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Multi-Electrode Gas Filled Counting Tubes And Their Circuits

4 Ke/s double pulse tubes are made by a number of manufaciurers, each manufacturer having published
different practical circuits for their use. The principle of operation and basic circuit requirements of
this type of tube are discussed in Section4-2, but the practical circuiis for these tubes recommended by the
various manufacturers are discussed in the section of the chapter covering the tubes of the manufacturer
concerned. The principle of operation of other types of polycathode tubes is discussed together with
practical circuits for their use in the section which covers the tubes of the particular manufacturer.

41 INTRODUCTION

One of the disadvantages of trigger tube counting
circuits is that ten of the tubes are required in each
decade. Great efforts have, therefore, been made to
design cold cathode tubes one of which can replace
ten trigger tubes in counting circuits; the resulting
polycathode tubes are one of the most commonly
used devices in medium speed counting equipment.
Most of them can count at frequencies up to four
thousand pulses per second, some up to twenty
thousand, whilst two types can count at up to one
million pulses per second.

Most polycathode tubes require a greater H.T.
supply voltage than trigger tube counting circuits,
but they usually pass a smaller current than trigger
tubes. In common with most other cold cathode
tubes, the polycathode counting tubes have a very
long life when they are correctly used. The number
of components required per decade is usually less
when a polycathode tube is being used than when
trigger tubes are employed, but a more complicated
input circuit may be necessary.

4.1.1 Censtruction

In practice, simple polycathode gas filled tubes for
decade counting usually consist of twenty, thirty or
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forty cathodes placed around a single common
anode. Groups of the cathodes are joined together
internally so that the number of external connections
is reasonably small. A discharge takes place be-
tween the anode and one of the cathodes when the
tubeisin operation and a ‘negative’ glow is formed.
The position of the glow can be observed through
the dome of the glass envelope and provides a visual
indication of the state of the count. Most of the
tubes are fitted into an escutcheon on which the
digits are marked, but a few of the tubes do not
require an escutcheon.

The tubes have the same basic properties as the
simple cold cathode gas filled tubes described in
Chapter 3. The striking voltage is normally much
greater than the maintaining voltage. If a discharge
is taking place to one of the cathodes, it can be
transferred to an adjacent cathode by the applica-
tion of a negative going pulse to the latter. The
coupling between the two cathodes takes place
automatically by means of the ions provided by the
discharge at the first cathode. Cathodes adjacent
to the discharge are much more strongly primed
than any of the other cathodes.

The coupling components which are used in
trigger tube circuits are not required when poly-
cathode tubes are used. No priming electrodes are
required, since a discharge is always taking place:
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to one of the cathodes when the tube is in opera-
tion. After the transfer has taken place, the dis-
charge to the cathode which was initially glowing
is normally extinguished automatically by the fall
of anode voltage. In some of the earlier polycathode
tubes, however, an additional positive going pulse
had to be applied to the cathode which was to be
extinguished at the same time that the negative
going puise was applied to the cathode to which the
glow was about to be transferred™®.

4.1.2. Types of Tubes

If a tube contains only ten cathodes around a com-
mon anode, the glow can be made to move from
cathode to cathode by suitable successive negative
going pulses applied to each succeeding cathode in
turn. This is the principle of the indicator tube to
which pulses are fed from a counting circuit. Such
a simple tube with only ten cathodes cannot actu-
ally perform the counting operation itself, since a
circuit is said to be able to count only if it changes
its state when successive input pulses are fed into
the circuit along the same wire. Indicator tubes (as
opposed to counting tubes) require pulses to be
fed successively to each of the cathodes along
different wires; they are described in Chapter 10.

In counting tubes at least one additional cathode
(known as a transfer or guide cathode) is placed
between each two adjacent main cathodes. The dis-
charge does not remain at any transfer cathode for
more than a very short time. The main cathode at
which the glow rests corresponds to a certain digit
which can be read from the escutcheon which sur-
rounds the domed end of most of the tubes. If only
one transfer cathode is employed between each two
main cathodes, all of the transfer cathodes are not-
mally connected together. Negative going pulses to
be counted are applied to all of the transfer cath-
odes, but the discharge can move only to a trans-
fer cathode which is adjacent to the main cathode
which is initially glowing, since no other transfer
cathode is appreciably primed by the ions from the
discharge. At the end of the pulse the discharge is
made to travel from the transfer cathode to the
next main cathode, usually by means of a positive
bias which is applied to the transfer cathodes.
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4.1.3 Asymmetrical Tubes

If only ten transfer electrodes are employed and
they are all connected together, the electrode geo-
metry must be asymmetrical so that the discharge can
travel around the tube only in the desired direction.
For example, the main cathodes may be so shaped
that the discharge can pass only to the transfer elec-
trode which is one step in a clockwise direction from
the main cathode which is initially glowing. The dis-
charge may be prevented from returning to the pre-
vious main cathode at the end of the pulse by the
effect of a parallel capacitor and resistor from each
main cathode to earth. Whilst the discharge remains
at a main cathode the capacitor charges and sub-
sequently holds this cathode at a positive potentiai
whilst the discharge is at the succeeding transfer
cathode. This technique employing directional main
cathodes is used in the §.T.C. G10/241E ‘Nomot-
ron’ counting tube.

In other types of counting tubes both the main
and transfer cathodes are directional. The counting
speed is then not limited to such an extent by the
effect of the cathode circuit time constant, since the
latter does not control the direction of rotation of
the discharge. The Elesta EZ10B tube employs this
principle. Tubes which use directional asymmetrical
electrode structures cannot be used for reverse
counting (subtraction).

4.1.4 Symmetrical Tubes

In many other types of tube two transfer electrodes
areemployed between each two of the main cathodes.
The tubes themselves are symmetrical in each
direction and the direction of the rotation of the
discharge is determined by the timing of the ap-
plied input pulses. Allof the transfer cathodes which
are on the clockwise side of the main cathodes adja-
cent to them are joined together and are known a8
the first guides (see Fig. 4.1). Similarly all of the
transfer electrodes which are on the anticlockwise
side of the adjacent main cathodes are joined to-
gether and are known as the second guides.

In operation a negative going pulse is applied to
the first transfer clectrodes to cause the discharge t0
move one step and a fraction of a second later an-
other pulse is applied to the second guide clectrodes
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so that the discharge moves another step. Finally,
the discharge moves to the next main cathode at
the end of the second guide pulse. Such tubes are
known as double pulse tubes, since two successive
pulses are required for each counting operation.
Three distinct stepping operations take place each
time a count is registered. Examples of those tubes
operating on this particular principle are the
Mullard Z504S, the Fricsson GC10B and the
Sylvania 6476.

Another type of symmetrical tube has ten main
cathodes and thirty transfer cathodes surrounding
a common anode. The Ericsson GC10D is a tube of
this type and is known as a single pulse Dekatron,
since only one pulse is fed to the circuit to operate
this tube.

4.1.5 Counter and Selector Tubes

The ‘zero’ main cathode of almost all tubes is
brought out to a separate base pin so that an output
pulse can be taken from-it for triggering the next
decade. In many counting tubes which are intended
for use in simple straightforward counting circuits,
the other nine main cathodes are brought out to a
single common base pin. Such tubes are known as
counter tubes.

Some tubes, such as the Mullard Z5043 and the
Ericsson GS10C/S, have each main cathode connect-
ed to a separate base pin so that an output pulse
can be obtained from the circuit after any desired
number of counts. This pulse may be used to initi-
ate some external action. Such tubes are known as
selector tubes and must be used when electrical read-
out from any cathode is required. They can per-
form any function which can be carried out by
counter tubes.

Counter tubes can sometimes be. manufactured
rather more cheaply than the equivalent type of
selector tube. In addition, the user of counter tubes
has fewer soldered connections to make than the
user of selector tubes.

Some tubes are also manufactured in which some
but not all of the main cathodes are connected to
separate base pins; they are useful in bidirectional
counting circuits. A typical example is the Ericsson
GC10/4B.

4.1.6 Scale of Twelve

Cold cathode tubes are available with ten main cath-
odes for decade counting and also with twelve
main cathodes for counting on a scale of twelve.
Other types of counting tubes, such as E1T tubes
and Trochotrons, are not manufactured for scale
of twelve operation, presumably because of a lack
of demand.

Scale of twelve tubes are useful when pence are to
be counted, since one output pulse is provided for
each twelve pence counted. Tubes with twelve main
cathodes are also useful dividing the number of in-
put pulses by three, four, six or twelve (for example,
in conjunction witha decade tube for converting one
pulse per second into one pulse per minute).

4.1.7 The Operation of Numerical Indicator Tubes

The FEricsson GCA10G counter and GSA10G
selector tubes can be used to drive numerical indica-
tor tubes directly, ten additional anodes being pro-
vided in each tube for this purpose. Other cold cath-
ode decade tubes require ten amplifier stages per
decade if readout by means of a numerical indica-
tor tube is required.

4.1.8 Maximum Counting Speed

The maximum counting speeds quoted in this Chap-
ter are those stated by the manufacturers of the tube
concerned. In some cases operation at considerably
greater speeds can be obtained if a stabilised power
supply and close tolerance components are used and
if the input pulses are accurately controlled in amp-
litude and duration. Some manufacturers seem tobe
rather more conservative in their maximum fre-
quency ratings than others. Generally, however, it
is not wise to attempt to appreciably exceed the
maximum counting speed quoted by the manufac-
turers of the tube if a reliable counting circuit is re-
quired.

Some indication of the safety margin which is
available for any tube when it is operating at a cer-
tain speed may be obtained by varying the anode
resistor (and hence the anode current) of the tube
when it is operating at that speed in order to
ascertain the anode current range for satisfactory
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operation. The actual readings of the anode current
should be taken whilst the discharge is stationary in
the tube. The anode current should not be allowed to
exceed the maximum value for the tube concerned,
although input pulse frequencies greater than the
maximum recommended for the tube being used
may be tried. The anode current range over which
satisfactory operation is obtained normally becomes
smaller as the operating frequency is increased inthe
region of the maximum published frequency for the
tube. A stabilised H.T. supply is, therefore, nor-
mally desirable if the maximum possible operating
frequency is required at the expense of circuit sim-
plicity. Tests for reliability of counting using various
input pulse amplitudes and/or durations are also
very helpful in assessing whether or nota particular
tube will operate satisfactorily at a certain counting
speed.

Most double pulse tubes have a maximum count-
ing speed of about 4,000 pulses per second, but
other types can operate at up to 10,000, 50,000 or
100,000 pulses per second. The single pulse GC10D
and the S.T.C. Nomotron can operate at up to
20,000 pulses per second whilst the Elesta EZ10B
and ECT100 can count up to one million pulses per
second.

The maximum counting speed may be reduced at
high temperatures (above about 60° C) owing to the
increased pressure of the gas. Substances which can
poison the electrode surfaces may also be given off
from the glass envelope if the ambient temperature
increases, but these substances will not settle on the
cathodes if the discharge is circulated. The maxi-
mum speed of operation may also be reduced at
temperatures below —15 °C.

4.1.9 Life

The life of most types of polycathode gas filled tube
is normally many tens of thousands of hours (tens
of years). If, however, the discharge is allowed to
remain at one cathode and is never circulated, mi-
nute amounts of material may be sputtered from
the electrodes and be deposited on the adjacent
cathodes. The discharge characteristics are differ-
ent for sputtered nickel and pure nickel® and
after the discharge has rested at one cathode for a

70

very long time, longer input pulses may be needed
for the operation of the tube. The tube may then be
considered to be at the end of its useful life, although
longer pulses may be used to drive it at low
speeds. The sputtered material from the cathodes
may also darken the inside surface of the glass enve-
lope.

Longer life can be obtained from some tubes if
the discharge is circulated around the tube at least
once per week. Alternatively in a multidecade scaler
which is to be used at low speeds, the positions of
the tubes may be interchanged about once per
month so that none of the tubes are used in the
slowest decade for more than a month at a time.
These precautions are, of course, required only when
the discharge is likely to remain at one cathode for
a very long time.

Longer life may be obtained from some types of
tube if a value of the anode current near to the min-
intum recommended value is used. This may, how-
ever, reduce transfer sensitivity and hence the
maximum operating speed somewhat.

No current should be allowed to pass through a
cold cathode tube in the reverse direction, since
this will probably result in damage to the surfaces
of the cathodes.

4.1.10 Design for Optimum Ancde Current

The current flowing through the tube should be
within the limits specified by the manufacturer.
A current greater than the specified maximum val-
ue leads to excessive sputtering of material from
the cathodes and to short life, whilst a current be-
low the specified minimum value will result in re-
duced transfer sensitivity and hence to unreliable
counting or reduced operating speed. High speed
tubes generally require a greater anode current than
the simple 4 ke/s double pulse tubes.

The potential across a cold cathode tube is
almost independent of the current flowing through
the tube provided that it is being operated in the
‘normal’ region of the characteristic. The current
which flows through the tube can be calculated by
applying Ohm’s Law to the circuit:

Vy— Vi = Iy (Ry+ Ry ()
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where

v, isthe H.T. supply voltage

V., is the tube maintaining voltage
I, isthe tube anode current

R, is the anode resistance

Ry, is the cathode resistance

A minimum value for the H.T. supply voltage is
quoted by the tube manufacturers. If a smaller sup-
ply voltage than this is used, the tube may not strike
when the voltage is first applied. Since the tubes are
pot primed, there may be a delay of up to about a
minute before they strike if a value of H.T. supply
yoltage near to the minimum recommended value is
employed.

There is normally no upper limit to the H.T.
supply voltage which can be used provided that the
cathode current is kept within the rating of the tube
by a suitable choice of resistor values. In most
cases the H.T. supply need not be stabilised.

When the value of R, has been chosen, the maxi-
mum value of the supply voltage may be calculated
from the above equation by substituting for I, the
maximum permissible value of the tube current and
for R, the smallest value of resistor which is to be
used in any of the cathode circuits of the tube. (The
maximum current flows in that cathode circuit
which has the smallest value of cathode resistor.)

Similarly the minimum value of the supply volt-
age may be calculated by using the same equation
and substituting in it the minimum permitted value
of the tube current and the largest value of cathode
resistor which is to be used in any cathode circuit.

In the case of the GS10C/S, for example, let us
assume that 100 kQ resistors are used in alternate
cathode circuits and that the anode resistor is
680 kO @. The maximum current will flow when
the discharge rests at one of the cathodes which is
directly earthed. The maximum permitted current
for the GS10C/S tube is 550 p.A and the maintain-
ing voltage is about 192 V. The maximurn supply
voltage is, therefore, given by:

¥, max = (0.00055 % 680,000)+192 = 566 Y

The minimum recommended anode current is
250 pA. The anode current will have its smallest
value when the discharge is resting at one of the

s

cathodes connected to a 100 kQ resistor. The

minimum supply voltage is therefore given by:
Vi min = 0.00025(680,000+100,000)+192 = 387V

This value is slightly below the minimum recom-
mended value for reliable striking (400 V). The
mean of the maximum and minimum values of H.T.
supply voltage, that is 475 V, may be used as the
H.T. supply voltage design value.

It might appear that this mean value could vary
by 90V or have a 64 V r.M.s. ripple. If varia-
tions of this magnitude did occur, however, the
change in current flowing through the cathode resis-
tors would cause a variation of about 410 V on the
nominal output voltage of 30. This might well
cause unsatisfactory operation of the circuits into
which the output voltage is fed.

The circuits of some of the tubes are fairly crit-
ical and it is therefore usually advisable to employ
a circuit which has been designed and thoroughly
tested by the manufacturers of the tube concerned
as the basis of any design for a piece of counting
equipment.

4.2 4 kc/s DOUBLE PULSE TUBES

Some of the most commonly used cold cathode
counter tubes function on the double pulse principle
@~5 The electrode structure of a double pulse se-
lector tube is shown in Fig. 4.1. The anode is a cir-
cular metal disc placed near to the domed end of
the tube (Plates 6 and 7). Thirty identical rods
of small diameter are placed symmetrically around
the anode; they are the main cathodes and the trans-
fer cathodes. There are two transfer electrodes be-
tween each two main cathodes. All of the first guides
are joined together and all of the second guides are
joined together. In a counter tube (as opposed to a
selector tube) the main cathodes K; to K, are also
brought out to one common external connection.

The basic circuit for the normal operation of the
tube is shown in Fig. 4.2. The tube may be represent-
ed as shown, the circular structure being illustrated
as a linear one for convenience. The square brackets
near each set of transfer electrodes indicate that
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Kg

Ko

Gy

G,

K,

Fig. 4.1 The electrode structure of a double pulse selector
tube

Fig. 4.2 The basic circuit for the operation of a double
K2 pulse tube

Gy = FIRST GUIDES Ks
Gp = SECOND GUIDES
K = A MAIN CATHODE

there are more than one first guide and more than
one second guide in the tube.

The main cathodes are normally at earth potential
whilst both sets of guide cathodes have a quiescent
positive potential which is determined by the source
of bias voltage. When an H.T. supply of over 400 V
is connected to the circuit, one of the main cathodes
will strike preferentially to any guide cathode, since
the guide bias renders the anode to main cathode
potential greater than the potential between the
anode and any guide. As soon as ignition has taken
place at any one main cathode, the potential be-
tween the anode and that main cathode will drop
from the striking voltage to the maintaining voltage
owing to the fall of potential across the anode re-
sistor, R,. The anode potential is then below the
striking voltage to any other cathode and, therefore,
the discharge will occur at only one main cathode.

4.2.1 Double Pulse Counting

The counting operation is performed in three stages.
A negative going pulse is first applied to all of
the first guide electrodes so that they fall in potential
to a value which is appreciably below earth poten-
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TO POSITIVE GUIDE BIAS

FIRST
GUIDES

- OUTPUT PULSE FOR THE OPERATION
= OF THE NEXT DECADE

tial. In a typical double pulse tube with a maintain-
ing voltage of 190 V, the priming effect of the ions
from the discharge at the main cathode reduces the
striking voltage at the two adjacent guide electrodes
to approximately 200 V, whilst the striking voltage
at the cathode three positions away is reduced to
about 250 V®, If the glowing cathode is earthed,
the potential difference between the anode and the
first guide will be 200 V when the first guide poten-
tial has fallen to —10 V. The first guide which is ad-
jacent to the main cathode, therefore, commences
to strike when it is at this potential. No other first
guide is sufficiently primed for striking to occur.

As the guide potential falls further, the current
to the guide increases so that the operating point

. moves to the flat portion of the anode voltage/anode

current characteristic where the voltage between
the anode and the first guides is almost constant
and independent of the current flowing. The anode
potential falls with the potential of the first guides
so that the potential difference between these elec-
trodes is constant and equal to the maintaining
voltage for the tube concerned. This fall of anode
voltage results in the voltage between the anode and
the main cathode falling below the maintaining

.
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vyoltage of this gap and the discharge to the main
cathode is, therefore, extinguished.

The transfer characteristic of the tube for any
two adjacent cathodes is of the form shown in
Fig. 4.3. It can be seen that as the current passing
to the cathode which is about to glow increases, the
current passing to the cathode which was initially
glowing decreases and the total anode current
remains more or less constant.

It should be noted that the guide electrode, which
is one position in an anticlockwise direction from
the discharge at the main cathode, is a second
guide. The discharge shows no tendency to move
in an anticlockwise direction to this electrode, since
the second guide electrodes are still receiving a pos-
itive bias.

The discharge has thus moved one step in a clock-
wise direction to the first gnide and now primes the

CURRENT -~
PASSING

0
POTENTIAL OF ONE CATHODE RELATIVE TO THE OTHER —

Fig. 4.3 The transfer characteristic for two similar cath-
odes in a cold cathode tube

succeeding second guide. If the pulse now ceased,
however, the discharge would return to its original
position at the main cathode owing to the positive
guide bias.

When the discharge has been fully transferred to
the first guide electrode, a negative going pulse is
applied to the second guide electrodes so that their
potential is reduced to a value which is appreciably
below that of the main cathodes and which is
approximately equal to that of the first guides
which are still receiving a pulse. The pulse to the
first guides terminates soon after the application
of the second guide pulse and the first guide poten-

tial rises towards the bias voltage. The anode pot-
ential also rises so that the anode to first guide
voltage is kept constant at the maintaining voltage
of the tube. Soon the anode to second guide primed
striking potential of about 200 V is reached. The
second guide which is primed then strikes and the
anode voltage falls until the anode to second guide
potential is equal to the maintaining voltage of the
tube. The anode to first guide potential is now be-
low the maintaining voltage for this gap and the
discharge at the first guide is extinguished. The
discharge has now moved two positions clockwise.

Finally, when the second guide pulse terminates,
the anode voltage again rises, since the anode to
second guide potential tends to remain constant at
the maintaining voltage. When the potential of the
second guides reaches about 10 V above earth
whilst returning to the quiescent bias potential, the
discharge will move one further step in a clockwise
direction to the next (primed) main cathode. There
is obviously no tendency for the discharge to move
in an anticlockwise direction to the first guide,
since this electrode is at a positive potential with
respect to the main cathode and the anode to first
guide striking potential is, therefore, not reached.
One of the purposes of the guide bias is to cause
transference of the discharge to the main cathode at
the end of the second guide pulse. The three succes-
sive stepping operations have now been completed
and one count has been registered.

The guides are used to determine the direction in
which the discharge rotates in the tube. If the sec-
ond guides receive a negative going pulse and sub-
sequently the first guides receive a similar negative
going pulse just before the termination of the sec-
ond guide pulse, the discharge will move in an
anticlockwise or reverse direction. Circuits for ad-

- dition or subtraction can, therefore, be constructed

using double pulse tubes.

When the anode current flows to the zero cathode,
K,, the voltage produced across the cathode re-
sistor (see Fig. 4.2) can be used to trigger the next
decade. The output pulse is not suitable for feeding
directly to the counting tube of the next decade, but
must be fed into a coupling circuit which amplifies
it, changes its polarity and converts it into the re-
quired double pulse.
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4.2.2 Cathode Resistor and Guide Bias Values

If the cathode resistor is small in value compared
with the anode resistor, an increase in the value of
the cathode resistor will not appreciably affect the
magnitude of the current passing through the tube.
The output voltage available at the cathode will
therefore be proportional to the value of the cathode
resistor if the latter is small.

As the cathode voltage increases with increasing
values of cathode resistor, however, it will approach
the bias potential of the two sets of guides.
Further increases in the value of the cathode res-
istor then merely cause more of the anode cur-
rent to flow to the adjacent guides and less to the
main cathode (see Fig. 4.3). Any increase in the
output voltage as the value of the cathode resistor
increases is then negligible®.

Another effect occurs if the guides receive a large
positive bias (say 160 V) in an attempt to pre-
vent the above effect from limiting the output volt-
age. The maintaining voltage of the tube is virtually
constant and as the cathode at which the discharge
is occurring becomes more positive, the potential
of the anode will increase by the same amount as
that of the cathode. The non-glowing cathodes
remain at earth potential, however, and therefore the
potential between them and the anode has increased.
The discharge may, therefore, spread somewhat to
the adjacent cathode gaps and these may break
down at an anode —cathode potential difference of
about 250 V which corresponds to a cathode pot-
ential of less than +60 V. The glow is especially
likely to jump back to the previous main cathode,
however, if that cathode has not completely
deionised.

The optimum value of the guide bias is normally
a compromise between a high value which would
result in limited tube life and a low value which
would limit the output pulse amplitude. A guide
bias of about +40 V is about the maximum which
is recommended for 4 kc/s tubes; if this value of
bias is used, an output pulse of about 35 V across a
150 kQ) resistor can then be obtained. Under care-
fully controlled conditions output pulses of 65 V
across 200 kQ cathode resistors have been obtained
with a guide bias of +65 V®), but these operating
conditions are not recommended for general use.
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4.2.3 Negative Cathode Bias

An increased output pulse amplitude can be ob-
tained by returning the cathode load resistors to a
source of negative voltage. For instance, if they are
returned to a —20 V line, a 50 V output signal can
be obtained if the cathodes rise to +30 V when
passing a current. The anode potential will then
rise to only 220 V (for a tube with a maintaining
voltage of +190 V), so that there is no danger of an
adjacent cathode striking. The bias potential of the
output cathode may also be employed to bias the
succeeding valve in the coupling stage to cut off,
the cathode of the coupling valve being earthed.

