March 6, 1951 P, W. STUTSMAN 2,544,513
GAS DISCHARGE DEVICE ' o
Filed July 23, 1949

22
A #6
y /s / 20 2.. 4'5 |
N/ / // 4 44_
1 / A 43
T 1 -6
140
-39
38 142
35 429 r FrR
Y1 = 3 rlb— 8L
—T T F T - ~26
2 7 | II {4 & -ZM'n' 43 _ .
30 *" 4 26 47 oUTPUT . | 49
37 r | LOAD |
37 L |
23~ / 25- e 48
24700 ’ _ %ﬁ:—n—
. | 52
“ 36— t W
+
5 5/ 1
FIG. 1 FIG 3 ’

INVENTOR
PAUL W, STUTSMAN

| ngjémg %L.

ATTORNEY



 Patented Mar. 6, 1951

UNITED STATES PATENT OFFICE

2,544,513
GAS DISCHARGE DEVICE

Pa.ul W Stutsman, Needham, Mass., assignor to
- Raytheon Manufacturing Company, Newton
Mass., a corporatmn of Delaware

Application J ulsr 23, 1949, Serial No: 106 430
(Cl. 313-—188)

o 11 Claims.
1 | |

This application relates to electron discharge

devices and more particularly to the structure
and utilization circuits of gas-filled, grid-control
tubes having cold, main cathodes.

Heretofore in order to obtain gaseous discharge
devices having a relatively high grid sensitivity,
it has been necessary to thermionically heat the
~cathode or a portion thereof in order to provide
a source of free electrons on which the grid may
act. Applicant has produced an improved device

wherein free electrons are provided by a glow dis-

charge between a pair of auxiliary electrodes
spaced between the cathode and grid of the de-
vice. Applicant has discovered that this glow
discharge may be reliably operated with currents
of less than one milliampere while still providing

a sufficient supply of electrons to initiate dis-.

charge of the device upon the apphcatmn of a
proper signal to the grid.

Applicant has further provided for imtlatmg
the glow discharge with a minimum applied po-
tential by positioning the electrodes at minimum
breakdown distances apart for the gaseous me-
dium used. Since these electrodes are simple in
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ticularly adapted to use this discharge device,

whereby the main voltage is used to provide a
keep-alive voltage for the auxiliary glow dis-
charge electrodes and bias for the control grid,
thereby eliminating the necessity of -auxiliary
heater and biasing power supplies.

The particular manner whereby the foregomg
advantages may be obtained will now be described
in detail, reference being had to the accompany-
ing drawings wherein: |

Fig. 1 represents one embodiment of my in- °
vention showing a longitudinal cross-sectional

view thereof taken along line (—1{ of Fig. 2;
15

Fig. 2 illustrates a transverse cross-sectional
View of the device of Fig. 1 taken a.long 2—2 of
Pig.1:; |

Fig. 3 illustrates a circuit ut111zmg the dlscharge
device shown in Pigs. 1 and 2.

Referring now to Fig. 1, there is shown a glass
envelope 20 consisting of g tube, one end of which
is pressed together as at 21 and through which
extend a plurality of lead-m wires. The other

- end of the glass tube 20 is curved together and

shape, being merely bent rods, they may be ac-

curately positioned and spaced. ' Applicant pro-

vides electron emissive material on one or both

| 25'contains at its center g mass of glass 22 which

is used to seal the envelope after filling of the en-
velope with the correct gaseous medium. Extend-

- ing upward from the glass press 2{ inside en-

of said electrodes to aid in reducing the starting

potential, the emitting life of said material being
relatively long due to the low cuy rent of the glow

- discharge.

velope 20 are three glass tubes 23, .24 and 2% whose

-~ axes are all parallel and lying in the same plane

30

By proper spacing of the electrodes and proper '

- choice of a gaseous medmm tubes of this type

may be operated over a wide range of voltages,
for example, from less than 100 volts to greater
than 1,000 volts.

Apphcant further promdes a cold, main cath-
ode which is hollow, thereby conserving material
sputtered from the cathode surface during the
main discharge. This main discharge may be

varied by the use of different load impedances

and different applied voltages from g glow dis-
charge having a current of the order of 100 milli-
amperes or less up to high peak currents of an
arc discharge which may be on the ordEr of 100
amperes.

