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This invention relates to thyratron control systems
and more specifically to an improved method and ap-
paratus for controlling the operation of thyratroms in
order to attain precision operation of one or more tubes
and insure stability of operation throughout the life of
the tube.

- QGas-illed grid-controlled thyratron rectifiers which
are also referred to as soft tube modulators usually em-
ploy a heated cathode, a plate and a control grid as in
the case of ordinary vacuum tubes. This tube differs,
however, from the conventional vacuum tube in that
the current flowing between the heated cathode and the
plate jumps, for all practical purposes, from a zero
value to a very high value with the application of 2
predetermined voltage on the grid of the tube. This
action is brought about as a result of ionization of the
gas within the tube carried by the application of a po-
tential to the control grid. Im the case of present thyra-
trons such as the 4C35, the firing pulse must be applied
to the grid for durations of three to ten micro-secoads
depending on the characteristics of the individual tube.
Thus, in the case of one tube this grid or firing pulse
must be applied for a duration of three micro-seconds
before the plate current within the tube will rise to its
maximum value. In another tube, the required firing
pulse may be of the order of ten micro-seconds. This
variation has not only limited the use of soft tube mod-
ulators in high-frequency circuits, but in applications
requiring the synchronized firing of a plurality of tubes
it was difficult, if not impossible, to fire them simul-
taneously or in other synchronized orders. In addition
to the variation in this long time delay, grid-controlied
gas tubes are found to have a rather rapid variation
superimposed on the normal anode delay time discussed
above so that a tube will not fire in precisely the same
way each time a pulse is applied. This variation may
be referred to as the “pulse-to-pulse jitter time” and of
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course seriously complicates synchronous and paralle}

operation of tubes.

One object of the invention is to overcome the prob-
lems encountered in the operation of thyratrons, and ef-
fect precision firing so that the firing of a given tube
can be precisely determined and in addition a substan-
tially uniform anode delay time can be secured for all
tubes of a given type notwithstanding the inherent pulse-
to-pulse jitter variations. Another object of the inven-
tion is an improved circuit for operating grid-controlled
gas thyratrons that will effect in addition to precision
control of the tubes very much faster and more uniform
operation.

The above and other objects of the mventlon will be-
come more apparent from the following description and
accompanying drawing forming part of this application.

In the drawing:

Fig. 1 is a block diagram illustrating a circuit in ac-
cordance with the invention; and
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Fip. 2 illustrates the application of the circuit of Fig.
1 to the control of two or more tubes,

Broadly, this invention concerns an improved circuit
and system for firing thyratrons to shorten the anode
delay or firing time and to attain precision operation of
circuits to be controlled thereby., In the drawing, a
thyratron or soft tube modulator is denoted generally .
by the numeral 10 and includes a cathode 12, a plate -
14, a grid 16 and a filament 18. The filament is nor-
mally heated by a suitable source of power connected to
the terminals 20 and 22. Firing pulses for firing the
tbe may be generated by any suitable electronic equip-
ment and is diagrammatically iflustrated herein by the
rectangle 24 which is connected by the leads 26 and 28
to the grid 16 and ground, respectively. For conven-
ience the cathode 12 is also shown as connected to
ground by means of the lead 30. The load, or that
equipment, which is to be operated by the thyratron is
denoted broadly by the rectangle 32 which is connected
by leads 34 and 36 to the plate 14 and ground, respec-
tively.

As is well known, the firing of a gas-controlled tube
takes the form of a chain reaction which occurs after
the . potential applied to the grid has reached a value
where plate current will begin to flow. At this point
ionization begins to take place and it is normally com-
pleted in the order of three to tem micro-seconds. It
has been found that this ionization or anode delay time
can be materially reduced by arranging the pulse gen-
erator 24 to produce two successive pulses having prede-
termined characteristics for this purpose. The initial
pulse applied to the grid 16 should preferably be of a
value that does not permit the tube 10 to fire and is
termed a pre-trigger pulse. This pulse functions to con-
dition the tube for a second pulse that may follow the
application of the first pulse by one or more micro-
seconds. The second or firing pulse is preferably quite
narrow and having a very fast rise time and an ampli-
tude of the order of that required to fire the particular
tube. With this system the firing of the thyratron is
virtually coincident with the application of the second
or firing pulse so that extremely high degrees in accu-
racy can be attained in controlling the precise time of
firing of the tube.

