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Abstract

The properties of pulse Ignitrons are dlscussed. Measurements
of delay, jitter, tube resistance and heatlng were carried
out. In a reference list different makes of size A Ignitrons
as well as some of the bigger diameter Ignitrons are compared
with respect to their pulse behaviour.
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Introduction

During the past ten years the Ignitron has proved 1itself as a
useful switch in high current discharge circuits up to 20 kv.

Numerous testing programs in research and industry laboratories
in the USA (Los Alamos [1] , Livermore [2], Princeton [3], Gene-
ral Electric [M], Westinghouse and National Electronics Labora-
tories), in France (Fontenay-aux-Roses, Schneider-Westinghouse[5]),
in England (British Thomson Houston [6]) and Germany (Max-Planck-
Institut fir Physik [7,8,9], Institut fiir Plasmaphysik [9,10] and
AEG [1”]) contributed to the development of special types of pulse
Ignitrons or were carried out to find their pulse-behaviour.

Ignitrons of the seize A (2 inch tube diameter) can carry currents
as high as 100 kA or even more at voltages of 20 kv. The life
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rates between 10~ to 105 depending on the current ratings as well

as on some constructional items (anode material).

In general data from manufacturers of Ignitrons are incomplete

in many points of properties and as far as the 1life 1s concerned
information is very poor. Therefore tests and measurements have
been carried out to obtain a complete picture of Ignitron pro-
perties. The main effort dealt with the investigation of cathode
temperature effects, the measurement of arc drop and the life for
different current ratings. The investigation was carried out only
with such types of Ignitrons which were promising for a use 1in
condenser units of suitable energy content (e.g. 1 - 5 kJ) and
voltages of 10 - 20 kv and whose prices would allow the use 1n a
great quantity.

The following types have been tested -

GL 7703 (General Electric, USA)
WL 8306 = Wx4231 (Westinghouse, USA)
= Wx5018
NL 1039 (National Electronics Laboratories, USA)
SAS (Schneider-West inghouse, France)
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Additional information on the types NL 1037, Bk 178, Bk 194 was
made available from other laboratories or was taken from indus-
try data.

It was thought to be useful to add some data of the bigger size
Ignitrons Bk 194, Bk 178 and WL 5555/B. The Ignitron can switch
current pulses in the millisec range or will allow very high life
rates (up to 3.105 pulses or more) when operated at moderate cur-
rents (e.g. 50 kA) of shorter duration (/usec). Their high price
will not allow a more general use.

The Pulse-Ignitron
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The Ignitron has been developed as a controlled rectifier
in welding apparatus. Because of its high hold-off voltage
and 1ts ability to carry high pulse currents it has been
found as a very useful switch in condenser-batteries.

The Ignitron is a vacuum switch with two main electrodes
(anode and cathode) and one (or more) auxiliary electrode
(triggerelectrode), all mounted in a cylindrical discharge
vessel as shown in fig. 1.

The cathode is a liquid mercury pool at the bottom of the
container. The anode 1s a cylindrically shaped electrode
of graphite or metal, which is hold in position by means
of a glas seal and a threaded bolt.

American pulse-Ignitrons usually have an expoxy potting
around the glas seal and this serves as a thermal insulation
and mechanical reinforcement.

French types (SAS) or English ones (BTH, English Electric)
have no potting whereas some others (NL 1039, NL 1037) have
a silicon rubber potting.
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In general pulse-Ignitrons do not need an additional cooling
what 1s standard practice for welding-type Ignitrons.

In some cases it is wanted to control the cathode tempera-
ture (in case of high pulse rates or extreme low jitter)
and this is easy arranged by an additional cooling clamp.
For very high Coulomb ratings (Ignitrons Bk 178 or Bk 194)
cooling is provided by a double-wall-system container.

Ignition is usually done via a semi-conductor rod which is
tipping into the mercury. If a positive ignition current is
sent through this rod (principle of triggering by Slepian
and Ludwig ﬁi]), field-emission of electrons and thermal
heating in the zone of contac¢t will generate charged par-
ticles and in consegquence break-down in the cathode-anode
space will occur. This principle has been adopted also for
pulse~Ignitrons but certain requirements (intensity of cur-
rent and pulse length) have to be fulfilled for save trig-
gering.

