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1
My present invention relates to electron -dis-
charge devices of the type.in which an ionizable
medivm is employed to support a discharge .as
well a5 to a system and methed for eperating the
same. o o
 -One limitation of such devices has- been the
amount of time Teguired to restore full nen-con-
duetivity after & period -of :conductivity. This
interval of time has cemmonly been referred to
&S the-deionization time of the device and has
set the upper limit to the frequency at which it
could be -operated. When full non-conductivity
has been restored in such .devices having a grid,
it may be said that the grid has recaptured con-
trol.  The grid may then -effeetively block -a -dis-
charge even though faverable ‘potentials are ap-
plied to the eathode and anode. I have fownd
that the erid may regain control even theugh
the ionizable mediam has not beeome fully de~
ienized. I, therefore, prefer to eall this time in-
terval the recovery time-or RT.of the device since
this seems meore accurate. In-order tomake such
deviees available for operation at -higher fre-
quencies it is necessary to shorten fhe recovery
time.

A further .drawback has been the upper limif
on. the impedance which may be conneeted in
series between the -grid and souree of bias po-
tentisi. During the recovery time of sueh de-
vices, the grid current flows to ground, in the
wuswal circuit arrangement, through the grid.cir-
cuit resistance. Thus, the series grid resistance

- develops @ voltage opposite to that of the bias.
The voltage available at the grid is therefore re-
dueed:. - This may be expressed as follows:

) E =[C+I.R, volts

where Eg is the potential available at the grid;
C is the grid bias; Is is the grid current in am-
peres; and Rg is the series grid resistance in
ohms. It is apparent then that for a given grid
eurrent, Iz, the loss in grid bias at the grid in-
creases with inereasing grid resistance, Re. This
is particularly wndesirable when such a device is
40 be respensive to a relatively weak signal. In
such @ case, it is necessary to .operate with a grid
bias fairly clese to the petential neeessary to
initiate the discharge. However, in view of the
loss in bias from grid current peinted out above
it is then necessaly b0 reduee the grid resistance
to. avoid unstability which would otherwise re-
sult. This reducticn in grid civeuit resistance in
turn leads to a .loss in sensitivity: to .signal cur-
rent.

Still another .disadvantage of :such devices is
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2 .
the unstability resulting from grid emission.
Crid emission is a substantially steady compo-
nent .of grid current when the tube is conduct-
ing. 'This is true too when the device has short
rest periods -of the -order of approximately 1/eo
of a second or less. However, with longer tube
rest periods or when the tube is warming up to
its operating temperature, grid emission varies
directly with grid temperature. The tube firing
characteristic' is unstable during the period -ef
grid -emission variation., This limits the useful-
ness of such devices.

There are -other limitations .on the use -of such

devices which vary with -each form such as the

capacitance between electrodes particularly the
grid and anode. These too are improved by my
invention.

A principal object:of my invention is therefore
the provision of means for reducing the re-
covery time of .electron -discharge devices econ-
taining an ionizable medivm.

Another object is to provide such an electron

discharge deviee having reduced recovery  time
for a given grid ecircuit impedance. - :

Another object is to provide such .a device
which-is highly sensitive to weak signal -currents
while &t the same time having improved stability.

Another object is te provide such a -device in
which the functions-of initiating a-discharge and
of recapturing -control are performed by separate
electrodes.

Another .object is to provide such a device hav-
ing separate electrodes for initiating a discharge
and restoring non-conductivity which may eper-
ate in a stable manner with high grid cireuit im-
pedance, while at the same time having enhanced
sensitivity and a substantially reduced recovery
time.

Another .object is to provide .such .a device in
which the .adverse effects of grid .eurrent are
-eliminated.

Anaother ohject is to provide .such a device in
which the adverse effects -of grid emission are
eliminated.

Another. objeet is $0 provide .such a device in
which grid-anode:capacitance is:substantially re-
duced and the adverse effects from such capaci~
tance is substantially-eliminated.

Another .object is the provision of a system
which utilizes :an electron .discharge deviee con-
taining .an ionizable medium -and which has im-
proved.sensitivity and stability.