When a negative bias is applied to the output
cathode(s), the minimum amplitude of the pulses
applied to the first guides must be increased by an
amount equal to the negative bias. This ensures
that the guides fall in potential by an amount which
is sufficient to cause reliable transfer of the dis-
charge from the negatively biased cathodes to the
first guides.

1t is ot wise to return the output cathode load
resistor to a bias voltage which is more negative
than —20V, or the discharge may transfer correctly
from the output cathode to the first and second
guides and then suddenly jump back to it, as it will
still be primed somewhat and is at a greater neg-
ative potential than the succeeding main cathode.
Most of the circuits published by the Ericsson
Company for their tubes have the output cathodes
returned via the cathode resistor to a —20 V line.
The Mullard/Philips circuits employ a —12 V line
for the same purpose.

The potential of any cathode which is used to
generate an output pulse should not be allowed to
rise to within ten volts of the positive guide bias
potential or the glow discharge may fail to transfer
from it to the succeeding first guide owing to the
possibility of current sharing between the main
cathode and the preceding second guide electrode.

The maximum recommended value of the cathode
resistor in any main cathode circuit is given by
the equation(®:

V,+Vi—10R,
R max = ( ! £ ) @)
(Vy—Vim —Ve+10)

the output voltage for any value of R, is given by:
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~Vut+ ViR
Vo = Vs + ViR 3)
(Ra+Rk)

where V, is the positive guide bias and ¥V} is the
output cathode negative bias. The other sym-
bols are as defined earlier for equation (1) in Sec-
tion 4.1.10.

If the values of ¥, = +40Vand V}, = —12V (as
recommended in Mullard/Philips circuits) are used,
the maximum value of R, is found to be 140 k(2.
The preferred value of 120 k€ is, therefore, recom-
mended and output pulses of 30 V are obtained®.

4.2.4 Output Pulse Shape

When the discharge is transferred to the main cath-
ode, the current does not increase very suddenly,
but depends on the instantaneous value of the po-
tential difference between the main cathode and the
guide from which the discharge is transferred (see
Fig. 4.3). The rate of rise of the leading edge of the
output pulse is approximately equal to the rate of
decay of the trailing edge of the second guide pulse.
The transfer from the second guide to the main
cathode may not take place at the same potential
difference at various positions in the tube and there
can be jitter in the time at which the leading edge
occurs. The trailing edge of the output signal is pro-
duced by the leading edge of the first guide pulse
which is usually quite sharp; the trailing edge of
the output signal is, therefore, more suitable for use
when the pulse is to be employed as a form of time
marker®,

The duration of the output pulse is approximately
equal to the time during which neither set of
guides is receiving a pulse.

4.2.5 Input Pulse Requirements

It is essential that the pulses applied successively to
the two sets of guides should be of a suitable ampli-
tude and duration and that they should be correctly
timed with respect to each other, Transfer can be
effected by a number of types of waveform, but for
maximum speed of operation the optimum wave-
forms are rectangular pulses which have a slight
overlap in time as shown in Fig. 4.4.

FIRST
GUIDE
PULSE
VOLTAGE t
i
65 jsec 1
I
1
SECOND 1
GUIDE t
PULSE
TIME
e i 3
65 Jisec

Fig. 4.4 Ideal rectangular negative going pulses for
feeding to the first and second guides

Tt is not usually practical to construct input cir-
cuits which convert a single input pulse into two
almost perfectly shaped rectangular overlapping
pulses for the guides, although a suitable circuit for
this purpose has been described®. In actual practice
pulses similar to those shown in Fig. 4.5 are usually
used. Although the second guide pulse is very
different in shape from the ideal pulses of Fig. 4.4,
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Fig. 4.5 Practical waveforms for 4 kcefs double pulse
tubes. The second guides pulses are obtained by integrating
the pulses applied to the first guides

the only disadvantage in the use of pulses of the
shape shown in Fig. 4.5 is that the maximum operat-
ing speed of the tube is slightly reduced. The pulse
for the second guides is normally obtained by integ-
rating the first guide pulse by means of a simple
resistance-capacitance circuit.

If the pulse to the second guides is applied too
soon after the pulse to the first guides, the discharge
will not have been fully transferred to the first guides
and the preceding second guide will still be
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primed to some extent. The discharge will be pulled
forward to the first and second guides at the same
time as it is being pulled backwards to the preced-
ing second guide with the probable result that no
transfer at all will take place.

If the first pulse terminates appreciably before
the beginning of the second pulse, the glow will
transfer to the first guide, but during the interval
between the two guide pulses it will return to the
main cathode from which it came. When the second
guide pulse is applied, it will move one further step
in an anticlockwise direction to the second guide
preceeding the main cathode at which the discharge
initially rested. Finally at the end of the second
guide pulse the discharge will return to the initial
position at the main cathode.

New tubes may count correctly if a small gap is
present between the two guide pulses, but a mini-
mum overlap of one or two microseconds is essen-
tial if the tube characteristics have been affected by
long stand-by periods®.

4.2.6 Pulse Duration

The pulse applied to the first guides must be of
sufficient duration for three successive processes to
take place. First of all, the discharge must be estab-
lished at the first guides and the anode to main
cathode glow must be extinguished. Secondly, the
priming of the succeeding second guide electrode
must take place and, finally, the second guide pre-
ceding the main cathode which was initially glowing
must have time to become deionised. These processes
take a total time of about 65 p.sec, but a nominal
first guide pulse width of about 75 p.sec is recom-
mended so that an adequate allowance can be
made for tolerances, etc.(d.

Similarly the pulse applied to the second guide
electrodes must be of a sufficient duration for three
similar processes to occur. The discharge must be
formed at the second guide electrodes and extin-
guished at the first guides. Secondly, the succeeding
main cathode must be primed. In addition the main
cathode which was previously glowing must be
deionised, but this last process can occur during the
total time in which the pulses are applied to the
first and second guide electrodes. The required
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pulse duration to the second guides is about the
same as that to the first guides and a minimum of
about 75 psec is recommended®.

If the guide biasis 40 V 410 %, itis recommended
that the glow discharge should remain at each
main cathode for at least 100 psect).

4.2.7 Maximum Counting Speed

The total time occupied by the three separate
steps is 754-75-+100 = 250 psec. The maximum
speed of operation is, therefore, about 4,000 pulses
per second.

4.2.8 Pulse Amplitude

The use of guide pulses of fairly large amplitude
generally results in the most reliable counting. The
upper limit of the pulse amplitude is set by the
breakdown of the main cathode to guide gap which
occurs at a potential of about 140 V. The guide to
main cathode voltage should always be appreciably
less than this figure or the adjacent main cathode
may act as an additional anode, in which case the
surface of the electrode would be ruined. In addition,
if the guide pulses are too large in amplitude, it is
possible for an unprimed guide to strike.

The minimum pulse amplitude which must be
applied to the guide electrodes to accomplish the
transfer is a function of the pulse duration. It 18
also dependent on the guide bias; the greater the
positive guide bias, the greater the negative pulse
voltage required to overcome this bias and to cause
the transfer to occur.

If the minimum permissible pulse duration of
65 psecis employed, the potential difference required
between a primed cathode and anode for transfer
is about 231 V for Mullard/Philips tubes. The ampli-
tude of the pulse which must be applied to the
primed guide cathode is (231—V,,) where V,, is
the maintaining voltage. This pulse amplitude is
equal to approximately 35 V. If the pulse length
is increased to 100 psec or more, the required anode
to cathode potential is reduced to 214 V so that
the negative guide pulses need have an amplitude
of only about 18 V&, A further increase of pulse
length will not reduce the required pulse amplitude
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Fig. 4.6 Instantaneous guide potential plotted against time

any further. These figures apply to the least favour-
able tubes at the start of life.

An optimum anode to guide voltage during the
pulse of ¥, +80420V is recommended for Mullard/
Philips 4 kc/s double pulse tubes. This is equivalent
to applying a negative pulse to the first guide equal
in amplitude to ¥,+80 420 V where ¥, is the
positive guide bias voltage. It is also recommended
that the second guides should receive a pulse of
about the same amplitude. A positive guide bias of
440V +109% is recommended®.

If high speeds are not required, 4 kcfs double
pulse tubes may be operated with a guide bias of
48 V. Pulses of —15 V in amplitude will then drive
the tube. Under these conditions the maximum
counting speed is about 700 pulses per second and
the output signal amplitude is about 1 V&,

The leading edge of the guide pulses should have
a rise time exceeding 1 prsec or otherwise a discharge
may occur between two of the leads which connect
the electrodes to the tube base. ’

4.2.9 Guide Bias Circuit

When the pulses are fed to the guides through a
capacitor, the effective value of the guide bias is
different from the applied bias voltage. When a
train of rectangular pulsesis passed through a capac-
itor to the guides (Fig. 4.6), the potential at the
guide is such that the area of the waveform above
the horizontal line representing the applied bias is
equal to the area below this line. If the pulse applied
to one set of guides is 60 ptsec in duration with inter-
pulse spacings of 190 psec and the total voltage
swing (V. +V_) is 80 V, it can easily be shown
that ¥, will be 192 V. ¥, is effectively added to

the steady bias applied to the guides. If the repetition
rate is halved, the interval between the pulses
becomes 440 psec and V. falls to 10 V. Thusif
cither the pulse amplitude or the mark to space
ratio can vary and the tube is to be operated at
fairly high speeds, it is essential to use clamping
diodes to ensure that the guide bias is kept con-
stant®.

The internal resistance of the bias supply for the
guides (R in Fig. 4.7) also requires some consider-
ation. Immediately after a pulse is applied to the
guides, the coupling capacitor, C, begins to charge
from V, through the resistor R and also from the
current passing through the tube; this charging
current also passes through the internal resistance

8I1AS SUPPLY{ Vg

EQUIVALENT!
CIRCUIT 1
OF PULSE !
SOURCE |

Lewfe-

Fig. 4.7 Bias supply impedance

R’ of the source of the guide pulses. The potential
of the guide rises and if C is small it may rise SO
much that the discharge moves from the guide whilst
the pulse is still being applied to it. R and C should,
therefore, be large during the time that the pulse is
applied so that C does not charge appreciably from
V.

At the end of the guide pulse, however, it is desir-

able that Rand C should be small so that C can be

77




ELECTRONIC COUNTING CIRCUITS

discharged through R and R’ in series before the
next pulse arrives.

In practice one satisfactory arrangement consists
in the use of a fairly large value for C and a diode
for R®, The diode presents a large impedance
during the pulse, but its resistance is very low as C
discharges by sending a current through it in the
forward direction. The use of a potentiometer to
supply the guide bias for a number of double pulse
tubes is only permissible when the potential divider
resistance values are so low that the guide currents
of all stages together cause a bias change of only a
few volts. Adeguate decoupling should be provided.

4,2.19 Basic Guide Integrator Circuit

Normally two suitable separate input puises are not
available for the operation of a double pulse
tube and therefore the pulse required for the second

-

NEGATIVE BIAS FOR THE ZERO CATHOOE

Fig. 4.8 The basic RC integrator circuit for obtaining
the two guide pulses from a single input pulse

guides must be obtained from that applied to the
first guides. In practice the second guide pulse is
almost always obtained by passing the first guide
pulse through a simple integrating circuit (see Fig.
4.8). The pulse is delayed by the desired amount,
but its amplitude may be reduced somewhat by the
integrating circuit. The circuit design is fairly critical,
since a compromise between the desired second
guide pulse amplitude, width and delay must be
made. Numerous pulse shapes are possible, but
satisfactory results will normally be obtained if a
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voltage at least equal to the minimum recommended
transfer voltage is maintained for at least the
minimum recommended transfer time with a suitable
overlap. The form of the integrated second guide
pulse is shown in Fig. 4.5.

When the negative going input pulse of about
120 V in amplitude is applied to the input of the
circuit of Fig. 4.8, the first guide potential fails and
the capacitor C begins to charge from the negative
pulse. The time constant for this charging is deter-
mined by the values of R and C; by a suitable choice
of these components the potential of the second
guides can be made to reach the transfer potential
after any desired time.

At the end of the input pulse the first guide poten-
tial rises immediately to the guide bias voltage, but
the capacitor C takes time to discharge through
the resistor R and the bias supply resistors. The
second guide potential thus rises exponentiaily to
the guide bias level as shown in Fig. 4.5 and the
transfer is then complete.

4.2.11 Anode Capacity

If the tube anode to cathode capacity is excessive,
the anode potential may be prevented from rising
rapidly as the guide potential rises at the end of the
second guide pulse. The anode to second guide
potential may then fall below the maintaining
voltage of the tube so that the glow is extinguished.
The anode voltage will rise and ignition may occur
at any of the ten main cathodes. This difficulty is
most likely to occur when the trailing edge of the
second guide pulse is steep; for this reason the
slope of the trailing edge should not exceed
100 V/psec®. Stray anode circuit capacitance
should also be minimised by soldering the anode
resistor directly to the tag of the tube base. The
problems associated with the anode circuit capacity
become much more acute when high speed cold
cathode tubes are used.

4.2.12 Reset

When a discharge is present at any place in a 4 kefs
double pulse tube, the striking voltage of any anode
to cathode gap does not exceed about 300 V. The
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ischarge may, therefore, be reset to zero (or, in the
ase of a selector tube, to any desired digit) by
ausing the above potential difference to be present
or a short time across the gap to which it is desired
o transfer the discharge. There are two basic
aethods by which this may be accomplished®.

If the glowing cathode is earthed, the anode
otential will be about +190 V with respect to
arth. If any other cathode receives a pulse which
educes its potential to at least 110 V below earth
yotential, this cathode will strike. The anode voltage
viil fall to 4-80 V so that the potential across the
ubeisequal to the maintaining voltage. The cath-
yde which was initially glowing will therefore be
xtinguished.

Alternatively the cathode to which it is desired
o transfer the discharge may be left at earth poten-
ial and all of the other cathodes may be pulsed to
it least 110 V above earth potential. The anode
sotential will commence to rise towards 4300V,
>ut as soon as the discharge strikes at the desired
inode—cathode gap, the anode potential will fall
again to +190 V. This is only 480 V higher than
‘he potential of all the other cathodes and the dis-
sharge to the cathode which was initially glowing
will, therefore, be extinguished.

Practical circuits for double pulse tubes have been
designed by a number of manufacturers; typical
examples are included in Sections 4.3-4.5.

43 MULLARD/PHILIPS COLD
CATHODE DECADE TUBES AND
THEIR CIRCUITS

Double Pulse 4 kc|s Counter: Z303C (CV2271).

Double Pulse 4 kels Selectors: Z502S (CV2325)
and Z504S.

Double Pulse 50 kefs Selector: Z505S.

Tube requiring no coupling amplifier between stages:
Z302C.

4.3.1 4kc/s Double Pulse Tubes

The same circuits may be used for all three of the
electrically similar 4 kc/s double pulse tubes. The
7303C is a counter tube with an international octal
base. The Z502S has a B12E base with a bottom

cap which projects through the centre of the base,
whilst the smaller Z504S has a B13B base.

4.3.2 The 4 ke/s Mullard Input Circuit®

The recommended Mullard input circuit for double
pulse 4 kc/s tubes is shown in Fig. 4.9. The E88CC
double triode is used in a cathode coupled mono-
stable circuit which generates the required rectan-
gular pulse of 75 psec duration when itis suitably
triggered. The first guide pulse is passed to the
integrating circuit R)»Cs and the resulting pulse is
fed to the second guides. The circuit will operate a
double pulse tube over the range 0 to 4 kc/s with
a supply voltage tolerance of +10%. In this type
of circuit the amplitude and width of the guide
pulses are independent of the normal variation in
the valve characteristics during life.

The triode V2a is normally conducting whilst
¥2b is normally cut off by the bias developed across
R, by the current flowing to ¥2a. The grid potential
of ¥2a and hence the cathode potential of both
triodesis determined by the values of the potential
divider R;, R, and Ry which are chosen to provide
a nominal cathode voltage of 78 V for the triodes.
This cathode voltage determines the anode current
which will flow when ¥2b is switched to the conduct-
ing state.

When a suitable negative going pulse is fed into
the circuit of Fig. 4.9, V2a is cut off and this results
in the bias to ¥2b being reduced. This triode, there-
fore, conducts. The capacitor Cs maintains the
potential at the grid of V2b at nearly its quiescent
level, since this capacitor discharges relatively
slowly through Ry.

The anode current of ¥2b is determined by Ry
whilst the anode load (which is effectively Rg and
R,, in parallel) determines the amplitude of the
first guide pulse (120 V). The capacitor C, dischar-
ges through Rs and Ry and V2a will return to its
original conductingstate after a time determined by
CyR3 (R, is small compared with Ry). The values
shown in Fig. 4.9 have been chosen so that the
circuit returns to its original state after 75 psec.

When V2b returns to its quiescent condition, a
positive pulse occurs at its anode. This pulse is
prevented from reaching the guide electrodes of the
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Fig. 4.9 An input circuit for the Mullard Z303C, Z502S or Z504S tubes. Component tolerances are 10%, unless
otherwise stated

counter tube by the diode ¥1b. Thus the guides do
not rise above the bias potential.

The diode V1a prevents the positive going trailing
edges of the input pulses from causing V2 to return
prematurely to its quiescent condition.

Input Pulses

The negative going leading edges of the input pulses
should have slopes of not less than 108 V/sec and
their amplitude should not be less than 30 V for
satisfactory operation of the input circuit of Fig.
49,

The time constant of R;»C, which determines the
form of the second guide pulses is 38 psec. The
second guide pulse width varies from 80 to 90 p.sec as
the supply voltage varies from +10%; to —10% of
its nominal value. Both guide pulse amplitudes can
vary by about 10 V in either direction from the
nominal value of 120 V as the supply voltage varies
within the permitted tolerances.

4.3.3 Muilard Valve Coupling Circuit for 4 ke/s Tubes

The amplitude of the output pulse from the zero
cathode of V3 in the circuit of Fig. 4.9 is about
42 V: the maximum positive potential reached by
this cathode is, therefore, 30 V. The output pulse is
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positive going and its duration can vary from
100 psec upwards depending on the length of time
for which the discharge rests at the zero cathode
of the counter tube. If this pulse is to be used to
drive a succeeding decade, it must be fed into a
coupling circuit which will convert it into a nega-
tive going rectangular pulse of about 120V in am-
plitude and 75 psec in duration.

A practical coupling circuit for coupling two
decade counter tubes is shown in Fig. 4.10. Only
one half of an E88CC double triode (¥'2) is used in
the coupling stage; in a multidecade counter the
other half of the E88CC tube may be used in a
succeeding coupling stage.

When no discharge is present at the zero cathode
of the preceeding counter tube, V1, the grid of
the triode V2 is maintained at —12 V and the
valve is cut off. When the discharge in V1 rests at
the zero cathode, the grid potential of V2 rises
and the valve conducts. The anode potential of V2
thus falls from that of the H.T. positive supply to
about 4100 V; this negative anode pulse is used
to provide the pulses for the succeeding counter
tube, V3. The potential divider R¢-R, taps off the
required 120 V pulse for the first guides. The
second guide pulse is obtained by integration of the
pulse at the anode of V2.




MULTI-ELECTRODE GAS FILLED TUBES AND THEIR CIRCUITS

¥2 conducts for the whole of the time during
vhich the discharge rests on the zero cathode of V1.
[his is 100 p.sec upwards. The maximum frequency
\t which the first coupling circuit must be able to
yperate is, of course, 400 ¢/s which is one tenth of
‘he maximum input frequency.

At high counting speeds (approaching 400 ‘car-
sjes’ per second) the anode of V2 returns to the
H.T. positive potential when the valve is cut off
1t the end of the pulse. The first guide electrodes

The potential divider Rg, Ry, Ry and C, shown
in Fig. 4.10 which is used to provide the bias and
reset voltages may be used as a common supply for
up to five further coupling stages.

Resetting to Zero™

The main cathodes and guides are normally returned
to the H.T. negative line in Figs. 4.9 and 4.10
by the reset switch. 1f this switch is opened, the
potential of all cathodes other than the zero cathode
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Fig.4.10 A valve coupling stage for the Mullard Z303C, Z503S or Z504S tubes. Component tolerances are 10%,
unless otherwise stated

return to the positive bias potential and the -dis-
chargein V3is transferred first to the second guides
and then to the next main cathode.

At low counting speeds the transfer must be
completed before the trailing edges of the pulses
arrive from V1. The discharge transfers to the first
guides by the same mechanism as at high speeds,
but the transfer to the second guide and to the
next main cathode depends on the rate of flow of
charge to C3. The transfer is always completed
within 1 msec. The second guide pulse has a smal-
ler effective amplitude (about 50 V) than the first
guide pulse at low operating frequencies, but its
duration is about 200 p.sec which is long enough
to ensure reliable counting. At the end of the pulse
from V1 the guides may rise to a potential above
the guide bias voltage for up to about 1.5 msec.

rises to -+120 V and the anode rises towards
4310 V. The striking potential of the anode to
zero main cathode gap is therefore exceeded. When
this gap strikes, the anode potential falls and
discharges in any other positions are extinguished.

A relay or a manually operated switch may be
used for the resetting switch; it must remain open
for at least 5 msec. It is also possible to reset the
tubes by the application of a negative going pulse
with an amplitude of between 120 and 140 V to
the zero cathodes of the counter tubes, but pre-
cautions must be taken to ensure that the stages
which are reset do not pass pulses to the succeeding
decades.

1t should be noted that the circuit of Fig. 4.10
cannot be driven from the output of a counter
tube which does not have its output cathode resistor
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Fig. 411 A 40 c/s trigger tube coupling circuit

returned to a negative supply line of about —12 V.
If the cathode resistor is returned directly to earth,
the output pulse will probably be too small to
operate the coupling circuit™.

Preferred Tube

The Mullard/Philips special quality valve type
E88CC has been specified for the circuits of Figs.
4.9 and 4.10, since the tube has a closely controlled
tail characteristic which ensures that either triode
is fully cut off when it is biased to —12 V. The
E88CC also has the advantage that it is designed
for long life where conditions of prolonged cut
off may be encountered.

It is possible to use the ECC81 (CV455 or 12AT7)
instead of the E88CC, but some current may be
passed by a proportion of ECC81 tubes when
biased to —12 V. The coupling circuit will then
generate a smaller output signal which can result in
faulty operation.

4.3.4 Trigger Tube Coupling Circuits®:?

Trigger tube circuits have been designed which will
couple two decade counting tubes, only one Z700U
trigger tube being required in each coupling circuit
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for pulse shaping and amplification. The Z700U
has been chosen because of its small size, low cost,
low power consumption and short deionisation
time which permits operation at frequencies up to
400 c/s. The tube feeding the coupling circuit can
thus be used to count at up to its maximum speed
of 4 kefs.

Two coupling circuits will be described; one is
suitable for operation at up to 400 c/s whilst the
other is a slower but simpler circuit for operation
at up to 40 ¢/s.

4.3.5 40 ¢/s Coupling Circuit®-?

The circuit for use at frequencies up to 40 cfs
is shown in Fig. 4.11. The output pulse from V1 is
fed via C, to V2 which is ignited. The trigger of
V2 also receives a positive bias from R,. The V2
circuit is self extinguishing owing to the presence
of Ry and C,. The negative anode pulse from V2 is
used to operate the succeeding counter tube.

