flow through the spade resistor.
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The voltage drop across this resistor results in the
potential of the spade being held at a value which is
not very different from that of the cathode and
therefore the electrons can continue to flow along
the equipotential line from the region of the cathode
to the spade. Thus the beam is effectively locked at
the zero position until the distortion of the electric
field is altered by changing the switching grid
potential.

6.2.3 Spade Characteristics

The action of the spade potentials can be studied
more thoroughly by means of the characteristic
curves. Curve I of Fig. 6.5 shows a typical spade
current/spade voltage static characteristic for the
holding spade® (the holding spade is the spade
which is conducting). The potentials of the non-
conducting spades, the targets and the switching
grids are all held at a constant potential (often
+100 V) relative to the cathode of the tube whilst
the curve is being plotted. The peak of curve I occurs
at about 2-3 mA for a typical trochotron. It should
be noted that it occurs when the spade has a poten-
tial of approximately zero volts with respect to the
cathode. At this potential the electrons can flow
to the spade along the equipotential line in the




;ame way that they could flow to the electrode P in
Fig. 6.2.

A typical load line, abc, intersects curve I at three
»oints. At point a the current is zero and the spade
-oncerned has ceased to conduct. At point b the
slope is negative. If the current taken by the spade
should increase very slightly, the spade potential
will decrease (owing to the voltage drop in the
spade resistor) and this will cause a further increase
of spade current which results in a cumulative
effect. Similarly if the spade current decreases
slightly, a cumulative effect will occur in the oppo-
site direction. Thus the point b is unstable, Point ¢
is the normal operating point of the conducting
spade and is stabilised by feedback; if the spade
current increases slightly in the region of point ¢,
the spade potential will decrease and this tends to
counteract the increase of spade current.

The upper dotted load line of Fig. 6.5 represents
the minimum value of spade load resistor which
should normally be employed. If a smaller value is
used, the load line will be steeper and will no longer
cut the characteristic at points such as b and c. The
only stable operating point will therefore be at a
where the spade current is zero.

HOLDING SPADE....CURVE T
LEADING SPADE.....CURVE TL

SPADE
CURRENT

CURVE IL

CURVE TIT

CURVE I

SPADE VOLTAGE =t

Fig. 6.5 Spade characteristics.
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Curve 11 of Fig. 6.5 is the dynamic or leading
spade characteristic curve. It is obtained by main-
taining one spade (the holding spade) at the cathode
potential and plotting the current Jvoltage curve for
the succeeding spade whilst the targets, the switch-
ing grids and the other spades are kept at a constant
potential (often +100 V) with respect to the cathode.
The spade succeeding the holding spade is known as
the leading spade. When the tube is switched, the
leading spade becomes the holding spade and the
characteristic of curve II is transformed into curve
1 at a rate which depends on the value of the spade
load resistors and the stray capacity in the spade
circuits.

The lower dotted line of Fig. 6.5 represents the
maximum value of the spade load resistor which
should be used. It is a tangent to the dynamic spade
characteristic at point d. If a value of spade load
resistor greater than that corresponding to the
lower dotted line is employed, the load line would
always intersect the leading spade characteristic
at only one point, e, which will result in a continuous
rotation of the beam.

The shape of the curves are altered somewhat by
variations of the spade potentials. The maximum
and minimum values of the spade resistors are
therefore also functions of the spade supply voltage.
If the supply voltage to the spades is steadily redu-
ced, a point will be reached at which the beam will
be extinguished. The extinguishing voltage, however,
depends somewhat on the values of the spade
resistors.

The holding spade potential may be negative
with respect to the cathode by up to about 20 V&,
Thus the electrons are flowing against the electric
field and must be giving up energy to the field.
Currents of this type are known as ‘N’ (negative)
currents. They arise from an interchange of energy
between the electrons as a result of oscillations in
the trochoidal beam™®. Electrons which gain
energy reach the spade electrode in spite of the
small opposing electric field. These electrons flow
through the spade resistor and maintain its poten-
tial at a negative value with respect to the cathode.
The holding spade voltageis dependent on the spade
supply voltage and the value of the spade resistor
employed.
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6.2. Switching Grids

The switching grids are normally held at their
quiescent positive bias potential. If the potential of
the switching grids is lowered, the position of the
equipotential lines in the region of the cathode is
not appreciably affected owing to the screening
effect of the spade electrodes. If the electron beam
is passing to one of the target electrodes, however,
the reduction of the potential of the associated
switching grid will cause the equipotential lines to
move across towards the grid so that the leading
spade receives some of the beam current. The flow
of current through the leading spade resistor lowers
the potential of this spade which causes the equi-
potential lines to move further in a clockwise direc-
tion (in Fig. 6.3) so that the leading spade receives
more current and falls further in potential. A cum-
ulative action thus takes place which results in a
rapid movement of the electron beam so that the
leading spade momentarily takes the whole of the
beam current. The magnetic field causes the beam
to rotate to the side of the spade which is nearest
to the target which is about to conduct. The spade
potential falls and most of the beam passes to the
target. The counting operation has now been comp-
leted.

Tt should be noted that this action can only be
initiated by a lowering of the switching grid poten-
tial when the beam has already been formed at one
target. Only the switching grid which is nearest the
target at which the beam is resting produces any
effect, since the other switching grids are screened
from the electron beam by the spade electrodes.

If the potential of all the switching grids were
lowered simultaneously, the beam would switch
to its next stable position and would then continue
to switch from target to target until the input pulse
at the grids terminated. The frequency of rotation
of the beam would be determined by the values of
the resistors used in the spade circuits and by the
stray capacitances. In order to prevent continuous
switching, the switching grids are usually connected
alternately in two groups of five. When a negative
pulse is applied to one set of switching grids, the
beam will move into the succeeding position but
will not move any further, since the next switching
grid is connected to the other set of guides and is
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not therefore receiving a negative pulse. The input
switching pulses are applied alternately to the two
sets of guides from a valve or transistor bistable
circuit. Other methods of driving trochotrons will
also be discussed.