The ignition of the Ignitron is only possible in one direc-
tion (i.e. when the anode has positive polarity). After a
positive current (anode to cathode) has been established
and generated enough charge-carriers (evaporation and ioni-
sation of mercury vapour) current may now build up in both

directions.

If the change of polarity is slow (e.g. at frequencies of
1 kes or less) it may happen that all charge-carriers re-
combine to neutral gas, the "switch" opens then. This be-
haviour should be noted when the Ignitron is used in coné
denser batteries which have a low discharge frequency and
as it will depend also on some other parameters such as

voltage, intensity of current, and waveshape.
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2.2 Survey on seigze A Ipnitrons for 2c¢ kV operation

At present different types from several firms are avai-
lable, the main difference belng the choice of anode ma-
terial. All types are interchangeable except the French

type SAS which has a slightly different cathode mounting.

Cummings [2] and Boicourt [1]report on the improvement in
Ignitron life when metal is used in place of graphite as
anode material ,wnhat may be contributed to better cooling
at the metal surface and thus less heating in the Ignitron
interior. This 1s very important in the case of a ringing
discharge in which during the period of negative current

a cathode spot 1s formed at the anode surface. Ignitrons
with graphite anodes also show a decreased hold-off vol-
tage with increasing number of discharges. In such tubes

a rough layer of sputtered graphlite covers the internal
surfaces and thus reduces the hold-off voltage. In addition,
with metal anodes a certain "gettering" effect can be ex-
pected to improve the vacuum quality.

Different metals have been tried out. Best results so far
were obtalned with molybdenum (GL 7703, NL 1039). But the
extra high costs of these tubes (factor 2 - 3 in comparison
to graphite anode tubes) prevent a universe use of molybde-
nun. Good results were found also when using austenitic
steels ([5], SAS "stainless steel") but a rapid decreasing
in 1gnitor resistance was observed, as a consequence of ig-
nitor wetting with mercury. This has been contributed to
some components in the steel which favour the amalgamation
process. Recently the use of very pure metals (e.g. iron)
has been tried out. The 1life obtained with a few test sam-
ples are very promising, further tests will be necessary

to establish the real 1ife of these tubes. The price of
"pure metal" anode tubes is between that of graphite and
molybdenum tubes.




3. Properties

3.1 The ignition

The usual way of igniting an Ignitron is to apply a posi-
tlve current pulse through the ignitor electrode to the
cathode, this current is supplied from a thyratron-pulse-
generator either direct or via a pulse transformer.

The anode current will start after a certain delay, which
will vary from shot to shot. This effect is called jitter.
In condenser batteries wnere many units are operated in
parallel, the jitter may become important as it will in-

fluence the steepness of the voltage rise in the load.

3.11 The effect of trigger voltage

Warmoltz[12] found a strong dependance in the delay-
triggervoltage characteristic. Also Cummings [2] proved
that delay and jitter decrease by one order if the
triggervoltage is increased from 1 to 5 kV. After his
investigations there should be no influence of the

anode voltage.

Measurements by Moustafa [8] siiow also a similar ten-

dency.

The triggervoltage cannot be increased above a limit
for following reasons:

- The triggercurrent shall be kept below a value
(usually about 200 - 300 A) to avoid damage in

the fragile semiconducter trigger rod.

- Flash over can occur at the outer trigger elec-
trode connection (gzlasseal) at voltages above
lo kV,




For the mentioned reasons it has been found adequate
that the trigger voltage (voltage of pulse generator)
is 3 - 6 kV.

It has been shown, that Ignitrons, with lowered ig-
nitor resistance as low as 0.5f , can be triggered

safely, if the trigger voltage is 5 kV.

The ignitor resistance (resistance measured between
trigger connection and cathode) 1is decreased with in-
creasing number of shots, this effect is specially
true for Ignitrons with certain metal anodes but there
is some indication that this also may happen with
graphite anode tubes subjected to long current pulses

due to arc spot migration to the stainless steel walls,

In Fig. 2 the decreasing in ignitron resistance is

shown in dependance of the number of discharges.

The triggergenerator used for this and all further
tests 1s shown in Fig. 3. It 1s a conventional thy-
ratron pulse generator in which a 0.5 /uF capacitor

is discharged through a HV-thyratron (PL 522 = 5C22)
via a 508 -cable and 1:1 pulse transformer into the
lgnitor system. A serie resistor will limit the current
to a safe level. The test was started with the trigger
voltage set to 3 kV, after 4300 pulses triggering
failed. The ignitor resistance had changed to a value
below 0.5 3% .