The maximum voltage which should be present
at the zero cathode of V1 is 30 V. If a simple
cathode resistor were to be used to return the
output cathode to the —12 V line, the output volt-
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would depend on the exact values of the com-
ents and of the supply voltage. This difficulty
revented in the circuit of Fig. 4.11 by the use
_large K, cathode resistor—which alone would
vide a pulse exceeding a peak value of 30 V
we carth—and by the use of a clamping diode
n the K, electrode to the 430 V line as shown.
soon as the output yoltage tends to exceed 30V
sve earth, the diode conducts and prevents any
ther rise in the output potential. The tolerance
the amplitude of the output voltage is thus de-
mined by the tolerance in the potential of the

V line rather than by the wider variations in the

anter tube current.

No Z700U tube will ignite at a trigger voltage

wer than +137V, whilst all Z700U trigger tubes

ould ignite at trigger voltages of +153 V. A bias
130V 5% applied to the trigger electrode of

2 can be shown to ensure reliable operation with
e component and supply voltage tolerances
yecified® 9.

The time constant of the components CoRp must
ssure self extinction and allow full recovery in
1e time of 25 msec between pulses at the maximum
perating frequency of 40 pulses per second.

The capacitor Cy 18 necessary to prevent spurious

mition of V2 at the end of the pulse from V1.
“he manner in which these spurious pulses can
rise in the absence of C, can be explained as
ollows. When V2 is extinguished by the action of
R,Cs, the anode potential falls to about +60 V
n 20 psec and drags the trigger voltage with it.
A negative going pulse of about 110 V can thus ap-
pear at the trigger electrode. This pulse is coupled
to the output cathode of V1 which falls from
about -+30 to about — 60 V. After V2 has been
extinguished the current passing to the zero main
cathode of V1 raises the potential of this cathode
to 430 V—which is a 90 V step. This causes the
trigger of V2 to rise from +60 to 4150 V, which
is enough to cause some 7:700U tubes to strike.

When C, is incorporated in the circuit, it forms

a potential divider in conjunction with Cs. If these
two capacitors are equal in value, only half of the
negative going pulse is fed from the trigger electrode
back to the zero cathode and the resulting positive
going pulse is much reduced in amplitude.

6*

Ry and R, should be large sO that a large portion
of the output energy from the anode of V2 is not
wasted in the charging of C4- On the other hand
the total resistance of Ry, Ry and Ry should not be
greater than 200 k€ or the effective guide bias may
rise due to the flow of guide current in these
resistors. This could reduce tube life.

4.3.6 400 c/s Coupling Circuit 6D

The time constant for the rise of the anode voltage
of V2 of Fig. 4.11 must be greater than 150 psec
for satisfactory self extinction of the circuit, but
this time constant is too short to allow a satis-
factory period of rest of the discharge at the first
guides. If the time constants are increased to allow
the discharge to remain for a suitable time at each
of the guides, the maximum operating frequency is
limited to 40 c/s.

The slightly more complicated circuit shown in
Fig. 4.12 can, however, be used at frequencies up
to 400 cfs; it is basically the same circuit as that
of Fig. 4.11. The time constant of the trigger tube
input circuit has been reduced to 560 p.sec (CsRy),
whilst C; of Fig. 4.12 has the smaller value of
100 pF so that the output voltage rise time is a
small fraction of the V2 input time constant.
Although the yoltage available for igniting the
trigger tube is slightly iess than in the 40 c/s cir-
cuit, it is still sufficient, however, for satisfactory
operation.

The d.c. restoring diode D is added to return the
effective guide bias to +40 V at the higher operat-
ing speeds. Its cathode is taken to 433 V to com-
pensate for the forward voltage drop in the diode
at the higher counting speeds. The addition of D3
overcomes the objection to the use of larger values
of the guide resistors Ry and R, which have been
increased in value to minimise the loss in pulse
amplitude by the charging of Cj.

The V2 anode recovery time has been reduced
by the return of Rg to the 525 V line and the use
of D, to clamp the anode voltage at the original
H.T. level of +270 V as used to supply the trigger
tube of Fig. 4.11. Gy has been reduced to preserve the
desired guide pulse amplitude whilst reducing the
recovery time. o
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Input Circuit

The input pulse to the 400 c/s circuit may be ob-
tained from a counter tube which is fed from the
4 kcfs input circuit of Fig. 4.9. If the complete
scaler in which the circuits are to be used will not
be required to count at speeds above 400 c/s, a
trigger tube circuit similar to the type shown in
Fig. 4.12 may be used to operate the first counter
tube.

In both the 40 c/s and 400 c/s trigger tube coupl-
ing circuits, the priming resistor of the Z700U tube
is returned to a negative supply of —170 V so that
the priming discharge is not extinguished when the
anode circuit of the tube ignites and the anode
voltage falls to about +60 V.

4.3.7 A Power Supply for Trigger Tube Coupling
Circuits ¢ ®

The power supply requirements of the trigger tube
coupling circuits can be somewhat simplified if the
circuit of Fig. 4.12 is rearranged as shown in Fig.
4.13 and similar modifications are made to the
slower circuit of Fig. 4.11.

In order to avoid the necessity fora —12V supply
line for the zero cathodes of the counter tubes,
these cathodes are returned to earth and the
other counter tube main cathodes are returned to
a 12 V tapping on the potential divider chain.
The output cathode reference potential then be-
comes (32+12) =42 V and the required guide bias
level (40-+12)=52V. The potential divider network
shown in Fig. 4.13 is fed from the 4270 V stabil-
ised supply.

Reset

When the reset switch of Fig. 4.13 is operated, the
potential of all of the main cathodes except the
zero cathode increases to about +125 V and the
discharge therefore moves to the zero cathode.

In order to prevent the output cathode diodes
from being damaged by excessive peak inverse
voltages, these diodes are effectively disconnected
from the potential divider by the diode D, during
the resetting operation. D is returned to earth
through R, and is thus reversed biased during the
resetting operation. When the reset switch returns

to its normal position, the capacitors connected
from the -+130, +52 and 442 V supply lines to
earth prevent any excessive transient voltage rise
in these line potentials.

4.3.8 The Power Supply Unit

Three power supply lines are required to operate
the circuit of Fig. 4.13.

They are: (a) An unstabilised supply of 4570 V

(b) A stabilised supply of +270V

(c) An unstabilised supply of —180 V
All of these may conveniently be obtained from
the circuit of Fig. 4.14 which employs a Z806W
trigger tube for stabilising purposes. This tube has
a very stable ignition voltage and this determines
the degree of stabilisation obtained. The electrode
shown connected to the junction of R, and Ry in
Fig. 4.14 is a screening anode, whilst the electrode
connected to Ry is the priming anode. The Z806W
has a B9A base.

The 425 V r.M.s. supply from the transformer
undergoes full wave rectification by the four diodes
(D, to D) and Cy is charged via D, and R;. The
resistor R, is included so as to reduce the rate of
rise of the counter tube anode supply voltage and
to prevent spurious breakdowns within the counter
tubes immediately after the circuit is switched on.

When the potential of the anode of the Z806W
tube rises to a predetermined value (270 V), the
portion of this voltage tapped off by Ry causes the
tube to ignite. The voltage at the junction of Ry
and Ry falls when the tube ignites and D, thus
receives a reverse bias so that all of the current
passes through the tube. At the end of the half
cycle of the mains supply the trigger tube will be
extinguished.

During the next half cycle the anode voltage of
the tube rises until D, conducts and any charge
which has passed from Cj into the load is replaced
so that the potential difference across this capacitor
again rises to 270 V. The trigger tube then ignites
and the diode Dy is reversed biased so that no more
current can flow through it until the next half cycle.

The diode Dy prevents the capacitor C; from
maintaining the potential of the tube anode at the
maintaining voltage during the time when the
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Fig. 4.14 The power supply for the scaler of Fig. 4.13

instantaneous voltage from the mains transformer
is small.

- The negative supply for the priming cathodes of
the Z700U coupling tubes is obtained from the
output of the bridge rectifier. The resistors Ry and
Ry, act as a potential divider and ensure that the
charge on the capacitors cannot be fed back so as
to hold the anode voltage of the Z806W at a value
which would prevent the tube from being ex-
tinguished. ‘

The circuit of Fig. 4.14 should not be operated
without any load connected to the stabilised
4270V supply or the current passing through the
Z806W tube will be excessive. The tube current
increases as the load decreases.

“The variation in the stabilised output voltage of
the circuit when loaded by a six stage scaler is less
than 0.6%. The variable resistors R, of Fig. 4.13
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and R, of Fig. 4.14 may be used for setting the
130 V and the 270 V lines to their nominal values.
If a stabilised voltage other than -+270 Vis used to
supply the circuit of Fig. 4.13, it is only necessary
to modify the value of R;.

The trigger tube coupling circuits which have just
been described are very suitable for use in small or
portable equipment owing to the small size of the .
tubes used, the low power dissipation and the
absence of heaters. BEach decade can be conveniently
constructed as a module which may be plugged into
the complete unit.

4.3.9 Transistor Coupling Circuit ©)

The circuit of Fig. 4.15(a) shows how transistors may
be used to couple counting tubes. The output pulse
from a counting tube is passed o an OC75 trans-




MULTI-ELECTRODE GAS FILLED TUBES AND THEIR CIRCUITS

istor current amplifier which feeds a pulse to a pair
of ACY17 transistors employed in a cascode circuit.
They drive the first guides of the succeeding count-
ing tube, the second guide pulses being obtained by
means of a modified integrator circuit. The cascode
pair are used instead of a single transistor owing to
the difficulty of obtaining a transistor with a suffi-
ciently high voltage rating at low cost.

If the discharge in V1 is not at the ninth cathode,
T1 is bottomed. T2 and T3 are also normally bot-
tomed so that the first guides are at a potential
which is only slightly smaller than the +45 V
supply. When the discharge reaches the ninth
cathode of ¥1, Tl is cut off and its collector poten-
tial falls. The flow of current through the emitter-
base junction of T2 effectively clamps the base
potential of this transistor to +45 V and no pulse is
applied to V2.

When the discharge in V1 leaves the ninth
cathode, T'1 is bottomed again and a positive going
edge of about 9.4 V in amplitude is applied to the
base of T2. The cascode pair are thus cut off and
a negative pulse is applied from the collector of T3
to the first guide. T2 and T3 remain cut off until the
coupling capacitor has discharged to a point at
which the base potential of 72 falls to the emitter
potential. The duration of the pulse applied to the
first guides is determined by the negative supply
voltages and the time constant of the circuit which
couples 7'1 to T2.

The second guide circuit has been designed so
that the discharge remains at the second guides for
at least 160 psec. This is achieved by means of a
diode and a 10 MQ resistor through which current
flows to complete the charging of the integrating
capacitor.

A diode is used in the base circuit of 73 (and 76)
to clamp the base voltage of these transistors to
—9.4 V. When the cascode pair are suddenly cut
off, the base current in each transistor is reversed.
A considerable reverse current can flow until the
stored holes are neutralised. If the diode were
omitted, the base potential of 73 would fall to such
an extent that the collector-base voltage rating of
T2 would be exceeded.

The value of the OC75 collector resistor must be
small enough to allow the coupling capacitor to

fully discharge during the time the glow rests at the
ninth cathode. In the case of ¥1 this may be as
short as 100 psec if this tube is operating at 4 kefs.
A collector resistor of 2.2 k€ is suitable. In any
subsequent slower stages the resistor value may be
increased to reduce the current consumption; a
5.6 kQ resistor is recommended for any coupling
stage after the first.

The circuit of Fig. 4.15(a) requires positive power
supply voltages of 500 V at 0.5 mA per stage and
45 V at 12 mA per stage. A negative supply voltage
of —65 V at 12 mA per stage is also required. The
—9.4 V supply may be obtained from the —65V
line by the use of an OAZ207 zener diode; the
current required from the 9.4 V line is 5 mA for the
first coupling stage and 2 mA for each succeeding
stage.

This type of circuit in which the coupling pulse is
obtained from the ninth cathode of the counting
tube has some advantages over trigger tube and
hard valve coupling circuits in which the pulse is
taken from the zero cathode when it is to be used
for batching or timing operations. The delay per
stage as a scaler based on the circuit of Fig. 4.15(a)
moves from 09999 to 10000 is only about 2 psec
and this minimises errors in coincidence gating
circuits.

It is probable that a complete transistor coupled
stage (including the Z504S tube holder) can be
made in module form with a volume less than 1 in®.

The valve input circuit of Fig. 4.9 may be used
for driving the first counting tube of Fig. 4.15(a),
but it is usually more convenient to employ the
transistor blocking oscillator driving circuit of Fig.
4.15(b).® Input pulses greater than 6 V in amplitude
and not less than 2 psec in duration can be used to
drive the ACY17 transistor, T1, of the blocking
oscillator circuit. A fairly large number of turns are
employed on the secondary windings of the trans-
former so that the output pulses have an amplitude
great enough to drive the decade tube, V1. The
leading edge of the pulse from L, is used to drive
the first guides, but the trailing edge cannot pass
through the OA202 diode. The second guides are
driven by the trailing edge of the blocking oscilla-
tor pulse; this is taken from Ly so that it is of the
correct polarity to drive the guides.
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MULTI-ELECTRODE GAS FILLED TUBES AND THEIR CIRCUITS

l +10clo
L 500V _ 59,

—p

+45V 5%
ioMQ 820kS2
10% 5%
V3
S, L0045
27 ]
47kQ
5% i‘
1
]
0AS81
T7 !
oc1s |
1200pFa ‘
10%
T | o
= L
= ) —9-4\/+5%,
130k
5%
—65V 5%

TRANSFORMER DETAILS

Core: — Mullard FX2240
Bobbin type DT2179

Tag plate DT2227

Clamping nut DT2155 (6B.S.)

HZ’;ZZ’g No. of turns
L, 95
L, 122
L, 18
L, 360
L, 465

4.3.16 Sine Wave Drive for 4 kc/s Tubes®

When a double pulse tube is to be used to count the
peaks of a sine wave, the simplified input circuit of
Fig. 4.16 can be used. The input sine wave is

applied to the second guides if clockwise rotation
of the glow is required and if the negative peaks of
the wave are to be counted. The sine wave which is
applied to the second guides is also changed in
phase by C, and Ry and the resulting sine wave is
applied to the first guides. The wave applied to the
first guides leads that applied to the second guides
in phase if clockwise rotation is desired.

The input voltage to the circuit of Fig. 4.16
should be between 40 and 70 V R.M.S. and the
frequency must not exceed the maximum operating
frequency of the tube (4 kc/s). The value of the
capacitor C, required depends on the input sine
wave frequency and is shown in the table beneath
Fig. 4.16.

The positive guide bias required is only 8 to 10 v,
since the positive half cycles of the input waveform
provide the additional bias required.

IHPUT

iy

Input frequency (c/s) 50 100 200 | 500
C, F) 0.1 | 0,05} 002 001

Input frequency (¢/s) 1000 2000 4000
[ —
C, (LF) 0.005 0.002 | 0.00068

Fig. 4.16 A sine wave drive circuit for the Mullard 4 kels
double pulse tubes. Component tolerances are 10%, unless
otherwise stated
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It should be noted that if a multidecade counter
is required for sine waves, the output pulses from
the circuit of Fig. 4.16 are not steep enough to
operate the coupling circuit of Fig. 4.10 if the
frequency of the sine wave input is below about
300 c¢/s. The circuit can be modified for low input
frequenciest).

The circuit of Fig. 4.16 is very similar to the
Ericsson circuit of Fig. 4.22. Neither of these cir-
cuits can count every peak from the moment the
sine wave input is applied, since a short time is
necessary for the correct phase relationship to be
established at the first guides. It is obvious that no
first guide peak will precede the first peak applied
to the second guides, since each peak actually
reaches the second guides before its effect reaches
the first guides.

4.3.11 The Operation of the Z504S Above 5 kc/s(10)

The maximum operating frequency of the Z504S
tube is limited by the fact that an output pulse must
be obtained from the tube for the operation of the
coupling circuit of the next decade. It has been
found that if all cathodes of Z504S tubes are con-
nected directly to earth, all of the tubes will operate
at frequencies up to 18 kc/s and most tubes of this
type will operate at over 25 kc/s.

In the circuit of Fig. 4.17 an OC71 transistor is
connected as a grounded emitter amplifier to con-
vert the current pulse from the output cathode into
a voltage pulse. The transistor is normally held in
the bottomed condition by a current of approx-
imately 180 pA which flows through the emitter-
base circuit and through the 68 kQ resistor. When
the discharge in the Z504S passes to the output
cathode, the 350 pA cathode current supplies the
180 p.A taken by the 68 k{ resistor and also supplies
an additional current of about 170 pA to the
transistor base. The direction of the current passing
in the transistor base lead is therefore reversed and
the transistor is cut off. The collector potential
changes from nearly zero volts to —12 V.

A negative output pulse of —12 V can thus be
obtained without the output cathode of the Z504S
changing by more than 0.3 V from the earth poten-
tial. The transistor may be connected to the ninth
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Fig. 4.17 Operation of the Z504S at 10 kcls

cathode of the tube. The 12 V negative going output
pulse can be differentiated so that, when the
discharge leaves the ninth cathode for the zero
cathode, a positive going pulse is obtained which
can be used to drive a hard valve coupling stage.

Measurements have been made on several Z504S
tubes operating in this type of circuit and it has been
found that operation at 10 kc/s could be achieved
without any sacrifice in reliability®®. The negative
going input pulses to the tube under these conditions
should have an amplitude of 100 V and a duration
of 33 psec.

4.3.12 The Z505S Tube

The Mullard Z505S tube is a double pulse selector
tube which can operate at frequencies up to 50 ke/s,
since the duration of the guide pulses may be 6 p.sec
as opposed to the 75 p.sec pulses required by the
4 kc/s tubes. Various circuits are availableV,
The tube may be used with 15 k2 cathode resis-
tors returned to earth, in which case 12 V output
pulses are available. Cathode resistors should be
used only in those cathode circuits from which
outputs are required; the remaining main cathodes
should be returned to earth. Alternatively the
75058 may be used with the one output cathode
returned to a —12 V supply via a 32 k€ resistor;
output pulses of about 24 V are then obtained.
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The Z505S tube may be fed from similar circuits
to those used for the 4 and 5 kc/s double pulse
tubes, but the time constants of the driving circuit
must be altered if advantage is to be taken of the
greater maximum operating speed of the Z5058S.
The multivibrator pulse shaping circuit should have
a time constant which will give an output pulse for
driving the Z505S of not less than 6 psec duration.
The time constant of the integrating circuit should
also be reduced. The values of anode resistor,
supply voltage, etc. required for the Z505S tube are

first counted in the normal way, but the counting
process must be stopped whilst the digits are
displayed by the indicator tubes.

4.3.13 The Z302C Tube

The Z302C tube is interesting because it can be used
in circuits which require no amplifying device of
any kind between successive counting tubes. Cir-
cuits employing this tube have an upper frequency
limit of about 1 kc/s. Both positive and negative
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4700pF
@ 82k Q)
g
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IMQ§ MQ
L | oV
= 820kQ é«—fszw() szo;&é § o8 Sk
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39kQ2
3-3MQ2 4700pF 4700pF 3MQ 75kQ)
T —125v I gesT —300V

Fig. 4.18 A two decade circuit for the Z302C counter tube

shown in the table of Mullard tube data. It should
be noted that a guide bias of +50 V is recom-
mended.

A decade counting circuit using the Z505S has
been developed in which “In-line’ numerical readout
is provided by Z520M digital indicator tubest.
The maximum counting speed is limited to about
40 kc/s by the transistor coupling circuits employed;
these coupling circuits are also used to drive the
digital indicator tubes. The operation of this type
of circuit occurs in two phases. The input pulses are

supply voltages of fairly high value are required,
although the current taken is small.

The Z302C has thirty equally spaced cathodes
arranged in a circle around a common anode, two
transfer electrodes being placed between each two
main cathodes. The first guides are all connected
together and are given the symbol G. The second
guides are connected in two groups. All of the
second guides which precede an odd numbered
main cathode are joined together and are given the
symbol E, 4, since the second guides in this type of
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tube are also known as extinguishing electrodes.
The second guide which precedes the zero main
cathode has a separate external connection, Ey, but
the remaining second guides which precede the even
numbered main cathodes are connected to a com-
mon base pin, E,y., The main cathodes are joined
to a common base pin, K.

The type of circuit which can be used with the
tube is shown in Fig. 4.18.0% An input pulse of
about 80 V in amplitude and about 300 psec in
duration is applied to all of the first guides. This
causes the discharge to be transferred to a first
guide. The guide current flows through a 1 MQ
resistor to earth and the potential of the first guides

therefore rises. When the input pulse terminates,
the discharge is transferred to the seccond guide,
since the latter is returned fo a source of negative
potential of about —25 V throughan 820 kQ resistor,

Whilst the discharge rests at the second guide, the
1,800 pF capacitor connected to the second guide
charges and after a short time the second guide be-
comes sufficiently positive to cause the discharge to
be transferred to the next main cathode. Any
tendency the discharge may have to return to the
first guide is opposed by the positive potential
which the latter would acquire as soon as the first
guide current commenced to flow through the 1 MQ
first guide resistor.

Table 4.1 BASIC DATA AND BASE CONNECTIONS FOR MULLARD/PHILIPS COLD CATHODE COUNTER AND SELECTOR TUBES

Z5048 Z505S
Z302C Z303C Z5028 (ZM1070) | (ZMI060)

Maximum counting speed (kc/s) 1 4 4 5 50
Recommended anode current (mA) 0.4 0.34 0.34 0.34 0.80
Recommended H.T. supply (V) 475 475 475 475 525
Recommended anode load (€0) 680K 820K 820K 820K 330K
Recommended guide bias (V) — +-40 4-40 +40 +50
Recommended pulse amplitude (V) 80 100 100 100 120
Recommended pulse duration (psec) 350 75 75 75 6
Maintaining voltage (nominal) 190 191 191 195 260
Minimum H.T. supply voltage 400 350 400 375 400

Max. (mA) 0.55 0.55 0.55 0.525 1.00
Anode current (mA) _ 0.25 0.25 0.25 0.60
Base 1.0. 1.0. BI12E B13B BI3B
Escutcheon required (Mullard) 101065 101065 101064 101065 101065
Max. diameter (mm) 29.5 29.5 33 30 30
Max, seated height (mm) 87.5 87.5 70.5 36 36
Type of tube 10 way 10 way 10 way 10 way 10 way

counter counter selector selector selector

Base Connections
Pin 1 I.C. K K, K K;
Pin 2 E,ua N.C. K, KX, K,
Pin 3 Eeven G, KS K3 K;
Pin 4 G A K, G, G,
Pin 5 K G, Kq K, K,
Pin 6 E, N.C. K; K, K,
P%D 7 I.C. KO K4 Ko KO
Pin 8 A N.C K, G, G,
Pin 9 —_ — K2 Kg Kg
Pin 10 — — Kl KS Ks
Pin 11 - — G, A A
Pin 12 — — G, K; K;
Pin 13 — — —_ K K
Base Cap — — A —_ —

(The Z2302C tube is now obsolete)
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When the discharge is resting at a main cathode,
a small current will flow to the preceeding second
guide, since this is connected to the —25 V line.
The flow of this small priming or probe current
through the 820 k) second guide resistor ensures
that the second guides are maintained at a positive
potential which prevents the back transfer of the
glow from the main cathode to the preceding
second guide. Alternate second guides are joined
together so that, although the second guide pre-
ceding the main cathode at which the discharge is
resting is at a positive potential with respect to the
—25 V line, the succeeding second guide (which is
taking virtually no current, as it is not strongly
primed) is at the potential of the —25V line; this,
therefore, enables the discharge to move from the
first to the second guide at the end of the input
pulse.

The zero second guide, E,, is returned to a neg-
ative supply of about —125 V viaa 3.3 ME2 resistor
in parallel with a capacitor. When the discharge
first reaches E,, the potential of this cathode is
maintained at about —125 V whilst the 4,700 pF
capacitor is charging. A larger current, therefore,
flows to the zero second guide than flows when the
discharge rests at any other cathode. As the cap-
acitor in the cathode circuit of the zero second guide
charges, however, the guide becomes more positive
owing to the flow of current through the 3.3 MQ
resistor. The discharge, therefore, moves to the zero
main cathode.

