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A Decade Indicator Tube
for Transistorised Scalers

The need for a simple, easily readable indicator tube, which can be operated by a fow-
energy signal of only a few valts, has led o the development of the Tvpe £ 550 M gas-
discharge decade indicator tube. This tube, the operation of which is described below,
can conveiiently be controlled by the small signaly which switehing tronsisiors are
capable of defivering, the current required for giving a clear glow discharge being raken
[from a separate uncontrofled supply source.

Introduction

For counting electrical pulses at a rate exceeding
approximately 10 pulses per second, such as is
required for monitoring radicactivity and for super-
vising a greal variety of industrial processes, ebec-
tro-mechanical registers fail due to their inevitable
inertia. The solution for counting pulses at a rate
of up to 107 pulses per second or even higher there-
fore consists in using electronic counters.

The various types of electronic counter hitherto
available all have the common feature that they
consist of a sequence of scalers (which may be
either of the binary or of the decade type) and that
provision Is made for giving a visual indication of
the total number of pulses counted. For the last
scaler, which counis for example the thousands, this
may be achieved by connecting an eleciro-mechan-
ical register to the preceeding stage, provided the
counting rate of this scaler is sufficiently low, but
as a rule it will be required also to know the exact
number of pulses counted by the preceding scalers,
for which such registers are too slow,

There are in principle two fundamentally dif-
ferent solutions to this problem, namely:

(1) the use of electron tubes, which, in addition
to scaling, give a visual indication, or

(2) the use of separaiz ncon indicators which are
controlled by the individual scalers.

In the first category are the gas-filled cold-cathode
trigger tubes and ring-clectrode scalers in which
the glow discharge gives an indication, and the
high-vacuum decade counter tube EIT ! in which
an electron beam impinging on a fluorescent screen
gives the desired information. In gas-filled tubes
an upper limit {approximately 3000 pulses per
second) is set to the counting rate by the deionisa-
tion time, whereas with the decade counter tube
EIT the associated circuitry limits the coonting
rate in practice to approximately 100000 pulses
per second at the uimost 2,

In counters from which an exceptionally high
counting rate is demanded, recourse must therefore
bz had 1o the second solution, in which separate

This anbcle is based on rescarch by Th. P J. Borden, Philips’ Research Laboratories and 5. M. Frowws, Development Labaratory

CGeas-Diischarpe Tubes, Eindhoven.

Yy The EIT Decade Counter Tube, Electronic Appl. 14, p. 13, 1953 {No. 1.
%1 A Decads Counter Stage with o Counting Rute of 100 000 Pulses per Second, Ebectronic Appl. 15, p. 34, 1954 (No. 3)
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devices are used for scaling and for indicating the
number of counis.

A high counting rate is, however, not the only
reason which necessitates the use of a separate
indication device, for the scaler will be unable to
indicate the number of counts when this is equipped
with transistors which, though offering substantial
advantages (for example small dimensions and low
power consumption), are by nature unable to givea
visual indication. As far as the speed of operation is
concerned, the performance of adequately designed
transistor circuits differs litthe from that of the best
scalers equipped with electron tubes. They are,
however, unable to deliver a signal of sufficient
amplitude and encrgy to ignite any type of neon
indicator tube hitherto available, nor can they
provide the current required 1o produce a clearly
visible glow discharge in these tubes without the
scaling operation being jeopardised.