By increasing the pulse generator voltage to 5 kV and
replacing the lo 8 serie resistor by a 1& -resistor,
triggering was possible again and no failure occured

in the further run which was stopped at 20,000 pulses.

The effect of cathode temperature

The gas pressure in the Ignitron, which defines the
break-down behaviour, is the pressure of the mercury
vapour, i.e. a function of cathode temperature. Thus




it may be expected that there 1s a strong relation
between cathode temperature, breakdown voltage, ig-
nition delay and jitter.

The higher the cathode temperature the lower will be
the delay and jitter but the hold-off voltage (i.e.
breakdown voltage) will be decreased too.

Thus the user of Ignitrons has to find the right com-
promise between cooling and heating the cathode. In
cases where fast switching with low jitter are not
important, the breakdown voltage can be raised by
cooling the cathode (e.g. this way was chosen for a
300 kJ, 18 kv, condenser battery to supply a magnetic
field coil, MPI). This cooling may become especially
important with graphite anode ignitrons (WL 8306 =

WX 4231).

Boicourt et al [1] advise in general to cool Ignitrons
with respect to the rate of predischarges.

Measurements by Brandstetter @d] prove the expected
dependence of delay and jitter from the cathode tem-
perature. From these measurements one would expect an
optimum temperature of 25 - 3000. At this temperature
the breakdown voltage is still high enough but delay
and jitter have already reached low values. Own mea-
surements found that different Ignitron types show
different behaviour, which only may be contributed to
differences in the ignitor construction. The Ignitron
SAS shows very little temperature effect in contrary
to the types GL 7703 and WL 8306 also tested by Brand-
stetter. This is clearly visible from oscillograms Fig.
4 a and Fig. 4 b which show the voltage rise in the
load coil of a test circuit (see also Fig. 3). The re-
sults of these measurements are given in Fig. 5 a - 5 d
(delay) and Fig. 6 (jitter) for different bypes.
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The following interpretation for delay and jitter
has been adopted:

Delay: Mean time (arithmetic mean value) from start
of trigger current,(i.e. start of scope trig-
gering) to the point where the load voltage
has increased to 1o % of its maximum value.

Jitter:Difference between maximum and minimum delay
as measured in at least 1o consecutive dischar-
ges.

The very different behaviour of the type SAS in com-
parison to others could have its origin in the use of
a different semi-conductor material. The SAS tube and
a GL 7703 tube have been opened and compared but no
marked differences in the construction could be de-
tected.

The influence of the cathode temperature can be lowered
by adding a certailn amount of inert gas, this would
guarantee a higher vapour pressure already at lower
temperatures. Warmoltz [ﬁz] showed that adding of argon
in a test Ignitron gave a decrease in delay. It is not
known whether this method has been used with the SAS
Ignitron.

The question whether cooling or thermo-control or
neither of both is adequate is further connected with
the problem of internal heat generation during a pul-
sing cycle. This has been investigated by measuring

the heating of the Ignitron cathode. In a continuous
test run at 2 pulses/min a GL 7703 Ignitron was sub-
jected to a 50 kA respective 9o kA,13o kecs oscillatory
discharge, 75 % current reversal. The Ignitron cathode
stablilised at a temperature about 6°C higher than room-
temperature (see Fig. 7), for the 90 kA discharge cycle.
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Thls means that in most cases where Ignitrons are
used in thermonuclear research, an additional coo-
ling is not necessary because of the low repetition
rate of operation.

3.2 The Ignitron resistance

A finite conductivity in the discharge channel is respon-
sible for the arc drop when current is passing the Ignitron.
In welding type Ignitrons and small currents in this appli-
catlon the arc drop is constant (Arends @3]). In pulsed
discharges the ohmic arc drop is current dependent (Nitt-
rouer [3], Cummings [2]). Nittrouers measurement was carried
out with slow current pulses (msec-range) but only up to

6 kA in a seize A Ignitron (5550).

Cummings investigation with a glas Ignitron found a rather
high value fo arc drop (looo V) for a 200 kcs, 20 kA dis-
charge.