Further objects -and advantages will become

evident as my invention is more fully understood.

In the embodiments -exemplifying my -inven-
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tion, I preferably use separate electrodes to per-
form the two functions of initiating the dis-
charge and of recovering control. A trigger grid
initiates the discharge while a blocking grid re-
gains control and restores the device to a condi-
tion of full non-conductivity. The blocking grid
is of relatively large surface area and is connected
to a source of bias potential. The trigger grid is
also connected to a source of bias potential but
has extremely small surface area particularly
with reference to the blocking grid. Even
though the trigger grid series impedance has an
extremely large value, there is no loss in stability.
The blocking grid impedance is small and only of
sufiicient value to limit the current which flows

in the blocking grid circuit while the device is
firine,

Additional objects and advantages will appear ..
as the nature of my invention is more fully *

understood. The novel features which I believe
to be characteristic of my invention are set forth
with particularity in the appended claims. The
invention itself will be best understood by refer-
ence to the following description taken in con-
nection with the accompanying drawing where-
in:

Figure 1 is a sectional view through the line
I—1 of Figure 2 partly cut away of an electron
discharge device constructed in accordance with
my invention;

Figure 2 is a sectional view thereof through the
line 2-—2 of Figure 1;

Figure 3 is a schematic diagram of one system
in accordance with my invention employing the
device of Figure 1;

Figure 4 is a side elevational view partly cut
away of another embodiment of my invention:

Figure 5 is a sectional view on the line 5—5&
of Figure 4;

Figure 6 is a sectional view corresponding to <

Figure 5 and shows a further modification there-
of;
Figure 7 is a schematic diagram of a circuit

in accordance with my invention employing the

device of Figure 6;

Figure 8 is a sectional view corresponding to
Figure 2 and is illustrative of a modification
thereof employing two thin elongated wires which
function as the trigger grid;

Figure 9 is a transverse sectional view of an- !

other manner of carrying out my invention;

Figure 10 is a schematic diagram of a system
in accordance with my invention employing the
device of Figure 9; and

Figure 11 is a sectional view of still another
device constructed in accordance with my inven-
tion.

In general, thyratrons contain an ionizable
medium such as argon, Xenon or one or more
of the noble gases or other gas or metal vapor.
They also have a thermionic cathode, a grig and
an anode mounted therein. In a thyratron firing
can be prevented or blocked when a positive po-
tential is applied to the anode, by the simulta-
neous application of a sufficiently negative po-
tential to the grid. If the grid bias is decreased,
the tube will fire when the bias crosses the criti-
cal characteristic curve of the device. After the
tube is fired, in the case of the usual thyratron
making the grid more negative than the value
corresponding to the critical characteristic does
not result in an interruption of the discharge.
During the discharge the grid is surrounded with
the so-called grid sheath. In order to enable
the grid to regain control, it is necessary to inter-
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rupt the discharge by dropping the anode po-
tential below a definite value. After the inter-
ruption of the discharge, an interval of time
must elapse before the grid recaptures control.
It is this interval of time which is customarily
designated the deionization time. I have found
it is more accurate to designate this time interval
the recovery time or RT. I use the designation
deionization time to denote the time it takes the
device to return to the state it was in just before
firing.

For a given bias, RT increases as the magni-
tude of the grid resistance R¢ increases. It has

. been the general belief that large values of Rg
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result in a decrease of the positive ion current
through the grid circuit and in a decrease of the
rate of deionization. Contrary to this, I have
found that the grid positive ion current decays
with time from the instant the discharge is inter-
rupted and is substantially independent of the
grid bias or resistance. I have further found
that the grid series-impedance increases RT pri-
marily only by delaying the return of the grid
voltage to its bias value.

It should be understood that the grid current
referred to herein is that which flows after in-
terruption of the discharge. During the dis-
charge the grid current of course represents a
loss of power. This is readily kept within rea-
sonable bounds by a series impedance of rela-
tively low value.

