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SUMMARY s

A ten pesition indicator tube (pixie-type) is described
which can bs operated by a signal of a few volts and a current
of jq;ha, supplied on the trigpers. Besides the ten triggers
the tube contains one main anode and one cathode, the surface of
which is divided into ten parts separated by & thin layer of
Aliﬂ or mica, The tuba is filled with Ne-D,1h A at a pressure
of“aBout 1% c.m. Hg.

The main discharge is supplied by a rectified a.c. power BOUTCE .
The current of the main discharge is sbout 2 mi (r.m.s.) and
produces a bright glow (brightness 1300 ndfgil. The trigger on
which an extra voltage is supplied reaches @ breakdown potential
before this occurs at other triggers and the appearing discharge
ignites the main giow discharge at that particular positien, The
resulting decrease in voltage over the tube prevents ignition
at other positions. Measurements have bheen carried out on the
statistical and Tormative time lag of the trigger and main
discharge. Soms life-tests indicate that for well sputtered
tubes an operating voltage of 5 volts is sufficient to oparate
the indicator tube during life.
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In gas-filled counter tubes, suech-ss the deskatron, both
the counting and the read-out function are present in ons
tube, However, for gas=filled tubess the limit to high fre-
quency is rather low (some Ke/ge.,) For the last few years
gtill more computers have bheen built with transistors, be-
cause of the advantagesa of low power-consumption, high
counting rates and small volumss. A disadvanteage of transis-
tors is that they need a read-out system. Therefors inves-
tigations have been carried out to developes gas-discharge
indieator tube which #an he applisd In traneistor-cireuits.
In this cede, the indicator has only the function of indica-
tion and theh the low limit of frequency of the discharge
tube is of no importance. Th® application of such a tube in
transistor-circults requires the tubes to be pperated by a
signal of low voltage and power consumption and ths voltage
of the discharge are too high to be supplied directly by
transistors. In the tube, cepcribed hers, the main disecharge
is supplied by a seperate power source, whersas the transis-
tor signal is applied on trigper electrodes. The decade in-
digator tube (based on an idea of M.v.Tol and Botden) has
ten positions along a circle. The comstruction, circultry
and tha experimental results will be givem in the following
sections.

2. Conatruction and processing of the tuba .

An experimental tube 48 shown in diagrem in fig. 1. The
malybdenum eathods K has the shape of a ring made of & 0,5 mm
thick plate. Its bottom side is covered with a thin layer of
alundum (Alp0q) in order to pravent a glow discharge on this
surface, The Eupﬁuid& of the cathode is divided in ten parts,
separated by Al,0, or mica, or partly by notches in the ce-
thode (see fig. 2). The outer diametor was 30 mm.

‘“The mein anode consists of a nickel wire, bemnt in the
shape of a circle with an open ond, in .order te prevent too
high temperatures during the high frequency heating of the
cathode., The distance between cathode and anode is about &
mn, but it is not critical. .

Tan trigger-anodes of nickel wires (diam.0.5 mm), at egqual
mutual distances, are mounted in two different models, Most
experiments have been carried out with tubes in whigh' the
ends of the triggers T (see fig. ja) are bent, in order to
gbtain better defined endsj the distance between triggers
and cathode
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surface is about 1 mm. Also some tubes have been made with
straight trigger-wires, and equnl distaances betwc:n triggers and
the edge of the cathede (fig. 7b). The mounting leads of the
cathode are screened off by thin glass tubes or by a layer of
alundum, The alundum is fixed up after atching of the eathode.
The hard-glass bulb (0 28) has an inner glnmat&r of aobout 34 mm,

The tubes are evacuated for about hours at 4#50°C, then
the cathods is outgassed by high frequency heating. After
sputtering of the cathode during about } to 1 hour in Ha-0. 1% A
at a pressurs of about 5 mm Hz, the tubes are filled with Ne=0.1h «»
at a pressure of about 15 em . Hg and sealed off. Tha final
eleaning of the cathode surface is carried out by = pulsed
discharge during about 10 minutes, '