Discussion of the Gas Discharge

Before dealing with the operation of the Type
£ 550 M indicator tube, it will be useful o discuss
the mechanism of a discharge between two elec-
trodes in a gaseous atmosphere in general. Fig. |
shows the voltage versus current characteristic.
In the region AC (Townsend discharge) the voltage
is substantially independemt of the current and
roughly equal to the ignition voltage Vigw. In the
region BC the voltage staris to decrease as the
current increases, and this continues until the region
DE of the normal glow discharge is reached. In
this region the maintaining voltage ¥, is also prac-
tically independent of the current, but it is consid-
erably lower than the ignition voltage VFigs. The

]
Fig. 1. Current-voltage characleristie of @ gas T
discharge. The region AC correspomds to the

Townsend discharge. the region DE ia & normal Vonf = =

glow discharge, and the region EF 1o an anomalous
glow discharge. The arc-discharge region FGH
B beyond the ratings of the indicator fube. The
ausiliary discharge corresponds 1o the tramsitional
fegeon Cf), the starter current beimg limited o
tuch a low value 1hat the region of glow discharge

DECADE INDICATOR TUBE

The number of counts could of course be stored
in & memory and extracted at a later time, as is
customary in electronic computers, but this method
would be far too cumbersome and expensive for a
simple clectronic counter.

Rescarch was therefore carried out with the ob-
ject of developing an indicator tube which can be
controlled by signals of small amplitude and which
draws only very weak currents from the control
cireuit.

These investigations have resulted in the re-
cently introduced decade indicator tube Z 550 M,
which has ten cathodes arranged in a circle and a
common anode. In this tube the glow discharge is
maintained by a separate supply source and can be
transferred from onc cathode to another by a
signal of only 5V and less than 50 uA, such as
can conveniently be supplied by a transistorised
scaler.

transitional region 0, which is neither a Townsend
discharge nor a glow discharge, is by nature unstable
since the voltage decreases as the current increases,
Beyond the nermal glow discharge the region EF
of the anomalous glow discharge begins. The region
FHG larc discharge) lies beyond the permissible
ratings of the £ 550 M and will therefore be
disregarded here.

The peculiar form of this graph may be explained
as follows. If a fairly low voltage Vg is applied
between the anode and cathede a minute current
will start 10 flow. The magnitude of this current
depends on the number of charge carriers, created
per time unit by some external cause (ionising
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agent). The electrons are generated by two mecha-
nisms: they result either from electrons which travel
towards the anode and collide with gas atoms, or
from ions arriving at the cathode. When the applied
voltage is increased the number of electrons thus
formed also increases, and the mechanism con-
tinues until at 4 the current intensity is such that
owing to the avalanche effect at Vy = Figa, the
discharge becomes self-sustaining: the discharge
then continues even if the exicrnal source of elec-
trons is removed. At a further increase of the current
a space charge of positive ions begins to form close

Type £Z550M Indicator Tube
Principle of Operation
Fig. 2 shows the arrangement of the electrodes of

the Type Z 550 M indicator tube, The ten approxi-
mately trapezoidal plates k act as emissive cathodes,

- -

Fig. 1. Scheenatic represeniation of the electrode arrange-
ment in the Type Z 350 M indicator tabe

They are mounted on a ring-shaped conducting
support r, the shaded sections of which are coated
with & material having a high work function com-
pared with the cathodes k to reduce their electronic
emission. A short distance above and below the
cathodes annular anodes o are mounted. Ten wire
electrodes sr, the stariers, proirude through holes
in the lower anode ring and in cach of the cathode
sections. In the upper anode ring the fizures from
0 to 9 are cut out, so that when a glow discharge is
initiated by means of one of the starters, the figure
facing the corresponding cathode clearly stands out.

Fig. 3 shows an exploded view of the electrode
system and Fig. 4 photographs of the complete
tube.
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to the cathode. This affects the ficld distribution 10
such an extent that a lower voltage is sufficient for
producing the number of jons that s reguired for
drawing a certain current. Beyond this transitional
region COD the discharge is characterised by the
eccurrence of o luminous sheath close 1o the cath-
ode (glow discharge) and a substantially constant
curren! density and muintaining voltage V. When
the current is subsequently increased beyond the
value corresponding to the available cathode area,
the maintaining voltage will necessarily also
increase (region DE, anomalous discharge).