From the foregoing it might be supposed that
an increase in the bias might solve the problem
of reducing RT.  As a matter of faect, in the
bresence of an appreciable grid resistance, this
does not serve to appreciably shorten the re-
covery time. Under these conditions, the grid
remains stabilized at cathode potential for an
appreciable length of time following the inter-
ruption of the discharge. Increased bias intro-
duces several serious disadvantages. One is that
it then takes a large signal to initiate the dis-
charge. Another is that as bias increases clean
up also increases.

Referring to Figures 1 and 2 electron discharge
device 19, except as will be pointed out, is a con-
ventional thyratron registered under the num-
ber 884 as manufactured by Radio Corporation
of America. Tube 15 has mounted therein a
conventional oxide coated thermionic cathode 16
connected to the exterior of gas tight envelope
1T by lead in 18. Anode 19, having arcuate por-
tions is also conventional and has lead in 20
connected thereto. Blocking grid 21 having
arcuate portions forming a cylinder is essential-
ly the control grid of the type 884 and is con-
nected to lead in 22. The parts so far described
and the mount structure conform to that of
tube type 884; the electrodes being mounted in
spaced relationship as in that type of tube by
anode side rods 28, blocking grid side rods 24
and top and bottom micas 25, 26. ‘The cathode
and the arcuate portions of anode 19 and block-
ing grid 21 are concentric and coaxial. I pref-
erably add trigger grid 27 to such a device in the
form of an elongated extremely small surface
area self-supporting wire. As shown most clear-
ly in Figure 2, I preferably mount trigger grid 21
in the center of opening 28 in blocking grid 21
and parallel with cathode 16. Lead in 29 is con-
nected to trigger grid 27 and serves as an ex-
ternal connection.

The system of Figure 3 illustrates s preferred
manner of operating device (5. The means for
initiating the discharge comprising trigger grid
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21; is connected to a:source of hias potential :as
indicated by battery 30 through impedance Rra.
The mesns for recapturing control ccomprising
blocking grid 24 is also iconnected 1o bias source
30 threugh -an. impedance Rse. .As indicated
- cathode 1§ is eonnected o :ground while :anode
19 :is connected to @ supply :of positive woltage
through a load impedance 'as indicated. The
-cathode heater is of course connected to the usual
source of heater current (not shown).
The-specific values of impedance Rer a0d Raec
may- vary over wide limits, however the veldtive
values thereof form an important featureof my
invention. The-signal current is introduced be-
tween the trigger grid and cathode zeress i
pedanee Rre which may he substentially resis-
tive in character as generally is the case.. I have
found that with a relatively small area irigger
grid 27 an Roye may beas kigh as 10 megohms
without introdueing any unsfability. ‘The tube
type 884 is-unstable with a grid resistanceas jittle
as .5 megohm. Reemay alse be subsiantially re-
sistive and preferably is relatively small in:value;
a ‘value of the order of 1000 ohms usually being
suffielent fo limit the blocking grid cireuit cur-
rent. :
. I have -.alsc found the small trigger grid area
results in an important reduction in  emission
therefrom .as .compared to the grid emission -of

tube type-884. Tube 4ype 834 has -excessive grid 3

emission when the anode current is raised over
75 ma. On the other hand device 15 -is siable in
operation at anode-currents in exeess of 260 ma.
Purthermore, the capacitanee between the.anocde

and trigger grid is fow enough to permit -opera- 3;

tion at high fregueneies. When this capacitance
is high the rapid variations of anode voltage are
transferred to the -grid by capacibive -coupling
within the tube thereby causing the tube to fire
even when o large negative bias supply voltage
is used. . .

In operation when favorable pefentials are
applied to the eathode, blocking -grid and -anode
the negative bias on the trigger .grid prevents a

discharge from taking place -between the cathode .

and anode. The ineoming :signal .current gen-
ecrates a potential drep across Fao and device
48 fires. The tube is .conductive and continues
in this state after ‘the signal is remeoved. As ids
well known, :a:(ropin the :anode potential inter-
rubts the -discharge. However, the favarable
anode -potential may not be reapplied wniil the
blocking .grid has vecaptured coxitrol, During
the -discharge each «of the eleclrodes is enveloped
in a shegth. Substantially itnmediately aiter ter-
mination of the discharge the blocking grid re-
turns to its bias potential sinee there is no ap-
preciable peiential -drop across Reg. Thus, the
bloeking grid sheath or field extends across open~-
ing 28 substantially immediately after the block-
ing grid has returned teo its bias.polential as:com-
pared to the action of the grid field in known de-
vices. The blocking grig is then capable -of pre-
venting the tubke frem firing should the faverable
potential be applied to the anede and:in the ab-
sence of the signal or faverable potentisl an the
trigger grid. )