The direction of rotation of the electron beam is
determined by the polarity of the magnetic field and
by the fact that the tube geometry is not symmetri-
cal in each direction. The beam can move only in a
clockwise direction in the trochotron of Fig. 6.3,
the switching grids pulling the beam off the target
towards the leading spade.

Itis instructive to consider the effect of the switch-
ing grid potential on the shape of the leading
spade characteristic (curve IT in Fig. 6.5). If the
potential of the switching grid is reduced, the tail
of the leading spade characteristic is raised to a
position such as that of curve 1T of Fig. 6.5. The
load lines now cut the leading spade characteristic
only at negative spade voltages. As the operating
point moves towards a negative spade potential
the tube is switched, therefore, to the next stable
position.

The degree of lift of the tail of the leading spade
characteristic for a certain negative switching grid
pulse is a measure of the reliability of the switching
process in the tube concerned and is determined
mainly by the geometry of the switching electrodes.
These electrodes may consist of flat plates or of
small diameter rods. The flat plate type of switching
grid (as used in Ericsson tubes and as shown in
Fig. 6.3) has the advantage that it can produce a
pmuch greater lift of the tail of the leading spade
characteristic and therefore an improved switching
action®, but it suffers from the disadvantage that
it draws a current of a few hundred microamps
during the switching operation. In addition, five of
the plate type of switching grids connected in paral-
lel have an input capacitance of about 25 pF and
therefore a low impedance circuit must be used to
drive this type of tube at high frequencies. T he rod
type of switching grid (such as used in the Mullard
ET51 and in the Burroughs tubes) takes an almost
negligible current and has a much smaller input
capacity (five grids in parallel have a capacity of
about 9 pF to earth); higher impedance drive cir-
cuits may therefore be used.




The quiescent switching grid potential or bias
which is required is proportional to the spade
supply voltage used. If the switching grids receive a
positive bias which is too large, the input pulses
which are used to overcome this bias and cause
switching must be of larger amplitude. On the other
hand if the bias is too low, the trochotron may
switch automatically without any input pulses being
applied. The flat plate type of switching grids
requires a bias equal to about half the spade supply
voltage, whilst the bias required for the rod type
of switching grid is about one quarter of the spade
supply voltage. Suitable switching grid bias voltages
and input pulse voltages for the operation of various
types of beam switching tubes are shown in Table
6.1.

The diodes D, and D, in Fig. 6.4 are used to
clamp the switching grid voltage to the bias level;
that is, they prevent the grids from becoming more
positive than the potential of the bias supply.

6.2.5 Target Characteristics

The potential of the target electrodes has little effect
on the beam current owing to the screening effect
of the spade and switching grid electrodes. The
target current/target voltage characteristic is there-
fore very similar to that of the anode current/anode
voltage characteristic of a pentode valve. A prom-
inent ‘knee’ is present in the target characteristic at
a target voltage of approximately half the spade
supply voltage®. At target voltages above this knee
the targets can be used as output sources of constant
current; trochotrons are therefore ideal devices for
driving numerical indicator tubes. The target loads
should be chosen so that the targets do not operate
below the knee of the characteristic, since the
switching action of the tube is affected if the target
current is not independent of the target voltage.

The magnitude of the target current is determined
by the spade potential. The tube manufacturers
normally attempt to obtain the maximum possible
target current for a given spade voltage. At count-
ing speeds greater than about 200 ke/s the target
current will tend to decrease®, since after each
switching operation the holding spade voltage has
to rise to the spade supply potential and this takes
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a short time. The effect is the same as if the spade
supply voltage had been reduced. The drop in
output current at 2 Mc/s is about 409, of the output
current at low speeds. This fall in output can be
reduced by using suitable circuits, for example the
spade resistors may be returned to the correspond-
ing targets instead of to the common voltage
supply line. A lower value of spade resistor can
then be used and this reduces the spade recovery
time constant.

The maximum output voltage from a target is
Jimited by the maximum permissible voltage across
the tube and by the fact that the target voltage
should not be allowed to fall below the knee of the
characteristic (which is approximately half the
spade supply voltage). The maximum pulse output
voltage is thus equal to the maximum permissible
target to cathode voltage minus half the spade
voltage.

If the output pulse voltage from a target exceeds
about 75 V, it is necessary to consider the effect of
internal feedback via the inter-electrode capacities
of the tube, since this may impair reliability. If the
tube will not be required to operate at very high
speeds, this feedback may be reduced by means of
small capacitors (about 10 pF) connected across
the spade resistors.

The target current will not be exactly the same
at each position owing to small variations in the
magnetic field strength and to small geometrical
differences in the electrodes at various positions.
This effect can be reduced by the use of a cathode
resistor to raise the cathode potential to between
50 and 75 V above earth®. The resistor should be
by-passed by a capacitor of about 1,000 pF. The
use of a cathode resistor enables circuits with
directly coupled inputs to be designed more easily.

If an output pulse is required from only one target
(e.g. for triggering the next decade), the other tar-
gets may be joined together and fed from a single
resistor. Any target from which a separate output
pulse is to be taken must have a separate resistor.

6.2.6 Leakage Currents

When the trochotron is cut off (that is, when the
beam has not been formed in any position), the
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magnetic field should, in an ideal tube, ensure that
no current passes to any of the spades or other
electrodes. In actual tubes there are small leakage
currents of the order of 5 pA per spade due to the
following three factors. In a rotating space charge
some of the electrons will gain sufficient energy
from other electrons to enable them to reach the
spade electrodes. In addition, further leakage cur-
rents arise from the slight non-uniformity of the
magnetic field and from leakage across the external
and internal connections to the tube.

The leakage current must not be large enough to
cause an appreciable change in the spade potential
when it flows through the spade resistor. The current
tends to increase somewhat during life as the magnet
ages, but if the magnet comes into contact with any
magnetic materials, a large increase of the leakage
current may occur and the performance of the tube
may be impaired.

6.2.7 Maximum Speed of Operation

The British trochotron tubes which are commer-
cially available have a nominal maximum conti-
nuous operating speed of 1 or 2 Mc/s. The Bur-
roughs MO-10R tube and its magnetically shielded
version, the BD309, will operate at frequencies up
to 10 Mc/s; the spade resistors of these particular
tubes, however, are included inside the evacuated
envelope in order to reduce the stray capacities to
a minimum.