The large current which flows to the zero second
guide for a short time produces a relatively large
voltage pulse across the anode resistor and this
pulse can be used to operate the succeeding decade
directly through a resistance-capacitance coupling,
as it is of a suitable amplitude and of the correct
polarity.

The reset switch can be used to apply momen-
tarily a negative potential of about 300 V to the zero
cathode of the counter tubes. The discharge can
thus be transferred to the zero cathodes of all of the
tubes in the scaler.

Although the Z302C is no longer in current
production, the above details have been included
since it is felt that the principle of operation of this
tube is of interest.

4.4, ERICSSON TUBES AND THEIR CIRCUITS

Double Pulse Decade Tubes:

4 kcls Counter tubes: GCI10B; GCIOB/S
(CV2271).
4 kels Counter specially processed for long life:
GCIOBJL (CV6044).
4 kc|s Computing tube with intermediate outputs:
GCIl0/4B (CV1739).
4 kels Computing tube specially processed for long
life: GC10/4B|L. (CV6100).
4 kels Selector tube: GSI10C|S (CV2325).
5 ke[s Selector tube: GSI0H (with routing guides;
the smallest and cheapest dekatron. )
10 kels Selector tubes: GSI10D and GSI0E.
1 kcjs Low voltage dekatron: GSI10J.
10 kc|s Tubes with auxiliary anodes for direct
operation of digitrons
Counter: GCAIOG
Selector: GSAIOG.
Double Pulse 12 way Tubes:

4 kels 12 way Computing tube with intermediate
outputs: GCI12[4B.
4 kels 12 way Selector tube: GSI2D.

Single Pulse 20 kcls Decade tube: GCIOD (CV5143).
Tubes for Maintenance Only:

1 kefs GCI0[2P (miniature)

4 kels GS12C (soldered contacts on phenolic tube)

10 kcjs GS10G {with routing guides)

10 ke/s GSI0K (decade selector with three sets of
guides for high voltage or high current output).,

(Ericsson tubes are now being manufactured by Hivac
Lid.)

Ericsson gas filled polycathode counter and selec-
tor tubes are known by the registered trade mark
of Dekatron. The basic data for these tubes is
shown in Table 4.4. All of the current types, except
for the single pulse GC10D, operate on the doub-
le pulse principle discussed in Section 4.2, but
there are a large number of different types from
which the circuit designer can choose.

4.4.1 Circuits for Double Pulse Tubes

The same basic type of circuit can be used with
any of the simple 4 ke/s double pulse Dekatrons,
but the optimum values of some of the components
depend on the particular type of tube chosen; these
values are shown on the circuit diagrams. The
circuits of Figs. 4.19 to 4.23 inclusive can be used
with any of the following tubes: GC10B, GC10B/S,
GC10B/L, GC10/4B, GCl10/4B/L, GC12/4B,
GS10C/S, GS10H and GS12D.
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4.4.2 Dekatron Coupling Circuits'?)

The circuit of Fig. 4.19 shows how a GTE175M
trigger tube, V2, can be used for coupling two 4kc/s
douple pulse Dekatrons. When the discharge in
the first counting tube, V1, moves to the zero
cathode, the resulting positive going pulse from
this cathode is applied to the trigger electrode of
V2 via the capacitor C;. This pulse, when added to
the bias applied to the trigger electrode, causes the
trigger tube to ignite. The flow of anode current
in the trigger tube causes the anode potential of
the tube to fall, and this fall is fed to the first guides
of the succeeding counter tube, V3, via a capacitor.
The second guide pulse is obtained from a tapping
on the anode load resistor of the trigger tube.

The number of ‘carries’ per second is limited to
a maximum of about 500 by the characteristics of
the trigger tube, but even if the preceding Dekatron,
V1,is operating at its maximum speed of 4 kcfs,
the trigger tube will not be required to handle, more
than 400 pulses per second. Although Fig. 4.19

requires no heater wiring,a —100V supply is requir-
ed for the priming cathodes of the GTE175M tube.

A similar circuit using a hard valve for coupling
two Dekatrons is shown in Fig. 4.20. The valve is
used to amplify and invert the phase of the positive
going signal from the cathode of the first Dekatron,
The resulting negative going pulse is fed to the
first guides of ¥3and, through an integrating cir-
cuit, to the second guides.

If a selector tube is used with a resistor in each
of the main cathode leads, the current passing
through the tube will be less than in a counter tube
of similar construction in which nine of the main
cathodes are directly earthed. In order to overcome
this change of anode current, it is recommended
that, when a 4 kc/s selector tube is used with a
150 kQ resistor in each cathode circuit, the anode
resistor should be reduced from the value of 820 kQ
recommended for 4 kc/s counters to 630 kQ sothat
the total (anode-cathode) resistance remains
almost unchanged. Thus the anode currentis kept

P
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at its optimum value if the recommended H.T.
supply potential of 475425 V is employed.

The maximum positive potential of the output
cathode of a counter tube is about 118 V, but owing
to the smaller value of the anode resistor used in
selector tube circuits, the potential of the output
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R, 820 k&2 680 k@ 910 k2
R, 150 k2 150 k@ 270 k2
E +18V +36V +36V

cathode of a selector tube may reach 436 V. The
positive guide bias should not be less than the max-
imum potential reached by any main cathode
(except for sine wave inputs) and, therefore, a larger
biasis recommended for selector tubes than for coun-
ter tubes. Suitable values for the potential divider
resistors from which the guide bias may be obtained
are shown in Figs. 4.19 to 4.21 and also in Fig. 4.23.
The guide bias is the potential at the point marked
‘B’ in these circuits.

In the case of the trigger tube coupling circuit
of Fig. 4.19, the capacitor C; should be increased
to 0.01 uF if the input to V1 is a sine wave; other-
wise the pulses from 71 might not be steep enough
to pass through C; to the trigger tube V2.

4.4.3 Input Circuit for 4 ke/s Dekatrons(!3)

A suitable circuit for providing the twin pulses of
the correct shape for the first counter tube of Fig.
4.19 or4.20is shownin Fig. 4.21. A short positive
pulse of an amplitude not less than 20 V may beused
to trigger the monostable multivibrator V1.

In the quiescent condition ¥1b conducts owing
to the fact that its grid is connected to the positive

H.T. line via a 390 k() resistor. ¥1a is normally cut
off by the voltage present across the common cath-
ode resistor resulting from the flow of anode cur-
rent in ¥1b. The input pulse causes ¥1la to conduct
and the resultant negative pulse at the anode of this
valve is fed to the cathode follower, V2. The output
at the cathode of V2 is, of course, in phase with the
grid potential of this valve and is fed to the first
guides of the Dekatron, V3. The same pulse is fed
through an integrating circuit to the second guides.

The Q3/3 diode in the guide circuits of Figs. 4.20,
4.21 and 4.23 prevents the guides from becoming
more positive than the guide bias supply point, E.
The GEX55/1 diode in Fig. 4.21 prevents the neg-
ative going trailing edge of the input pulse from
reaching the grid of Vla where it might cause the
multivibrator to return prematurely to its quiescent
state.

Sine Wave Input''®

If the input consists of sine waves, the circuit shown
in Fig. 4.22 may be used to count the peaks. The
circuit is very similar to the Mullard circuit of Fig.
4.16 and suffers from the same disadvantage that
the correct phase relationship of the pulses at the
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Fig. 4.21 An input circuit for 4 kec|s Dekatrons

two guides is not established until a few cycles
have elapsed. If it is necessary to count every sine
wave peak from the moment that the signal is
applied to the circuit, the circuit of Fig. 4.23 may be
used. The 12AU7 acts as a Schmitt trigger circuit.

Each negative peak of the input sine wave causes e 1
Vlato be cut off and V1b to conduct. The negative 40V-70V
RMS.

pulses at the anode of V'1b are fed to the first guides
of V2.

Reset

The reset lines shown in the circuits in this section
should be connected to earth through a resistor
which is shorted out by a switch or a relay except
during the actual moment when the resetting oper-
ation is carried out. The output cathodes of the
Dekatrons and the cathodes of the valves in the
input and the coupling circuits are returned to sep-
arate H.T. negative lines. .

If the switch or relay which connects the reset
line to earth is opened, the current from the count-
ing tubes flows through the resistor to earth and
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the potential of all of the main cathodes except the
zero cathode of each Dekatron is raised so that the
discharge in each tube moves to the zero cathode.

The value of the reset resistor should be chosen
so that the potential of the reset line increases by
about 100 V during the resetting operation. The
value of this resistor should be varied according to
the number of decades used.

4.4.4 The GS10D Tube 3

The GS10D double pulse selector tube can be used
to count impulses at frequencies up to 10 ke/s,
but it can count sine wave peaks at up to 20 ke/s.
The operating principle of the GS10D circuits is
the same as that of the 4 kc/s double pulse tubes,
but the input pulses can be shorter in duration.
A typical circuit for the GS10D is shown in Fig. 4.24
in which 1t is coupled to the succeeding 4 kc/s tube
by a valve amplifier. The grid and cathode of the
valve are also used as a limiting diode for the GS10D
output cathode voltage.

The GS10D has a higher anode current and re-
quires a rather higher guide bias than the 4 ke/s
tubes. Tt can be seen from Fig. 4.24 that the integ-
rating circuit time constant in the GS10D second
guide circuit is much less than in the second guide
circuit of the succeeding 4 ke/s tube, V3.

The impulses to the circuit of Fig. 4.24 should
have an amplitude of 145415 V anda duration of
33 psec (£20%). The slope of the leading edge of
the negative going input pulse should not exceed
150 V/usec. The circuit may be fed from a circuit
identical to the input section of Fig. 4.21, but the
capacitor connecting the grid of ¥1b in Fig. 4.21
to the anode of ¥1a should be reduced from 470 pF
to about 150 pF so that the desired pulse length of
about 33 psec is obtained.

If the maximum possible speed of operation is to
be obtained from the GS10D, it is essential to re-
duce the effect of stray capacitance from the anode
to ground to a minimum. The anode resistor should
be wired not more than 1/, in. (5 mm) from the
anode tag of the tube holder.

The characteristics of the GS10E are rather simi-
lar to those of the GS10D and both tubes can be
used in similar circuits. The maximum operating
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Fig. 4.25 A sine wave input circuit for the GSI0D

speed quoted for the GS10E is 10 ke/s both in the
case of rectangular input pulses and in the case
of sine wave input.

The GS10D may be used in the circuit of Fig.
4.25 to count the peaks of sine waves at frequencies
up to 20 kc/s. The value of €, should be varied as
shown in Fig. 4.25 for different operating {requen-
cies. When the input 1s first applied, the correct
phase relationship of the guide voltages will not be
established for a short time and a few of the first
peaks of the input wave will not be counted.

4.4.5 Transistor Drive circuits

The circuit of Fig. 4.26 shows how a transistor may
be employed to drive a Dekatron®®, The input pul-
ses should have an ampitude of between Sand 12V
and should be negative going; their duration should
not be less than 10 psec. The transistor is employed
in a blocking oscillator circuit so that a single trans-
istor can be used and so that a voltage large enough
to drive the Dekatron can be taken from the sec-
ondary winding of the blocking oscillator trans-
former. A cheap low voltage transistor can be used,
since the voltage applied to it is relatively small.
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Transformer details for 4 kels. Dekatrons

Transformer details for 10 kcls Dekatrons

5/16 in stack of 0-008 in mu-meial laminations RCL191,
type 421. Collector winding 100 turns, emitter winding
20 turns, output winding 906 turns

1/4 in stack of 0-004 in mu-metal lamination RCL191,
type 450. Collector winding 45 turns, emitter winding
7 turns, output winding 515 turns.

Type of tube l Vv, l R, ‘ R, R, \ R, t R, \ R, R, l C; \Guide Bias
4kefs GCI0R, | 47kQ | 47k 47kQ | 47 KO | 820 k©Q | 150 k max | 1000 pF} -+ 18V
Dekatrons GS10C A7kQ | 47k | 47kQ | 47k | 680 KO 7150 k02 max | 1000 pF| -+36V
GS12D | 47kQ | 47k 47 k0 | 47 kQ | 680 kQ | 270 k2 max 1000 pF| +36V ¢
10 ke/s GS10D | Omit I KO | 160 k0 | 160k | 300kQ | 47 kQ max | 330pF] +50V
Dekatrons GS10E Omit 33 kQ 33 k02 16 k2 | 240 k2 ‘ 39 kQ max | 2330pF, +50pF

Fig. 4.26 A transistor drive and coupling circuit for Dekatrons

The circuit will provide an output pulse which is
capable of driving a similar succeeding decade
directly.

The type of transformer, the guide bias and the
values of some of the components should be chosen
according to the type of Dekatron which is to be
used. Full details are given in Fig. 4.26. Gther
transistor drive circuits have been published. %1%

4.4.6. The Computing Tubes (13,1

The decade computing tube GC10/4B is of exactly
the same construction as the GC10B counting

TE

tube except that four of its main cathodes are
brought out to separate base pins whereas in the
GC10B only one of the main cathodes has a sep-
arate base pin. The GC10/4B/L isa long life version
of the GC10/4B, whilst the GC12/4B has twelve main
cathodes, four of which are brought out to separate
base pins.

The computing tubes can be used in multidecade
circuits for addition or subtraction where the
direction sensing circuits require at least one output
pulse ‘between. the digits zero and nine. The four
output cathodes which are connected to separate
base pins are designated 4,B, C and D. The remain-
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ing main cathodes are connected to a common
base pin. The spacing of the output cathodes is so
arranged that, by choosing the appropriate one of
them to be the zero cathode, an cutput pulse canbe
obtained from the tube at any desired intermediate
count. The method of connection is shown in Tables

Table 4.2. THE NUMBER OF PULSES TO BE APPLIED TO
A GC10/4B TUBE IN ORDER TO OBTAIN AN OUTPUT PULSE
FROM CATHODE 4, B, C oR D WHEN THE CATHODE
INDICATED IS THE ZERO CATHODE AND THE DIRECTION
OF ROTATION IS AS SHOWN.

4.2 and 4.3. For example, in the case of the GC12/
4B, if the cathode B is acting as the zero cathode and
the discharge is travelling in a clockwise direction,
outputs will be obtained at the 6th, 8th and 11th
input pulses from the cathodes C, D and 4 respec-
tively.

Table 4.3. THE NUMBER OF PULSES TO BE APPLIED TO
A GCI12/4B IN ORDER TO OBTAIN AN OUTPUT PULSE
FROM CATHODE A, B, C OR D WHEN THE CATHODE
INDICATED IS THE ZERO CATHODE AND THE DIRECTION
OF ROTATION IS AS SHOWN.

A l B | C ] D Al Bl c| D
A Zero Clockwise 0 1 4 6 A Zero  Clockwise 0 1 7 9
Anticlockwise 0 9 6 4 Anticlockwise 0 11 5 3
B Zero Clockwise 9 0 3 5 B Zero  Clockwise 11 0 6 8
Anticlockwise 1 0 7 5 Anticlockwise 1 0 5 4
C Zero Clockwise 6 7 0 2 C Zero  Clockwise 5 6 0 2
Anticlockwise 4 3 0 8 Anticlockwise 7 6 0 10
D Zero Clockwise 4 5 8 0 D Zero  Clockwise 3 4 10 0
Anticlockwise 6 5 2 0 Anticlockwise 9 8 2 0
A wEem =
wWeut
A
B

VB 1S A 12AX7 STAGE IDENTICAL WITH Va

100

Fig. 4.27 A multi-decade
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4.4.7 The GS10J

The GS10J is a low voltage Dekatron which has a
striking voltage of 150 V. The recommended H.T.
supply voltage is 200 V, but the maximum operating
frequency is 1 kc/s. The pulses fed to the guides
should be of about 24 V in amplitude and 300 p.sec
in duration with a 10 psec overlap.

The GS10J may be used in circuits similar to
those designed for 4 kc/s tubes, but the time constant
of the integrating circuit feeding the second guides
should be increased by a factor of about four and
the input pulses must be about four times as long
as those recommended for 4 kc/s tubes. The anode
resistor should be 330k{ and the maximum output
voltage which can be obtained from the tube is
about 3 V across 3.3k{) cathode resistors.

4.4.8 Tubes with Routing Guides for Bidirectiona
Counting13: 17

In the GS10J, GS10H, GS10G, GCAI0G and
GSA10G tubes the first guide electrode following
the ninth main cathode and the second guide elec-

[ 475V
300V

YRESET

—60V

100k() FOR UP TO TWO DECADES ———s—éR
1 —io0V

reversible counting circuit

trode preceding the zero cathode are each brought
out to separate base pins. These electrodes are
known as routing guides and enable the tubes to
be used in multidecade bidirectional counting cir-
cuits. The conventional symbol for Dekatrons with
access to routing guides is as shown in the circuit
of Fig. 4.27, the routing guides being the two elec-
trodes on the right hand side of the tube symbol.

If a scaler is adding pulses, a ‘carry’ pulse must
be fed to the succeeding decade when the discharge
arrives at the zero cathode. Similarly, if the input
pulses are being subtracted from the total count, a
negative carry pulse must be passed to the next
decade when the discharge arrives at the ninth
cathode. If the same circuit is to be used for both
forward and reverse counting, it is not sufficient
merely to insert resistors in the zero and ninth cath-
ode circuits in order to obtain the carry pulses. The
carry pulses must also be gated according to the
direction of counting.

In the bidirectional counting circuit of Fig. 4.27,
the first guide pulses are applied to nine of the first
guide electrodes and also, via a resistor, to the first
routing guide. Similarly, the second routing guide
is connected via resistors to the other second guides.
When the discharge rests momentarily at either of
the routing guides, a potential difference will be
present across the routing guide series resistor.

If the discharge is moving forwards, it will first
rest momentarily at the first routing guide. The volt-
age across this guide resistor will be amplified by
the double triode stage V4 and a pulse will be fed
to the first guides of the succeeding Dekatron.
A fraction of a second later the discharge in the
first Dekatron will rest momentarily at the second
routing guide and the voltage across the guide
resistor will be amplified by ¥ so thata pulse is
fed to the second guides of the next decade. Since
the second Dekatron receives a pulse at its first
guides before the pulse arrives at its second guides,
the discharge will move one position in a clockwise
direction.

1f the first Dekatron had been counting in reverse,
however, the discharge would have tested at its
second routing guide before coming to its first rout-
ing guide. The resulting pulses would have been
amplified by V5 and ¥V, respectively and passed
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to the second Dekatron; the second guide elec-
trodes of this Dekatron would, therefore, have re-
ceived a pulse before the first guide electrodes and
the tube would count in reverse (or subtract).

Tt can be seen that the grid and cathode of the
first stage of each coupling amplifier are connected
directly across the corresponding routing guide
resistor. The second stages of the coupling amplifiers
are cathode followers which provide a drive of low
impedance for the succeeding Dekatron and also
provide a means by which a suitable guide bias may
be obtained. The coupling amplifiers ¥4 and Vp
are d.c. coupled throughout.

A negative going pulse of about 100 V in ampli-
tude and 30 psec in duration fed into the ‘4’ input
followed by a similar and slightly overlapping pulse
to the ‘B’ input will cause the count to increase by
one unit, whereas two similar pulses fed first into
the *B’ input and then into the ‘4’ input respec-
tively will reduce the total count by one unit. The
switching of the second decade takes place simul-
taneously with the switching of the first decade and
the whole process is, therefore, very rapid.

The resistor R in the resetting circuit of Fig. 4.27
may be 100 k€ for up to two decades, but its value
should be reduced in proportion to the number of
decades if more than two are employed.

4.4.9 Digital Indication from Dekatron Circuits

Dekatron tubes are self indicating devices, but the
state of the count is shown merely as the position
of a point of light. If readout in the form of actual
digits is required, it is necessary to use the Dekatron
to control the operation of a numerical indicator
tube (see Chapter 10). Ericsson Numerical Indicator
Tubes are known as ‘Digitrons’.

Two main requirements must besatisfied for the
operation of Digitrons®®. The current passing
through the Digitron must be great enough for the
whole of the cathode to be covered by the glow. The
second requirement is that all of the Digitron cath-
odes which are not glowing at any given time must
be at a positive potential or pre-bias of about 40V
which will prevent any discharge from taking place
to them.

Circuits such as those shown in Fig. 4.28 have
been developed which enable Digitron readout to
be obtained from standard type Dekatrons as=2b
but since the normal Dekatron does not pass
enough current to operate a Digitron, some form
of amplifying device must be used in this type of
circuit.

The circuit of Fig. 4.28(a) was developed in order
to provide a simple means of adding digital readout
to an existing Dekatron scaler without altering the
existing circuitry. GTE120Y miniature wire ended
trigger tubes are used as amplifying devices. This
type of tube has a sufficiently stable trigger charac-
teristic to enable the circuit to operate from an in-
put differential of 12V developed across the cathode
resistors of a Dekatron selector tube®%.

The power supply to the Digitron and trigger
tubes is half wave rectified unsmoothed a.c. The
tubes will, therefore, be extinguished once per cycle
of the mains frequency. When one of the trigger
tubes has ignited, the fall in potential across the
resistor in the trigger tube cathode circuit ensures
that no other tube can ignite. The peak negative
voltage applied to the trigger tube cathodes is well
in excess of the trigger to cathode striking potential
of 120 V and, therefore, one trigger tube will always
strike. The discharge then spreads to the anode and
this prevents other tubes from striking by the mech-
anism discussed.

The time taken for the tube to strike decreases
rapidly as the trigger to cathode voltage increases
above the required minimum. An over-voltage of
one volt applied to a tube is sufficient to enslur
that this tube will strike first, but in order to allow
for the spread of trigger tube striking voltages from
tube to tube, it is necessary to apply about 12V
from the cathode of the Dekatron at which the
discharge is resting.

The anode current of the trigger tube which has
been ignited causes a potential drop across the htig-
ger tube anode resistor and this is applied to the
corresponding cathode of the Digitron which,
therefore, glows.

An alternative circuit employing ten transistors
per decade is shown in Fig. 4.28(b)2% 2V The
transistors must be used in the grounded emitter
configuration, since they are required to give a cur-
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rent gain. The output voltage from the Dekatron is
positive going and this voltage nmust be used to ren-
der the transistors conducting. NPN transistors are
therefore required. When a transistor conducts, a
current flows from the Digitron cathode to the
transistor collector and the Digitron cathode glows.

The non-glowing Digitron cathodes will have a
potential which is dependent on the leakage current
of the transistors used. The current flowing from
these cathodes must not exceed about 100 pA per
cathode or spurious glows may occur which make
readout more difficult. The non-glowing cathodes
will be about 40V positive with respect to the glow-
ing cathode when this current is passing and,
therefore, fairly high voltage transistors should be
used. These tend to be fairly expensive and hence the
trigger tube circuit may be preferred. The GR10G
is the only current type of Digitron tube which is
not suitable for operation from commercially avail-
able transistors, since the degree of ionisation coup-
ling in this tube necessitates much higher values of
pre-bias voltage®®.

A third alternative is the circuit of Fig. 4.28(c)
in which five double triodes per decade are used as
amplifiers®®, The flow of the anode current of one
triode through the common cathode resistor, Ry,
biases all of the other nine triodes to cut off. If a
positive voltage is fed from a cathode of the Deka-
tron to the grid of the corresponding triode, the
latter will conduct and the triode which was previ-
ously conducting will be cut off. The Digitron cath-
ode supplying the current to the conducting triode
will glow. The value of the resistor R; determines
the Digitron current.

Negative going pulses may be obtained from a
Digitron cathode (e.g. for the purpose of operating
the succeeding decade), but in this case an extra
resistor, R, in Fig. 4.28(c), should be included so
that the leading edge of the pulse is not affected by
the ionisation time of the Digitron.

Although the valve circuit requires no modifi-
cations to the Dekatron circuits, it has the disadvan-
tage of being rather bulky.