I have found it is net necessazy for the bleck-
ing grid to be connected to the same bias voliage
as the trigger grid.
blocking erid be connected to a sufficient value
of bias veltage ¢ negative to the anode «¢.as t0
be able to stand oif a discharge between theanods
and cathode In fhe sbsence of the favorable -ar
triggering wvoltsge on the trigger grid. This

It is only necessary that the 7
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mzkes :available a wide range of eritical or firing
characteristics and renders the device highly
-Bexibie in use.

Another emboediment of my invention is:shown
in Figures 4 -amd 5. Flectron .discharge device
51 has o mount structure similar to $hat of -de-
wiee #5 as is clearly apparent. However, in ‘this
instance trigger grid 32 lies in o plane fransverse
to'blocking grid 24 and extends through aperture
353 formed in anode 34 .and into slot or opening
28, ‘Trigeer grid 32 is supported from a pair-of
suppert members 85 -.only one of which is wisible
in Figure 4. Insulators such as glass beads 86
and -connecting ‘straps $7 serve o connect trig~
ger grid 42 to support members 35 in insulated
relation. Support members 35 -are in turn con-
nected to the ears:of auode 34, The trigger grid
1is connected to-lead in 33 which serves as i1 eX~
ternal connection. This -constructien has- the
particular advantageof sven less grid-emission in
view of the reduced area of the trigger grid.

The.anode to trigger grid:capacitance-of device
31 -may be redueed- by providing .a shield.around
trigger .grid .32 aleng that portion ithereof which
is adjacent the anode. .As most clearly .shown
in Figure 6 this may be .a -eylindrical sleeve 39
insulated or spaced from the trigger -grid and
anode -and whish has . lead in £8 connected to
it; therebhy permitting .any desirable potential to
e placed on the shield such .as ground. .

‘Device & is suitably operated in the system
shown in Figure 7. The system is generally simi-
lar in arrangement and operaiion te that .shown
in Figure.8. Rsag has been omitted while shield
34 is connected to cathode .or .ground potential.
Here, t0o, Rre may have substantial value with-
out introducing any unstability. Variable. re-
sistance Rv serves as the current limiter for the
blocking grid during the discharge. .

In the modification of Figure 8§ two. small area
members which are electrically tied together for
trigger.grid 1. This form is similar in.other re-
spects to the device of Figure 1 but has increased
sensitivity. I believe this to be the case because
the effective .grid opening for initiating the dis-
charge is.now the space between the {rigger grid
members &1. i

n device 41, Figure g, three substantiaily cy-
lindrical grids 42, 43, 44 are provided. Each is
concentric and coaxial with cathode {4 and have
alined slots forming an opening 45 for the dis-
charge. ZAnode &5 is diso concentric and ceaxial
with cathode 15 and surrounds the array-of grids.
Grid 43 functions as the trigger grid or means
for initiating the discharge. ‘Grids 42 and 44 -are
tied together and funciion as the blocking grid
or meauns for recapturing control. .

. As shown in Plgure 18, T preferably maintain
grids 42 and 4% negafive to trigger grid 43. In
this way the thermionic elegiron entizsion from
trigger grid €8 is.suppressed and it functions as
though there were none. A substantially high
value of impedanice such as resistance Rrcr may
then be connected in series with tha trigger grid
43; the latter being connected to the source of
signal ecurrent as shown. The emission from
grids A2 and &4 may be considerable. However,
this has no harmful gects since this grid cur-
rent fows to ground through small impedance .or
resistance Rac: which also serves to linit the
power 1068, )