It has been shown® that a trochotron with a
maximum continuous counting speed of 2 Mc/s
has a typical resolving time of about 0.16 p.sec when
up to nine pulses are to be counted. The maximum
continuous operating speed is, however, determined
by the time taken by the spade electrodes to reach
their quiescent potential after a switching opera-
tion. Calculations show that a maximum continuous
operating speed of about 3.7 X 10® pulses per second
may be expected®. Speeds of about this value are
obtained when the switching grids are all connected
to the cathode and the electron beam is allowed to
rotate freely, but in actual counting circuits a lower
limit is imposed on the maximum continuous count-
ing speed so that there is no possibility of the beam
being extinguished.
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6.2.8 Reset

If the beam is formed at any target and it is desired
to reset the trochotron, the tube must first be return-
ed to the cut off condition. The beam may then
be reformed at the zero target or at any other des-
ired target. The ‘set zero’ switch of Fig. 6.4 can be
used to carry out both of these operations. When
this switch is closed, the spade potentials are all
momentarily reduced to the cathode potential
(owing to the effect of C,) and the beam is cut off.
As C; charges, the potentials of spades one to nine
inclusive increase to about half the supply voltage.
The zero spade remains at the cathode potential
and the beam therefore forms at this electrode.
When the set zero switch is released, spades one to
nine return to the H.T. supply potential immedia-
tely, but the capacitor C, delays the rise of the pot-
ential of the zero spade and ensures that the elec-
tron beam remains in the zero position.

If the trochotron is fed from a bistable circuit,
the latter must be reset before the trochotron beam
is formed in the zero position, or the tube may
switch to position one.

6.2.9 Practical Precautions

Magnetically shielded versions of some types of
trochotron tubes are available (see table of tube
data). These shielded versions are of larger diame-
ter, somewhat more expensive and about three
times heavier than the unshielded tubes, but they
have the advantage that they can be used in mag-
netic fields and in close proximity to magnetic mater-
ials (including other trochotron tubes). The shield-
ing is achieved by the use of a mu-metal screen
and a tapered magnet. The following precautions
concerned with the operation of trochotron tubes
in magnetic fields or near to magnetic material apply
only to unshielded tubes.

A magnetic field strength of less than about 25
Oersteds will generally cause a negligible effect on
the operation of a trochotron, whilst field strengths
from about 25 to 50 Oersteds will cause changes n
the tube currents without impairing the functioning
of the tube(®. Field strengths above about 50 Oers-
teds will probably affect the operation of the tube.




Care should be taken that the magnet of a tro-
chotron tube does not receive any mechanical shock
and that no magnetic material comes into contact
with it. Unshielded tubes should not be mounted
within 2 in. of any magnetic material or within
4 in. of another trochotron, a magnetora mu-metal
screen.

If the tubes are placed end to end, they may be
spaced somewhat closer than the recommended
4 in. When placed end to end with the magnetic
fields of the two tubes assisting each other, the mag-
nets should be separated by a distance of at least
3 in. Generally, however, it is more convenient to
place them end to end with their magnetic fields
opposing each other, since the base connections
of the two tubes are then at opposite ends of the
combination. In this case the separation between
the magnets may be as low as 2 in.® which results
in a separation of about / 4 in. between the domes
of the tubes.

Trochoirons may be mounted through a steel
panel or chassis provided that they are inserted in
holes which are not less than 21/8 in. in diameter
and provided that they are placed in the hole so
that the steel panel is within '/, in. of the centre of
the tube magnet®.

The spade resistors should be soldered as closely
as possible to the base of the tube so that stray
capacities are reduced to a minimum. If the stray
spade capacities are appreciably increased by poor
circuit layout, the maximum operating frequency
will be reduced. Care should also be taken that
the values of the spade resistors and of the spade
supply voltage are suitably chosen or the tube may
either oscillate or not switch at all.

6.3 TROCHOTRON CIRCUITS

6.3.1 Drive Circuits

There are three basic ways in which the input volt-
ages required for the operation of trochotron tubes
may be obtained. If the input is a sine wave, the
type of circuit shown in Fig. 6.6 may be emp-
loyed® ©_ It has the advantage of being very simple,
but the switching rate is twice the input frequency
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Fig. 6.6 A sine wave input circuit for a trochotron

since both the positive and negative peaks of the
sine waves are counied. The output of the centre
tapped secondary winding of the high frequency
transformer is 50 —0—50 V.

Another type of trochotron drive circuit is shown
in Fig. 6.7 9. The two sets of switching grids are
connected together and small capacitors (marked
C) may be connected from each spade to carth so
that the switching speed of the tube is deliberately
reduced. The input pulses for the switching grids
may be obtained from the blocking oscillator cir-
cuit shown. It is essential that the duration of the
pulses to the switching grids be kept shorter than
the switching time of the tube so that double swit-
ching on one input pulse cannot occur; the output
from the blocking oscillator satisfies this condition.
This type of circuit is known as discrete or single
pulse drive. The potential divider resistors marked
R,, R, and R; should be chosen so that their junc-
tions have the potentials marked in the circuit dia-
gram.

The most common type of trochotron input cir-
cuit employs a bistable multivibrator circuit, the
two sets of switching grids of the trochotron being
fed from the two anodes of the multivibrator. Each
input pulse reverses the state of the bistable circuit
so that the potential of one set of switching grids
is lowered at the same time as the potential of the

189




+HT.