This procedure is particularly useful in connection
with__ the firing of two or more thyratrons simultaneous-
ly, in which case a circuit broadly illustrated in Fig 2
may be employed In this embodiment of the inven-
tioni the thyratrons are denoted by the numerals 10 and
16’.  Corresponding elements in each figure are denoted
by like numerals with the numerals in Fig. 2 being
primed. The pulse generator 24’ in this form of the in-
vention is connected to the gnds 16 and 16’ through se-.
ries resistors 38 and 38’ and is arranged to generate the
first or pre-trigger pulse which conditions the thyratrons
prior to the application of the trigger pulse. The trig-
ger generator 40, which may be formed as part of the
generator 24’, applies the trigger pulse individually to
the grids 16 and 16’ through resistors 42 and 42’ to ef--
fect substantlally instantaneous firing of both tubes.-
While the precise circuits of the pulse generators 24,
24’ and 40 are not shown, procedures for developing
these pulses are so well known in the art that it was
felt that their illustration and description would result
in unnecessary complication of the application and there-
fore have been omitted.

The loads 32 and 32’ which are controlled by the.
thyratrons have merely  been shown diagrammatically.
since they may constitute any device that can be con-
trolled by a thyratron, as for instance, pulsing of radar
equipment employing the conventional magnetron 0s¢il-:
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: lator or the recnﬁcatlon ‘of alternating -current ‘to pro-
vide controlled D.C. potentials' and the like. Here
again, the utilization of thyratrons for these purposes
is:so well kriown in: -the ‘art that-it is felt that any further
showing would -only serve to comphcate rather than
clarify the'invention. -

~The methed-of ‘effecting-precision ﬁrmg of thyratrons
“as- described ‘above reduces the pu.lse—to—pulse jitter “to

a negligible vadlue-and. while i insuring ‘uniformify of oper-.

ation of -fubes and therefore facilitating the replacement
thereof without: dlsturbmg the operation of the apparatus
- does not- function ‘to materially shorten the anode delay

4

‘a cathode, a control electrodé, and an anode, means

coupling the cathodes of said tubes to a common terminal,
means including a load coupled between said common

. terminal- and the anodes of said:tubes; a first pulse gen-.

erator having a pair of cutput. terminais, one of said
terminals being coupled to- said common terminal, first
resistor “means ‘coupled. between the - other términal of

~.said first pulse generator and the control ‘electrode of

10.

said first thyratron, ‘second resistor means- coupled “be-
iween the cther terminal of said first pulse generator and
the centrol ‘eléctrode ‘of said second thyratron,.a second

_ pulse, generator having a pair of output terniinals, one

time.as-previously discussed. - Shortening of this delay -

- timemay be accomplished, however, by the -utilization of
anvimproved. force firing procedure wherein the pulse gen-
eerdtor: 24 of {Fig.#1 s ‘arranged to provide a ptlse -of

Veatremely large ‘magnitude - and of such . a nature “that
it=will-force:ionization' to -take place within ‘an: extremely
short: time.~"In :the ‘case of the 4C35 thyratron, it Has
been found: tbat by arranging the pulse generdtor 24 -to
produce-a grid ‘pulse .of the order of 1,000 to. 2,000 volts

~for-a-duration of .05 to .15 micro-second .duration that

the-anode delay time of the. thyratron can be reduced to-
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the order of .05 micro- second as compared with the nor:.~

mal-delay time -of-thrée to-ten miicro=seconds. - The -ap-
plieation: of -these -high: voltages to the' grid of the thyra-
tron ‘has not-been found to -adversely affect ‘the tube-in

any way, but on the other hand has-actually resulted in -

attaining - substantially uniform- operation -of the tube
tl.roughout its-entire life. -Moreover, the pulse-to-pulse
jitter variation which -herctofore constituted ‘a serious
preblem in the utilization--of ‘tubes of ‘this character is
also.reduced 0 a negh'nble value not measurable by
-.methods heretmo ¢-used for this purpose.

Actual tests-
“have indicated. that with the forced firing procedure :as”
described . above, variations -between different tubes have
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of said terminals being coupled to said common terminal,
third resistor means coupled between the other terminal
of said second pulse generator and the control electrode
of said first thyratron, and fourth resistor means coupled

- between the other terminal of said second pulse generator

and the control electrode ‘of said second-thyratron, said

“first and second pulse "generdtors producing coincident

pulses for sxmultaneously ﬁrmg said" first and second
thyratron -tubes.

2.-The pulse producing’ system ‘as defined in ¢laim 1
wherein the duration of the pulses from said first: pulse
generator is: greater than the -duration of the pulses from -
sald second pulse generator. ..~

. The pulse producing system as deﬁned in:claim 1

wherein the magnitude of the pulses:from said first pulse
generator -is insufficient- to -fire either of 'said first or
second thyratron tubes.

4. A system for s1multaneously ﬁrma a plurality of

" gas-filled tubes each having-at least an anode, a cathode,

~been less than .01 micro- -second, whereas, under normal -

condmons it \is excesdingly difficult- éven  with careful.
tube selection methods to maintain these variations w1thm
25 ‘micro-second.

