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(Granted under Tltle 35, 0. 8. Code (1952), sec. 266)

The invention described herein may be manufactured
and used by or for the Government for governmental pur-
poses, without the payment of any royalty thereon..

This invention relates to an electron discharge device
for measuring low pressures in vacuum systems by the
measurement of ionization of the residual gas molecules
by electrons emitted from the cathode of the device.

The usual ionization type of vacuum gauge is con-
structed as a pormal triode, with a plate and grid and a
hot cathode within said plate and grid. In operation, the
grid is charged positively, and the anode is charged nega-
tively with respect to the cathode. The envelope is con-
nected to the system in which the pressure is to be meas-
ured, and the cathode is heated to emit electrons. The
electrons are accelerated toward the grid, and collide with
the residual gas molecules thus ionizing them. The posi-
tively charged ions are then attracted to the negative
anode, where they are neutralized. The ion current to
the anode is thus a measure of the number of residual
gas molecules and thus of the pressure in the system.
This type of vacuum gauge will measure down to about
10—8 mm. of mercury. This lower limit is due to the fact
that at these low pressures the electrons accelerated by
the positive grid strike the grid with sufficient energy to
generate soft X-rays, which in turn strike the anode,
because the anode almost completely surrounds the grid,
and these X-rays cause emission of photoelectrons from
the anode which are collected by the grid. This electron
current from the anode becomes of sufficient magnitude
to mask the ion current to the anode at about 10~% mm.
of mercury.

A modification of this standard type of vactum gauge,
the Bayard-Alpert Gauge, uses a fine wire anode, a cylin-
drical grid surrounding the anode, and a cathode outside
of the grid. The operation is the same, but by making
the anode small, a much smaller fraction of the X-rays
strike the anode, so the photocurrent is much less. This
simple modification enables measurements down to about
1010 mm, of mercury.

The triode ionization type gauge can be used with the
“flash filament” technique to extend the lower limit of
measurement. The filament is cleaned of adsorbed gas,
then allowed to remain cold on the vacuum to be meas-
ured. Residual gas is adsorbed on the filament over a
period of time, after which the filament is quickly heated
to incandescence, or “flashed.” The high temperature
drives off the adsorbed gases, giving a “puff” of gas which
is measured ballistically by the ionization gauge in the
usual manner. The greater the degree of vacuum, the
longer it takes to adsorb a measurable quantity of gas. -

The limitation of the standard ionization vacuum gauge
and its modifications is the photocurrent from the anode
caused by the soft X-rays generated by the electrons strik-
ing the grid at high velocity, and, in the case of the flash
filament technique, the time required for the cold fila-
ment to adsorb a measurable quantity of gas becomes
prohibitively long for very low pressures. )

Therefore, it is an object of this invention to provide an
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2
ionization type vacuum gauge in which the soft X-rays
generated have- substantially no effect on the gauge
reading. ‘
" A further object is to provide an ionization type vacuum
gauge which is capable of measuring pressures much lower
than other vacuum gauges.

Another object is to provide a vacuum gauge capable of
measuring routinely down to. 10— mm. of mercury, and
perhaps lower under ideal conditions.

- Another object is to provide a vacuum gauge capable
of operating as a conventional, Bayard-Alpert, or im-
proved ionization vacoum gauge, depending on the pres-
sure range, and on the connections and potentials applied.

Another object is to provide a vacuum gauge capable of
operation with the “flash filament” technique with mate-
rially shortened adsorption time.

These and further objects of this invention will become
apparent from the following specification taken in con-
nection with the claims and drawings.

Fig. 1 is a perspective view partly cut away of a pre-
ferred embodiment of the invention.

Fig. 2 is a top view of Fig. 1 and includes a schematic
representation of the applied potentials,

Fig. 3 is the voltage distance relationship in the diode
when the gauge is operated in the improved manner.

Fig. 4 is a top view of a modification of Fig. 1.

Fig. 5 is a circuit used with the modification of Fig, 4.