Own measurements were carried out in a 1.2 kJ, 18 kV ca-
pacitor unit with different Ignitron types (WL 8306, GL
7703, NL 1039).

A direct measurement of the voltage drop in the Ignitron
would be correct in the point of current maximum (%% = 0)
as the inductive voltage drop is then O and the measured

>
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voltage

The better method is to compensate the inductive component
of the signal by introducing an additional voltage which

1s a pure inductive one and of opposite polarity to the ori-
ginal inductive voltage drop. This method has been verified
by inserting a pick-up coll in the measuring circuit and

by variation of the geometrical position of this coil with

respect to the main discharge circuit the amount of com-
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pensation was controlled (fig. 8). As the absolute value
of compensation voltage is not known in advance, the com-
pensation was found by observing the phase angle between
the measured voltage and the discharge current. The point
of best compensation is reached when the phase shift be-
tween both signals becomes zero. The measured voltage is
then called the resistive arc drop of the Ignitron. In
fig. 9 the resistive arc drop and the tube current are
shown.

The high voltage of the discharge circuit was suppressed
by an additional measure as shown in fig. 8. The potential
at point A 1s measured through a HV-diode which only will
close when the potential A has fallen below the bias po-
tential B.

Fig. 1o shows the ohmic arc drop in dependence of the tube
current. Some values which could be taken from literature

are added for completeness.

The ohmlc resistance of the Ignitron can now be defined =-.

R, () -4y

A

This definition cannot describe the resistance when the
current 1s passing through zero. In fast ringing dischar-
ges, the charged particles in the discharge channel will
not recombine i.e. the resistance will be maintained at

a finite value.

Fig. 11 shows the Ignitron resistance in dependence of

tube current. It can be seen that above 20 kA the resis-
tance 1s varying only slightly and it settles at a constant
value. The influence of cathode temperature is a small one,
no marked difference could be measured in the resistance
for three different temperatures 150, 20° and 30°C.
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3.3 The self-inductance

3.4

-The self-inductance of an Ignitron is given by the magne-

tic flux between internal current path (discharge channel)
and the current in the outer connections, i.e. it will be
minimized in the case of a coaxial connection.

The inductance has been calculated for the case that the
discharge column has the same diameter as the anode. This
seems to be justified as optical measurements by Cummings
[2] show that the discharge channel is filling nearly al-
most the internal cathode to anode space.

The calculated self-inductance thus is easily found:

L % 30 nd (6L 7703,
coaxial mounting)

Measurements in a condenser discharge circuilt gave a value
of about 4o - 45 nH. It should be noted that the self-in-
ductance is not a constant though it 1s convenient to take
a mean value for circuilt calculations. At the start of
breakdown in which the discharge channel is anchored only
at a -small cathode spot, higher values of inductivity can
be expected.

The current and voltage ratings

Small Ignitrons with a simple construction i.e. with-
out the use of potential grids will usually be limited
to an operational voltage of 20 kV. Some Ignitrons of
larger construction may hold 25 kV or more (e.g. Bk 178
or Bk 194) but for use with higher voltage special Ig-
nitrons with built-in control-grids are available (e.g.
General Electric Z 5234 for 8o kV). Ignitrons of this
type have not been investigated.
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Before an Ignitron is put into service some precon-

ditioning is necessary.

a) Mercury droplets on the internal surface of the

b)

anode glas seal can cause voltage breakdown and
local damage on the glas surface. Therefore by
heating of the upper part and simultaneous cooling
of the lower part (cathode) a distillation of mer-
cury will remove it from the anode region. It is
clear that from this further on the Ignitron should
be kept in an upright position.

Residual gas can be removed by low energy dischar-
ges the effect of which is binding the gas mole-
cules to the surface of electrodes (gettering). A
small condenser (e.g. 0.1/uF) 1s charged via a
high ohmic resistor and is discharged through a
limiting resistor into the Ignitron. The voltage

of the DC-supply has to be high enough for self-
ignition of the Ignitron and this charge--discharge
cycle should be maintained over a suitable period
until the breakdown voltage has improved to its
final value. Normally with graphite anode Ignitrons
(WL 8306 = WX 4231) the breakdown voltage of a new
and condlitioned tube should be above 25 kV, where-
as tubes with metal anodes can reach values up to
4o kV. This only can be contributed to much better
electrode surface and better vacuum for the metal
anode Ignitron. In filg. 12 the statistical distri-
bution of breakdown voltage measured for 76 Igni-
trons (WL 8306) is shown.