7. Prineiple and circuit of the tube.

The cirocult-disgram is schemntieally shown in figz. . Llae
main: power for the glow disclhinrge wa® supplicd by = yvariag,
conpnected to 220 V a.c. mains, and rectified by & single wave
rectifier. The resistance Ry limi‘s the current of the glow
discharge betwoen cathode dnd anode. The triggers T,, Ta, Tq {only
tws ars drawn in the figure) are conuscted to the anode via a
resistence A2 of 0.1 to 1 MSL , and the voltage sourca Xy In the
expariments a variable voltage from a dry battery has been veed
for X, but in transistor circulta the Xq, X5 ote. rapraaant
transistora, which by twrns will give & sigual on the triggers.
In order to keep the transistors at aarth-petential the ancde
{s earthed, while the magative potential of the eathede varizs
with the a.c, meins.

Tor the moment we will regard »~iy ome trigger (T;). When
the voltage between K and A incroassi, the voltags boetween and Tj
incroases simultansously mlso. Since the distance hefjwern Ty aond
k is shorter than between A and K, the breakdown potentinl Ev&J
for the trigger is reached first (fig. 5 )+ The resulting
auxillary discharge gives rise to ignition of the midin dischergs:
beotwesen K snd A, Decause the breakdown potential of the anodr
ia decreased by the suxiliary discharge (see meciion B)e At
the pame time the voltdge over the tube is diminished to the
burning voltage (Vp) of the glow discharge. The glow will rTemprin
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during the half period until the voltage supplied rearhea the
volue ¥V, (at point ¥), where the discharge breaks off. In the




nex: negative halfl cycle this process is repeated.

How we will take into mccount all triggers and assume that
they have ths same potential ss the anods Then the glow discharge
will sppear at that particular trigger with the lowest breakdown
potential, and this discharge prevents the development of a glow
near other triggers, dus to the dscreass of the voltage.

However, when a sufficient positive voltage .(with respect
to the lnﬂdii is supplied by the sourcse X, at the trigger Tp, them
this T, will reach the breakdown potential before the other triggers.
Thus the glow discharge will appeer near Lrigger Tpe In this
way the various pesitions can be operated by a =ignal supplied
by the sources X.

In the following sections we will discuss the magnitude
of the signal neceassary for oparation.

Tha uggr'ﬂgg currant and voltage of the trigger.

To operates the indicator tube directly by transister aignals,
both the current and the voltags of the trigger must preferably
be as low as possible.

a) The current of the suxiliary discharge dafines the decreass of
The 1gnitlon voltage of the ssin anods. This can be =meen in
fig. 6, where the anode voltage v_ for breakdown is plotted
versus the steady current It of . the auxiliary digcharge. This
result was obtained for a tube (of the trigger-type of fig. b))
rfilled with Ne=0,1% A to & pressure of % cm Hg. The
measuremesnts were carrisd out with a d.c. power=source. The
figure shows, that for a gurrent I = 10,ud the wvalue of V, is
appreciably decreased and is found hrlnwftha breakdown voltagse
of thes trigger, as will be soen furtheron. Therefore a current
Iz of about jnfuk is suffieient for operatiom.

b) The vpltage required by the trigger for operation, dapends
malnly on differences =~freakdown veltages of the various
triggers.

The breakdown voltage Vg is given by

| 'fla M4 - 1) = 1 (1), in which M = the

ionisation co olent of the depending | he € fo
gne and on p.d |prsssure x nl-E::Edn 1utnugn3n‘$! e

= sescondary iomisation coafficient, i.e. the pumber of
glectrons delivered by the cathode per striking 1onj :r depends
on the t;?u of ione and on the condition of the cathoda
surface .

Since = qu =21 I;- ocbtain
va=g m(/y) (2

Thus the varlations in~ hava = much strongsr influsnce
on V4 se variationa in 7w »
Frow the above it followa that V4 depends oni 1) the type of
gas and its presaurs (1.e. gas effects); 2]} condition of the
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aathode surface) 3) electrode distance. Then also the operating
veltage will depend on differences at these points for the
rarisug triggers, We will coneider this wmore in detail.