+150 V

100k QQ
Lc
-l: 47k QY -'j:__:
_______ e

U/

9
VSI0H

5-7TmA

§R3 1000pF ==

001
[ T F T oV
~15Y
Fig. 6.7 A discrete pulse drive circuit for a trochotron
L +200V

i5kQ2 é
5%

ISkQ% %m&z
5%

(7 T
(1
47k§.’2 [ ( +120V
s >
v L go2 | i\
4;rF [ Dsg )
P 0a8t | 100 o
6-8xQQ L
oF
PuL5es
270 270
k2 194 22pF|  47pF m —
59, 5% J_ ___“__g_ﬁ 00k
Vi
12A07
RESET
PULSES
Dy oV
A8}
6 2k) ...._9'0‘
5% “TuF
INPUT o

f J

Fig. 6.8 A trochotron circuit for use at frequencies up to 200 kcls




other set is raised. A circuit of this type which can
operate at frequencies up to about 200 kc/s is
shown in Fig. 6.8,

The negative going input pulses to the multi-
vibrator circuit of Fig. 6.8 should have a minimum
amplitude of about 10 V and a minimum duration
of about 2 psec. The negative going output pulses
have an amplitude of about 35 V; if they are to be
used to drive a second identical decade, the resistor
in the zero target circuit may be replaced by a
3.3 kQ and a 1.5 k&) resistor placed in series, the
3.3 kQ resistor being connected to the target. The
output may then be taken from across the 1.5 kQ
resistor and will consist of the required pulses of
about 10 V in amplitude for the operation of the
next decade. The diodes Dy and D, enable the input
pulses to be fed to the valve grids whilst isolating
the grids from each other. The diode D, normally
returns the grid of ¥la to earth, but when a reset-
ting pulse is received Dy is cut off so that the pulse
is fed to the grid of ¥1a. The bistable circuit is thus
reset with the trochotron tube reset pulse. The diode
D, prevents a negative pulse from the grid of Vla
from being fed into the bistable circuit of another
decade where it would trigger the latter. The ma-
nually operated reset switch also resets both the
trochotron and the bistable circuit.

If a trochotron which employs the flat plate type
of switching grid is to be used at frequencies above
about 200 kc/s, the grids of the tube should be fed
from low impedance sources (such as power amp-
lifier tubes or cathode followers) which can supply
the current required by the switching grids, includ-
ing that required to rapidly charge the switching
grid capacitance.

Fig. 6.9 shows a circuit which can drive the
VS10H at frequencies up to the maximum recom-
mended for the tube, namely 2 Mc/s*>'®. The neg-
ative going input pulses should have an amplitude
of not less than 15 V and a duration of not less than
0.25 psec. They are fed via two diodes to the grids
of the bistable circuit, ¥2 and ¥3. The outputs
from this circuit are fed into V4 and V'S which are
EL821 power amplifier valves in a push-pull cir-
cuit. These tubes can provide ample current to
feed the switching grids of the VS10H even at high
operating speeds. The EB91 diode, V6, serves to
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clamp the switching grid potential to that of the
cathode of the GDY0OM voltage stabiliser tube.
The circuit of ¥1 in Fig. 6.9 enables the trocho-
tron to be reset electronically. The positive going
reset pulses of 50 V amplitude and not less than
1.5 psec duration are fed to the grids of ¥la and
¥1b. The output from the anode of V1bis used to
reset the bistable circuit (V2 and ¥'3) and also to
reset the trochotron by the same mechanism as that
used in the circuit of Fig. 6.8. The output from the
anode of ¥la can be used to reset a succeeding
decade. A manual reset switch is also provided.
If the circuit is operating at its maximum fre-
quency of 2 Mc/s, the output pulses will have a
frequency of 200 kc/s and can be counted by the
circuit of Fig. 6.8. The amplitude of the output pul-
ses from the circuit of Fig. 6.91s too large for feed-
ing into the circuit of Fig. 6.8 directly, but a
tapping may be made on the zero target resistor of
the Fig. 6.9 circuit so that the desired fraction (about
one eighth) of the output pulse may be obtained for
feeding into the input stage of the next decade.

6.3.2 Readout

The target current of a trochotron may be used to
operate a relay, a miniature neon diode in series
with the target electrode, a transistor which switches
on a lamp, etc., but normally readout is effected
by means of a cold cathode indicator tube. The
target current of a trochotron is almost indepen-
dent of the target voltage provided that the tube
is operated above the knee of the target charac-
teristic; a trochotron is a very suitable device for
driving a numerical indicator tube, since the operat-
ing voltage of the latter is substantially indepen-
dent of the current over the working range.

A circuit for the operation of the GR10A indic-
ator tube is shown in Fig. 6.10¢% 9. This tube has
the same type of display as the cold cathode count-
ing tubes discussed in Chapter 4 and is therefore
very useful when the trochotron circuit is followed
by cold cathode decade tubes. The input circuit of
Fig. 6.10 comprises a bistable circuit which is
directly coupled via a cathode follower to the
VS10G. The low impedance of the cathode follower
provides enough switching grid current to drive

191




ELECTRONIC COUNTING CIRCUITS

22kQ2 k2

5-6% 02
§sm
W

RESET FOR
NEXT DECADE

”’f; 6-8kQ o) 6-8k{)
2 W 2W 3

\ 5
g o
RESET
PULSES
Vi{b) fsﬁ%
R [ oxcx. |
100pF === {
N i
b i
Yo ) |
Vol Vs iJ
e 0.5! (ARYA
uF ?ookQ (6CHEY (6CHE)
L L L L T 5, L b N
[ 4 P > ” g
= 12k
W 91kQ
L“,_.a_avsvc}/\, .
- o
T?JF‘ 100pF LETh i AL OABI‘ZE: 220xQ loasie  S220kQ2
> T 4 0A8I E—I_) q L
. 0A8 9k .1, .L 560 . _m.E 560
220k 2 ZkQé { ks l co ] © l,JFT Q) 0-ipF 1 Q
@ ‘OflPF [ [ 10k
INPUT i W A
RESET PULSE i PUSH-PULL LOW
< AMPLIFIER > BISTABLE CIRCUIT {MPEDANCE AMPLIFIER

the trochotron at any frequency up to the maximum
recommended for the tube (1 Mc/s). The current
flowing through the cathode resistor enables a
suitable value of the switching grid bias to be
obtained and also stabilises the value of the tro-
chotron cathode current. The input pulses to this
circuit should have an amplitude of 30 V and a
duration of not less than 0.2 psec.