The emissive cathode sections have been “spul
tered” during the manufacturing process o obtain
a clean cathode surface, whilst the sputiered ma-
terial seitled on the glass envelope prevents con-
tamination of the gas, and thus ensures stable oper-
ation. The tube is filled with neon to which a small
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Fig. 3. Exploded view of the indicator tube




Fig 4. Photographs of the Type Z 550 M indicator tube

percentage of argon is added for reasons to be
explained later.

The tube is fed with an unsmoothed rectified
voltage (see Fig. 3), so that with half-wave recti-
fication, the supply volage rises 10 3 maximum
and drops to zero again once in every mains cycle.
When the supply voltage reaches a certain value, a
glow discharge is initiated which extinguishes again
as s00n as this voltage drops below the maintaining
value, The glow discharge is thus obviously ignited
and extinguished twice per cycle when full-wave
rectification is employed.

As can be seen from Fig. 5, the strters are at
anode potential as long as there is no discharge.
However, as the distance between each cathode and
its associated starter is much smaller than that
between the cathode and the anodes, a discharge
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Fig. 3. Circuit diagram of ihe indicator tube {only twe of the
lem stariers are indicoted, o- snodes (earthed), & - cathodes,
ar - starters, Fp - control voliage. The curment of the main
discharge s mited by the reststar By, that of the suxiltary
discharge by the resistors B and Ra, the latter Baving a
much higher value

BECADE MNDICATOR TUNE

between cathode and starter will be initiated before
the supply voltage has risen to the value at which a
discharge between cathode and anode is established.
When, therefore, the supply voltage progressively
rises from zero, the first effect will be the initiation
of an auxiliary discharge between one of the cath-
odes and its starter.

The operation of the Type Z 550 M indicator
tube is based on the fact thatan auxiliary discharge
between one of the cathodes and its starter reduces
the required anede ignition voltage ¥y between
this cathode and the anode 10 such an extent that
the main discharge is also established at this cathode.
It thus suffices to make provision for an auxiliary
discharge to be established at the desired cathode to
ensure that the main discharge occurs at the corre-
sponding figure.
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Fig. &. Ignition voliage Vs s of the makn discharge a5 a
function of the current fiy of the ausiliary discharge for one
of the cathodo-starier positiens,

This main discharge causes the anode potential
o drop suddenly to the maintaining voltage Vi
which is below the lowest ignition vollage at any
other cathode, so that no discharge can be initiated
elsewhere. In other words, “first come, first served™
applies, at any rate as far as that particular cycle
of the supply voltage is concerned.

The dependence of ¥, e on the starter current
fa is plotted in Fig. 6 for one of the starter-cathode
positions. It 18 seen that when the starter s discon-
nected (fu = 0) the voltage required for initiating
the main discharge is approximately 135 V, but
at a starter current af, say, fiy = 10 uA, this voltage
is reduced to approximately 105 ¥V, which is mainly
due to positive and negative charge carriers dif-
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fusing from the auxiliary discharge to the space
between this cathode and the anode. If, therefore,
at a particular cathode, a starter current of this
value is made to flow, the main discharge from that
cathode is initiated in ndvance of that from the
other cathodes by an amount corresponding roughly
to the time the supply volage wkes 1o rise from
105 V to 135 V. As will be shown later, this ob-
viously imposes certain requirements on the rise
time of this voltage.

The cathode at which the auxiliary discharge 15
initiated can be selected by mising the voltage at
the desired starter slightly above that of the others
{and of the anodes). This may be done by applying
a small positive control veltage V. across resistor
R.. The corresponding starter then reaches the
ignition voltage prior to the others, so that the
discharge occurs at the desired position. If the
control voltage V. is transferred to another starter
the re-ignition will take place at the new starter-
cathode combination at the next (half) eycle, and
0 0,

The reason for employing an unsmoothed supply
voltage will now be clear, namely that, in order to
transfer the discharge from one cathode to another,
the discharge must first be extinguished by reduction
of the supply voltage to below the maintaining value,
after which it must rise again gradually so that the
desired starier can initiate the next discharge.