Referring now to the accompanying drawings, there is
shown in Fig. 1 a preferred embodiment of the improved
ionization gauge comprising an envelope 9 in which 10
is a triode section in which 12 is a cathode, which is heated
(heater source not shown) to emit electrons, consisting
preferably of a strand of pure tungsten wire, and said
cathode 12 is charged positively with respect to the triode
anode 15 and said cathode 12 is charged negatively with
respect to the triode grid 13. Diode 11 also has its cath-
ode 14 heated (heater source not shown) to emit elec-
trons, and also consists preferably of a strand of pure
tungsten wire, and said cathode 14 is charged negatively
with respect to the diode anode 23 so the diode 11 oper-
ates under what is known as space charge limited condi-
tions, where the voltage on the anode 23.is not suffi-
ciently positive to attract all the electrons emitted by the
cathode 14, and there is a considerable relatively station-
ary space charge surrounding the cathode. The triode
anode 15, having a slot 24 therein is made negative with
respect to the diode anode 23, having a slot 25 therein.
Triode anode 15 and diode anode 23 are placed in close
proximity, and slot' 24 and slot 25 are placed so that
substantially all of the jons leaving triode 10 through slot
24 can enter diode 11 through slot 25. Slots 24 and 25
each have an area which is relatively small compared to
the total area of the anodes 15 and 23 respectively.

The envelope of the device is mechanically connected
to the system in which the pressure is to be measured, and
some of the residual gas molecules will be in the volume
of the triode when the pressures in the system and in the
gauge become equalized. The electrons emitted by the
triode cathode are accelerated towards the positive grid,
and some of the electrons will collide with gas molecules,
thus ionizing. them. These positively charged ions are
then attracted to the triode anode, and most of them are
neutralized by the negative charge thereon. However, a
fraction of the ions approximately equal to the ratio of
slot area to triode anode area will be traveling in a path
that will cause them to go through the slot 24 in the triode
anode 15, and enter the volume of the diode 11 through
the slot 25 in the diode anode 23.

The voltage applied between the triode anode 15 and.
the diode anode 23 is of the proper amplitude and polarity
to slow ‘down the ions but not great enough to prevent
the ions from entering the volume of the diode.
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In the diode, the anode voltage and the cathode heat-
ing current are $o proportioiied to cause the dicde to op-
erate in the space-charged lifhited manner. In this mode
of operation, the anode voltage is not high’enough;,gq
dttract all of the electros which aré enitted by the
cathode, so 4ii electron cloud forms as a sheath arourid
the cathode. = Because of the density of the _electron
cloud, the voltage in the densest portion will be more
negative thaii the cathode. This. poténtial vs. radius
distribution is shown in Fig. 3, whete Va is thé anode
voltage in thé diode, V. is the cathodé voltage in_the
diode, Ra is thé anode radius, and thé cathode is con-
sidered to be at the origin. Thus, in Fig. 3, point d is at
the poteritial minirmum, and this minimum is bélow the
cathode potential. ] v B

Wheii the fons enter the diodé, théy are drawn fo the
potéfitial minimum. Bécausé of the inertia of the ions,
they will overshioot. the potential minimum before they
losé all of theit kinetic énérgy.

The potential applied betweéri hé triode anode 15 ¢

and the diodé anode 23 is of the proper polarity to slow
down the ions and thé proper amplitude to allow the joris
to enter, but to kéep as many as possible from over-
shooting the poténtial minimiim sufficiéntly to strike the
diode anode 23. This potential would not be necessary
if thé iofis do not havé very large energy. L
Then the ions will be accelerated back towards, the
potential rhinimum, dnd again inértia will make them
overshioot. Thus, the ions will terid to oscillate about

the potential minimum {intil they aré neuiralized by an 3

électron in the electron cloud, or until they drift axially
ot of the electron cloud. =~ ) .

While an ion is in the vicinity of thé potential mifi-
mur, it will néutralize some of thé electron space charge.
Because an ion has a much ldargér mass and a much
lowér velocity than an electron for thé same energy, it
will neufralize many é&lectfons, as each eleciron would
only be in the field of each ion for a Very shorf time,
As many as 70,000 extra electrons can flow to the plate
as a résult of the entry of a single positive jon. »

The change in plate current, resulting from the neu-
tralization of part of the space charge by the ions from
the triode is a measure of thé degree of vacuum in the
systém. ) ‘

The end plates on thé diodé sérve to make it more
difficult for the ions to leave the diode Section after en-
tering. ‘Thus they can be reionized again and again by
the electrons ini the diode, and contribute even more ef-
fectivély to spacé chargée neutralization. It has beén
found that leaving the end platés unconnécted results
in bétter operation: , -

This improved ionization gauge éan be operated in
several ways: v .

d. As a conventional ionization gauge, the triode alone
would be used. )

b. AS a Bayard-Alpert gauge, thé diode cathode would
be used ds the electron source, the grid would be used
normally, and the cold triode cathode would be used as
the anode. This would give greater sensitivity than “g.”