During the normal operation with high currents the
breakdown voltage decreases with increasing number
of shots as a consequence of vacuum degrading and
surface roughening. Besides this, occasional pre-
fires occure after which normal voltage holding is
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regained. This rate of self-ignition is of great
importance when many units shall be operated in
parallel in a large capacitorbank. In fig. 13
some data on self-ignition in dependence of cur-
rent are shown. Best values are obtained with
metal anode tubes SAS "pure metal" and GL 7703
and results range from 1 to lo prefires in 10,000
discharges.

3.42 The tolerable current and the effect of its waveshape

The current intensity and its waveshape are determi-

ning factors for the life of an Ignitron. To classify

different Ignitron types it has proved useful distinct
between:

This shall be called the current intensity for
which a sufficient 1life can be expected.Its value
is connected with the waveshape, i.e. whether it

is a ringing discharge or a single pulse (crowbar,
critically damped). At the end of this report va-
lues will be listed for different types. In general
the cheaper graphite anode tube will withstand less
current than metal anode ones.

The maximum fault current

This current should not be exceeded because it will
be the limit of current above which the Ignitron

will become faulty within a small number of shots.

The total charge glven by the integral Q =‘fi dat
for one pulse, it defines the capability of a cer-
tain ignitron to carry the operational maximum cur-
runt during the given period. Though the available
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data on this items are rare, the following ra-

tings may be taken as a guide:

Size A Ignitrons (graphite) 10-15 coulombs
(WL 8306, NL 1037)

Size A Ignitrons (metal) 20-30 coulombs
(GL 7703, NL 1039,SAS)

Size D Ignitrons (Bk 178) 200 coulombs

Size E Ignitrons (Bk 194) 40O coulombs

The current waveshape in a capacltor discharge
circuit will be either oscillatory or a single
pulse (e.g. crowbarpulse, fast rising, slowly
decaying).

All Ignitrons are suitable for both types of
waveshapes but for two reasons a limitation in

the current duration 1s necessary:
a)A limited internal heat capacity,

b) the arc transfer to the Ignitron walls.

If the allowable total charge and the peak cur-
rent are known, 1t 1s easy to find the correspon-
ding values for frequency, current reversal, and
time constant (in the case of a single pulse).
Values found by this method have been calculated
and are given in the reference list. The maximum'
pulse duration should not be exceeded even 1f cal-
culation for smaller currents would suggest so.
Cummings [2] measured the arc to wall transfer
time in a 5550-Ignitron (e.g. Wxl231) and found
that the arc transfers within 1 millisec from the
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cathode to the wall in a 10 kA discharge. Though
the pulse duratlon is acceptable as far as the
charge 1s concerned (10 As)., the arc transfer
would cauce vacuum degrading and thus such a long
pulse has to be avoided.

3.5 The Ignitron 1life

e e e e e e e

The 1life of an Ignitron will be called the total
number of shots for a given current, waveshape and

charge found 1n a test. The end of life is indi-
cated:

a) when the breakdown-voltage becomes insuffici-
ently low or,

b) when triggering fails.
Both kind of faults have been observed.

Life figures obtained by testing only one sample
have to be taken with some precaution, as the spread
in l1ife from sample to sample can be great. But
tests of this kind are tilime-consuming and expensive
and therefore it was impossible to carry out large
scale lifetests with all tubes in question.

Fig. 14 shows a typical distribution of 1life for
graphite anode Ignitrons WL 8306 obtained by testing
two batches (batch A 14 Ignitrons, batch B 8 Igni-
tronsx)) tested at the same current (50 kA) but two
different voltages (batch A at 18 kv, batch B at

10 kv). The end of 1life with WL 8306 tubes in all
cases was a rapidly increasing rate of prefire and
finally loss in voltage hold-off. Thus a mean life
(50% probability) of 6000 - 7000 pulses has been
found for both conditions.

X) pestresult by van Mark, IPP o 36 =
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Further test results:
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130 kes, 3 pulses/min voltage 18 kv:

Test stopped after 22,000 pulses, as the demanded life
(1ife should be greater than 20,000 pulses, which is

a typical requirement in plasma research) has been
reached. No decrease in hold-off voltage could be de-
tected, but a decrease in iénitor resistance was ob-
served. Triggering was maintained by raising the trigger
voltage (see also section 3.1).