In the circuit of Fig. 6.11(a), a VS10G trochotron
is used to drive the Ericsson GR10G side viewing
Digitron numerical indicator tube(®, whilst in the
circuit of Fig. 6.11(b) a VSI0H tube is used to
drive the GR10H end viewing Digitron‘?. Any of
the input circuits discussed previously may be used
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Fig. 6.9 A VSIOH circuit for operation at up 1o

with these circuits. The GR10H requires a smaller
current than the GR10G.

In such circuits the Digitron is extinguished when
the operating frequency of the trochotron exceeds
about 200 kc/s, but as soon as the counting speed
falls, the Digitron will indicate the correct count. In
order to ensure that the trochotron operates on the
constant current part of the target characteristic,
the circuit must be arranged so that the target volt-
age never falls below half the spade supply voltage
even if the Digitron current is zero during high speed
counting. The targets must therefore be supplied
with current from an H.T. line as well as from the
Digitron. A potential of about 100 V is maintained
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permanently across the Digitron. The additional
voltage dropin the target resistor which is conduct-
ing is sufficient to cause the appropriate Digitron
cathode to conduct. The target current divides itself
between the target resistor and the Digitron. The
anode resistor of the Digitron may be omitted
in some cases, but this may restrict the choice
of circuit values.

The value of the target resistors required in cir-
cuits employing Digitrons and trochotrons (such as
those of Fig. 6.11) may be calculated as follows. If:

Vy = target supply voltage
¥V, = digitron anode supply voltage

13
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I, = digitron current

R, = digitron anode resistance (if used)
Vr = digitron maintaining voltage

I, = trochotron target current

Target to cathode voltage = Vy—I—Ip)Ry =
= Vp—IpRp—Vr
Vr—(Vp—Vr—IpRp)

Ip—Ip

Hence Rr =

It is also important that R, should be less than

w where V is the spade supply voltage,
T

or the trochotron target current will not be inde-

pendent of the target voltage.

6.3.3 The VS10K

The VS10X trochotron is a low voltage tube with
flat plate switching grids which has been designed
for use with transistor drive circuits. The magnetic
field strength is about half that used in the higher
voltage tubes, and the target current is about
2mA.

A typical VS10K circuit which can operate at fre-
quencies up to about 1 to 1.5 Mc/s is shown in Fig.
6.12'¢12_ This circuit operatesfrom a 28 V supply.
The input pulses (of about 10 V amplitude and
0.25 psec duration) are fed to a bistable circuit emp-
loying 2N269A or ASZ20 transistors which drive
the trochotron. If the left-hand transistor is con-
ducting, the potential drop across its collector res-
istor will keep the base of the other (non-conduct-
ing) transistor relatively positive. Positive going
input pulses will reach only the base of the conduct-
ing transistor, since the OA81 diodes in the input
circuit prevent them from reaching the more pos-
itive base of the non-conducting transistor. The
pulses from the output target arcinverted in phase
by a third 2N269A or ASZ20 transistor so that
they are suitable for the operation of a similar
succeeding decade. The reset switch will reset both
the bistable circuit and the VS10K.

If some form of readout is required, an OC76
transistor may be used in any target circuit to switch
on a small 6.3 V tungsten filament bulb as shown in
the inset of Fig. 6.12. Alternatively, the trochotron
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Fig. 6.11 The operation of Digitrons from trochotrons

may be used to control an OC76 transistor which
operates a relay as shown. A diode is placed across
the relay to remove inductive surges.

1f a transistor driven VS10K circuit is required to
operate a Digitron tube, a high voltage supply is
essential. A typical circuit is shown in Fig. 6.13 in
which two OC44 transistors are used in a bistable
circuit to drive the VS10K at up to 200 kc/s®. The
spade resistors are by-passed with 12 pF capacitors
in order to reduce the interaction between the target
pulses and the spade circuits. The beam may be
formed by closing S;. :

If Digitron readout is required from a trochotron
circuit, one of the high voltage trochotron tubes is
normally used as a high voltage supply is available.

6.3.4 Fast Electronic Resetting

The circuit of Fig. 6.14 can be used to rapidly reset a
trochotron by means of a negative going resetting
pulse of about 30 V in amplitude and 1 msec in du-
ration®. Normally the cathodes of the 12AU7 tube
and the trochotron have a potential of about 50 V
with respect to earth, whilst the grid of the 12AU7is
maintained at about +20 V above earth. The
12AU7 is therefore cut off.

When the EL821 is cut off by the resetting pulse,
the trochtron is also cut ofi. The common cathode

13+

potential of the trochotron and the 12AU7 falls
until the triode conducts. The zero spade is reduced
to a low potential by the flow of the triode anode
current through the spade resistor and this results in
the beam being formed at the zero spade. The 12AU7
is then cut off again. The resistor values shown are
suitable when a Digitron is employed, but they may
be altered according to the circuit being used. If the
trochotron cathode current is less than 8 mA, the
other half of the 12AU7 may be used in place of the
EL821.

6.3.5 Presetting

Outputs may be taken from one preselected target
in each decade and fed into a coincidence circuit
(somewhat similar to that of Fig. 3.20) so that an
output pulse is obtained only at the preselected
count. Alternatively the beam in each tube may be
formed at any desired target. If the beams of a
three decade scaler are preset to, say 628, an out-
put pulse will be obtained after 1,000-628 = 372 in-
put pulses have been fed to the circuif.

6.3.6 Coupling to Dekatrons

It is often desirable to use a fast trochotron circuit
to drive a suceeding slower (but more economical)
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q”_,

cold cathode decade tube circuit. The pulses from
the trochotron output target will vary with the count-
ing speed and will not in general be suitable for driv-
Rr 100k 2 330k$2 ing a cold cathode decade tube directly. The circuit
of Fig. 6.15® may be used to convert the output
pulses from the trochotron into pulses of about 140V
in amplitude and of about 25 psec duration which
are suitable for driving a GC10D single pulse Deka-
tron. The value of the coupling capacitor (100 pF
in the circuit shown) may be altered so as to provide
§ 0k pulses of a different duration which are suitable for
operating other types of cold cathode decade tube.