The control voltage, that is 1o say the additional
impulse required to initiate the auxiliary discharge
at a particular cathode, may be very much smaller
than the maintaining voltage, since the total starter
voltage need only be slightly higher than the volt-
ages at the other starters. As will be explained in
the next section, a control voltage having an ampli-
tude of 5V is all that is required with the Z 550 M,
provided the supply voltage meets centain require-
MEnts.

A signal of only 5 V can conventiently be sup-
plied by a transistor circuit. If this circuit is so
designed that a signal is fed to starter 50y for a
count of 1, to the adjacent starter stz for a count of
2, and so forth, the tube will indicate the result of
acount %, It should be recognised that it is immate-
rial whether the tube can follow the counting oper-
ation or not. Provided that after the completion

of a count the control signal is applied to the cor-
rect starter, the location of the discharge initiated
at the next reignition of the tube will correspond to
the final result of the count.

Since the power for the main discharge is not
supplied by the control circuit, it is easy (o ensure
that this discharge will be sufficiently bright to
provide a clear visual indication. By connecting the
anode to carth, as shown in Fig. 5, one of the ter-
minals of the transistorised control circuit can also
be carthed, which greatly facilitates the circuit
design,

Statistical Delay and Building-up Time

If a voltage slightly in excess of Vg is 2pplied
across the electrodes, nothing will happen until a
frec electron is present at a suitable position in the
space between the electrodes. This free electron will
then of course move through the electric field to-
wards the anode. In doing so, it will collide with
gas atoms which are thus ionised, resulting in elec-
trons being released which fonise other gas atoms,
this action being cumulative, Because of the random
character of the processes taking place in the gas
and on the cathode, however, the “avalanche™ thus
produced may sometimes break off pending the
arrival of a new initial electron. Not until the num-
ber of ions and electrons generated is extremely
high is the chance of such an interruption eliminated.
The time elapsing between the application of the
voltage and the attainment of this condition is
called the srarfsrical delay.

Since random processes are involved here, this
delay time may, in principle, have any value. To
prevent the statistical delay being dependent on
external causes, such as cosmic radiation or the
photo-eleciric effect of daylight, a quantity of a
harmless radioactive substance is included in the
tube. A sufficient number of charge carriers is thus
produced within a fraction of a second even if the
tube were shiclded completely from all external
radiation.

The time elapsing between the formation of a
stable avalanche and the moment that the avalanche
effect ceases to increase in strength is called the
build-up time of the discharge. At the commence-
ment of the build-up time large numbers of ions

5 As will be shown in an afticle to be published shortly, this indicator tube can also count by lisell at a rate of wp o 1000
pulses per second, the counting pulses which are applied to the common inpul igaiting the glow discharges i guccsssion., &0
thai the scaler can then be dispensed with,




and electrons are already present, so that the sta-
tistical fluctuations in the build-up time are so
small that they canrot even be measured ; the build-
up time can thus be regarded as constant,

Migimum Value of the Control Voltage

IF the starter “signal voltage™ at which the aux-
iliary discharge is initiasted were identical for all
starters, the required control voltage V. would be
extremely small. After all, this voltage need only
slightly exceed the maximum difference occurring
between the starer ignition voltages for the ten
starters,

[t will therefore first be investigated what factors
determine the actual differences occurring in the
ignition voltage. The condition in which a discharge
becomes self-sustaining, so that it supplies its own
electron requirements, can be expressed by the
equation:

riexp (n¥Fign) — 1} = 1

where  is the average number of clectrons released
from the cathode by one gas fon and 1 is the aver-
age number of electrons produced by each electron
in the gas per volt of traversed potential difference.
The expression shows that Fi. depends both on ¢
and on %, The value of y depends on the velocity
and kind of the ion (i.e. the nature of the gas) and
on the condition of the cathode surface.