¢ The device may be operated in the improved man-
ner, with the triode connected as an ordinary ion gauge,
and fhe didde operated ss a space charge limited diode,

The following adaptations of the “fash filameént” tech.
niques are possible: _

a. The diode filament can be used for adsorption and
flashing, and the triode can be used as an ordinaty ioniza-
tion gauge fo measure the puff ballistically.

b. The triode can be used to “pump” gas ions inio
the diode 5o less time is required for the cold diode fila-
ment to adsorb a measurablé quantity of gas, then the
diode filament is flashed, and the triode is used to measure

the resulting puff ballistically. This will givé greafer

sensitivity than “a.” _ A L
¢ The' triode’ filament can' ba uséd fo adsorb the gas,

and the puff réléased on flashing can be measured bal-
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4
listically in the diode. This method would be more sensi-
tive thait “a” or “b.”

The soft X-rays which limit the degree of vacuum
which may be measured with conventional gauges do
not affect this gauge for three reasons:

1. Only a small fraction of the X-rays generated at
the triode grid pass through the slot into the diode.

2. The photo-electrons which are emitted from the
diode anode because of the X-rays falling on it are re-
collected by the diode anode, and so do not affect the
external diode current. .

3. The, photoelectrons .which. are. emitted from the
diode cathode because of the X-rays falling on it are
merely added to the thermionically emitted electrons in
the space charge and so cause negligible external effect.

Fig. 4 is a modification of the improved ionization
gauge in which another diode 17 comprising cathode 18
and anode 19 has been added, said diode 17 being sub-
stantially electfically and mechanically similar to diode
11 except that anode 19 does 1iot contain a slot corre-
spondifig to slot 25 in the anode 23 of diode 11.
 The advantages of the modifications of Fig. 4 can best
bt achieved by usifig a cricuit sich as in Fig. 5, which
has a meter 26;, Variablé resistor 21; a suitable source of
current 22, such &s 4 Battery, afid diodes 11 and 17 as
préviotsly referred to, which can be used for the measure-
ment of the ahdde current change in diode 11. Since
diddes 11 and 17 ate similar, the dnode currents of each
should be very hearly equal. Resistor 21 is adjusted
§0 meter 20 reads zéro when no ions are entering diode
11: Ths, when the anode tufrent of diode 11 increases,
the metér reading on méter 20 can be calibrated in terms
of vacuum of the system being théastred. L

_The main advantage of using the bridge circuit of Fig. 5
for the méasurement of the anodé currenlt of diode 11 is
that most of the rdndom variations in the anode current
of diode 11 ére balanted out by similar variations in
the anode cufrent of diodé 17. Such rardom variations
as filamént femperaturé and anode voltage thus will have
little or no effect on the reading.

What is claiméd is: v _

1. An ionization type Vacuum galige comprising an
envelope containing a gas fhe pressure of which is to
be measured, a first space. discharge device within said
envelope comprising a hollow aniode mémber with an
aperture il the wall thereof, and a cathode and conttol
grid within said member, means coupled to said dis-
chafgé dévice foi miintaiting said grid 4t a positive
potential with respect to said cathode and said cathode
at a positive poténtial with réspett o said anode; & sec-
ond space discharge device within said envelope adjacent
said first discharge dévice comprising & hollow second
anodé mémbef with an' aperture in' the wall thereof, and
a cathode within said secofid member, said second mem-
ber being spacéd from' said first member and being dis-
poséd with thé aperture thereof facing the apérture of
said first member, means coupled to said second space
disclarge device for applying & potential difference
between the cathiode’ and anode thereof to cause space-
charge limited operatiofi’ theréof and foT maintaining said
secorid anode membeér at & positivé potential with respect
to said first anod¢ member, and medns in circuit with
said sccond space discharge device for measuring the
cubrent therethiongh.

2. An jonization gaugé comprising a tube énvelope
containing & ga's the pressure of which is to be measured;
a first space discharge device' within said envelope, ¢om-
prisifg’ a hollow first dnodé éiément having & restricted
opening in a wall thereof, a' cathode disposed within said
element, and a' contrdl eléctrode disposed within said
clement; & second space discharge device within said enve-
lope ddjacent said first dischbrgs device comprising a
hollow’ sécond anode element having a restricted opening
in'a wall thereof, and a cathode disposed within said sec-

ond element; said second element being disposed with its
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restricted opening adjacent the restricted opening in said
first member.