) 0AS! Normally the right-hand triode is conducting
1 whilst the left-hand triode is cut off by the bias

Y, 12A07

developed across the common cathode resistor. The
trochotron output pulse is coupled to the grid of the

el right-hand triode and cuts it off. The OAS81 diode
(6CHG) —120V prevents the trailing edge of the pulse from the
trochotron from causing the monostable circuit to

Fig. 6.14 An electronic resetting circuit return prematurely to its quiescent state.
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Fig. 6.15 A circuit for coupling a trochotron to a GCI0D
Dekatron

6.3.7 Scaling Factors Other than Ten

Although basically intended for use as a decade
tube, trochotrons can be used to divide the incom-
ing pulses by various factors other than ten. For
example, if targets 0 and 5 are joined together and
all of the other targets are also joined, the circuit
will divide the incoming pulses by five. The output
is taken from the common connection to the targets
0 and 5. Similarly if alternate targets are connected
together so as to give two separate groups of five
targets per group, the circuit will divide by two'®,
Each group has its own target resistor.

If spade 4 is connected to spade 5, when the beam
moves from spade 3 to spade 4, the potential of spa-
des 4 and 5 will be lowered. Thus the beam will
switch to position 5. Unless the input pulse is extre-
mely short, the fifth switching grid will still be at a
low potential, since it is connected to the odd grids.
The beam will therefore move to position 6. Thus a
scale of eight has been formed.
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Fig. 6.16 A scale of eighteen circuit using two trochotrons

The circuit of Fig. 6.16 may be used to extend the
number of stable positions up to 18% 13 A third
trochotron could be included in the ring to provide
up to 27 stable positions. The ninth spade resistor of
each tube has a smaller value than the other spade
resistors so that the slope of its load line (Fig. 6.5) is
greater than the maximum value for normal oper-
ation (Ry;,) but is small enough to cut the leading
spade characteristic (curve IT). When the beam
reaches the ninth position, the target current flows
for an instant and then the beam is extinguished in
this tube. The pulse from the target is used to reduce
the potential of the zero spade in the second tube so
that the beam is formed in this tube. When the beam
reaches the ninth spade in the second tube, it is
automatically extinguished and a beam is re-formed
in the first tube at the zero spade by the same process
as that already discussed. The switching action from
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tube to tube is very fast. A switch to form the beam
in the first tube (S;) is required. One of the input
circuits discussed previously can be used, but it
should be remembered that if several trochotrons
are connected together in this way to obtain a large
scaling factor, the input capacitance will be relatively
large and a low impedance driving circuit will be
required at high frequencies.

Any desired scaling factor can be obtained using
trochotrons by combining the circuit techniques de-
scribed above.

6.3.8 Circuits for Tubes Using Rod Shaped
Switching Grids

The same basic circuits as those already described
may be used for tubes which employ rod shaped
switching grids, but the component values will be




slightly different and rather less switching grid driv-
ing power will be required. The circuit of Fig. 6.179%
employing the Mullard ET 51 trochotron may be
used at frequencies up to about 1 Mc/s without any
buffer amplifier between the bistable circuit and the
trochotron owing to the high input impedance of
this trochotron. The negative going input pulses
should be of about 15 V amplitude and be rectan-
gular in shape or at least have sharply rising fronts.
They are fed into the E88CC bistable circuit via
0OA81 diodes. The outputs from the E88CC anodes
are coupled directly to the trochotron switching
grids, but this direct coupling necessitates the use of
a negative H.T. supply line. The reset switches, S1

Cy = 22pF FOR INPUT DECADE

C; = 10pF  FOR INTER—STAGE COUPLING

BEAM SWITCHING TUBES

and S,, may be ganged. When more than one decade
is used, common cathode resistors can be employed
for the ESSCC valves. The values of these resistors
(550Q and 1.5 kQ in Fig. 6.17) should then be re-
duced in proportion to the number of stages.

The Burroughs Company of America have pro-
duced various shielded and unshielded tubes (see
table of tube data) which can be used in similar cir-
cuits to those described previously. In miniature
equipment the Burroughs Beam X tubes are especi-
ally useful, but other Burroughs tubes can provide
higher target currents, whilst the MO-10R is impor-
tant for its high maximum operating frequency of
10 Mc/s. This tube has the spade resistors inside the

+iooV

5 OPEN TO
2 | RESET E88CC

N\

55082

= 0-0luF

T —150V

—

Fig.6.17 A circuit for the operation of the ET51 trochotron
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Fig. 6.18 A circuit for driving the MO-10R at 10 Mec/s from a sine wave input of 5 Mecls

tube envelope so that the stray spade capacitance is
reduced to a minimum. At 10 Mc/s the capacitance
of even the rod type of switching grid becomes
important and therefore buffer amplifiers are norm-
ally employed between the bistable circuit and the
MO-10R at very high speeds. The pulses which are
fed to the switching grids of this tube should have an
extremely short rise time and an amplitude of about
150V.

The circuit of Fig. 6.18 can be used to drive a
MO-10R tube at 10 Mc/s when it is fed with a 10 V
R.M.S. 5 Mc/s sine wave input signal®®. The output
voltage is greater than 300 V peak to peak at each
switching grid. If the extra capacitor shown dotted
is added in the position shown, a self oscillating
Hartley circuit is formed which will drive the
MO-10R without any input being required.

64 THE BURROUGHS ‘BEAM X’
SWITCHING TUBES

The Burroughs Beam X switch is basically a minia-
ture trochotron with internal magnets. Initially a
Beam X tube was produced with circular spade elec-
trodes (each of which contained a magnet), circular
switching grids and targets resembling those shown
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in Fig. 6.3. The current Beam X tubes have circular
target electrodes (each incorporating a magnet) and
circular or rod shaped switching grids as shown
in Fig. 6.19. In addition, extra electrodes known as
shield grids have been introduced which offer alter-
native output facilities and, in some cascs, simpli-
fied circuitry.

The use of internal magnets close to the electron
beam renders the Beam X tubes less sensitive to
stray magnetic fields than other beam switching
tubes and simplifies the magnetic field requirements.
In addition to their small size and weight, the Beam
X tubes have the advantage of being appreciably
cheaper than the other Burroughs beam switching
tubes. Magnetically shielded versions of some of the
Beam X tubes are available, the amount of shielding
required being quite small. Such shielded tubes can
be operated in contact with other tubes or with mag-
netic materials.