With regard to gas-effecte, it may be remarked that the advan-
tage of the ten positions in one tube is the elimination of
influences due to variations in gas-pressurs and ges mixture
during life. Horeeover, these veriations which may oceccur from
tube to tube, only result in a change of the breakdown voltage
which is the same for all the triggers; this effect also is ;

eliminated in the ecircuit given in aection j.

Besides this gas effect the warming up of the cathede
by thes glow discharge, can give 11.& to an inhomogenesoun
distribution of the gas densityd/ and consequently to differen=
Zes in breakdown voltage., However; mo such offects could bs
detected in the tubes under normal burning conditions.

condition of t cathode ace is of importance om the
br own voltage due to vux ationa of the « In the well=
known sputtering technigue elean molybdenum surfeces oan |

be obtained and also kept clean during life whenm the gleos bull
is sufficiently covered by a sputtered layer. (Therefore the
cathode has been sputteroed mt low prescursa,) In that case sznll
variations in r can 'be expected.

According to the Paschen-lay, the breakdown voltage Vy 12 a
function of pd. In our case p.is the same for all triggern,
8o ¥y is a funotion of d, Conssguantly deviations of the
diltgggi of various triggers to the esthode give rise to diffe-
rences Vi. For the gas mixture Ne-0,1# A the Paschen curve
is rather flat 1,5, 1.e. V4 is pnearly indcpondent of pd in a
n-rtuinﬁad range, For this resson Ne=0,1% & {8 used in.the tubasj
since thle gas pressure is high (about 15 cw Hg) the clean up
of Argon is not imporkant.

Betause the geometry of the eloctrodes in our case is

different from parallel plates, as used by Penning and Prouws

to determine the Paschen curves (loc. cit.) the breakdown
voltage has bean measured for the trigger opposite to a plane
cathoda or a gathode wire, as a function of the distance d

{see fig. 7). As gpan be seen, the distance is not critiesl

at values below about ©.) mm. In the case ¢f a'plane cathode

V4 changes 0.8 Volt when d veries 0.1 mm gt & distance d = 1 mm.
Similar resulta were obtained in a tube with a plane cathode,
one fixed tri;!nr (with d about 1 mm) and one movables trigger.
In this tube the voltage difference Vy; (or operating woltcge)
between the two triggers, to displace the glow from the Tirst

‘to ‘the second trigger, has besan maesured ot increasing dietances

of the second trigger. The results, givon in fig. 8, are
in good agreement with the upper curve of fig.7: the slope of
both curvea 1 the sams.

Thg trigger voltoge required for operation in the experimental
Xubes. '

For a number of tubes in tegble I tho opsrating veltagoe
is given for each of the ten triggers coparately. The measuro=
ments have been carried out with the cireuit given in fig. h, the
operating voltege V; was supplied by a drg battery vim a potentio-
meter. The resistance = 1M JL (rig. &), Ry about 10 kJL;
the paak ourrent of the trigger was about 50 f“"
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2t turned out that the value of ?" for displacement [rom one
position to the next one In most Cases was lowsr than for
displacement to a positiom at larger distances. tﬂu will
come back to this in section 5}. In the table the valuas

of V_ are glven by starting sgein and agein at 'he most
favolrable position for ignition, which is identified by the
value V = 0, From the table it follaws '“at the experimental
tubes cln be operated with a voltage on the triggers of less
than 4 wvolts. - :

In a few tubes (net given in the table) the V,of one or
two positions was much highsr, even up to 30 volts. fﬁiu WaS
caused by an electric contact between some electrodes via the
sputtered layer. The behaviour under various circumstances will
be desoribed in section 7.

Cl cetion of the frequency of the main
diso tatist ngl and o tive time &

As shown in fig. 4 the a.c. mains can be used as povwer
supply for the main ‘discharge. The fresquency of 50 ¢fsne for
the glow discharge ig high enough to give the human eye the
impression of a conatant light intemsity. To find the upper
limit of the frequency, the cperating voltage Txlhan been
measured as & function of the frequency.