4.4.10 Dekatrons for Digitron Operation

Two Dekatrons have been developed which contain
ten additional electrodes in the form of an inner
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ring between the main anode and the cathode-guide
ring of electrodes. These additional electrodes are
known as auxiliary anodes and can be seen in the
photograph of the GCA10G and GSA10G. Each
auxiliary anode is situated radially between a main
cathode and the main anode. Dekatrons containing
these additional electrodes may be used without any
coupling amplifier for the direct operation of Di-
gitron tubes and thus enable the extra cost and
complexity of the ten amplifiers per decade shown
in the circuits of Fig. 4.28 to be eliminated.

The only difference between the GCAI10G and
the GSA10G is that the former is a counter tube
whilst the latter is a selector tube with a separate
connection to each of the ten main cathodes. In
both tubes the routing guides are brought out to
separate external connections so that they can be
used for bidirectional counting. Each of the ten
auxiliary anodes is also connected to a separate
base pin.

The total current passing to a glowing main
cathode is shared between the main anode and the
auxiliary anode which is nearest to the glowing
cathode. The recommended main anode operating
current is 0.62 mA and the auxiliary anode current
2.0 mA. The Digitron cathodes are connected
directly to the auxiliary anodes, but a bias supply
network also feeds the auxiliary anodes.

2'0  CHARACTERISTIC OF
AUXILIARY ANODE
ADJACENT TO
GLOWING CATHODE

CHARACTERISTIC
OF AUXILIARY
ANODE 36° FROM
THE POSITION OF
THE DISCHARGE

0-84

AUXILIARY ANODE CURRENT (mA)

0 1 1 f I }
180 190 200 220 240 260 280
AUXILIARY AMODE VOLTAGE

Fig. 4.29 Auxiliary anode characteristics
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Fig. 4.30 The direct operation of a Digitron from a GCAIQG tube

The extent to which the auxiliary anodes are
primed depends on their distance from the glowing
main cathode. It can be seen from the auxiliary
anode characteristics of Fig. 4.29 that the auxiliary
anode radially in line with the glowing cathode will
conduct at an applied potential of about 40 V less
than is required to cause one of the other adjacent
auxiliary anodes to conduct. The characteristic is
very steep, so the output impedance of the auxiliary
anode circuit is very low. The normal operating
point is about 225 V at 2 mA.

The fact that a potential of about 40 V can exist
between the conducting auxiliary anode and an
adjacent auxiliary anode before any appreciable
conduction takes place to the latter enables
the required pre-bias for the Digitron to be
obtained.

A typical circuit for the operation of a Digitron
from a GCA10G or a GSA10G is shown in Fig.

4.3018), A 100 kL resistor is connected to each
auxiliary anode and the junction of the upper ends
of these resistors is returned to a source of +430V
via a 390 kQ resistor. These values are chosen so
that the potential across the 100 k{2 resistor connec-
ted to the conducting auxiliary anode will be about
equal to the required pre-bias for the Digitron of
40 V. This, therefore, ensures that a negligible
current flows to the non-glowing cathodes of the
Digitron.

The current passing to the auxiliary anode may
be varied by changing the value of the Digitron
anode resistor, whilst the Dekatron main anode
current can be varied by changing the value of its
main anode resistor. The two currents are more or
less independent of each other.

The GCA10G can provide a pulse of about
+10 V from its output cathode, whereas the
GSA10G can provide a pulse of this value from
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laminations RCL 191, type 421
collector winding 120 turns 2ke/s 0CT77 270 5 10 g sec
emitter winding 50 turns C83 120 10 20 p sec
output winding 1500 turns 5 kefs 0

Fig. 4.31 Transistor drive and coupling circuits for the GCAIOG or GSAIOG
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any of its main cathodes. In addition either tube can
supply a negative going pulse of about 40 V ampli-
tude from any of the auxiliary anodes.

The input pulses to the circuit of Fig. 4.30 should
have an amplitude of between 140 and 160 V and
should be between 90 and 110 psec in length. The
circuit of Fig. 4.30 is designed for forward counting
only and the first routing guide is connected to the
other first guides. Similarly, the second routing
guide is connected to the other second guides.

Owing to the relatively high cathode current of
the Dekatrons which employ auxiliary anodes, the
input circuit techniques which are used are some-
what different from those employed with other types
of Dekatron. It is important to note that the Digit-
ron is an integral part of the system and its associat-
ed circuitry cannot be modified without affecting
the Dekatron drive conditions.

The circuit of Fig. 4.31 shows how transistors
may be used in the input and coupling circuits of the
auxiliary anode tubes@® %), The maximum count-
ing speed is 5 kc/s if an 0OC83 transistor is employed
for T1. The input pulses are used to operate this
transistor which is connected in a blocking oscil-
lator circuit. The output winding of the blocking
oscillator transformer has a large number of turns
in order that the voltage developed shall be great
enough to operate the Dekatron. An OC76 trans-
istor is used in the coupling circuit to invert the
phase of the positive going output pulses from the
sero cathode so that pulses which are suitable for
the operation of the blocking oscillator of a succeed-
ing stage are obtained. The capacitance coupling
from the output cathode of the Dekatron to the
base of the OCT6 coupling transistor controls the
duration of the pulses which are fed to the succeed-
ing Dekatron. The reset pulses should be of 100 v
amplitude and 50 psec duration.

The circuit of Fig. 4.32 shows how a GCA10G
or a GSA10G tube may be used for forward count-
ing when Digitron readout is not required®®. The
input and coupling circuits may be similar to those
of Fig. 4.30 or 4.31.

4.4.11 Reversible Counting with Digital Readout®®

The circuit of Fig. 4.33 illustrates the use of
GCA10G or GSA10G tubesin reversible counting

+475V +25V

lOOkQ§

OUTPUT
3.3kQQ

=

Fig.4.32 A circuit for the GSAIOG (or GCAIOG)
without Digitron readout

circuits which provide digital indication. The prin-
ciple of operation of this circuit is the same as that
of Fig. 4.27, but Digitron readout has been added.
The input pulses should be of 100 V in amplitude
and 60 psec in duration with an overlap of at least
15 psec. If the first pulse is applied to the ‘4’ input
and the second pulse to the *B’ input, the count will
increase, but if the first pulse is applied to the ‘B’
input and the second pulse to the ‘4’ input, subtrac-
tion will take place.

4.4.12 Circuits for Division

If a 10-way Dekatron is used in the circuits which
have been discussed, it will divide the number of
incoming pulses by 10 and similarly a 12-way Dekat-
ron can be used to divide by 12. If the 0 and 5 main
cathodes of a 10-way Dekatron are connected to-
gether and the junction is returned to earth via a
load resistor, the circuit can be used to divide by
five, since two output pulses will be obtained across
the load for each complete revolution of the dis-
charge in the tube.

If the even cathodes of a decade selector tube are
connected to a load resistor and the odd cathodes
are connected to earth directly, the system can be
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used to divide by two. The 12-way selector tube type
GS12D is especially versatile in this type of applica-
tion, since it can be used to divide by 2, 3, 4, 6 or 12.
The output pulses are equally spaced.

4.4.13 The GC10D Single Pulse Dekatron3 29

The GCI10D single pulse Dekatron requires only
one input pulse to cause it to count. In addition it
has the advantage that it can operate at frequencies
up to 20 ke¢/s. The structure of the GC10D tube is
similar to that of the double pulse Dekatron shown
in Fig. 4.1, except that forty identical cathodes
surround the common anode instead of the thirty
cathodes used in double pulse tubes. Ten of the
cathodes are main cathodes, whilst the remaining
thirty are transfer or guide cathodes. There are three
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Fig. 4.33 A bidirectional

guide cathodes between each two main cathodes.
All of the guide cathodes which are on the
clockwise side of the adjacent main cathode are
joined together and are known as the first guides
(G, in Fig. 4.34). The electrodes on the clockwise
side of each of the first guides are also joined to-
gether and are known as the second guides (Gy).
Nine of the third guides are joined together (G3),
but the third guide preceding the output cathodeis
brought out to a separate base pin and is shownon
the right hand side of the GC10D circuit symbolin
Fig. 4.34. It is known as the output third guide.
The basic type of circuit in which the GC10D
can be used for counting random pulses is shown
in Fig. 4.34. The first and second guides are joined
together via a resistor and a capacitor in parallel
and are returned to a source of positive bias via 2
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counter with Digitron readout

resistor R, and a diode D;. The third guides are
returned to earth via a parallel resistor and capaci-
tor. The small capacitors in the guide circuits limit
the rate of change of guide potential to a suitable
maximum value.

The negative input pulses are applied directly to
the second guides and also via the parallel resistor
and capacitor to the first guides. When the pulse
is applied, the discharge moves one position in a
clockwise direction from the glowing main cathode
to the adjacent first guide which has been strongly
primed. The anode voltage falls so that the first
guide to anode potential is equal to the maintaining
voltage of the tube and the discharge to the main
cathode is then extinguished.

The capacitor in the first guide circuit charges
from the current passing to the guide and the first

guide potential increases. The discharge, therefore,
transfers to the second guide which is still at its
maximum negative potential. Transfer will occur
when the potential across the capacitor in the first
guide circuit is equal to the difference between the
primed striking voltage and the maintaining voltage
of the tube.

During the remainder of the input pulse the
discharge rests at the second guide, but when the
pulse ceases the anode potential rises so that the
anode to second guide voltage is kept at the
maintaining voltage of the tube. The third guide
which is strongly primed then strikes, but soon the
capacitor in the third guide circuit becomes charged
from the third guide current to a potential which is
great enough to cause the discharge to transfer to
the succeeding earthed main cathode.
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Fig. 4.34 The basic circuit for the single pulse GCIOD tube

Although each count requires four separate steps
(as compared with the three steps of the double
pulse Dekatrons), the time the discharge remains at
the first and third guides is extremely short owing to
the automatic transfer mechanism as the capacitors
in the guide circuits charge. The length of time for
which the discharge rests at the second guide
electrode is determined by the length of the input
pulse. Thus the four stepping operations which take
place in a single pulse Dekatron can be arranged to
occur in a shorter time than the three steps of the
double pulse tube.

The diode D; presents a large impedance to the
input pulses and serves to prevent the first and
second guide electrodes from becoming appreciably
more positive than the guide bias supply point.
1f the diode were omitted, the ions from the adjacent
conducting main cathode would produce a small
current in R; which would result in an additional
positive bias being formed at the guides.

The third guide preceding the output cathode is
connected to the latter by a resistor and capacitor
in parallel. When the output cathode is conducting
and is at a positive potential (owing to the flow of
current through the cathode resistor), the potential
of the third guide is raised to the potential of the

110

output cathode. The discharge is thus prevented
from returning from the output cathode to the
preceding third guide when the output cathode
potential becomes positive with respect to earth.
The output cathode should not be allowed to rise
to a potential above +10 V or the discharge may
transfer spontaneously from this cathode to another

33k Q2

GEXS55/1

MQ

27kQ2

e AA A

.1”—«

Fig. 4.35 An input circuit for the GCI0D with
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electrode. A clamping diode is, therefore, used from
the output to a 10 V supply as shown in Fig. 4.34.

The amplitude of the input pulses to the second
guides of the tube should be between 133 and 195V
and their duration should not be less than 25 psec.

A suitable input circuit for the GC10D is shown
in Fig. 4.35. The pulse shaper, consisting of V1la,
¥1b and V2a, is similar to the input circuit of Fig.
421, but the capacitor connecting the anode of
V1a to the grid of ¥1b has been reduced to 100 pF
so that pulses of about 25 p.sec duration are fed into
the GC10D tube instead of the 80 psec pulses which
are required for the operation of the 4 ke/s double
pulse tubes.

A pulse coupling amplifier, V'2b, is included in
the circuit of Fig. 4.35. The grid and cathode of
this valve also serve as the diode shown in Fig. 4.34.
The output from the circuit may be fed into the
capacitor marked C in Fig. 4.20 so that V3 of Fig.
4.20 serves as the next decade, V1 and V2 being
omitted.

If a —20 V supply is available, the point marked
‘A’ of Fig. 4.35 may be taken to it instead of to
earth, in which case the cathode of ¥2b should be
taken directly to earth. The potential divider in the
cathode circuit of ¥2b is then eliminated.

It is important that the stray capacitance from
he anod e of the GC10D to earth should be kept to

a minimum; the anode resistor should not be more
than 1/, in from tag 4 of the tube base.

GCIOD Sine Wave Circuit®®

The GC10D may be used in the circuit of Fig. 4.36
to count the peaks of sine waves. The amplitude
of the input waveform should be between 65 and
100 V r.m.s. The circuit may be used to feed a
second decade by connecting the output to the
capacitor C of Fig. 4.20, V1 and 7?2 of Fig. 4.20
being omitted.

4.4.14 Coupling Dekatrons to Magnetic Counters

Dekatrons may be used to divide the frequency
of an input signal so that the output pulse frequency
is not too great to be counted by an electro-magnetic
counter. The output pulses from the Dekatron
cannot be fed directly into the magnetic counter,
since the output power which a Dekatron can
supply is much too small to operate a magnetic
counter directly and the pulse duration will not, in
general, be suitable.

A typical circuit for coupling a 4 kc/s Dekatron
to a magnetic counter is shown in Fig. 43739,
The double triode V2 forms a monostable multi-
vibrator circuit which is used to amplify and shape

[— +475V +25V
[ Y
33k +!
240kQ 39k oW '-ZOV
50/0

OUTPUT TO LEFT

x V2b HAND SIDE OF
V512877 CAPACITOR C
4 OF FI6.4.20
E
A\
25uF
25Y
RESET LINE
oV

a coupling circuit for driving a 4 kels tube
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Fig. 4.36 A sine wave input circuit for the GCIOD

the pulses from the Dekatron, ¥1. ¥2a is normally
conducting because its grid is connected to the
+350 V line via the counter coil, whilst ¥2b is
normally cut off by the bias produced by the flow
of the V2a current through the common cathode
resistor. In the quiescent state no appreciable cur-
rent, therefore, flows through the magnetic counter
in the F2b anode circuit.

If a negative going pulse is applied to the grid
of V2a, this triode is cut off and ¥2b conducts,
thus operating the magnetic counter. After a preset
time the circuit returns to its initial state and is then
ready to receive another pulse. Although the out-
put pulses from the Dekatron are positive going,
the positive leading edges are shorted to earth by
the OA85 diode. The negative trailing edges are

4kcfs
Vi DEKATRON

.vézgfzﬁ%%V \
'[ipoopF T
. %m’ kQ é(nﬁ?r).

5

[
47k$)

¢

+ 475V 40V

SODECO TCe +350V

VDR 36kQ)
Y wgs |

0-0ipF |

220
20 %IOOkQ

=

Sia 1S NORMALLY CLOSED. Slb IS NORMALLY OPEN. THESE -SWITCHES ARE GANGED.

Fig. 4.37 The use of a 4 kc|s Dekatron for feeding a magnetic counter
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Table 4.5 ERICSSON TUBE ESCUTCHEONS,

Escutcheon BASE
Current Types: . Base i
. (Ericsson) 71213 4151617180
GCI10B, GCI0B/S N78211
GCI10B/L (bakelite) 1.0. Ki_s -1 Gy | a G, - K -
or
N79368 (brass)
GC10/4B, GC10/4B/L | (AsGC10B) 1.0. K, | Kp |Gy | a G, | Ky | Kz | K¢ ;
GC12/4B N79369 (brass) 1.0. K, 1l K¢ G, |a G, | Ky | Ky | Kp
GS10C/S, GS10D N80977 Duodecal
GSI10E (brass) -+ base K, K, | Ky K, | K¢ | K;s Ky | K5 | K,
cap
GS10H, GS10J (As GC10B) B17A K, Ks |1.C.1 Ky | Ky | LC K, |a K
GS12D N84538 (brass) | Duodecal K, Kyl Ko | K | K | Ko Ky, | K5 | K,
+base cap
-2 flying
leads
GCAI10G (As GC10B) B27A Ki_s| Ky |RG,|RGy| 4; | 4o Ay | Ag | Ay
GSAI0G (As GC10B) B27A K, K, |RG, | RG,| Ky | 4s kK | K, | 1C
GC10D (As GC10B) 1.0. Kol Gs |G | @ - | Ky, | Gz | G
out
Maintenance Types:
GS10G (As GC10B) B26A K Ky | Ky G, | Ky |IC.| K, | LC. K,
or B27A
GSI10K - B27A K, 1.C.| K; G, | K; |1C. | K, | G K;
GP10/2P N84338 B7G 1IC. | G, | Ki gl G, | Ky | Ko | @
(brass)
GS12C N79369 16 tags for a — Ky | K| Ko | Ko | Ks | K7 | G
(brass) soldering | (Red)




BASES AND CONNECTIONS

CONNECTIONS

10|11512\13\14]15!16{17119\20121]22123]24\25}26[27]28

K, | G, | Gy | Base Cap = Anode.

K, |RG,|RG,| K |Ks |G, | Kz | Ga

Ks | K, | Ky | Base Cap = anode Yellow lead = G, Green lead = G,

A, | Ag | ds | 4o |4z |1C| G |G | - | == - |- |-~ |~ ||~ 1°

K | K |1C| K | K |Gy |Gy | Ko | Ar [ Ao [ A0 |47 | As | A5 | Aa A, | 4, | a

K, |RG,|RG, | Ky | LC.| K K; G, - - a - - a - - a -

K |G | K |LC|K |1c|K | K | -| -|-|-1-|-| |~ |~ |°

K | K |K |G | &K | K | K

G, = 1%t Guides G, out = Output 379 guide RG, = 2% Routing guide
G, = 274 Guides (GC10D) a = Main anode
G; = 37 Guides RG, = 1% Routing guide A; = Auxiliary anode 5

K, = Main cathode A
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thus passed to the E92CC multivibrator which is
triggered. The input circuit to the Dekatron may be
of the type shown in Fig. 4.21 or, for sine wave in-
puts, as in Fig. 4.22.

Ideally, the value of the resistance R should be
such that the current pulse to the magnetic counter
is of about the same duration as the time between
pulses when the circuit is operating at its maximum
speed. For example, if the Dekatron is counting at
250 pulses per second, the magnetic counter will be
operating at 25 pulses per second and the value of

l +200V +10%

270
ol %zsz

\L7

-

Fig. 4.38 A trigger tube circuit for operating a magnetic
counter from a Dekatron

R should be about 120 k £. The voltage dependen
resistor, VDR 820B, is used to short circuit the
voltage peaks formed when the current ceases to
flow in the relay.

During the operation of the reset switch, Sp,, a
spurious pulse might be registered by the magnetic
counter, but this can be prevented by earthing
the grid of ¥2b by means of Sy, during the resetting
of the Dekatron. The switches however may be
replaced by relays if, it is so desired. Sy, must open
after S;, has closed at the end of the resetting
operation.

A trigger tube circuit for operating a relay or
electromagnetic counter is shown in Fig. 4.3803),
It is very suitable for driving a relay from the out-
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put of a decade tube. The maximum operating
speed is about 15 pulses per second.

When an input pulse is received, the combined
effect of the pulse and the trigger bias cause V2 to
strike and the relay in the anode circuit of this tube
closes. The relay contacts RL, close and RL, open.
The capacitor C charges through the 1.5 MO, re-
sistor and after a short time V3 ignites. The nega-
tive pulse at the anode of this tube is coupled to the
anode of V2 which is thus extinguished. The relay
contacts RL, open so that V'3 is extinguished and in
addition the contacts RL, close so that the capa-
citor C loses virtually all of its charge through the
1 kQ resistor. If RL, shorted C directly to earth,
excessive sparking would occur at the contacts.

The circuit requires input pulses of about 25 V
in amplitude and 100 psec in duration. The relay
or electro-magnetic counter should be rated at
about 50 V, 25 mA. The GTRI150W provides a
stabilised supply of about 150 V for biasing the
trigger electrodes of the tubes. The value of the ca-
pacitor C determines the duration of the energising
pulses fed to the relay; with the values shown the
duration of these pulses is about 50 msec.

4.4.15 Power Supplies for Ericsson Dekatrons‘®

Wherever possible the circuits designed by the
Ericsson Company for their Dekatrons operate
with power supply potentials of 475 +25 V, 300

+475V £25V
+300v 30 8'2“6{3
omA (MAX)
+165V
NOMINAL

oV

L

Fig. 4.39 A stabilised 300 volt power supply for Dekatron
circuits
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+10V,—20 V and—100 V. The 4300 V supply may
be obtained from the stabilised circuit of Fig. 4.39
which employs two Ericsson GD150M tubes and
can supply up to 10mA. The —20 V supply for
the Dekatron output cathodes can be obtained
from a potential divider across the —100 V power
supply; care should be taken to ensure that the
impedance of the —20 V line is not greater than
4 k€.

4.5 RAYTHEON AND SYLVANIA DOUBLE
PULSE DECADE TUBES AND
THEIR CIRCUITS

4and 5 kcls tubes:
Selector tubes: Sylvania } 6476

Raytheon | 64764
Raytheon 7978
«Computer’ tube with access to 4 cathodes:
Sylvania
Raytheon } 6802
Miniature tube with access to 3 cathodes:
Sylvania 6879

100 kcls tubes:

Selector tubes: Sylvania } 6910

Raytheon
Raytheon 8262
«Computer’ tube with access to 4 cathodes:
Sylvania
Raytheon 6909
<Computer® tube with access to 3 cathodes:
Sylvania 7155

Raytheon and Sylvania tubes which have the same type
number are equivalents, but sometimes the Raytheon Com-
pany put the letters CK in front of the type number; for
example, the CK6476 is equivalent fo the 6476. British
equivalents to some of these lubes are given in the appendix.

4.5.1 4 and 5 ke/s tubes

The 4 and 5 kc/s American tubes may be used in
the 4 kc/s circuits given in Sections 4.3 and 4.4.
In addition, some rather interesting circuits have
been published by the American manufacturers.
In the circuit of Fig. 4.403%%, the whole of the
triode anode current is obtained from the guide
electrodes of the counting tube. The triode, ¥1,
conducts only during the time the grid is receiving
a positive going pulse, the duration of which is
limited by the differentiating circuit in the input.

The circuit of Fig. 4.412% may be used to divide
the incoming pulse frequency by a factor of eight.
The input circuit is somewhat similar to that of
Fig. 4.40. V2 is normally cut off by the applied

{ +HT 450V

s

470pF
—
Do\,

220kQ)

150k 2 '
3 100pF 4 i OUTPUT TO
e UNVINY NEXT DECADE
|
LS “‘L;mo F 100xQ2
v =
—1{58V ~{50V

Fig. 4.40 A circuit for driving the 6476 tube

grid bias, but conducts when the discharge in V3
first reaches Kg; the discharge is thus returned to
the zero position, the ninth position being omitted.
The resetting action is quite fast and no counts are
missed provided that the pulses are spaced by at
feast 250 psec.

The circuit can be preset to divide by any desired
number up to ten if an output from the appropriate
cathode is used to operate the resetting valve, V2.
All of the subsequent cathodes will be missed.
Division by 2 or 5 may be accomplished by the
method suggested in the previous section of this
chapter, the resetting circuit being unnecessary.

4.5.2 169 kcfs Tubes

100 kc/s double pulse tubes function in exactly the
same way as 4 kc/s double pulse tubes, but they
can operate from rectangular guide pulses of 4 psec
in duration which have a minimum overlap of
2 psec. The guide pulse amplitude should be between
120 and 140 V, which is very similar te that re-
quired for the 4 kc/s tubes. In actual practice, rec-
tangular guide pulses are somewhat difficult to
obtain and the tubes are normally operated from
somewhat rounded pulses.
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410pF
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Fig. 441 A scale of eight frequency divider

Whenever double pulse tubes are used at high
speeds, the anode resistor of the counting tube
should be soldered directly to the tube base in order
to keep stray anode to earth capacitance to a mini-
mum. When 100 ke/s tubes are used at frequencies
above 50 ke/s, a potentiometer should be included
in the anode circuit so that the average anode cur-
rent taken by the tube can be adjusted by at least
100 p.A above and below the specified value in order
fo obtain the optimum anode current for the tube
concerned. The potentiometer cannot be soldered

directly to the anode tag of the tube, since this would
increase the anode to earth capacitance. A fixed
resistor should be included between the anode and
the potentiometer.