Total number of prefires: 14

Current: 27 kA, crowbarred (Tcr = 50/usec)
Voltage: 10 kv 12 pulses/min

Tube No 1 ..... 71,400 discharges
No 2 ..... 39,291 "
3 cee.. 20,045
No U4 ..... 17,723 "
NO 5 weues 3,718 M

No

End of life: triggering failed in all cases, no
prefires observed.

— — - S e - —

Current: 27 kA
Crowbar shape Tcr = 50/usec
Voltage: 10 kv, 12 pulses/min

2 samples tested each 200,000 discharges. Test
stopped as original condition (life greater 200,000)
was achieved. No prefires observed.

X) Test by J. Reinke, Max-Planck

Institut flr Physik, Minchen 17 -
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Comparison test to test I:

Current: 90 kA, voltage 18 kv

Test stopped after 20,000 discharges as the require-
ment was satisfied. Total numbér of prefires: 12.

o e o e e = —_— o em— e = - me m—

Current: 79 kA, ringing discharge 90 kecs
Voltage: 18 kv
8,000 discharges, 1 prefire.

Ignitron reference list

In this 1list Ignitrons used during past years, or expec=-
ted to be of interest for future applications are listed.
Most of the data has been established by experience with
discharge circuits in research laboratories or testing
programs in industry.

Acknowledgement

The author wishes to thank Dipl.-Ing. K.H. Schmitter,
divisionhead of division "Technik" for the support and
allowance to continue the Ignitron-tests started in the
"Max-Planck-Institut filr Physik", Mr.van Mark for contri-
bution in lifetests and Mr.J.Reinke (MPI) who made avai-
lable recent results on a new Ignitron type.



of figures

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1o

11

12

13

Typical Construction of a Pulse-Ignitron
Change of Ignitor-Reslistance
Ignitron Triggercircuit

Influence of Cathode Temperature on Delay
and Jitter

Ignition Delay

Jitter in Dependance of Cathode Temperature
Heating of Ignitron Cathode in Pulsed Operation
Measurement of Arc Drop

Oscillogram of Arc Drop

Resistive Arc Drop of Different Ignitrons
Ignitron Resistances

Distribution of Breakdown Voltage

Rate of Self-Ignitilon

Statistical Life of WL 8306




A

7. References

Lit.

L

Lit.

Lit.

Lit.

Lit.

1

boicourt G.P., Kemp L.L., Tallmadge F.K.
"Development of reliable 20 kv, size A
Ignitrons for Thermonuclear Research"
Los Alamos Rep. LAMS-2416, July 1960

Cummings D.3.
"Development of switching compcnents for
controlled Fusion Research"
Livermore, UCLR 5284 June 1958
UCRL 5411 HNov. 1958
UCRL 5539 April 1960

Nittrouer C.A.

"Report of Testing Program on Pulse Characteristics
of Large Ignitrons"

Princeton, MATT 30 Febr. 1960

Hurwitz Jr.H.,
"Electrical Power Problems in Fusion Kesearch"
General Llectric, Res.Lab. Schenectady GP-96 Sept.1958

Fauré G.

"Special Ignitrons uSed to control the Discharge
of Capacitors"

Proc: 3rd Symp. Engin. Probl. Therm. HNucl. Res.,

June 1964, kunich

Knight H.de B., Herbert L., lladdison R.C.

"The Ignitron as a switch in high voltage heavy
current pulsing circuitd'

Instit. El. Eng., British Nuclear Energy Conference,

291 april 1959




Lit.

Lit.

Lit.

Lit.

L1Cs

Lit.

Lit.

Lit.

9

7

8

10

el

12

13

14

Gruber J.

"Untersuchung tiber die Verwendungsm&glichkeiten
von Ignitronen normaler Bauart 1m Pulsbetrieb beil
Kondensatorbidnken"

MPI-Minchen, Labor Ber. 011 Febr., 1961

Moustafa K.,
"Ignitron Delay and Jitter Test"
MPI-Miinchen, Labor Ber. o013, Aug. 1961

Gruber J.
"Vergleich verschiedener Impulsignitrons"
MPI-lMinchen, Techn. Ber. o009, Dez. 1960

Brandstetter M.