& Fig., 9 shows that V: is nearly constant up to about 300
/a,then increases slowly and finally shows a stesp rise neer
2000¢/s. This means that above 2000 Hy the glow cannot be
displaced from one to another position. This effect ocan be
explained by the de-ionisatlion time of the plasma. The uhaETu.
carrisre disappear too alow by diffusion and recoubination
with the result that re-ignition sets in as soon as the burning
voltage is reachedy This can be seen in fig. 10, in wvhich the
depression of the “ignition voltage AV is plotted versus °

the time t betwesn the quanching of the diachprge 1 :
{at voltage = oV) and the re-ignition. For t = 1 meec the
ignitien wvoltage is decreased by 13 Volts. This is in Tairly
gnod agreement with the results of fig. 9; the t = 1 msec must
be compared with a freguency of 2000 Hz because of the single
waves rectification. .

To find out whether the de-ionisation time or & statisti-
cal and formative time lag has some influence on the operation
of the tube, the following experiments have been carrlied out,
With the method, disgrammatically shown in fig. 11, the
current of the trigger and of the main discharge are applied
to the oscilloscope, either separately or simmltaneously. The
time basa of the oscllloscope wes chosen sp that the full width
of tha screen corresponded to about 30 usec, This method could
be uaedl without a_special triggering béuauuu the statistical
time lag proved to be only a few microseconda. This can be
seen in fig. 12, which gives a number of succes] sive
discharges. (The curves with the upper zero level belong %o
main discharges,the other series to trigger + main discharges;
the two series were photographed at separate times.)The "jJitter,
which musf be ascribed to statistical time lag,is ebout 10 mase.
It mey be remarked that the wery Tirst discharge may have {
mich longer statistical time ,Xag, but.sven a time lag of.1 sec
would be unimportant; by the first discharge the time lag 1is
decreased to some msec¢, The increass of the a.c. voltage in




From V= A. 3in Wt it fellows

%% = Aw . coa L,

For & = 300 V, & = 50.27 , time interval A ¢t = 1ﬂ'5 goc end
taking cos @t = 1 (since the breakdown voltage of about 130 L)
is reached at small vanlues of &t), wo find the change 4n
voltage AV in 'Iﬂfuuu:

AV - 1072,300,100, w = 1 Volt,

For lowar values of A slsoc cos &t becomes < 1, and consequrni-—
ly AY decreases.

50, one may expect a small rlse of the oporating veltoge
vith increasing veltege of the a.c. power supply. This effect
‘adeed could be detected, At o peak voltage of 150 V the
operating voltage was about 1 volt lower as in the casa of
320 V peak. Also the effect, mwentioned in seciion 4, that the
diaplacement of the glow to a particuler positien from a
subssquent one occurs with a lower voltage as from a poalition
at greater distance, can be explained by the statistlical
delay. The number of charge carriers diffusing from a burning
position to one at a larger distance, is small compared with
the number reaching a neighbouring position. Then the statisti-
cel delay time will be shorter in the latter case, resilting
in a smaller operating voltage, With regard to the formative
time lag soms conclusions can be drawn from fig. 1J. Curve a
gives the build up of the trigzer discharge. Although the
starting point is difficult to determine, the occurring aver-.)
voltage will prevent a slow rise in current found by Kluckow '
so the peak of the current will be reached after abouk 10{#Bnn.

Ignition of the main discharge sets im immedintely hfter
this maximum of the trigger current., This is shown in curves

o, whare the main current is superposed on the trigger-
currsnt; ths ratic of both signals is made different in b and g,
while the signal of the main current is reduced by a large
factor (sse fig. 11). This result proves that 'the voltags over
the tube decreases rapidly sbout 10 usee from the moment that
the trigger reaches the breakdown véltaga. o it 1s clear
that snother trigger (not having an additional sperating
voltage), which would reach the breakdown voltage only about
10 ;usec- later, cennot give rise to breakdown and to ignition
of ' the glow diecharge.