A circuit which will drive a 6910 tube at fre-
quencies up to 50 kc/s is shown in Fig. 442028,
A positive going pulse applied at the input through
the differentiating circuit causes anode and screen
grid currents to flow in the 5654 tube, V1, for a
short time. Initially the capacitor in the screen
grid circuit maintains the screen grid voltage well

- +HT. +425Y
v 270kQ2
INPUT i ' " /// ///////////%
0-254F ““Qb Wil ////////1//,.//,,..
’ 22k ™ ourent
4300 ‘ ]ﬁ
22k
%3-31&2 W
Y~10V —%_:-'
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Fig. 4.42 A 50 kc|s counting stage



Table 4.6 BASIC DATA AND CONNECTIONS FOR THE AMERICAN DOUBLE PULSE TUBES

6476 6802 6879 7978 6910 6909 7155 8262

Max. frequency (kc/s) 4 4 5 5 100 100 100 100
Anode current (i A) max. 600 600 600 600 800 800 800 800

min. 300 300 300 300 600 600 600 600
Min. anode supply

voltage 350 350 350 350 400 400 400 400
Min. transfer voltage 35 35 35 35 35 35 35 35
Min. guide bias (V) +35 +35 +35 +35 +45 +45 -+45 +45
Min. rectangular pulse

amplitude (V) —75 —-175 ~75 -175 —85 —85 —85 —85
Min. rectangular pulse

duration {(usec) 60 60 60 60 4 4 4 4
Min. reset pulse

amplitude (V) —120 —120 —120 —120 —120 —120 —120 —120
Min. reset pulse

duration (psec) 50 50 50 50 4 4 4 4
Max. cathode resistor (kQ); 150 150 150 150 50 50 50 50
Base Modified 1.0. B1G 13 pin | Modified 1.0. B7G 13 pin

duodecal duodecal

Bulb Type Ti1 79 T5/, T9 Ti1 79 51/, 79
Connections
Pin 1 K, K, Ky a K, Ky 4 K, a
Pin 2 Kg K5 Gl K5 Kg K5 Gl K5
Pin 3 Ky G, K, K, K G, K, K,
Pin 4 K a G, G, K, a G, G,
Pin 5 K G, K, K K G, K, K,
Pin 6 K Ky - Ky K, K; K, K, K,
Pin7 K, K, a K, K, K, a K,
Pin 8 K, Ky - K, K K - K,
Piﬂ 9 Kz - — K9 Kz - - KQ
Pin 10 K, — — G, K, — — G,
Pin 11 G, — _ K, G, — — K
Pin 12 G, — — K, G, — — K,
Pin 13 — — — K; —_ — — K
Base Cap a — — — a — — —

The 6476A tube is similar to the 6476, but the voltage between two electrodes other than the anode has a maxi-
mum value of 200 volts instead of the maximum rating of 140 volts for the 6476.
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Fig. 443 A high speed frequency divider

above the cathode potential and the current taken
by the anode results in the anode to cathode poten-
tial falling to a small value. The discharge transfers
to the first guides at this point, but the low anode
voltage causes the screen current to increase and
the capacitor in the screen grid circuit is discharged.
As the control grid potential of 71 falls, the anode
voltage rises and the discharge moves to the second
guide. When the screen capacitor recharges, the
positive potential of the screen grid causes the
glow to move to the succeeding main cathode.

The circuit of Fig. 4.43 may be used to divide
the input pulse frequency by any number up to
ten®®), The input frequency may have any value up
to about 70 ke/s, but above this value the operation
of the circuit is not very reliable unless the optimum
component values and voltages are very carefully
chosen. The circuit is similar to the slower circuit of
Fig. 4.41, since a pulse taken from any cathode
may be used to reset the discharge to the zero
cathode.

The input pulses to this circuit should be positive
going and have an amplitude of 10 V and a duration
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of 4 psec. They are amplified by V1 and fed to the
first guides. They are also amplified by V3 and
differentiated by the anode circuit of this valve.
The resultant waveform is mixed with a fraction of
the original input signal and, after amplification
by V2, the combined pulse is used to drive the
second guides of the counting tube, V4.

46 THE CERBERUS DZ10 TUBE AND
ITS CIRCUITS

The 3 kefs Cerberus DZ10 decade selector tube
differs from the tubes described in Sections 4.2-4.5,
since it employs only one transfer or guide electrode
between each two main cathodes. The guide elec-
trodes and the main cathodes are so shaped that
counting can occur in the forward or clockwise
direction only. All of the main cathodes are con-
nected to separate base pins. The tube is essentially
a low voltage type, but it requires more current
than the types which have been discussed previ-
ously. Further details of the DZ10 are given in the
table.




Plate 1. Sodeco TCe5SE counter.
( Courtesy: Sodeco)
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Plate 3. A Sodeco
single digit counter.
( Courtesy: Sodeco)

Plate 2. Sodeco TCeF4PE
predetermined counters.
{ Courtesy: Sodeco)




Plate 4. A miniature trigger tube
Tyvpe GTRI20W. (Courtesy:
Ericsson)

Plate 5. A typical scaler employing polycathode decade tubes.
( Courtesy : Labgear)

Plate 6. The GCIOB decade tube. ( Courtesy: Ericsson)




Plate 7. The GSIOH miniature decade tube. (Courtesy: Ericsson)

Plate 8. The electrode structure of the
GSAIOG (left) and the GCAIOG (right)
showing the auxiliary anodes.

( Courtesy: Ericsson)

Plate 9. The EZI0B tube
( Courtesy: Elesta)




Plate 10. A 30 kcfs EIT decade module. Plate 11. An Ericsson VSIOG Plate 12. A Beam = iube
( Courtesy: Mullard) trochotron. ( Courtesy :Ericsson) { Courresy: Bui

ghs)

Plate 13.4 twodecade
trochotron pre-scaler
with GRIOA readout—
Bendix-Ericsson 20284
unit, {Couriesy : Ben-

dix-Ericsse
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The five transfer cathodes which follow the
main cathodes numbered zero to four inclusive are
connected together and are brought out to the pin
designated Bj in the table of connections. The other
five transfer cathodes are brought out to the con-
nection marked B,. The two sets of transfer electro-
des, By and B,, are connected together in almost
all circuits. The transfer electrodes receive a positive
bias of about 30 V. The discharge, therefore, rests

fed to the grid of an EL83 pentode which amplifies
the pulse and inverts its phase so that it is suitable
for feeding into the succeeding stage.

Stages which will not be required to operate at
frequencies above 1 kc/s do not require resistors
and capacitors in their cathode circuits, although a
resistor is, of course, required for those cathodes
from which output pulses are to be taken. No cath-
ode capacitors need, therefore, be used in any

3kc/s STAGE lkc/s STAGE £300V
100kQ 5k 100kQ 60kQ)
2w W 2W W
////// 77 ) ! grsz.xcrs
?é;? 275, %/é/;?g?y' é L

INPUT

—4i—

0-25uF

10;<Q§ 4 50k2
sl Lop bl ool 1 *
32kQS 0-25 025 5.2kQ 05 5100 !
bW HF pF“T' bW W iw LW o
i “
= ézm 7809 2le%
Lw W W .
2 2 2 !

(SEE TEXT) ———

Fig. 4.44 A 3 kc|s counter using the Cerberus DZ10 tube

preferentially at the main cathodes except when
the transfer cathodes are receiving a negative pulse.
Each negative pulse applied to the transfer cathodes
causes the discharge to move from a main cathode
to the succeeding transfer cathode. At the end of
the pulse the discharge moves to the next main
cathode owing to the bias at the transfer cathodes.

A typical simple counting circuit is shown in Fig.
4.44, The input stage employs a resistor and a
capacitor in parallel from each main cathode to
earth; these components are necessary if the
maximum counting speed of 3 k¢/s is to be attained.
The positive going pulse from the first decade is

stage after the first, since the maximum speed at
which they will be required to count is one tenth
of the maximum speed of the first decade, that is
300 cfs.

The internal resistance of the source of pulses
feeding the circuit of Fig. 4.44 should be less than
4 kQ or alternatively the amplitude of the input
pulses should be greater than the values shown
in the table. If positive going pulses of at least
150 psec in duration are available, an EL83 circuit
similar to the coupling circuits in Fig. 4.44 may be
used as the input circuit; otherwise a circuit should
be used which will lengthen the pulses to this figure..
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Reset

During the counting operation the capacitor Cy be-
comes charged to the full H.T. voltage. When the
reset switch is pressed, this capacitor provides a
negative pulse which is fed to the zero cathode of
each tube. All of the tubes are thus set to zero by
the same process as for the double pulse tubes.

The value of Cy should be 2 uF for resetting one
decade and should be increased in proportion to
the number of decades employed.

Preset Counter

DZ10 tubes may be used in the circuit of Fig. 4.45
for preset counting®?. The basic circuit is similar to
that of Fig. 4.44, but cathode resistors are required
in each of the cathode circuits of each decade.

The diodes Dy and D, act as a simple coincidence
circuit or AND gate. If the discharges rest at the first
cathode of V1 and at the first cathode of V3, these
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Fig. 445 A preset circuit using

cathodes will become positive with respect to
earth. If §; and S, are in the positions shown,
D, will be reverse biased by the cathode potential
of ¥1, whilst D, will tend to be forward biased by
the same potential, since D, is connected by S, to
the eighth cathode of ¥3 and this is at earth poten-
tial. D, therefore, acts as a high impedance and Dy
as a low impedance. These two diodes form a pot-
ential divider together with the eighth cathode
resistor of ¥3. The junction of the two diodes re-
mains at about earth potential owing to the ratio of
their impedances.

If, however, the discharge in V1 rests at the first
cathode and the discharge in V2 rests at the eighth
cathode (and S; and S, are in the positions shown),
both of these cathodes will be at a positive potential
with respect to earth. The junction of the two diodes
will reach this potential in spite of the fact that the
cathode potentials tend to reverse bias both of the
diodes, since negligible current is taken from the
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+300V

the DZIO tube

junction of the diodes by the grid of ¥5. When the
discharge rests at the main cathodes of each of the
counter tubes which have been selected by §; and
S,, the junction of the diodes becomes positive
and this pulse is fed to V5 where it is amplified and
phase inverted.

If S, and S, are in the position shown, the poten-
tial at the anode of V5 becomes lower when (and
only when) the number of counts indicated is 81.
At any other state of the count, no appreciable
positive potential is present at the junction of the
two diodes. Further decades similar to the second
decade may be added to the circuit with all of the
diodes returned to the grid of ¥5. An output pulse
will then be obtained from V5 only when the dis-
charge in each of the decades rests at the cathodes
selected by the switches.

The output pulses from the anode of V5 can be
used for operating any mechanism when the count
has reached the value preset by the switches and
can also be used to reset the counting circuit to
zero automatically. The reset circuit can, of
course, be arranged so that the counter is reset to
any desired number of counts instead of to zero.

Table 4.7 BASIC DATA AND CONNECTIONS FOR THE DZ10 TUBE

Max. counting speed (kc/s) 3 Base

Striking voltage 160-200 14 pin Diheptal

Maintaining voltage 110-115

Anode current (mA) 2-8

Anode supply voltage 220-400

Max. output voltage 35

Min. reset or preset voltage 80 Connections

Transfer voltage between two adjacent cathodes 25-80

Min. length of input pulse (usec) 150

Max. slope of leading edge of input pulse (V/sec) 108 Pin 1 2 3 4
Electrode K; B, K, K,

Typical Operating Conditions .

Anode supply voltage 300 Pin 56 7 8

Anode current (mA) 4 Electrode a Ky K; K;

Anode resistor (k{}) 47 Pin 9 10 11 12

Cathode resistor (kQ) 3.3 Electrode B, K; K, a

Cathode capacitor (for 3 kc/s stages) (wF) 0.25 .

Output voltage 13 Pin 13 14

Input pulse amplitude 50 Electrode K; K,

Transfer electrode bias +30

Dimensions

seated height 90 mm (max.) Diameter

56 mm (max.)

(The DZ10 tube is now recommended for maintenance purposes only).
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47 THE G10/241E ‘NOMOTRON TUBE
AND ITS CIRCUITS

The 20 ke/s G10/241E decade selector tube, also
known by the name of ‘Nomotron’, is manufac-
tured by the Special Valve Division of Standard
Telephones & Cables Ltd.(2®). The Nomotron tube
contains ten main cathodes equally spaced in a
circle, one transfer cathode being placed between
each two main cathodes. The electrode structure of
the main cathodes has been made asymmetrical so
that the discharge is able to move only in the forward
direction from a main cathode to the succeeding
transfer electrode. The asymmetry of the transfer
electrodes ensures maximum priming in the forward
direction. Each main cathode is connected to a se-
parate base pin, but all of the transfer electrodes are
joined to one common base pin. The Nomotron
requires a higher current than the double pulse
tubes, but a lower supply voltage is permissible. The
current passed by the tube is sufficient to operate a
relay directly.

The structure of the tube is shown in Fig. 4.46.
The anode consists of a cylindrical cup placed
around the cathodes. A shield is also used to limit
the glow to the desired part of the tube; it confines
the discharge to the front surface of the main cath-

ANODE PARTLY CUT +HT GLOW OBSERVED THROUGH
AWAY TO REVEAL A HOLE [N THE ANODE
OTHER ELECTRODES
—
? o

CATHODE
TAIL

SHIELD

L]

EARTH

Fig. 4.46 The structure of the S.T.C. G10[241E Nomotron
decade tube
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odes and transfer electrodes. The glow is cbserved
through one of ten small holes in the anode. The
asymmetrical shape of the cathodes can be clearly
seen in Fig. 4.46.

In operation the shield receives a positive bias of
between 75 and 110 V, whilst the transfer electrodes
receive a bias of about -+90 V (see table of tube
data). The tube is not sensistive to light and may
be used in bright light or darkness without its cha-
racteristics being affected.

If the glow is resting at K, when a suitable pulse
is applied to the transfer electrodes, the discharge
will spread to the most strongly primed transfer
electrode, that is to #;. As the potential of ¢, falls
with the applied pulse, the anode voltage of the
tube will fall aiso so that the voltage between these
electrodes remains constant at the maintaining volt-
age of the tube. The fall of anode voltage results
in the discharge at K, being extinguished.

At the end of the input pulse the transfer elec-
trodes return to their normal bias potential. The
cathode which was previously glowing (X&) will
still be at a positive potential with respect to earth
owing to the charge held by the cathode capacitor.
The discharge, therefore, moves to the most strongly
primed electrode which is not positively biased, that
is to K;. The discharge moves to the ‘tail’ of X;
initially, but quickly moves to the main part of the
cathode, since a high current concentration at the
small tail area would result in a greater maintaining
voltage than normal. The next transfer cathode is
then primed by the discharge.

4771 Cathode Circuit Time Constants

The decay of the voltage across the cathode capaci-
tor after the discharge has left the corresponding
main cathode occurs exponentially with a time con-
stant CpR), the cathode capacitor Cy discharging
through the cathode resistor, R,. When the dis-
charge comes to rest at a main cathode, the cor-
responding cathode capacitor commences to charge.
The a.c. resistance of the tube and of the power
supply are negligible compared with Ry and the
anode resistor, R,. If steady voltages are ignored
and only voltage changes are considered, the anode
resistor and the cathode resistor may, therefore,
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be considered to be in parallel with the cathode
capacitor which thus charges with a time constant
of
R, Ry,
Ra+ Ry
The minimum value of the cathode capacitor is
determined by the requirement that the cathode pot-
ential shall remain above 33 V until the end of the
input pulse to the transfer electrodes so as to ensure
that the discharge does not return to the main cath-
ode which was previously glowing. The maximum
value of the cathode capacitor is determined by the
requirement that the voltage across it shall have
decayed to less than five volts before the discharge
arrives at that cathode again; otherwise the dis-
charge may not transfer to that cathode easily.

Cy.

5 V during the period in which the discharge rests
at the other cathodes. Subject to this condition, the
main cathodes K, K;, K, and K, may be connected
together and returned to earth through a single
common resistance—capacitance circuit. By connect-
ing alternate main cathodes together in this way
some economy may be effected. Any cathode from
which an output pulse is required, normally K, must
obviously have its own parallel resistance~capaci-
tance circuit to earth.

4.7.2 5Ke/s Circuit

The basic circuit for operating a Nomotron tube at
frequencies up to 5 ke/s is shown in Fig. 4.4738),
The positive bias potentials for the transfer electro-

330V ISV
STABILISED

56kQ2 MQ 62kQ
W bW I\t’
5% 10% 5%

2% GIO/24IE
Q3/s /WW %/ 2,3
B2 -
SHIELD L ouTeuT.
0+ 01 Fucdes

of 20% | 22kQ2
15k 0-25F ojﬁ_os bW
o 5%

| Tzo lo

Fig. 4.47 The circuit recommended for the operation of the GIOJ241E up to 5 kels

The value of the cathode capacitor used should
be the maximum permitted for the speed required
(see table of data), but should not normally exceed
0.1 pF. If it is necessary that the value of the cathode
capacitor should be greater than this, the capacitor
in the anode circuit should be omitted so that exten-
ded current surges are avoided.

In simple straightforward counting circuits it is
unnecessary to employ more than three parallel
resistance-capacitance cathode circuits provided
that the charge on each capacitor decays to less than

des and for the shield are obtained from the poten-
tial dividers shown. The input pulses are fed to the
transfer electrodes via the Sen Ter Cel ‘Unistor’
type Q6/4 which isolates the input circuit from the
transfer electrode during the quiescent period and
permits a condition of bias equilibrium across the
transfer leak resistor.

During the time that the pulse is applied, the Q6/4
is, of course, in its conducting state. The unistor
type Q3/5 is used to provide d.c. restoration of
the applied pulses.
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Fig. 4.49 Two methods of resetting Nomotron circuits
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i.7.3 Input Pulse Requirements

“he input pulse should be of sufficient amplitude
o reduce the anode to earth potential to less than
60 V and its duration should be great enough to
qsure that the discharge can spread across the sur-
ace of the transfer electrode during the time that
he pulse lasts, Whilst it is desirable that the pulse
hould be fairly long, its duration must be related
o the cathode circuit time constants so as to ensure
hat there is a potential of at least 33 V at the pre-
siously conducting main cathode when the input
ulse terminates.

The effective duration of the pulse is from the
ime the anode potential commences to fail to the
ime at which the anode to earth potential rises to
180 V. When this potential is reached the anode cur-
-ent will commence to flow to the next main cathode.

The minimum input pulse duration is determined
»y the rate at which the discharge spreads over the
surface of the transfer electrode. If the internal
impedance of the source of the transfer pulses is
<ept small, the minimum pulse duration is approxim-
itely 4 psec. Generally 120 V (+15 V) rectangular
aegative going pulses of 1644 psec in duration are
recommended.

Fig. 4.47, with the Nomotron inserted, presents
an impedance of about 13 k) to the pulse source;
the latter should be matched to this impedance.

4.7.4 20 Kc/s Circuit

Whilst satisfactory results may be achieved with
the Nomotron circuit of Fig. 4.47 at frequencies
above 5 kc/s, it is necessary to make the time con-
stant of the cathode components so short that the
duration of the transfer pulse must be reduced to a
point at which reliability may be impaired.

This difficulty may be overcome by the use of the
circuit of Fig. 4.48 in which the Nomotron can oper-
ate at frequencies up to 20 kc/s®®). Although cath-
ode circuits of short time constant are employed,
the discharge of the cathode capacitors is prevented
until the end of the input pulse by means of an
additional positive going input pulse applied to the
cathodes as shown in the circuit. The two input
pulses occur simultaneously and are of the same
duration; they may be generated by the circuit of

Fig. 4.50 or alternatively a pulse transformer or a
paraphase amplifier may be employed.

The transfer electrodes of Fig. 4.48 should be fed
with rectangular negative going pulses of 12015V
in amplitude and of 1042 psec in duration. The
auxiliary positive going pulses fed to the cathode
circuit should be of 5045 V in amplitude and of
1042 psec in duration; they should be obtained
from a circuit of internal impedance not exceeding
5 k€ to earth.

The shield electrode may be connected via a
100 kQ resistor to point H instead of as shown in
the circuit of Fig. 4.48, thus eliminating the potential
divider resistors in the shield circuit.

Prolonged conduction at one cathode of a No-
motron should, where possible, be avoided. If this
type of operation is unavoidable, a value of cathode
current close to the minimum should be chosen and
it is preferable that the discharge in the tube should
be circulated from time to time at any frequency
between 50 and 5,000 c/s.

Reset

The recommended circuit for the resetting of No-
motron tubes is shown in Fig. 4.493®, The reset-
ting operation can be made to take place either ma-
nually or automatically by means of a suitable
pulse. The cathode circuit of the Nomotron on the
left-hand side of Fig. 4.49 is arranged for operation
at up to 20 kc/s, whilst that on the right-hand side
is for use at up to 5 kc/s. A selector switch is shown
in the cathode circuit of each tube; it enables the
discharge to be reset to any desired cathode — a
facility which is useful when articles are being
batched. In simple counting circuits where the tubes
are always reset to zero, the selector switch may
be omitted. If a positive pulse is used to delay the
discharging of the cathode capacitor in the first
Nomotron stage for 20 kc/s operation, an isolating
diode (marked D in Fig. 4.49) is required in each
subsequent stage.

If the reset switch is pressed to the manual posi-
tion, a negative pulse passes from the —110 V line
to the selected cathode circuits. If electrical reset
is required, a negative pulse of —150-4-20V in amp-
litude and about 30 psec in duration should be ap-
plied to the reset pulse input.
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4.7.5 Input Circuit @®

The pulses which are required for the operation
of the circuits of Figs. 4.47 and 4.48 may be obtain-
ed from the circuit of Fig. 4.50. Four 12AT7 double
triode valves are used in this input circuit. If the
pulses to be counted are positive going, they should
be applied to the input terminal 4; they are inver-
ted in phase by Vla and the resulting negative going
pulses are fed into the pulse amplifier ¥1b. If sine
waves or negative going pulses are to be counted,
the input may be fed directly into Vb by using
the input B. ¥1bis a d.c. coupled amplifier which
permits input waveforms of low amplitude (down
to 5V peak) and low rates of rise to be used.

The output from V1b is fed into the Schmitt trig-
ger circuit V2a and ¥2b which converts the pulseinto
a rectangular waveform of short rise time. The volt-
ages at the grid of ¥2a should be set so that the
trigger circuit operates from the input signals but
not from stray signals such asmains hum. The ‘speed-
ing up’ capacitor shunting the resistor between the
anode of V2a and the grid of ¥2b must be very
small if the input waveform is not to distort the
sharp corners of the output waveform from ¥2b
(shown at C).
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Fig. 4.50 An input circuil for feeding

The positive going output pulses from the
Schmitt trigger circuit are fed via a differentiating
network into ¥3a. V3 is a flip-flop circuit which
adjusts the duration of the pulses to approximately
16 psec. The output pulse amplitude from V3bat
point D is about 75 V. If the input which is to be
counted consists of discrete positive going pulses
with a rate of rise of the leading edge exceeding
40 V/psec, the circuits of Viand V2 can be omitted
and the input can be fed directly into the differen-
tiating capacitor and resistor in the grid circuit of
V3a.

The positive going pulses from the point marked
D in Fig. 4.50 are fed into the grids of the driver
stage, V4aand V4b. V4b provides the negative going
pulses at output E for feeding to the transfer elec-
trodes of the Nomotrons in Figs. 4.47 and 4.48. Vda
is a cathode follower which provides the positive
going pulses at output F which are required for the
operation of the 20 kc/s circuit of Fig. 4.48; it also
provides the positive pulses required to drive hard
valve coupling stages.