For the Type Z 550 M indicator tube any dif-
ferences in the s~value of the ten cathodes are
therefore to be attributed exclusively to differing
conditions of their surface, the composition of the
gas obviously being the same for all cathodes.
Since the cathodes are cleaned thoroughly by the
sputtering process, the differences in the value of
y are minimised. Moreover, the gettering action
of the sputtered molybdenum on the glass wall
prevents contamination of the gas and maintains
this favourable condition over a very long period.

In practice the ignition voltage Figs does not
depend very markedly on the value of 3. This may
be explained as follows. Since the exponential term
in the above equation is very much larger than
unity, this expression may to a good approximation
be reduced to:

Pl.-- s -'”ﬂ!.u ',Il"]'.r'Ell
which shows that the ignition voltage is pro-
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portional to log. ¥. Since log. y varies only slightly
with ¥, any minor differences in ¥ that still exist
after the cathode has been sputtered have scarcely
any effect on the ignition voltage.

The ignition volitage does, however, depend
largely on the value of 5, which is by no means con-
stant. 1ts value depends in turn on the ratio of the
electric force £ to the gas pressure p, and for a given
clectrode configuration and voltage the clectric
force E is inversely proportional to the linear di-
mensions of the electrodes, that is 1o say inversely
proportional to the distance d between two flat
electrodes. In the case under consideration Vigs
is thus a function of pd (Paschen law).

2000
¥

Soe

Fig. 7. Ignition voltage of varieus gas mixtores as a function
of paf (Paschen curves), the cketrodes being assumeid to be
flat molybdenzm plabes.

Fig. 7 shows this relatien for various gas mixtures,
the electrodes being assumed to consist of two flat
molybdenum plates. This graph reveals that Figa
is almost constant within a wide range of pd in the
case of a mixture of neon with a small percentage of
argon. By filling the Type Z 550 M indicator tube
with this mixture, the motual differences between
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the ignition voltages of the ten cathode-starter
spaces are thus reduced to very small values not-
withstanding unavoidable differences in the values
of .

Unfortunately, however, some spread is intro-
duced by the fact that the auxiliary discharge is
initiated at arbitrary points between the starier
and cathode. This effect is, however, greatly re-
duced in the Z 550 M due to this tube having two
anode plates, one above and one below the cathode,

The condition of the cathode surface and the
electrode geometry are not the ouly factors that
must be taken into account. The minimum
amplitude of the control signal must also be
chosen sufficiently large to make allowance for
the fact that the ignition voltage of any one cath-
ode-starter space may show certain fluctuations
during operation of a particular wbe. These fluc-
tuations are related to onc of the delay cffects
mentioned above and depend on the rise time of
the pulses applied 1o the starter and anode. This
subject is discussed at greater length in the next
section, which deals with the relation between the
minimum required amplitude of the control voluge
and the properties (amplitude. frequency and wave-
form) of the supply voltage.

Supply Voltage

For the visual indication 10 be steady, the repe-
tition frequency of the supply veltage need not
exceed 25 pulses per second. At this frequency,
however, the gas would have time to deionise almost
completely every time the discharge is extinguished
s0 that, when the supply voltage rises again, so few
charge carriers would be lefi that it might depend
on the statistical delay as to which of the starters
will ignite first in the following cycle. In other
words, the control voltage applied to one of the
starters might be insufficient to ensure that this
starter wins the race. For this reason the repetition
frequency of the supply voltage should be at least
80 pulses per second.