The beam current divides itself between the target
and shield grid electrodes, whilst a small fraction
flows to the spades. If the target electrode is at or
above the spade supply potential, it will receive
almost the whole of the beam current. As the target
voltage is lowered, more of the beam current passes
to the shield grid until the target reaches the cathode




potential, when almost the whole of the beam will
travel to the shield grid. Either the target or the
shield grid or both should have a potential above
that of the spade supply voltage or the tube will
switch automatically whatever the switching grid
potential. The greater the target voltage, the greater
the amplitude of the negative pulses required at the
switching grid to move the beam to the next posi-
tion. The ability of the shield grid to collect all of
the excess electrons enables the tube to operate at
low target potentials which may occur momentarily,
for example, when the target load is inductive or
when a gas filled tube which takes a minute fraction
of a second to ionise is included in the target circuit.
No target resistors or an additional target supply
voltage (such as the 200V supply in Figs. 6.11(a)
and 6.11(b)) are required when Beam X tubes are
used with numerical indicator tubes provided that
the current taken by the indicator tube is the same as
that provided by the Beam X tube. All of the shield
grids of a Beam X tube are connected to a common
base pin.

The methods of driving Beam X tubes are the
same as those used for other beam switching tubes.
The circuits which have already been discussed may
be adapted for use with Beam X tubes by merely
choosing suitable component values (Table 6.1).
Normally bistable driving circuits are used, but at

SHIELD GRID SPADE

GLASS ENVELOPE TARGET AND MAGNET

ELECTRON 7
BEAM

6.19 A Beam X tube seen in cross section
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low operating speeds (less than 10 kc/s) the two sets
of switching grids may be connected together and
the switching accomplished by pulses of a limited
duration (as in the circuit of Fig. 6.7).

General information on the principles of oper-
ation, design and applications of Beam X circuits
for decade counting, bidirectional counting, preset
decade counting, multiposition pulse distribution,
step function generation, data transfer and storage,
sampling, etc. has been published by the manu-
facturers of the tubes1®.

A Beam X tube has also been specifically designed
to provide decimal readout from binary coded in-
formation.

6.4.1 Beam X Circuits Using Valves

A decade circuit using a Burroughs “Nixie’ numeri-
cal indicator tube for readout is shown in Fig.
6.2017. The input pulses are fed to the 5695 bistable
circuit and a negative supply voltage is used so that
the 5695 tubes may be directly coupled to the Beam
X switch. Output pulses suitable for operating the
next decade are provided by the T 1496 NPN transis-
tor. Small capacitors are connected from each spade
toearth to increase the stability of the circuit.

A 1 Mc/s decade counter has been developed and
is shown in Figs. 6.21 to 6.24 inclusive®, A Nixie
tube is used to provide the readout. RCA Nuvistor’
valves were chosen for driving and coupling the
Beam X tubes owing to their small size, low anode
resistance and good mechanical construction.

The input pulses (of 12 to 18 V amplitude and of
at least 0.04 psec duration) are fed to the 1 Mc/s in-
put stage of Fig. 6.21. Tetrodes are used in the bi-
stable circuit of this decade so that a high speed
binary circuit can be designed with a fairly low power
dissipation. The anode potentials of the bistable cir-
cuit swing between about —18 and —90V and these
potentials are directly coupled to the Beam X tube
switching grids. The spades are connected to a
—20 V line via the spade resistors and the cathode
of the Beam X tube has a quiescent potential of
—175V, thus giving the recommended spade supply
voltage of -+55 Volts relative to the tube cath-
ode. The switching grids fall to a potential of
_15 V relative to the Beam X cathode when the
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Fig. 6.20 A 110 kels Beam X circuit with Nixie tube readout

corresponding section of the binary conducts, this
being sufficient to drive the circuit at up to 1 Mc/s.

The 7586 tube provides an 18 V pulse for operat-
ing the 100 kc/s decade of Fig. 6.22. This coupling
tube operates from a —20 V supply. If the electron
beam in the Beam X tube is not resting at position
nine, the ninth spade current is zero and the coup-
ling tube conducts. When the beam reaches position
9, the current in the coupling valve falls relatively
slowly, but when the beam leaves the ninth position,
the coupling valve anode current rises very rapidly.
The resulting sharp negative pulse at the anode is
used to trigger the next decade.

The 100 kc/s circuit (Fig. 6.22) is very similar to
the 1 Mc/s circuit, but two 7586 Nuvistor triodes
are employed in the bistable circuit. The anodes of
the triodes drive the switching grids of the Beam X
tube with a swing of —18 to —85 V. Stabilising ca-
pacitors are added to the spade circuits.

A cathode follower stage is used to provide a pos-
itive going output pulse of about 20 V amplitude
for triggering the succeeding 10 kc/s decade. The
cathode resistor of the coupling tube is associated
with the input circuit of the next decade and is not
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shown in Fig. 6.22; it is effectively returned to a
—20 V supply. Normally the coupling tube is biased
to cut off and will remain cut off when it receives a
negative pulse as the ninth spade conducts. The
coupling valve will not conduct until the beam
moves from the ninth to the tenth position in the
Beam X tube. A positive going output pulse is then
obtained.

The 10 ke/s circuit of Fig. 6.23 is especially inter-
esting, since the Beam X tube forms part of the
feedback loop of the bistable circuit. The odd spades
are returned to the grid of ¥1 and the even spades to
the grid of V2. In the absence of even spade current,
V2 will conduct owing to the positive grid bias ap-
plied to this tube through the 750 k{2 resistor. Simi-
larly ¥1 will conduct when the odd spade current is
zero. If the beam is in one of the even positions, a
current of about 380 wA will flow in the even spade
supply line and ¥2 will be cut off. If an input pulse is
now received, ¥1 will remain conducting for a
moment, but V2 will also pass a current, since the
input pulse overcomes the bias due to the even spade
current. A fall of potential of about 80 V is therefore
fed from the anode of V2 to the even switching grids
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Fig. 6.24 Reset and power supply unit for Figs. 6.21-6.23

causing the beam to move to the succeeding odd po-
sition. The spade current therefore causes ¥1 to be
cut off, whilst¥2 remains conducting, since theeven
spade current is now zero.