If it is required to gate the input, a suitable valve
such as the short suppressor base pentode type
6F33 or the heptode type 7032 may be used in the

e
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the circuit of Figs. 4.44 and 445

circuit. If the input pulses are positive going, it is
often convenient to replace V1a by the gating valve.
Alternatively the gating valve may be inserted be-
tween the flip-flop (¥3) and the driver stage va). i
the tube type 7032 is used, care should be taken that
the anode and screen voltage rating are not excee-
ded. Precautions should also be taken to ensure
that gating does not occur during the time in which
a transfer pulse is applied to the input.

4.7.6 Hard Valve Coupling Circuit

The hard valve coupling circuit recommended for
use with Nomotron tubes is shown in Fig. 4.51¢28),
A negative going pulse for the operation of the
succeeding Nomotron is produced at the anode of
the coupling valve if and only if all of the gating
diodes in the input circuit of the coupling tube re-
ceive simultaneous input pulses. One gating diode
is connected to the positive pulse line (F in Fig.

+330V
MQ 100k €2 QUTPUT TO
608 ) NEXT STAGE
10 Ko's GD8 @
OF PREVIOUS I a6/5
NOMOTRONS 220kQ)
08
—---fa—] Vo
6D8
TO POSITIVE PULSE H
inpuT, F
ov
= ( st

Fig. 4.51 A hard valve circuit for coupling Nomotrons
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4.50), whilst each of the remaining diodes are con-
nected to the ninth cathode of one of the preceding
Nomotrons.

Positive potentials will be fed to all of the diodes
simultaneously only when an input pulse is received
at a time when the discharge in each of the preced-
ing Nomotrons is at the ninth cathode. The min-
imum value of cathode capacitance should be used
in the ninth cathode circuits of the Nomotrons in
order to avoid double gating. The catching poten-
tial, ¥,, of the anode circuit should be adjusted so
that the output pulse from the coupling circuit has
an amplitude of 120 V.

A typical three decade countingcircuit employ-
ing hard valve coupling is shown in Fig. 4.52¢9),
The impedance of the anode catching voltage supply
must be small compared with all of the valve anode
resistors connected in parallel. If several decades
are to be used, a cathode follower is more econ-
omical on power than a potential divider for supply-
ing the required adjustable catching potential.
A 6CH6 cathode follower is used in Fig. 4.52.

4.7.7 Trigger Tube Coupling Circuit

The use of the trigger tube circuit of Fig. 4.53 en-
bles a number of Nomotrons to be coupled without
the necessity for heater supplies®®. This circuit
requires input voltages of closer tolerances than
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Fig.4.52 A three decade Nomotron

the hard valve coupling circuit. Negative input
pulses of 160 V in amplitude which occur simul-
taneously with the input pulses to the first Nomo-
tron must be fed into the circuit.

The catching potential, V,, must be adjusted so
that the trigger tube anode voltage does not exceed
165 V in the quiescent condition; this is 10 V less
than the maintaining voltage, so the tube will be
extinguished between successive pulses. The nega-
tive input pulses which are applied to the cathode
must not be much less than 155 V in amplitude or
the output pulses will be too small. On the other
hand the input pulses must not exceed 165 V or they
may cause spurious triggering.

The output pulse amplitude from the trigger tube
coupling circuit is equal to the input pulse ampli-
tude at the cathode plus the catching potential
minus the maintaining voltage of the tube.

A three decade circuit using trigger tubes as the
coupling amplifiers is shown in Fig. 4.54. The anode
catching potential may be obtained from a 6CH6
cathode follower stage as in the hard valve circuit of
Fig. 4.52.

4.7.8 Sine Wave Drive

It is not generally recommended that Nomotron
tubes should be operated directly from sine waves,
since large values of cathode capacitance are requir-
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scaler using valve coupling

ed owing to the comparatively long time for which
the discharge rests at the transfer cathodes. For a
given value of cathode capacitance and supply volt-
age, the frequency range over which satisfactory
operation can be obtained is very limited. Good

results can, however, be obtained from sine wave
inputs if the input peaks are shaped by a circuit
such as that shown in Fig. 4.50.

A simple circuit for the direct operation of a No-

motron tube from 50 or 60 c/s a.c. mains is shown

6D8 +330Y
— MO 120kQ 650kQ
10 Ko's QUTPUT 70
NEXT STAGE
OF PREVIOUS __%%g@_‘_ EXT STACE
NOMOTRONS
S . i:" o »
ébé 7 /"g
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GD8 L L oV
L 100
= kO
150k 2
220
kQ —1toV

Fig. 4.53 A trigger tube circuit for coupling Nomotrons
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Fig. 4.54 A three decade Nomotron scaler using trigger tube coupling. (Right) connections

in Fig. 4.55. It is very useful in count-down circuits
which give an output at a sub-multiple of the mains
frequency. The capacitor which normally shunts
one of the anode load resistors is omitted in order
to avoid an excessive flow of current through the
tube. The potential divider which supplies the guide
bias may be modified so as to include reactive ele-
ments which shift the phase of the cathode wave-
forms relative to the mains sine wave. If it is desired
to isolate the circuit from the mains, the potential
divider can be replaced by a transformer with
100 V rR.M.s. output; an anode supply voltage of
315V will then be required.

4.7.9 The Operation of Relays from Nomotirons

The comparatively high cathode current passed by
Nomotron tubes (2.4 to 5 mA) enables them to be
used to operate a relay directly without any inter-
mediate amplifier. Whilst it is desirable that relays
which have a coil resistance approaching 15 kQ
should be used, satisfactory operation can be obtai-
ned with the S.T.C. midget relay type 4192AA
which has two change over contacts or with the
S.T.C. relay type 4600 which is limited to one
change over contact. A suitable circuit is shown in
Fig. 4.563%),

)

20 L
15kQ2
oW TB}JF‘ SHIELD
LIVE 14
Q3/s
200V T0 / i (, a6/5 [,

250V
RM.S.

NEUTRAL
?ORQ 0-25uF

Ra Mains R
610 4IE voltage
200—230 24 kQ
220255 27 k&

Fig, 4.55 A Nomotron circuit for counting the waveform of 50 or 60 c[s A.C. mains
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to priming gaps and shield electrodes of the trigger tubes—see also Fig. 4. 53

Table 4.8 BASIC DATA FOR THE S.T.C. NOMOTRON, G10/241E (CV2223).

Striking voltage 280V Connections
Maintaining voltage 180V Pin 1 2 3 4 5 6
Electrode Shield X, K, K; KX, K;
Pin 7 8 9 10 11 12
Ratings: Electrode K; K, K; K, K; Transfer
Minimum H.T. supply voltage 310V cathodes
Maximum anode voltage relative to
any non-conducting cathode 250V
Quiescent cathode current 24 —5mA Base cap = anode
Shield bias 75 —-110V A numbered escutcheon plate around the tube
may be used to facilitate readout,

Typical Operating Conditions: Maximum Frequency

1 kels Skels 20 kels
Stabilised H.T. voltage 315-345V 315-345V 325-345V
Transfer electrode bias 75V 5V 0V
Nominal shield bias 90V 90V 90V
Anode load (2% tolerance) 24 kQ 24 kQ 24 kQ
Anode load capacitor (20 %) 0.25 uF 0.25 uF 0.05 uF
Cathode load (5%) 15 kQ 15 xQ 15 kQ
Cathode capacitor (20%;) 0.02 pF 0.005 pF 0.001 uF
Input pulse duration 15-100 usec 12-20 usec 8-12 usec
Input amplitude 105135V ©105-135V 105-135V
Output pulse 40V 40V 40V
Cathode current 3.7 mA 3.7 mA 3.7 mA

Dimensions Seated height 50.8 mm (max.)

Base B12E (McMurdo type X12E)

Diameter at base: 43.7 mm (max.)
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TRANSFER
ELECTRODE

R
c (5kQ o}-’%z
RELAY
coiL “ 2 GDBT
7| R mended Values
Relay type Relay Coil| Kecon
resistance c ‘ R
S.T.C. Midget
4193 AA 68 k2 01 uF 82k
S.T.C. type 4600 65k 0-5 uF 2:2kQ
Post Office type 3000

Fig. 4.56 The operation of a magnetic relay from a
Nomotron

The inductance of the relay coil reduces the effec-
tive time constant of the cathode circuitand a larger
capacitor should be employed to compensate for
this. A diode should be connected across the relay
to prevent oscillations from occurring when the
discharge leaves the cathode to which the relay
circuit is connected. If such oscillations occurred,
the cathode would swing to a negative potential
and spurious back stepping of the glow could occur.

The relay could, of course, be used to operate
an electro-magnetic counter in order to increase
the number of digits which can be displayed without
increasing the number of Nomotrons.

48 THE ELESTA EZ10B AND ECT100
TUBES AND THEIR CIRCUITS

4.8.1 The EZ10B

The Elesta EZ10B tube is a minjature gas filled
decade selector tube which can be used for count-
ing at frequencies up to 1 Mc/s®? ~31)_ A total of 20
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cathodes are employed around the cylindrical
anode, one transfer cathode being placed between
each two main cathodes. All of the cathodes are
placed in the tube at an oblique angle (as shown
in the photographs) in order that the discharge
shall be able to rotate in the forward direction only.
When the discharge is resting at a certain main
cathode, the succeeding transfer cathode is strongly
primed owing to the fact that the obligue angle at
which the cathodes are placed resulis in a small
part of the succeeding cathode being in the edge
of the discharge region. An appreciable current,
known as the probe current, flows to the cathode
succeeding the cathode at which the discharge is
resting. This assists very rapid transfer of the
discharge. The cathode preceding the discharge is
not strongly primed.

The gas with which the tube is filled is hydrogen;
this has low ionisation and deionisation times and
its use, therefore, enables high counting speeds to
be attained. The discharge, which gives the visual
indication of the count, is blue in colour as opposed
to the orange coloured discharge which occurs in
most other cold cathode counting tubes. A special
type of cathode must be used for tubes filled with
hydrogen in order to avoid instability.

All of the main cathodes in the EZ10B are con-
nected to separate base pins, but the transfer
cathodes are connected in two groups to two base
pins. This is merely for convenience in manufacture
and the two groups are normally joined together
externally when the tube is being used.

When a negative pulse is applied to the transfer
cathodes, the discharge will move to the most
strongly primed transfer cathode, that is, to the one
succeeding the main cathode at which the discharge
was resting previously. At the end of the pulse the
transfer cathodes become positive with respect to
the main cathodes (owing to the positive bias
applied to them) and the discharge will be auto-
matically transferred to the next main cathode.

4.8.2 The EZ10B and the EZ10A

The EZ10B tube has been evolved from the EZ10A
tube®1 -39 which is now a maintenance type-. The
structure of the two tubes is very similar, but they
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are filled with different gases. The EZ10B can count
at frequencies up to about 1 Mc/s whereas the
EZ10A is limited to about 300 ke/s. It is most
important that the correct circuits should be used
for each type of tube. The EZ10A will have a very
short operating life if it is used in the circuits which
have been designed for the EZ10B (despite the
fact that its initial performance will be quite
satisfactory). If the EZ10B is used in circuits de-
signed for the EZ10A, faulty counting is likely to
occur. The anode current range for satisfactory
operation is not the same for the two tubes. The
circuits to be described are for use with the current
production tube, the EZ10B.

Anode Supply Voltage

In the circuits to be described an anode supply
voltage of +580 V is recommended. This 15 about
twice the maintaining voltage of the tube. A fairly
high voltage is required to ensure that the anode
current remains within the specified working range
for all normal mains supply variations. A stabilised
supply as low as +450 V may be employed pro-
vided that the anode resistor is decreased in value
so as to keep the anode current within the specified
operating range. The current should be adjusted
to 1.5 mA when the discharge is stationary at one
cathode.

The anode resistor should be mounted as closely
as possible to the tube socket so that stray capa-
citance is kept as small as possible. If a variable
anode resistor is employed so that adjustment can
be made for optimum anode current, an additional
fixed resistor of at least half the total anode re-
sistance should be mounted close to the tube socket.

Input Pulses

Although the shape and amplitude of the input
pulses to the EZ10B are not critical, it is advisable
to use the optimum wave forms so that satisfactory
operation over a fairly large range of anode current
(and hence of anode voltage) is possible. Counting
errors due to the changing of the tube character-
istics during life are then prevented.

The pulses should be preferably approximately
rectangular in shape, since if the input voltage
changes slowly, double transfers may occur. The

rate of rise of the leading edge of the input pulse
should not exceed 109 V/sec, but if input pulses of
a comparatively long duration are used, it is ad-
visable to increase the rise and fall times of the
input pulses to about 10% of the total pulse length
up to a maximum of 1 msec. Rise or fall times
exceeding 1 msec may cause double transfers.

A capacitor of about 10-100 pF, may be con-
nected between the transfer cathodes and earth in
order to reduce the rate of change of input pulse
voltage.

The pulse amplitude should be about 100 to
120 V for counting speeds up to 100 kc/s with a
pulse length of not less than 5 psec and a transfer
cathode bias of about +55 V. Both the pulse
amplitude and the transfer cathode bias should be
increased with increasing counting speed above
100 ke/s. For counting at up to 500 kc/s the pulses
may have an amplitude of 200 V and a duration
of 1 psec and the transfer bias may be about 80 V.
An input pulse amplitude of 220 V and a duration
of 0.5 psec are recommended for counting speeds
of up to 1 Mc/s with a transfer cathode bias of
4120 V. The pulse amplitude should be adjusted
for optimum performance when the tube is used at
frequencies approaching 1 Mc/s.

Cathode Circuits

Capacitors should be placed in parallel with the
cathode resistors in circuits which are intended for
use at very high speeds. A cathode will then remain
at a positive potential for a short time after it has
ceased to conduct. This reduces the possibility of a
transfer of the discharge in the reverse direction.
In addition, the capacitors in parallel with the
cathode resistors absorb any spurious pulses which
may be coupled into the cathode circuits from the
steep edges of the drive pulses by stray capacitance.

Output Pulses

The main output pulse has an amplitude of
approximately 7 V, but it is preceded by a smaller
positive going rectangular pulse of about 2Vin
amplitude. The smaller pulse is caused by the flow
of the ‘probe’ current through the resistor in the
main cathode circuit during the time the discharge
rests momentarily at the preceding transfer cathode.
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The duration of the 2 V output pulse is equal
to the duration of the input transfer pulse.

Two methods may be used to prevent the prelim-
inary 2 V step from causing double triggering of
the succeeding stage. The simplest method involves

Tolerances

The tolerances of the resistors and capacitors in the
EZ10B circuits to be discussed are +10%; unless
otherwise stated. The capacitors may be rated at
400 V d.c. working and the resistors may be 1/2 W

f (-5mA

+580Y

+280V

Fig. 4.57 A 100 icc/s cireuit for the EZ10B tube

the differentiation of the output pulse by means of
a coupling capacitor; the negative peaks thus pro-
duced at the end of the cathode pulses may be
used to trigger the following driver stage of the
next decade. The output pulse must be taken from
the ninth cathode of the EZ10B. This method
is used in the circuits to be described and
has the advantage that the output pulse is little
delayed.

The second method involves the use of a series
diode connected to a suitable bias supply. The diode
passes only those pulses which exceed 2 V in ampli-
tude. When this method is employed, the positive
going output pulses must be taken from the zero
cathode of the EZ10B; they may be used to control
PNP transistors which are used as the pulse ampli-
fiers.
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size unless otherwise indicated. The supply voltages
may vary from —10% to +15%; of the stated value
except in the case of the high speed circuits requir-
ing stabilised supplies.

100 ke/s Input Circuit®®

The input circuit of Fig. 4.57 can be used for
counting at up to 100 kc/s. The left-hand triode
of the E92CC, Vla, is normally conducting, since
its grid is connected to the positive H.T. line via
two resistors. A suitable negative pulse applied to
the input cuts off ¥la and causes V1b to become
fully conducting. The resulting negative going
rectangular pulse at the anode of Vib is fed to
the transfer electrodes of the EZ10B.

The 0.1 uF capacitor and the 1.5 M resistor
in the input circuit impose a lower limit on the
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rate of rise of the input waveform. The input
pulse must reach an amplitude of 30 V within
0.05 sec if it is to be counted. The pulse duration
is limited to 0.1 sec. If sine waves of amplitude
40 V mwr.mS. are applied at the input, the
minimum frequency of operation is approximately
1 ¢/s.

The 10 pF electrolytic capacitor which couples
the anode of ¥1ib to the EZ10B should have a low
leakage current. The large value is necessary in
order that the longest pulses shall be transmitted
without too much distortion. In this way an un-
desirable slow voltage rise at the transfer cathodes
at the end of the pulse is avoided. Smaller input
and drive pulse coupling capacitors may be used
if the input consists of short pulses or of pulses
with steep fronts.

A potential divider is used to provide the bias
voltage for the transfer electrodes. The OA161
diodes are used to clamp the transfer electrode
potential to the bias voltage. The 22 pF capacitor
from the transfer electrodes to earth prevents these
electrodes from changing in potential very rapidly.

The tube may be reset to any desired digit by
selecting the appropriate cathode by means of the
selector switch and applying a resetting pulse. If
the 47 k() resistor in the reset line is replaced by a
diode, output pulses may be taken from any desired
cathode. If the tube is to be used for simple
counting, the reset line may be connected via the
47 kQ resistor to the zero cathode, the switch Sy
being omitted.

If a photoelectric pick-up is to be used, a Siemens
photodiode type TP 50 may be connected across
the input. A counting speed of 10 kc/s can then
be attained if the light is of sufficient intensity and
if not more than three feet of a low capacity cable
is used to connect the diode.

500 kc[s Input Circuit®®

An input circuit which is very similar to that des-
cribed previously can be used for counting at
frequencies up to 500 ke/s provided that a stabilised
power supply is employed. This type of circuit is
shown in Fig. 4.58. The left hand triode of the
E182CC is normally conducting, but if a suitable
negative pulse is applied to the grid of Vla, the

other triode, ¥'1b conducts and a negative rect-
angular pulse is thus produced at the anode of
¥V1b. This pulse is fed to the EZ10B transfer
electrodes by means of the coupling capacitor. The
inductance of approximately 3.7 mH in the anode
circuit of ¥1b is used to compensate for the circuit
capacities and ensures that pulses fed to the count-
ing tube have a constant amplitude up to the
maximum frequency at which the circuit is designed
to operate. The two diodes in the grid circuit of
V1a prevent this tube from taking excessive positive
grid current.

A —140 V supply is required. This may be
obtained from a 120 V a.c. supply from a trans-
former as shown in the circuit. Any suitable diode
may be used for D. The resistor R should be chosen
so that the negative supply voltage is —140 V.

At high counting speeds the input pulses should
have a fairly large amplitude. The steep fronts of
these pulses are coupled to some extent through
the tube and wiring capacities to the output cath-
odes and mask the wanted signal. In order to sup-
press these spurious pulses, pulses of opposite
polarity to those fed to the transfer electrodes are
taken from the anode of Vla and fed through an
RC network (39 kQ, 2 pF) to the output cathode.
The spurious pulses are thus cancelled out and
the output pulses may be used to operate the suc-
ceeding decade. It may be necessary to find the
optimum values of the RC network by experiment
for the particular circuit layout used.

The two diodes in the circuit of the output cath-
ode prevent negative pulses from being fed along
the output line to the next decade. Small capacitors
are placed in parallel with the cathode resistors for
the reasons discussed previously.

The satisfactory operation of the circuit is not
very dependent on the shape of the input pulses.
The amplitude of the pulses fed to the circuit should
be between —30 and —100 V and their duration
must be not less than 0.5 psec. The circuit layout
and wiring must, of course, conform to the stan-
dards normally used for microsecond pulse circuits.

1 Mc|s Input Circuit®®

The design and operation of EZ10B circuits which
are intended for use at the maximum operating
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Fig. 4.58 A 500 kc/s circuit for the EZI0B tube

frequency of the tube are somewhat more critical
than in circuits used for lower speed operation. The
recommended circuit is shown in Fig. 4.59. A stab-
ilised power supply is required for reliability. The
input pulses to this circuit should be approximately
rectangular in shape and should have an amplitude
of not less than —20 V. The input pulse duration
should be between 0.5 psec and 25 msec. Such
pulses may be obtained from a suitable monostable
circuit such as a Schmitt trigger circuit.

The input pulses are fed to the grid of Vla, the
OA161 diode in the input circuit preventing the
grid of this triode from becoming positive when
the trailing edge of the input pulse is fed to the
circuit. For short pulses the anode load of Vla is
effectively 2.2 kQ). Pulses are fed from the anode
to the grid of ¥1b which has a bias of —16 V. The
negative going pulses from the anode of V1b are
fed to the transfer electrodes of the counting tube.
The diodes in the transfer electrode circuit are used
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to clamp the pulses to the desired bias voltage
and to limit their amplitude to the optimum value.
Pulses are also fed from the anode of Vla to the
output cathode of the EZ10B for the same purpose
as in the circuit of Fig. 4.58; the coupling resistor
and capacitor should be adjusted for the particular
circuit layout being used.

The anode current should be adjusted so that
the value used is in the centre of the range over
which the tube operates satisfactorily. The input
pulse amplitude should also be adjusted for satis-
factory operation over the largest possible anode
current range. These adjustments must be repeated
each time the EZ10B tube is replaced.

Coupling Circuits®®

Coupling circuits which can be used at up to 1 kefs
or at up to 10 kcfs are shown in Fig. 4.60. The
circuit of Fig. 4.57 may be used as the preceding
circuit and will, of course, operate at ten times the
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Fig.4.61 A 100 kc|s coupling stage for the EZIOB

rate at which the coupling circuit operates. Any
number of identical coupling circuits may be
cascaded.

The 1 kc/s version of the circuit of Fig. 4.60
requires three components fewer than the 10 kc/s
version. In addition it is less critical in design and
operation and is therefore to be preferred for use
at operating speeds of less than 1 kc/s.

The capacitor C; and the input resistor serve to
differentiate the output pulses from the ninth
cathode of the previous counting tube. The extra
components shown dotted decrease the charging
time of C; for high frequency operation.

V1 is a cathode coupled multivibrator, Vlia
normally being in the conducting state. The nega-
tive pulses formed by differentiation of the input
pulses cause Vla to be cut off and the resulting
pulse from V1b is used to operate the counting tube.
The duration of the pulse fed to the EZIOB is
determined by C, and the associated resistors.

100 kc|s Coupling Circuit®®
The circuit of Fig. 4.61 can be used at frequencies

of up to 100 kc/s and is therefore suitable for use
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after the high speed circuits of Figs. 4.58 and 4.59.
It contains a monostable multivibrator in which
V1a is normally conducting. The circuit has a very
high sensitivity and can be triggered reliably with
negative input pulses of 2 V peak amplitude.

The input pulses are differentiated in the input of
the circuit of Fig. 4.61. In order to obtain the desired
sensitivity of 2 V, the grid of the second triode is
connected through a diode to a bias voltage produ-
ced by the flow of current through a part of the
cathode resistor of the tube. Thus the negative peaks
of the grid potential of ¥1b are limited to the opti-
mum value.

The duration of the pulses fed to the EZ10B is
determined mainly by the value of the 5 p¥ cap-
acitor which is connected from the anode of Vib
to the grid of Vla.

Relay Output Circuit, Reset Circuit and Power
Supply Unit®9

If a relay or electro-magnetic counter is to be used
in the output stage of a scaler employing EZ10B
tubes, its coil can be fed from the E92CC multi-
vibrator circuit shown in Fig. 4.62. The capacitor
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C; may be adjusted in value from about 0.01 to
0.5 uF in order to obtain pulses of optimum dur-
ation for the operation of the particular relay or
counter employed. The negative going input pulses
should have an amplitude, however, of not less
than 4 V.