3. An ionization gauge as set forth in claim 2, further
including a third space discharge device within said enve-
lope adjacent said first space discharge device comprising
a hollow third anode element having continuous walls
and a cathode disposed within said third element.

4. An ionization gauge as set forth in claim 3, including
means for applying a potential difference between the
cathode and anode of each of said second and third space
discharge devices, respectively, to cause space-charge lim-
ited operation of said devices, a bridge circuit, said second
and third discharge devices being connected in series with
opposite arms of said circuit, means for equalizing the
current flow through said second and third discharge
devices thereby balancing said bridge circuit, means con-
nected across said bridge circuit for indicating a condition
of unbalance thereof, means for heating the cathode of
said first discharge device, and means for maintaining the
control electrode of said first discharge device at a posi-
tive potential with respect to its cathode, the cathode of
said first discharge device at a positive potential with
respect to its anode element, and said last named anode
element at a negative potential with respect to said sec-
ond anode element.

5. An ionization gauge comprising an envelope contain-
ing a gas the pressure of which is to be measured, a first
space discharge device within said envelope comprising
a hollow, substantially cylindrical first anode element hav-
ing a longitudinal slot therein, a first filament within said
element disposed on the longitudinal axis thereof, and a
grid within said element concentric with said filament;
and a second space discharge device within said envelope
adjacent said first discharge device comprising a hollow,
substantially cylindrical second anode.element having a
longitudinal slot therein and a second filament within
said second element disposed on the longitudinal axis of
said second element, said second element being disposed
with the slot therein adjacent and substantially parallel
to the slot in said first element.

6. An ionization gauge as set forth in claim 5, further
including a conductive member covering and spaced from
each end of said second element.

7. An jonization gauge as set forth in claim 5, including
means for heating said first and second filaments, means
coupled to said first discharge device for maintaining its
grid at a positive potential with respect to its filament
and its filament at a positive potential with respect to its
anode element, means coupled to said second discharge
device for applying a potential difference between the fila-
ment and anode element thereof to cause space-charge
limited operating thereof, and for maintaining said sec-
ond member at a positive potential with respect to said
first member, and means in circuit with said second dis-
charge device for measuring the current therethrough.

8. An ionization gauge as set forth in claim 5, includ-
ing means for heating said second filament, said first fila-
ment being maintained cold, means for maintaining said
grid at a positive potential with respect to said second fila-
ment and said second filament at a positive potential with
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respect to said first filament, and means in circuit with
said first and second filaments for measuring the space
current therebetween.

9. An ionization gauge as set forth in claim 5, includ-
ing means for heating said first filament, means for main-
taining said grid at a positive potential with respect to
said first filament and said first filament at a positive
potential with respect to said first element, means for
flashing said second filament comprising means for quickly
heating said second filament from cold condition to incan-
descence, and means in circuit with said first discharge
device for measuring the change in current therethrough
due to said flashing of said second filament.

10. An ionization gauge comprising an envelope con-
taining a gas the pressure of which is to be measured;
a first space discharge device within said envelope com-
prising a hollow, substantially cylindrical first anode ele-
ment having a longitudinal slot therein, a first cathode
within said element disposed on the longitudinal axis
thereof and a grid within said element concentric with
said cathode; a second space discharge device within said
envelope adjacent said first device comprising a hollow,
substantially cylindrical second anode element having a
longitudinal slot therein and a second cathode within said
second element disposed on the longitudinal axis thereof,
said second element being disposed with the slot therein
adjacent and substantially parallel to the slot in said first
element; and a third space discharge device within said
envelope adjacent said first device comprising an unslotted,
hollow, substantially cylindrical third anode element, and
a third cathode within said third element disposed on the
longitudinal axis thereof, said third element being dis-
posed with its longitudinal axis substantially parallel to
that of said first element.

11. An ionization gauge as set forth in claim 10, fur-
ther including a bridge circuit having four arms, said
second and third devices being in series with the first
and fourth arms of said bridge, respectively, means in at
least a third arm of said bridge for varying the imped-
ance thereof, a source of potential to cause space-current
limited operation of said second and third devices con-
nected across said bridge from the junction of the first
and fourth arms thereof to the junction of the second
and third arms thereof, a meter for indicating unbalance
of said bridge connected between the junction of the
first and second arms thereof and the junction of the third
and fourth arms thereof, means for heating the cathode
of said first device, and means for maintaining the grid
at a positive potential with respect to said first cathode,
said first cathode at a positive potential with respect to
said first element, and said first element at a negative
potential with respect to said second element.
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