On the other hand, the repetition frequency should
not be chosen too high, for the higher this frequen-
Y. the larger will be the required control voltage.
This is illustrated by Fig. & in which the minimum
required control voltage ¥y gin has been plotied
as a function of the repetition frequency frep of
the supply voltage. By Ve pyn must be understood
the differcnce between the starter and the anode
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Fig. 8. Minimum required control voltage Vimis a3 a fiang-
tior ol the repetition frequency frp of the sopply voliage

voltage which is just sufficient 10 displace the
discharge,

This graph reveals that at fi.y up to 300 pjs
Ve min remains substantially constant, but at
higher frequencies Ve gpp increases rapidly. Al

Jrep == 3000 p/s the minimum control voltage

Fe mun exceeds 25 V,

This effect is related to the fact that afler the gas
discharge is extinguished it takes some time for
the ions and electrons which form the plasma 1o
disappear. If the voliage is applied again while
some residual plasma is present, ignition will take
place before the normal ignition voltage is reached.
The shorter the time + clapsing beiween the extine-
tion of the discharge and the re-application of the
supply voltage, the larger will be the decreass of the
ignition voltage JFygu. If = becomes so small that
the ignition voltage has dropped 1o the value of the
maintaining voliage, the tube will always re-ignite
ai the same cathode,
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Fig. 9. Decrease of the ignilion volape ¥ o o fanction of
the time imerval v between the insant ad which o discharge is
initisied and thal at which the preceding discharge was ex-
timpuished.




This effect was further investigated by measuring
the decrease of the ignition voltage 4V, as a
function of the time . The results measured on an
experimental tube are plotted in Fig. 9. Atr = | ms
the decrease of the ignition voltage, 4V, was as
much as 13 V, and increased rapidly for even shor-
ter values of v. The agreement with the curve of
Fig. & is reasonable, considering that the experi-
ments were carried out under different conditions.

&
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Fig. [0, Circuit wied for recording the waveforms of the war-
fer current, the main current. or the sum of certain selecied
fractions of cach. The time base of the oscillowcope was
odjusted o that the full picture width corresponded to 30 ju:
B wax synchronised by triggesing it with the same maing
voltage as that supplied to the indicator ube,

In order 1o obtain some quantitative information
on the effect of delay phenomena, the current in
the main and auxiliary discharges and also the total
current in both discharges together were displayed
on an oscilloscope as functions of the time ¢ after
the application of the voltage. The basic circuit
used for this purpose is shown in Fig. 10. The object
of this investigation was to determine the statistical
delay, and also to discover the rate at which the
auxiliary discharge builds up, and the delay in the
ignition of the main discharge.

Some of the oscillograms thus obtained are re-
produced in Fig. 11. The curves of Fig. 1la, re-
ferring to the main discharge current, all have the
same waveform, which points 10 a uniform build-
up time, but they are slightly displaced with respect
to each other. The mutual spread between the
curves amounts to a few microseconds only, the
extremes being [0 us apart. The curves of Fig. 114
represent the sum of certain fractions of the cur-
rents of both the main and the auxiliary discharge,

DECADE INDICATON TURE

obtained by suitable adjustment of the potentio-
meters in the circuit of Fig. 10. These adjustments
were not the same for both recordings. From the
shape of the curves it may be concluded that the
first peak is due to the auxiliary discharge, and the
second, less pronounced peak, to the main dis-
charge. The ignition of the main discharge is secn 1o
be less than 5 15 afier the first peak. Thus the take-
over time and also the build-up time (see Fig. 11a)
were found 1o be virtually constant. The spread in
the total delay time is therefore almost entirely
due to the spread in the statistical delay.

From the results of these investigations it may be
concluded that the effects involved here have no
influence on the maximum permissible frequency of
the supply voltage. In fact, the measured time inter-
vals are roughly only 1%, of the deionisation time.

The spread in the total delay, however, has some
influence on the minimum required amplitude of
the control voltage, as previously mentioned. In
practice, the spread in this delay also causes a
spread in the ignition voltage, which is equal 1o

ey
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Fig. 11, fu} Oscillograms of the main discharge current. (&)