Though I have .shown several specific embodi-
ments.of my invention and described my inven-
tion in connection . therewith, my invention. may
be.applied to tubes having widely different .geom-
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etries. As for example, electron discharge device
50, Pigure 11, is a thyratron type registered under
the number 2050. Device 50 apart from trigger
grid 51 is described in detail in United States
Patent No. 2,296,324, issued September 22, 1942.
Blocking grid 52 is in the form of an inverted U
with the closed end supported by the top mica as
shown and claimed in the application of G. G.
Carne, Serial Number 65,817 and filed December
17,1948. Device 50 further comprises oxide coated
thermionic cathode 53 and anocde 54. Shield 55
encloses all of the electrodes and has a partition
56 separating the interior thereof into an anode
region and a cathode region. The cathode and
anode regions communicate with one another
through the discharge opening 571 formed in par-
tition 58. In this case blocking grid 52 is con-
nected to a bias voltage through a low value cur-
rent limiting resistance.

Though the devices described and shown are
commonly referred to as having a negative char-
acteristic my invention is equally applicable to
positive characteristic thyratrons. Therefore,
while my invention is subject to modification, it
is intended to cover all such modifications as
come within the scope of the appended claims.

I claim:

1. An electron discharge device, comprising an
enclosing envelope, an ionizable medium within
the envelope for supporting a discharge therein,
concentric and coaxial cathode and anode in
spaced relationship within said envelope, a sub-
stantially cylindrieal blocking grid having a dis-
charge opening formed therein and positioned
between said ecathode and anode, said blocking
grid being coaxial with said cathode, and an
elongated trigger grid having a relatively small
surface area with respect to said blocking grid
and extending in said discharge opening.

2. An electron discharge device, comprising an
enclosing envelope, an ionizable medium within
the envelope for supporting a discharge therein,
a cathode and anode in spaced relationship with-
in said envelope, a blocking grid having a dis-
charge opening between the cathode and anode,
said anode having an opening formed therein in
registration with said discharge opening, and a
trigger grid extending through said ahode open-
ing into said discharge opening.

3. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in said
envelope for supporting a discharge therein, an
elongated cathode and anode in spaced relation-
ship within said envelope, a blocking grid having
a discharge opening between the cathode and
anode, said anode having an opening formed
therein in registration with said discharge open-
ing, and a trigger grid extending transversely
with respect to said cathode and through said
opening into said discharge opening.

4. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in said
envelope for supporting a discharge therein, a
cathode and anode in spaced relationship with-
in said envelope, & blocking grid having a dis-
charge opening between the cathode and anode,
said anode having an opening formed therein in
registration with said discharge opening, and a
trigger grid extending through said opening into
said discharge opening and presenting a small
surface area to said cathode.

" 5. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in said
envelope for supporting a discharge therein, a
cathode and anode in spaced relationship with-
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in said envelope, a blocking grid having a dis-
charge opening between the cathode and anode,
said anode having an opening formed therein in
registration with said discharge opening, a trig-
ger grid extending through said opening into said
discharge opening and presenting a small sur-
face area to said cathode, and a shield extending
through said opening surrounding a portion of
said trigger grid and insulated from said trigger
grid and anode.

6. An electron discharge device, comprising an
enclosing envelope, an ionizable medium within
the envelope for supporting a discharge therein, a
cathode and anode in spaced relationship with-
in said envelope, blocking means having a dis-
charge opening formed .therein between said
cathode and anode, trigger means for initiating
said discharge and including a pair of small area
members in said opening.

7. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in said
envelope for supporting a discharge therein, con-
centric and coaxial cathode and anode in spaced
relationship within said envelope, a substantially
cylindrical blocking . grid having a discharge
opening formed therein and positioned between
said cathode and anode, said blocking grid being
coaxial with said cathode, and a trigger grid
comprising a pair of elongated members having
small surface area compared to said blocking
grid and extending in spaced relation in said dis-
charge opening.

8. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in the
envelope for supporting a discharge therein, a
cathode and an anode in spaced relationship in
said envelope, blocking means comprising a pair
of coaxial spaced substantially cylindrical mem-
bers between the cathode and anode, said mem-
bers each having an opening formed thersin, and
trigger means between said members insulated
therefrom only by being spaced therefrom and
comprising a substantially cylindrical member
coaxial with said blocking means and having an
opening formed therein, all of said openings
being in registration one with the other.

9. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in the
envelope for supporting a discharge therein, a
cathode and an anode in spaced relationship in
said envelope, a shield enclosing said cathode and
anode and having a partition between the cath-
ode and anode dividing the interior thereof into
a cathode region and an anode region, said parti-
tion having a discharge opening formed therein,
blocking means in said cathode region having an
opening in alignment with said first-mentioned
opening, trigger means in said cathode regicn and
extending within said second-menticned opening
for initiating said discharge when favorable po-
tentials are applied to said cathode, anode, block-
ing means and trigger means, said blocking means
being adapted immediately after the termina-
tion of the discharge for preventing a discharge
between the cathode and anode in the absence
of said favorable potential on said trigger means.

10. An electron discharge device, comprising an
enclosing envelope, an ionizable medium in the
envelope for supporting a discharge therein, a
cathode and an anode in spaced relationship in
said envelope, a shield enclosing said cathode
and anode and having a partition between the
cathode and anode dividing the interior thereof
into a cathode region and an anode region, said
partition having a discharge opening formed
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therein, blocking means in said cathode region,
said blocking means having an opening in regis-
tration with said discharge opening, and a trigger
grid extending in the opening in said blocking
means. .

11. A discharge system, comprising an electron
discharge device having an enclosing envelope,
a cathode, an anode, a trigger grid and a block-
ing-grid in spaced relationship within said en-
velope, the space between all closely adjacent
portions of the trigger grid and the blocking grid
being free of any solid dielectric, an ionizable
medium within said envelope for supporting a
discharge therein between said cathode and said
anode when favorable potentials are applied
thereto, a source of biasing direct potential con-
nected to said trigger grid and blocking grid to
bias the same with respect to said cathode, a
high impedance in series between said trigger
grid and said bias source, and means for supply-
ing a signal to said trigger grid in response to
which said discharge is initiated.

12. A disc¢harge system; comprising an electron
discharge device having an enclosing envelope,
a cathode, an anode, trigger means for initiating
a, discharge responsive to a signal current, block-
ing means for preventing a discharge in the ab-
sence of said signal current, the space between
all closely adjacent portions of said trigger means
and the blocking means being free of any solid
dielectric, an ionizable medium within said en-
velope for supporting a discharge therein be-
tween said cathode and. anode when favorabla
potentials are applied thereto; a source of bias-
ing direct potential connected to said trigger
means and blocking means to bias the same with
respect to said cathode, a high resistance in series
between said trigger means and said bias source,
and means for supplying a signal to said trigger
means.

13. A discharge system, comprising an electron
discharge device having an enclosing envelope,
a cathode, an anode, trigger means for initiating
a discharge responsive to a signal current, block~
ing means for preventing a discharge in the ab-
sence of said signal current, the space between
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all closely adjacent portions of said trigger means
and blocking means being free of any solid
dielectric, an ionizable medium within said en-
velope for supporting a discharge therein be-
tween said cathode and anode when favorable
potentials are applied thereto, means including
a source of direct potential for biasing said
trigger means and said blocking means with re-
spect to said cathode, a substantially resistive
impedance in series between said trigger means
and said source of potential in said bias means,
a current limiting impedance between said block-
ing means and said biasing means, and means
connected to said trigger means for impressing
a signal thereon.

14. An electron discharge device, comprising
a sealed envelope, a thermionic cathode, blocking"
electrode means surrounding said cathode, said
blocking electrode means having a restricted aper-
ture therein, trigger electrode means arranged
in spaced relationship within said aperture, an
anode surrounding all of said electrodes, an
ionizable medium within said envelope for sup-
porting a discharge therein between said cathode
and said anode, said discharge occurring through
said aperture when favorable potentials are ap-
plied to said cathode, anode, blocking electrode
means and trigger means, said blocking means
being adapted immediately after the termination
of said discharge for preventing a discharge
between said cathode and anode in the absence
of said potential on said trigger means, the space
between all closely adjacent portions of said trig-
ger means and said blocking electrode means
being free of any solid dielectrie. '

LOUIS MALTER.
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