The coupling circuit is similar to that of the
100 kc/s decade, since any further decades added
will normally be of the same design as the 10 kc/s
stage and will all require the same type of input
pulses. An advantage is that the bistable circuit is
automatically reset when the Beam X tube is reset.

A suitable method of obtaining the power sup-
plies required to operate these counting circuits is
shown in Fig. 6.24. A method for obtaining the two
sets of resetting pulses is also shown. Both of the
transistors are normally saturated, but resetting may
be effected by the application of a negative pulse of
about 15 V amplitude and 30 psec duration to the
base of the upper transistor. This pulse is coupled
to the base of the lower transistor and both transis-
tors are cut off. Manual reset facilities are offered
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by the switch ;. The upper transistor is cut off
whilst this switch is closed, but the lower transistor
is cut off for only a few microseconds, thus ensuring
that the binary circuit is reset before the Beam X
tube. A positive going pulse of about 75 V in
amplitude and 30 psec in duration is required to
reset the Beam X tubes.

If it is desired to construct a scaler using only the
100 kc/s units of Fig. 6.22, the type of coupling
amplifier shown in the circuit of Fig. 6.21 should be
employed so that the output pulses from this
amplifier are of a suitable polarity to operate the
100 kc/s circuits. The cathode follower coupling
circuit of Fig. 6.22 does not provide pulses suitable
for the operation of a similar succeeding decade.

6.4.2 Low Frequency Circuit

One of the simplest possible circuits for a Beam X
scaler is shown in Fig. 6.2509, A simple bistable
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valve circuit (as shown) may be used to drive the
first Beam X tube, but no coupling amplifiers are
required between the decades. This circuit is avail-
able in the form of modules (excluding the Nixie
tube) from the manufacturers of the Beam X tube.

The beam is initially formed in the zero position
by means of a reset pulse. The potentials of the
switching grids depend on the voltage drop across
the 220 k€ spade supply resistors. When an even
spade conducts, the potential of the even switching
grids is kept near the switching level, whilst that
of the odd switching grids is above this level. These
potentials are reversed when an odd spade is con-
ducting. At each input pulse the tube will therefore
switch only one position. When the beam moves
from position 9 to position 0, the flow of spade
current through the zero spade resistor produces a
negative going pulse of about 60 V amplitude and
150 psec duration which is used to operate the next
decade.

The wires coupling one decade to the next decade
should be kept as short as possible to minimise
stray capacitance. A 200 pF capacitor should be
connected between one of the unused output termi-
nals of the final decade and earth.

The input required at the switching grids of the
first Beam X tube is about —80 to —100 V for at
least 5 psec. This may be obtained from the type of
driver circuit shown which requires an input of at
least —50 V for a minimum of 1 usec. Whatever
type of input circuit is to be used, a 51 pF capacitor
must be placed in each switching grid circuit of the
first tube.

The pulses required to reset the Beam X tubes in
this type of circuit should have an amplitude of
90 to 110 V for a minimum duration of 1.5 msec
with a trailing edge duration of 90 to 130 usec.
Such pulses are conveniently obtained by cutting
off an NPN transistor in the reset circuit shown, the
transistor being connected between the cathode of
the Beam X tube and carth.

6.4.3 Circuits with Transistor Drive

Beam X tubes, transistors and small numerical indi-
cator tubes form very convenient components for
use in plug in modules for fairly high speed counting
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when they are mounted on printed circuit boards.
Such modules (including the Nixie indicator tubes)
are available commercially, two of the most useful
circuits being shown in Figs. 6.26 and 6.271%. The
first of these circuits is a 1 Mc/s decade counter
with a transistor coupling amplifier which provides
suitable output pulses for the operation of the
100 ke/s decade counter of Fig. 6.27. Any number
of the decade circuits shown in Fig. 6.27 may be
cascaded, since the output pulses from these units
satisfy their input pulse requirements.

The beam is formed at the zero spade in the
circuit of Fig. 6.26 by the application of a reset
pulse. The input pulses should have an amplitude
of 12 V 4+15% and a minimum duration of 0.3 psec.
They are fed to the bistable circuit which uses Fair-
child §-3281 transistors to drive the Beam X tube.

The NS422 transistor in the coupling circuit is
used to provide output pulses which will operate
the circuit of Fig. 6.27. If the circuit of Fig. 6.26 is
counting at 1 Mc/s, the beam current is available
at any one target for only 1 psec, but the 100 kc/s
circuit requires a pulse of at least 2 p.sec duration.
When the beam is at any of the positions 4, 5, 6, 7,
8 or 9, spade current flows through the 560 kQ
resistor connected to the base of the coupling
transistor making the base more negative and cut-
ting the NPN transistor off. The output potential
(about 90 V) is then determined by the values of the
330 kO and 30 kQ) resistors connected to the output.
When the beam moves to the zero position, the
coupling transistor conducts again and the poten-
tial of its collector falls to about 78 V, thus provid-
ing the required 12 V negative step.

The alternative reset connection is normally
earthed in the reset circuit. The reset transistor
(inset of Fig. 6.26) normally conducts and holds the
cathode of the Beam X tube at about earth poten-
tial. If the reset transistor is turned off for 25 psec or
more, the cathode will reach a potential of 80 to
100 V and the beam will be cut off. When the tran-
sistor conducts again, the zero spade is held at a
low potential by a capacitor so that the beam forms
in the zero position. A 10 V positive going pulse is
applied to reset the binary at the same time as the
Beam X tube is reset. A single reset circuit will
operate up to six decades.
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An additional transistor is used in the input of
the 110 kc/s circuit of Fig. 6.27. The input pulses
are differentiated by the input capacitor and resistor
and are then used to cut off the 2N585 transistor
for a period which is longer than that required for
the binary circuit to change its state. The NPN
IN1672A coupling transistor is normally cut off.
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