“In order.to. obtam the greatest. prvc1swn in. th° ﬁ.rmg
of the thyratrons, the internal impedance of the pulse
-generators 24 and 49 in Figs. 1 and 2, respectively, should
" bé relatively low as compared with the grid circuit im-
-~ pedance. of the . thyratrons. With conventional thyra-
- troms, it is “desirable to use pulse generators having. 1nter-
- al impeddnces of ‘50 chms or less.

. It has been found that when a pulse generator havmg
an’ unpedance of 50 ohmsis okerated into: the grid cir-

" chit of athyratron ‘having ‘an:impedance in excess of.

500~ ohms, ‘the’ pulse “will ‘have .a tendency to rise to
dlmost double its “nominal- output. This will produce
a somewhatfaster rise -on ‘the leading edge ‘of the pulse
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and a control electrode, comprising in combination, load
circuit means coupled to the anodes of said plurality of
gas-filled tubes, a first pulse..generating meéans coupled
between each of the control elecirodes of said:tubes and

_ the .cathodes ‘of said tubes, said first pulse - generating

means producing first recurrent positive pre-ionization

. pulses ‘having a magnitude insufficient to cause any of

said ‘tubss to fire, and second .pulse generating ‘means
coupled between each of the control electrodes of said
tubes and the cathodes -of said tubes, said second -pulse
generating means -producing second recurrent posmve
trigger pulses having a magnitude larger-than- the magni-
tude of said first ‘recurrent pulses for simultaneously-
firing- said  plurality of gas-filled tiibes;said second re-
current  trigger pulses . occurring -immediately following
the application of said. first recurrent pre-ionization pulses
to-the- control electrodes of said.tubes: :

‘5. ‘The system as defined by cldim 4 wherein’ the dura-

.A tion of said first recurrent pre-lomzanon pulses produced
"By _said Afirst pulse generating means is longer than the
-duration of said second recurrent- tngger pulses produced

' by ‘said second pulse generating means,

and-thus, prcduce a’short ‘anode delay tlme ‘and- eliminate . : 7

pulse- to-pulse jitter.

‘Where "a pre-trigger -piilse is apphed as m Fig. 2,7it is-

desirable ‘that- the -internal -impedance of the: pre-trigger

" pulsesource be falrly high, -say, on ‘the order of 1,000

. ohms-or 'more, However, the impedance ‘of the trigger
- plilse source should ‘be‘low ‘and preferably- on the order

of 50 ohnis. for conventional ‘thyratrons.
"~ While two - different systems have been described for

atta.mng the objects of -this invention, they ‘both function .

_to-increase the -rate of ionization -of the - ‘gas within the
tube in such a manner that the time “of firing can be

precisely controlled without adversely aﬁt’ectmg the tube.-
"Moreover, -extremely -‘high -tube stability is -obtained

‘throughout its- normal life.
~“While only certain’embodiments of thls'»mventlon have
been-illustrated and described, it-is -apparent that modi-

- fications, “alterations “arid ‘chariges may “be made without

,_departmg from the true sccpe and spmt thereof

6. A system for simiiltarieonsly ﬁrmg ‘A plurahty “of

: gas—ﬁlled tubes ‘each having at least an anode .a cathode,

~ and ‘a-control electrode. comprising in combination, first
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means coupled to the conirol electrodes of said plurality
of -gas-filled tubes for supplying first recurrent positive
pre-ionization pulses thereto having a magnitude ‘insuf-
ficient’'to cause any of said tubes to conduct, and second
means coupled to the control electrodes of ‘said plurality.
of gas-filled tubes for supplying second Tectirfent  posi-

- tive -trigger pulses thereto, said -second- recurrent-trigger

pulses having a-duration less ‘than the duration of said
first Tectrrent pulses and occurring meedlately folow-
ing said first fecurrent.pulses.

7.-A system -for simultaneously. firing a plurahty of

- -gas-filled tubes each’ havmg an input circuit and an out-
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put circuit comprising in combination, first means coupled
to the input circuits of said" plurahty ‘of gas-filled tubes
{or supplying first recurrent pre-mnuatmn pulses thereto

--_having a magnitude insufficient to cause any of said tubes~ 7
. to conduct, and second imeans_cotipled ‘to ‘the inpiit ‘Cir-
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cuits-of said’ plurahty ‘of -gas-filled ‘tubes for “supplying
second recurrent. trigger pl_llses ‘thereto,-said -second -re-
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current trigger pulses closely following the application
of said first recurrent pre-ionization pulses to the input
circuits of said gas-filled tubes.
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