Also, applicant provxdes for a gaseous filling in
the tube comprising mainly neon containing a

small percentage of argon and xXenon, whereby

the more demra,ble characteristics of a gaseous
medium cqmp_rlsmg a]most entirely xenon are ob-
~ tained. Since neon is relatively inexpensive com-
pared with xenon, applicant’s filling creates 8
commercially feasible device.
In additmn applicant provides a circuit pa.r-
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and spaced an equal distance apart. The center
glass tube 24 extends slightly less than half the
length of envelope 20. Inside the glass tube 24,

“which is hollow, is an anode rod 26 which ex-

tends from the open end of the glass rod 24 to-
ward the glass press 21 through a spacer 27 con-

 gisting of a wire spirally wrapped around anode

rod 26. Anode rod 26 is then joined, for ex-
ample, by welding to a lead-in wire 28 which ex-

tends through the glass press 21. -

40
- ered by a cup-shaped grid 29 of wire mesh which
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" The end of the tube 24, which is open, is cov-

may be made of 60 x 60 strands per inch screen-
ing using .005 inch nickel wire. The diameter of
the cup-shaped grid 29 is slightly larger than the
diameter of the glass tube 24 and extends for

somewhat more than one diameter of the glass

tube over the end of said rod. The bottom of said
cup-shaped grid 29 is in close proximity but not
touching the end of the tube 24 and the anode
element 26. Cup-shaped grid 29 is supported by
being attached as by welding to a strap 30 at the
lip of said cup-shaped grid. The strap 30 ex-
tends around the tubes 23 and 25, thereby rigidly
supporting the grid 28. The tubes 23 and 2§ are
somewhat longer than the tube 24 and extend
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further into the envelope 20 past the end of tube
24 covered by grid 29. A lead-in wire 31 is at-
tached to the strap 30 as by welding and extends
along the side of envelope 20 through the glass
press 21.

Extending the length of rods 23 and 25, which
are hollow, are a pair of support rods 3% which are
butt welded to a pair of the lead-in members 36
extending through the glass press 2i{. The rods
35 contain spacers 371 thereon similar to the
spacer 271 on anode rod 26. The ends of rods 3%
extending out of the glass sleeves 23 and 25 are

bent together until they nearly touch, thus form-

ing & gap which is directly above anode 26 and
grid 29.

Above the gap between electrodes 3% is a mica
support member 38 having a hole therein some-
what greater in diameter than and concentric
with grid 29. Above mica member 38 is a cath-
ode 39 comprising a metallic cylinder 40 which
may be, for example, of nickel whose diameter
is somewhat smaller than the diameter of en-
velope 20 and whose length is somewhat greater
than its diameter. The lower end of the cylin-
der 40 rests on the mica member 58 and has at-
tached thereto an end plate 41 which may be
of nickel and which has a hole 42 therein, con-
centric with erid 29, and whose diameter is
somewhat less than the inside diameter of the
glass rod 24.. The upper end of the cylinder

40 is sealed by a second end plate 43, and rests

acainst a mica member 44 similar to member
38. A member 45 is attached to the center of
end plate 43 and extends through the hole in
mica member 48. Attached to the member 45
is a lead-in member 46 which extends through
the glass 22 in the upper end of envelope 20.
Inside the cylinder 51 is wound a wire 47 which
contains electron emissive material, said wire
completely covering the inside of cylinder 40.

Referring now to Fig. 3, there is shown a cir-
cuit utilizing the species of Figs. 1 and 2. The
cathode 39 is connected to ground. One of the
electrode wires 35 is connected to ground through
a resistance 47, for example, of one megohm,
The other electrode wire 35 is connected to sa
voltage source B4 through a resistance 48, for
example, of five kilobms. The grid 29 is con-
nected to a source of positive potential through
a resistor 49. The positive potential to which
erid 29 is connected through resistor 49 is the
variable tap 52 of a potentiometer 51, one end
of which is grounded and the other end of which
is connected to the aforementioned voltage
source. Signals are fed to grid 29 from a sig-
nal source through a D. C. blocking condenser
50. The anode 26 is connected to B4 through
a load %53, shown here by way of example as &
rela,y coil.