"Der Einflul der Kathodentemperatur auf die Zind-
veréégerung von Impuls-Ignitrons"

IPP-Garching, Bericht IPP 4/5

Slepian J., Ludwig L.R.
"A new method for initilating the cathode of an arc"
Trans.Am. Inst. El. Eng. (52) 1933 S. 693-Too

Warmoltz N.
"The Time Lag of an Ignitron"
Philips Res. Rep. 6, S. 388 - boo, 1951

Arends E.
"Quecksilberdampfstromrichter mit Ziindstiftsteuerung"
ETZ 62 Heft 46/4T7 Nov. 1941

Hueter

"Messung der Ziindverzdgerung und Zindkonstanz von
Ignitrons"

Priifbericht 1843, AEG, Hochspannungsinstitut Kassel,

1959.




pue(bu3 uaysnoy usswoy| ysiyldg H18
- 93UBJ4 ®snoybulysay=Japjauyag NS
3}BWL}Sa X( juswadnsesw ump ¥si asnoybu|}say [
VSN SojuoJiaafy |Buoijey 13y VSN 214338]3 |eJausy 1 :suojjefasJaqy
; S wy)
p 0172 y0T°2 i) o/ 401%2 #01°2 #01°2 L2 Hma—.ﬂ Kol 401 | juedund yead ye aj}q*uiysa
00L - 08 00L = 08 o 0 0 0 0 0y o | UM (ju) sauejonpul
uHouy jou uAoUy 10u ¢ uRouy Jou («€) § g £ g 9 ( yead juauund)
(> w) 8dueysisay
L 14 14 l («€) G («£) § («€) 2 2 1 aynuiw / sas|ng
(s02) 0SL («02) 051 («2) € («5°1) € 51 ol («2) € gl G*1 | (99sw) uotjednp as|ng *xey
" / . i
0005 0005 {«00%) 006 {«00¢) 006 0%e one («0€€) 058 («0¢h) 0fg OEY | (d@sn rumwm ow | =2
08 0% 0§ 0§ 0s 0s (#09) G GE ¢ (¥3) }ueuun) o e
68 a8 58 98 68 58 68 58 68 | (7) Lesusnsy jueuiny| &
00£¢ 00€¢ oyl 09t («06) 091 03t oyl (¥002) 042 00¢ ?mm& potdag| ‘=
x08 «0 0oL 05 (x06) 08 05 0oL #5€ GE (¥4) 3uadun)
004 00¢ («02) GH (£5L) G4 i Ll (%02) o€ (#SL) 8L #Sl (sy) es|nd/abueyo yeay
051 oot $021L 06 01 «06 »0¢L »06-09 x06%09 (V1) yuadany y|ney
08 0% 00t (05) ool («06) 08 08 0oL («06) ¢ GE (V1) }usdun) yesq
5¢ 8¢ 0¢ 02 0¢ 0¢ 02 0¢ ol (M%) @830 epouy yeay
B.fm_m,_w 8} fydeuy uspgh oy 93 {ydeuy 1830, 84nd, | [29}G ssa|ujels uspgk oy 81 Lydedy 8} lydedq 1efJ0}Bw 8pouy
(46) 3 (/) 5)0 (a2) ¥ (a2) ¥ (a2)¥ (u2) ¥V (u2) ¥ (a2) ¥ (a2) ¥ (FREEE ) B2l
H18 H18 El N HS HS 39 M L MR EH00EY
[e1eu Bdnd [[28}5 SSa[uje}s 90E8 M.
= 810G XM
w61 48 8L %8 6EOL N Leol W SYS SvS E0LL = LECH XM LLLL 9 9dAquoy pub|
1S17 = 30N34343Y =~ KOYILINDI




/Anode stud

«+—Epoxy - potting

Stainless steel vessel

4__————Anode

Ignitor——»

«/— Cathode
(Mercury not shown)

Fig.1 Typical construction of a Pulse-Ignitron
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Fig. 5a Ignition Delay of WL 8306 (WX 4231) Ignitron
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Fig. 5b Ignition Delay of GL 7703 Ignitron
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Fig.9 Measurement of arc drop in the GL 7703 Ignitron




Fig. 10 Resistive Arc drop in the Ignitron
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