The reset or predetermining pulses are obtained
by the discharging of the 0.25 wF capacitor which
is in the reset line. This capacitor is normally con-
nected to the +580 V line via the 1 MK resistor.
When the manual reset button is pressed, one side of
the capacitor is connected to earth via the 100 Q
resistor and a negative pulse is applied to the reset
line. The resistors and capacitors in the reset circuit
damp any oscillations due to contact bounce. An
additional contact must be employed on the manual
reset switch if a relay or electro-magnetic counter is

used in the output stage. This contact isolates the
relay and the anode of V1b of Fig. 4.62 from the
H.T. supply during the resetting operation so that
the pulse produced when the final EZ10B tube is
reset does not operate the relay or magnetic counter.
In general, proper resetting is possible only if the
reset pulses are of longer duration than the longest
drive pulses employed.

Variable resistors may be employed in the power
supply unit (as shown in Fig. 4.62) so that the anode
supply potentials may be adjusted to the optimum
values. If mains voltage variations greater than
—15% or +10% of the nominal value are likely to
occur, the use of a magnetic voltage stabilising
circuit is recommended.

The relay circuit of Fig. 4.62 is very convenient
when a predetermined number of objects are to be

1
+580V | !
: i
1
+280V ‘ . . ‘
| | |
820 '
20:5/3 68‘;2 0-02uF 470Q IMQ X
|
J
| |
e l MAINS
O'Ol_pF i INPUT
INPUT . t
RESET l
[ El
Risnl
' L\ |
7 \ t
68k(2 A 560 =t~ 25
% | oot | S
] BUTTON | 120V
oV Pl | , [ |
—TI_,— | 0-33F ‘
i 120V RM.S.
RESET LINE | O'ZIS)JF '
i '

RELAY STAGE |

RESET CIRCUIT

POWER SUPPLY UNIT

Fig. 4.62 A power supply, reset circuit and relay output stage for use with EZ10B circuits
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placed in each batch. The EZ10B tubes should be
preset so that the counter indicates the difference
between the maximum capacity of the scaler and
the number of objects to be placed in each batch.
The output pulse produced by the multivibrator or
relay may be used to preset the counter and also
to operate the mechanism which moves the con-

The transistor circuits discussed in this section
operate satisfactorily in the temperature range 0°C
to 45 °C.

100 ke/s Transistor Input Circuit®®

A 100 kc/s counting stage employing a transistor
blocking oscillator circuit to feed an EZ10B is

R4
680k<2
2W
Rs
0A8I
-2Mi3TT , 10kQ
(TEXAS ) A
INSTRUMENTS) D, Jo 4
0481 !
=y
|
i D3 l
| OAS™ ™
!
i R
' N2 1-3
i kQ )
e L
Dl Rl CZ -
04202 39kQ2 T

5T

I

BLACK DOTS 8Y Nj,N, A8D Ny
SHOW METHOD OF CONNECTION

RESET PULSES

+10%,
—24V 159

26mA (100kc/s)
3-2mA (10kc/s)

Fe=

TRANSFORMER DETAILS

Philips pot core S14/8. Material 3B2. No air gap or

adjustment screw

Ny 400 turns
N, 60 turns
N, 15 turns

0-065 mm enam. wire
0-1 mm enam. wire
0-1 mm enam. wire

Fig. 4.63 A transistor drive circuit for the operation of the EZIOB at up to 100 kefs

tainer for the next batch of objects into the correct
position.

Transistor Circuits for the EZ10B

The EZ10B tube requires input pulses exceeding
100 V in amplitude for reliable operation. It has
been found that the most economical way of
producing such pulses is by the use of low priced
transistors in blocking oscillator circuits. One
transistor is required to drive each EZ10B tube. The
quiescent power consumption is very small.
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shown in Fig. 4.63. This circuit is normally used as
the input stage of an EZ10B transistor scaler. The
input pulses used to operate the circuit should have
an amplitude of —10Vanda minimum duration of
3 psec. The rise time of the negative going lead-
ing edge of the input pulse should be less than
1 wsec.

The three windings of the blocking oscillator
transformer, Ny, N, and Ny are wound on a com-
mon Philips S14/8 pot core. Dy and Dy protect the
transistor base and collector respectively against any
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21305
(TEXAS
INSTRUMENTS)

100kQ)

o
-~

RESET PULSES

ImA  (10kc/s)
0-9mA‘(|kc/s)

+10%
24V 5o

TRANSFORMER DETAILS

Philips pot core S18/12. Material 3B2. Air gap 0°16 mm

No adjustment screw

Ny l 1200 turns
N, 200 turns
Ny ‘ 70 turns

0-064 mm enam, wire
0-1 mm enam. wire
0-1 mm enam. wire

Fig. 4.64 A transistor drive circuit for the operation of the EZI0B at up to 10 kels

excessive peak voltages, whilst Dy and Rj (assisted
by D) clamp the free oscillations of the transformer
at the end of each pulse. Ry and Cj are used to give
the pulse the desired shape. The output from the
ninth cathode of the EZ10B may be used to feed a
succeeding 10 kc/s stage.

The resetting pulses are applied through Dy to
the zero cathode. All of the zero cathodes .are
connected together by the reset line and diodes
(such as Dg) provide the necessary decoupling. Dy
presents a high impedance to the reset pulses and
prevents a large portion of these pulses from being
shorted to earth.

10 ke/s Transistor Input Circuit®®

The circuit shown in Fig. 4.64 may be employed in
scalers operating at input frequencies not exceeding
10 kc/s and in decades following the 100 ke/s circuit
of Fig. 4.63. The 10 kc/s stage closely resembles the
100 kc/s stage, but the problem of damping the
transformer oscillations is reduced because of the
smaller mark to space ratio. The sensitivity of the
circuit of Fig. 4.64 has been increased by placing a
capacitor in parallel with the resistor in the emitter

circuit so that the stage can be operated from the
output pulses furnished by the preceding decades.
Windings N;, N, and N3 are all on a common core.

Pulse Shaping Circuit®®

The circuits of Figs. 4.63 and 4.64 require input
signals with steep sides. The input circuit of Fig.
4.65 may be used to convert the incoming pulses

100Q2

15002

q”«.

Fig. 4.65 A pulse shaping circuits for feeding the circuits
of Figs. 4.60 and 4.61
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which are to be counted into pulses of a suitable
shape for operating the counting stages. This pulse
shaping circuit is basically a Schmitt trigger circuit
which converts input signals of 5 to 15 Vin ampli-
tude and of arbitrary waveform into the 14V
rectangular pulses required for the operation of
either of the counting circuits discussed previously.

The capacitor in the input of the pulse shaping
circuit limits the lowest operating frequency for
reliable counting of sine waves to about 5 to 10 ¢/s.
At lower frequencies the capacitor may be omitted.

Relay or Magnetic Counter Operation9

The circuit of Fig. 4.66 shows how a transistor
amplifier may be used to convert the output pulses
from an EZ10B tube into pulses which are suitable
for the operation of a relay or an electro-magnetic
counter.

When the discharge leaves the ninth cathode of
the EZ10B, the resulting negative pulse is used to
trigger a transistor monostable multivibrator which
shapes the pulse. The resulting pulse is fed into an
OC26 power transistor which operates the relay or

magnetic counter. The coil of the relay or counter
should be designed to operate from 24 V at a
maximum current of 0.5 A. The Sodeco magnetic
counter type TCeZ6E which has a 24 V 350 £ coil
is suitable for use in this circuit.

Transistor Circuits Providing a Digital Display®9

The circuit of Fig. 4.67 shows how a digital display
may be obtained from an EZ10B circuit by means
of relatively cheap germanium PNP transistors. The
cathode resistors have been divided into two sec-
tions so that a suitable output can be obtained for
feeding into the bases of the transistors. Normally
the emitters of the transistors are positive with
respect to their bases; the transistors are therefore
in their low resistance state and their collectors are
almost at zero potential. When a certain cathode in
the EZ10B strikes, however, a positive voltage is
fed to the base of the corresponding transistor and
this results in the transistor being cut off. The
collector, therefore, becomes negative and this
negative pulse causes the corresponding digit of the
indicator tube to glow.

Table 4.9 THE BASIC DATA AND CONNECTIONS FOR THE eLESTA EZ10B TUBE

Striking voltage

Maintaining voltage

Supply voltage

Anode current (mA)

Anode resistor (Q)

Slope of pulse sides (V/sec)
Input pulse duration and spacing (sec)
Tnput pulse amplitude (V)
Resetting pulse amplitude (V)
Cathode resistor ()

Peak output amplitude (V)

Dimensions .
Seated height 48 mm max.

Escutcheon

Elesta type ZB33 with circular polarised filter to improve consfrast.

Base

13 pin miniature fitting into 15 pin Elesta socket ZB13.

Connections
1 2 3 4 5 6
K,

K, K K, K K; K, K

Min. Normal Max.
300 380 450
280 300 330
500 580 -
1.2 1.5 1.9

— 180k -
— — 10°
5x10-7 - —
SEE TEXT
— 120 -
0 6.8k 6.8 k
—_ 7 -—
Diameter 21 mm max.
7 8 9 10 11 and13 15
K, K; transfer
electrodes

When the wires have been soldered to the tube socket, the pins of the socket should remain
completely movable to prevent strains at the glass base which could cause small cracks

around the base pins.
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Fig. 4.67 Digital display from an EZIOB tube using PNP transistors
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Fig. 4.68 Digital display from an EZIOB tube using NPN transistors

The disadvantage of this type of circuit is that
nine of the ten transistors are conducting at any one
time and, therefore, the current consumption is
fairly high.

The circuit of Fig. 4.68 employs NPN Texas
Instrument transistors type TI496 (or an equivalent
type). The use of NPN transistors enables the
positive voltage from the circuit of the EZ10B
glowing cathode to be used to switch the corres-
ponding transistor to the conducting state. Thus
only one of the ten transistors is conducting at any
instant and the power consumption is considerably
smaller than when the circuit of Fig. 4.67 is used.
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4.8.3 The ECT100 Reversible Selector Tube

The Elesta ECT100 tube®® operates on principles
which are rather different from those of the other
tubes which have been discussed in this chapter.
The electrode assembly and the basic circuit for the
ECT100 tube is shown in Fig. 4.69. Four star
shaped electrodes are stacked inside a cylindrical
anode, 4, so that they are separated from each
other by a very small distance. Two of the electrodes
are main cathodes and two are guide cathodes.
Each of the four electrodes has five limbs or spokes,
each of which points to the anode. The limbs are in
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the same plane as the remainder of the particular
electrode ring to which they are attached. An output
electrode, S, is placed at the end of each main
cathode limb. The fifteen electrodes of the system
are placed in a miniature glass envelope which is
filled with hydrogen.

One of the cathode rings will be referred to as
K, and the other as K,. The first limb of the X;
ring will be called K;; and the second limb of this
ring K, etc. Similarly the fourth limb of K, will be
designated K,,. A similar nomenclature will be used

HT+
QUTPUT

ELECTRODES  Kag

INPUT

BISTABLE
CIRCUIT

¢ 4
' 1 +
= 'S
Pl
Rg Rg
+Vg 1 ; 2

Fig. 4.69 The structure of the ECTI00 tube and the basic
circuit in which it is used

for the two guides (G; and G,) and for the guide
limbs.

The cathode rings are fed from the two outputs of
a bistable circuit as shown in Fig. 4.69. The outputs
of the bistable circuit are also differentiated and
applied to the guides. The switch Sy reverses the
direction of counting; when Gy is connected via a
capacitor to Kj, the tube counts in a forward or
clockwise direction.

When the tube first strikes, a discharge occurs
between the anode and one of the limbs of the
cathode ring which is at the lower potential. Let us

10*

assume that an initial discharge takes place at K.
The potential drop across the tube anode resistor
ensures that the tube cannot strike at any other
limb of the same cathode ring. The other electrodes
(K,, Gy, Gy and the ten output electrodes) are all at a
positive potential with respect to X; and no dis-
charge can occur between the anode and any one
of them.

An input pulse will change the state of the
bistable circuit and the potential of K] rises as that
of K, falls. In addition the guide electrodes receive
pulses of opposite phase. If the switch Sy is in the
position shown in Fig. 4.69, the potential of G, falls
and the discharge moves to Gy, since this is the
most strongly primed limb of G,. The positive going
pulse applied to G, prevents any possibility of the
discharge moving in the wrong direction. As the
amplitude of the differentiated pulse applied to Gy
decays, K, becomes the most negative of the
electrodes. The discharge therefore moves to the
limb of K, which is most strongly primed, namely
K,;. A second input pulse will return the multi-
vibrator to its initial state and the discharge will
move to Gy and then to Kjs.

If the position of the switch S is changed and an
input pulse is applied when the discharge is resting
at Ky;, Gy will receive a negative going pulse. The
discharge therefore moves in an anticlockwise
direction from Kj; to Gy, and then to K. Thus the
tube is counting in reverse.

In order to obtain the maximum possible relia-
bility, the output waveforms from the multivibrator
should be symmetrical with respect to each other.
The guide bias should be equal to half the mean
amplitude of the multivibrator output. The quies-
cent guide potential is slightly above the guide
bias supply voltage, since a small ‘probe’ current
always flows through the guide resistors when the
discharge is resting at a main cathode. The rise
time of the multivibrator output pulses should be
short so that the peak voltage of the differentiated
drive pulses equals the cathode drive pulse ampli-
tude. Stray electrode capacitance must, of course,
be kept low if a high counting speed is required.
The time constant of the differentiating components
must be short compared with the time taken for
one count to be registered. ’
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Readout and Reset

The tube provides the normal visual readout (which
is blue in colour) and in addition electrical readout
can be obtained by the use of the cutput electrodes.

ouTPUT
ELECTRODES

Ky Kz

Fig. 4.70 The symbol for the ECTI00 tube

Each main cathode has a small output electrode
associated with it and the latter acts as a probe in
the discharge. A positive going output pulse is
obtained whose amplitude is a function of the
output electrode load resistance. The output elec-
trodes receive a positive bias to prevent them from
initiating a discharge.

If outputs are not required from all of the output
electrodes, a number of these electrodes may be
connected together and returned to the output
electrode bias supply via a common load resistor of
maximum value 1 MQ. At frequencies not exceed-
ing 100 kc/s any number of the output electrodes
may be connected in parallel.

If a large negative going pulse is applied to an
output electrode, the discharge is transferred to
this electrode for the duration of the pulse and the
voltage drop across the tube anode resistor causes
the discharge at any other point in the tube to be
extinguished. At the end of the resetting pulse the
main cathode limb which is adjacent to the con-
ducting output electrode takes over the discharge,
since it is strongly primed. The bistable circuit must
be reset at the same time as the ECT100 tube.

The symbol for the ECT100 tube is shown in
Fig. 4.70; for simplicity only three of the ten output
electrodes are included in the symbol.

100 kels ECTI00 Stage

A transistor driven ECT100 decade stage®® is shown
in Fig. 4.71. The two transistors are employed in a
non-saturating bistable circuit in order to render
the circuit less dependent on the current gain of the
transistors. The input pulses should be negative

Ds. zngae
0A95
RESET B
- NN— -
:#: 100pF { 4709%
, =
INPUT ./

Fig. 471 A 100 kcfs circuit for
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the ECTIO0 tube. D, = Dy = OA95 or

AAZ10; Dy, = Ds= 0A200,
BFYI13 may be used instead of the
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going, of between 10 and 25 V peak amplitude and
of a duration which is not less than 0.1 psec. The
negative going leading edge which triggers the
bistable circuit should have a rise time not exceeding
4 psec. These pulses may be obtained from an iden-
tical preceeding counter decade or from the pulse
shaping circuit of Fig. 4.72. The method of feeding
the ECT100 from the bistable circuit is similar to
that of Fig. 4.69, except that no direction reversing
switch is shown.

The ten output electrodes are returned via 100 kQ
resistors to a potential of +60 V on the potential
dividing chain. For simplicity, only three output
electrodes and three of their load resistors are shown
in the circuit of Fig. 4.71. When the discharge moves
to position nine (K,), the positive going pulse at
the ninth output electrode (S,) renders D, conduct-
ing. The collector waveform is fed back through
D, to S when the discharge leaves position nine;
this results in the output pulse to the next decade
having the required sharp negative going edge and
enables the delay between successive stages to be
reduced to less than 0.4 psec.

Power supply voltage changes of +10% to —15%,
will not affect the operation of the circuit of Fig.
4.71. If unstabilised voltage supplies are employed,

( Y +590V
[ L 820Q) l 20mA -y
' 100k Q2 1W 0kQ
+60V
39k Q2
RESET A

QUTPUT TO
NEXT
DECADE

OAI130 or 15130; Dy = TI71 (Siemens transistors type
2N1988 transistors specified)

+10%
+75V 50

é 6mA
10k 57xQ2

OUTPUT
T0
Fi6. 4.7

13
2Ni303

Fig. 4.72 An input pulse shaping unit

the effects of any mains voltage variations on the
tube bias and drive circuits tend to cancel each
other. If stabilisation is necessary, all of the voltage
supplies should therefore be stabilised.

The input pulse shaping circuit of Fig. 4.72 is
designed to provide the pulses with a sharp negative
going edge which are required for the operation of
the circuit of Fig. 4.71. The circuit shown in Fig.
4.72 consists of a Schmitt trigger circuit followed
by an emitter follower circuit. It can be operated
by input pulses of any shape which have a peak
amplitude of not less than 18 V. The output pulses
from the circuit of Fig. 4.72 have an amplitude of
13 V and a rise time of 0.2 psec when no load is
applied to the output.

If a negative going pulse of 220 V in amplitude
and not less than 10 psec in duration is applied at
the ‘Reset A’ terminal of Fig. 4.71 and at the same
instant a negative going pulse of at least 10 Vin
amplitude is applied to the ‘Reset B’ terminal, the
circuit will be reset to zero. The pulse applied to the
‘Reset A” terminal resets the tube and that which is
applied to the ‘Reset B’ terminal resets the bistable
circuit.

The circuit of Fig. 4.73 can be used for providing
the pulses required for resetting any number of
stages up to ten. When the resetting switch is closed,
the capacitor C discharges and a negative pulse of
about 220 V in amplitude is fed through the diodes
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+590V
+75V
Dl! N
39OKQ§ MQ
RESET A
O-ICF L (Tuses)
+310V ke
i

l 90V 470Q
1002 130 102 J
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\ 100 | HESET B

1
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CIRCUITS)
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1 Dl
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D:= 0A95 OR OAI6H 7
D"= 0495 OR 0AISO

Fig. 4.73 A resetting circuit for the ECTI100

D" to reset the ECT100 tubes. The outputs from the
circuit of Fig. 4.73 which are connected to the bis-
table circuits (Reset B) are normally at a potential
of +72 V, but when the resetting switch is closed,
this potential falls to zero. The circuit is capable of
carrying out ten resetting operations per second.
The supply voltage tolerances are —15% to -+10%;
of the specified nominal value.

BISTABLE CIRCUIT

RESET B 1

1 Mec|s ECTI100 Decade

A 1 Mc/s circuit for the ECT100 is shown in Fig.
4.7438), The output pulses from this circuit may be
used to directly drive the 100 ke/s circuit of Fig.4.71.
The reset pulses required for the 1 Mc/s decade are
similar to those required for the 100 ke/s decades.
Four ES11 voltage stabiliser tubes are used in the
anode circuit of the 1 Mc/s decade. The 25 kQ)
resistor in the anode circuit of the ECT100 tube in
Fig. 4.74 should be adjusted until the potential
difference across the 33 kQ anode resistor is 52 V.

The absolute maximum speed at which the
ECT100 can count is about 2 Mc/s.

\ ;:

IN660

BPF% %in T
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n
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Fig. 4.74 A 1 Mc|s
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Table 4.10 BASIC DATA AND BASE CONNECTIONS FOR THE ECT100 TUBE

Anode to cathode breakdown voltage
Maintaining voltage

Temperature range

Max. magnetic field (gauss)
Mounting position

Minimum life (h)

Base | Connections

320-375
295-320
—100 to 4100 °C
200 (any direction).
Any
25,000

Dimensions
Seated height 38 mm (max.)

Diameter 21 mm (max.)

Escutcheon

Flesta type ZB23 with circular polarised filter

Base
Elesta special type socket ZB25

ok kot ek

LM PBWNHOOUIIAWUHR W -
|7}
[y

ANV -
4110 +590V

%LIMQ

+90V

TUBE
RESET A

QUTPUT
TO NEXT
DECADE

100< 100 L 100
kQ% kQS kQ

10kQ >
T3
2N1990
: X L
47¢ 419 47 47
RQ% RQ% kQ% #'Nﬁﬁo kQ

L o
circuit for the ECTI00

49 MULTIPLE ANODE COUNTING
TUBES

The characteristics of the multiple cathode tubes
described in the preceding sections cf this chapter
tend to change if the discharge rests for a long time
at any one cathode. The sputtering which occurs at
the cathodes results in a non-uniformity of the
cathode surfaces and a reduction in reliability. New
types of tube are being developed in England®? and
Japan®® in which the reliability is improved by the
use of a single cathode surrounded by a number of
anodes. If the cathode is a wire completely surround-
ed by the glow, no variation of the tube charac-
teristics due to changes in the cathode surface are
likely to occur during the life of the tube. Some
multiple anode tubes employ a circular cathode
resembling the anode of a normal double pulse tube;
in this case only a part of the cathode surface is
covered by the glow at any one time.

Multiple anode tubes have the additional advan-
tage that they can drive numerical indicator tubes
directly without any intermediate amplifying device.
Each anode of the counting tube is connected to
the appropriate cathode of the indicator tube.

4.9.1 Inverse Tubes

One type of multiple anode tube consists of a single
cathode surrounded by thirty anodes. The structure
is very similar to that of the conventional double
pulse tube, but the polarity of the applied potential
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+HT

NUMERICAL
INDICATOR

OUTPUT
TuBE i

DOUBLE
PULSE INPUT

st ians?
INVERSE
DECADE TUBE

Fig. 4.75 The basic circuit for the operation of an inverse
tube

is reversed. Such tubes are often referred to as
inverse tubes, although the Japanese tubes are
known as ‘Polyatrons’, The operation is very similar
to that of normal double pulse tubes. Ten of the
anodes are main anodes, whilst the other twenty are
used as first and second guide electrodes. The tube
registers a count when a suitable positive going
pulse is applied to the first guides followed by a
positive going pulse to the second guides.The ampli-
tude of the guide pulses is smaller than for the
conventional double pulse tubes, about 40-50 VG,

The basic circuit for the operation of an inverse
decade tube is shown in Fig. 4.75. The load resistor
may be placed in the indicator tube anode circuit
or in the counting tube cathode circuit. The method
of applying pulses to the guidesis the same as that
used with normal double pulse tubes, but the pulses
must be positive going.

4.9.2 Magnetically Biased Tubes3?

Another type of multiple anode tube employs
twenty anodes, one guide anode being placed be-
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tween each two main anodes. In this type of tube the
direction of rotation of the glow is determined by
the polarity of an applied magnetic field. If the
guide electrodes are left unnconnected, a value of
the magnetic field strength can be found at which
the discharge will rotate continuously. A suitable
negative potential applied to a guide will cause the
rotation to cease. In this type of tube the guides
may, therefore, be referred to as locking electrodes,

+HT.

OUTPUT

BIASED TUBE

=

Fig. 4.76 The basic circuit for a magnetically biased de-
cade tube

It is possible to operate tubes of this type by
applying a pulse to all of the guides simultancously
so that the discharge commences to rotate, but the
duration of the pulse must be controlled if only one
count per pulse is to be registered. Pulses of 20 V
in amplitude are sufficient. They may have any
shape, since once the discharge has commenced to
rotate, the stepping process is independent of the
locking electrode potential. Alternatively alternate
locking electrodes may be connected together and
the two groups (each of five electrodes) thus formed
may be driven from the two outputs of a bistable
circuit; this effectively prevents the tube from step-
ping more than one position if the input pulses are
long.

The speed of operation of the present experimen-
tal magnetically biased tubes is limited to a few
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hundred cycles per second, but the characteristics
are very stable. An external magnet is employed,
but the field uniformity and alignment are not
critical. The basic circuit for the operation of a
numerical indicator tube from a magnetically biased
decade tube is shown in Fig. 4.76.
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