brightne the glaw diac o

It 18 well-knows thit the briphtnmess of the glow imcrdanses
with the current density end that the glow in nweon 1s the
brightest one of thg,inert gasss. Additien of argon diminishes
the currant danaityﬂ}. Since n mixture of Ne-A must be used,

‘tp pbhtain & rathar flat Pashen purve {ﬂunﬁiun h}, the Nu-ﬂ.1i A
mixture lias the advantage of giving a higher current donsity
then mixturea with higher argon sontent, a

The currnnf density is approximntely proportional to p
(o = pressure)?). In this respect it .is pleasant that a prasasurs
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Finally, the current can be inorcassd by

Larvsdng the dis-

charge in ths abmnormal glow, which is poesible through the ssparation
of the cathode positions by Al.0, or mica. However, the current

i limited, sinece the glow jum ajtu neighbouring poeltions at too
high currents, The limit of current demsity was found to, be about
10 mAfom®* (r.m.s.) with single wave rectificstion and a pressure

of about T5 em Hg. In the experimental tubas the
i- 2-3 16A «

current 1limit

The brightness of the glow was measured (by Mr, Viiegen of
the Nat.Lab.) at a curremnt density of about 10 mﬁfutf and was found
to bs 1300 cd/m® . For comparisen we may mention the surface

brightness of the fluorescent lamps, being on th
cd/m' , Becauss the orange-red colour of ‘the neon

s average H000
glow nlso glves n

good contrast, the glow is well visible even in rooms in normal

devidight.
When numbers are fixed around the tube, in

a way aimilar

to that usual with the dekatron, the position of the glow can

onslly be idsmtified. .

Pruo taste he expor ntal tubes.

From the preceding sections it will bes g¢lsar, that the valus
al the op " rating voltage V_ depends only on the condition of the

cathode surfacs,. Even when the condition (and al

so the 7*) is

changed $he same . for the ten positions, then the value of V_.

ramains constant. However, continuously burning

at one positi®n

mey result in a differemce in y at this position, ‘giving rise to

an ineresss of V_.
Therafore the following measurements have
determination of V_ after O hours burning .

[ = - T = -

after preceding te¥ts).
The results of 12 tubes ars given in figs. 14, 1

been carried ocuti

after burning for 200-300 hours inae position.

aftor & shalf-life test in & bath at - 100° C for 12«20 hours.
the shelf-1ife test followed by burning in one position.
determinstion of V_ after shelf-life of about I months (partly

5 apd 16, which

give the values of V (measured similarly to table I.) far the

various positions.

The influence of test b could hardly be detected with a

measurement accuracy of 0.2 volts.

Test ¢ gives rise to some alterations in V_, but up to 20
hours at 100° €, the maximum values of V_ aprs utill balow 5 Yoluo

in figs. 4% and 15. However, the tubes of fige .
increase of V_ at the positions near the arrows.
the position Bf the cathode mear the tip in the

)
K

-

16, show a larger
The arrows indicate
Elass bulk where



the pumping-tube is sgnled off. (Tig, 17} «5ince no sputtered

material san diffuse to this point, gas impurities from this un-
covered part of the tube will reach the cathode and disturb the
surface condition., The other tubes were sealed off at the bottom

of the tubas, These. results indicate that a well sputtered glass

bulb is necessary, but in that case the operating voitage can be kept
below 5 volts. It may be remarked that the top of the bulb, through
whieh the glow is cbserved, was covered with a very thin sputtered
layer which could hardly be observed.

Purning én one place for 300 hours after the shealf-1ife test
at 100°C (test d), seems to Have a small influence. The same holds
good for a normal shelf-1life of 4 months at roomtemperature {see
fig. 15}, It might be, that at the high pressures used, B 1ife test
at roomtemperature over a long time shows smaller varintions of
?x as found at a temperaturs of 100°C in 20 hours.

Although the number of tubes tested is small, it may be
concluded that it is possible to make such indicator tubes, which
can be operated with voltages of 5 voltes during life.

Eindhoven, 10 Juli 1959

Natuurkundig Laboratorium der
MH.¥. Philips' Gloeilampenfabrieken

GL
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