Due to the proximity of the ends of the Wires
35 to each other, a voltage applied therebetween
causes an electron current to flow from ground
through resistor 57 across the gap between elec-
trodes 35, in the form of a glow discharge, and
through the resistance 58 to B4+ thus providing
8. keep-alive current. One or both of these elec-
trode tips may be made, for example, of tung-
sten which is a durable and reliable electron
emitter, or they may be coated with any desired
electiron emissive material.

In operation the variable tap 52 of potenti-
ometer 3 is adjusted so that the device will not
fire in the absence of an input signal to the grid
29. This adjustment will vary for different de-

signs of this tube dependent on electrode spac- .
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filling the device.

4

‘ing, gas.filling and pressure and the plate volt-

age applied. When g positive pulse is applied
through condenser 50 from the signal source to
grid 29, electrons are attracted from the glow
discharge between electrodes 3% through grid 29
and are accelerated towards anode 26. When
they attain sufficient velocity to ionize the gas
between anode 26 and grid 29, the space there-

between breaks down, thus creating a sufficient-

electrostatic field between grid 29 and cathode 39

to cause positive ions in g gaseous medium fto

strike cathode 39 with sufficient velocity to cause
substantial emission therefrom, thereby creating
a discharge between cathode 38 and anode 26.
The discharge is then used to operate any de-
sired load, such as the relay 53.

The glow discharge between electrodes 35 is
maintained at a low value principally due to the
limiting action of resistors 4T and 48. For ex-
ample, if the B voltage were 150 volts, the
glow discharge current for the particular design
in gaseous filling used herein would be on the
order of 100 microamperes and the potential at
the glow discharge electrodes would he in the
neighborhood of 100 volts relative to ground.
Thus it may be seen that by adjusting the tap
92 of potentiometer 51, a bias voltage of sub-
stantially less than 100 volts may be applied to
grid 29, thereby maintaining grid 29 at a po-
tential more negative than the potential of the
glow discharge, with the result that electrons
from the glow discharge will not pass through
grid 29 to the anode 26. By the use of this cir-
cuit, an extra voltage source to act as a bias
for the grid as well as the use of an extira volt-
age source for heating either the cathode 39 or
producing the glow discharge between electrodes
35 has been eliminated thereby creating a rela-
tively inexpensive and simplified circuit wherein
this particular gas tube may be used.

oince a solid, main cathode is used rather than
8. mercury cathode, inert gases may be used for
One desirable mixture com-
prises a pressure of about twenty centimeters of
neon, one millimeter of argon and one milli-
meter of xenon. With this mixture, very low
breakdown voltages may be obtained, with the

- result that a relatively low voltage is required
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to Initiate the glow discharge. Since the gas
pressure used may be relatively high, deteriora-
tion of the main cathode by sputtering is mini-
mized. This micture and pressure has a rela-
tively small breakdown distance which may be
utilized by the electrodes used herein since they
may be accurately spaced and positioned.

This completes the description of the specific
embodiment of the invention illustrated herein.

However, many modifications thereof will be ap-
parent to persons skilled in the art without de-
parting from the spirit and scope of this inven-
tion., For example, more grids may be used if
desired, and different cathode and auxiliary dis-
charge electrode shapes may be used. There-
fore, applicant does not wish to be limited to
the specific details of the embodiment of the

~invention illustrated herein except as defined in
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the appended claims.

What is claimed is: |

1. An electron discharge device comprising an
envelope containing a gaseous medium, a cath-
ode, an anode, a grid shielding said anode from
said cathode, and means for maintaining a dis-
charge in the space between said anode and said
cathode independent of electron flow from said
cathode to said anode comprising a pair of addi-




' minimum breakdown distance,

| '. L " - said electro

_ tional electrodes between .
Joogurs; < L o T
2. An electron discharge device comprising an

~_ envelope containing a gaseous medium, a cath-
- - ode, an anode, a- grid interposed between said
anode and said cathode,- and means for main-

which said discharge

2,544,518

. taining a glow discharge in the space between

 said anode and said cathode independent of elec- -

- tron flow from said cathode to said anode com-~

‘prising a pair of electrodes, the spacing between
- S8ald electrodes: being substantiall

minimum breakdown distance. :

3. An electron discharge device {ébnipri_sing' an

envelope. containing a gaseous -medium, a cath-

- ode, an anode, a grid shielding said anode from -
said cathode, and means for maintaining a glow

y equal to the-
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8. An electron discharge device comprising an
envelope containing a gaseous medium, a cath-
ode, an anode, a grid substantially shielding said
anode from said cathode, and a plurality of addi-
tional electrodes in the space between said anode
and said cathode, a load connected in circuit
with said anode, said cathode and a voltage
source, means for applying a voltage across said
electrodes to maintain a discharge therebetween,

‘and means for applying a biasing voltage to said

grid.