oicillograms displaying the sum of the currents of the
suxiliary and of the main discharges. For both curves the
patentiomelers i the clrewit af Fig. 10 were so adjusted thas
the contribution of the suniliary dischorge current i exag-
graled with respect 1o the main discharge ecurrent. The
adjustments of the poientiometers were diferent in the twa
CaReR.
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the delay multiplied by the derivative of the supply
voltage with time when this reaches the value of
the ignition voltage (approximately 130 V). This
derivative increases with the amplitude of the supply
voltage, the frequency remaining constant, and also
with the frequency, the amplitude remaining con-
stant. An idea of the magnitude of this effect is
given by the following numerical example, using
values encountered in practice. At a supply fre-
quency of 30 p/s, an amplitude of 300 V and a
difference in delay time of 10 us for two ignitions,
the ignition voltages of these discharges differed in
value by approximately 0.85 V. At a supply voltage
amplitude of 150 V they differed only by approxi-
mately 0.35 V. Compared with a signal amplitude
of a few volts, these amounts are not negligible.

It may thus be inferred that if the tube is fed with
a square-wave voltage, the steepness of the leading
edges must be less than approximately 10° Vs,
since otherwise the minimum required control
voliage would be considerably increased. For sim-
ilar reasons the supply voltage should be free from
“spikes",

In this connection it should also be recognised
that the closer the elecirode 1o which the discharge
is to be transferred, the lower will be the minimum
required control voliage. This is quite obvious, in
view of the fact that the electrons which initiate the
avalanche usually originate from the discharge that
took place during the preceding pulse of the supply
voltapge. These electrons diffuse faster and in greater
numbers 1o nearby electrodes than 1o more distant
ones. In the case of the discharge on nearby clec-
trodes the delay is therefore not only smaller. but
also shows a smaller (absolule) spread, and hence
gives a smaller spread in ignition voltage. 1t is due
to this electron diffusion that the delay is as small
as it is. If the tube has been switched off for some
time, 50 that the first electron must originate from
the radioactive substance incorparated in the tube,
the delay may be appreciably longer. This does not
of course prove troublesome in actual operation.

Yisibility of the Discharge and Uselul Life

The visibility of a glow discharge depends on the
nature of the gas and on the current density of the
discharge. The Type £ 550 M indicator tube is
filled mainly with neon which, of the gases that are
chemically not reactive in gas discharges, gives
the largest light output.
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Fig. | Procticul ebreuit of the indicstor tube comtredled by o
transsstndisgd scaler.

The current density is roughly proportional to
the square of the gas pressure, which has for this
reason been chosen fairly high. The tube moreover
works in the region of anomalous glow discharge
(see Fig. 6), which lurther increases the luminance.
For this purpose the surface area of the cathodes is
kept as small az possible.

The brightness of the discharge is approximately
1200 od/m? (current density 10 mAjem?). This
may be compared with the luminance of a 40 W
fluorescent lamp, which is approximately 000 cd/m?
Parily because of its reddish colour, the glow dis-
charge is still clearly visible in normal daylight.

Tests have shown that the properties of the wbe
remain remarkably constant, both after intensive
use and after long storage. As in other cold-cathode
glow-discharge tubes, the expected life of the
£ 550 M tube is very long (more 1.|'Jil'l!;ﬂ 000 oper-
ating houors).

Fig. 12 shows the fundamental circuit of a Type
£ 350 M indicator tube driven by o transistor circuit
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Fig. 13, The haiched area indicates 1he permissible values of
the common cathode retistor By oy & function af the second-
ary transformer voltage Fi (el Fig 131)




(for example a scaler). The capacitor connected
between the cathode and anode is necessary to
prevent spikes. which may be present in the supply
voltage, from upsetting the correct operation of
the tube: a convenient value is 33 nF,

The required value of the common cathode re-
sistor Ry depends on that of the transformer volt-
age, us shown by the graph of Fig, 13. It should

DECADE INDICATOR TUBE

be s0 chosen that the tube operates within the
hatched area.

To ensure the indication of a particular figure,
the potential of the starter of that figure should
be raised by a minimum of § V with respect 1o
the remaining starters. The common starter bias
potential may deviate by a maximem of -5 V
from the anode potential,