9. An electron diséharge device comprising an

envelope containing a gaseous medium, a cath-

‘ode, an anode, a grid substantially shielding said

discharge in the space between said anode and = -

- sald cathode independent- of electron flow. from
sald cathode to said anode comprising a pair of .
) _ said electrodes

' comprising electron emissive material. T

electrodes, a- portion .of one. of

4. An electron discharge device comprising an

~ envelop containing a gaseous medium, a cathode,

~anode from said cathode, a source of electrons in
- the space between said first anode and said first

cathode comprising a plurality of electrodes, a

- load connected in circuit with said anode, said
cathode and a voltage source, means for apply-
Ing a voltage across said electrodes through a
current limiting impedance to maintain a dis-

charge therebetween, and means for applying a -

- biasing voltage to said grid comprising a circuit-

. an anode, a grid positioned between said anode.
. and said cathode, and means for maintaining a

. glow discharge in the space between said anode
-~ and said cathode independent of electron flow
- ~-from said cathode to said anode comprising a

-t

B

pair-of electrodes between which said discharge

. occurs, the spacing between said electrodes being ...
electrodes com- -

distance, a portion of one of said
- prising electron emissive material. - |

5. An electron discharge device comprising an’
. envelope containing a gaseous medium, a cath- .
~ode, an anode surrounded by a sleeve of insulat-
-~ Ing mafterial, a grid covering the end of said in-
- Sulating sleeve and shielding said anode from
~ said cathode, and electrode means for maintain-
- Ing an electron discharge in the space between
-~ ‘sald anode and said cathode independent of elec- *
_ tron flow from said cathode to said anode com- .
prising a pair of electrodes, the spacing between
sald electrodes being substantially equal ‘to. the -

6. An electron discharge -device;:..émﬁprismg an

. envelope containing a gaseous medium, & cath-
ode, an anode surrounded by a sleeve. of insulat-

ing material, a grid covering the end of said in-

. sulating sleeve and shielding said anode from said _
. cathode, and electrode means for maintaining an

- €lectron discharge in the space between said an-

- - ode and said cathode independent of electron
-+ low from said cathode to said anode, compris-
- Inga pair of electrodes, the spacing between said -
- -electrodes being substantially equal to the mini-

| mum breakdown distance, a portion of one of =
des comprising electron emissive ma- -

terial,

-comprising a pair of electrodes, the spacing be- ' *
tween said electrodes being substantially equal

- emissivematerial, = @<000 <
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connecting said

work. . . - N
10. An electron discharge device comprising an .

envelope containing a gaseous medium, a cath--

grid to a voltage divider net-

' ode, an anode, a grid substantially shielding said

anode from said cathode, and a plurality of

). electrodes in the space between said first anode

- and said first cathode, a load connected with
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-sald anode, said cathode and a voltage source,
.- means for applying a voltage across said elec- o
- trodes through a current limiting impedance to
5. maintain a discharge between and terminating at
said electrodes, and means for applying a biasing
- voltage to said grid comprising a circuit connect-
Ing said grid to a voltage divider network t
- & grid load impedance. |
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11. An electron discharge device comprising an '
envelope containing s gaseous medium, a cath-

“ode, an anode, a grid substantially shielding said
~anode from said cathode, and a source of elec- -

,.trons in the space between said first anode and
. said first cathode comprising a plurality of elec-
% ‘trodes; a load connected with said anode, said
--cathode and a voltage source, means for apply-

ing a sufficient voltage across said electrodes

‘fthrough a current limiting impedance to main-
tain a glow discharge therebetween, and means
for applying a biasing voltage to said grid com-
‘prising a circuit connecting said grid to a variable
- ‘voltage divider network through a grid load im-
pedance. .

PAUL W. STUTSMAN.
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