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3,239,75 
ELECTRON EMISSION MONTOR FOR MAGNE 

TRON-TYPE ONZATION GAUGE 
James M. Lafferty, Schenectady, N.Y., assignor to Gen 

eral Electric Company, a corporation of New York 
Filed Sept. 26, 1961, Ser. No. 40,857 

11. Claims. (C. 315-108) 
This invention relates to magnetron-type ionization 

gauges and ion sources and in particular to apparatus of 
this type wherein novel means are provided for monitor 
ing the electron emission current therein. 

ionization gauges in the form of a simple triode-tube 
structure are well-known and widely used in the art for 
measuring gas pressure under high-vacuum conditions. 
Such apparatus include a thermionic cathode, an anode, 
and an ion collecting electrode. 

Contamination of the cathode by various gases and by 
positive ion bombardment may produce changes in the 
thermionic activity of the cathode of such ionization 
gauges so that electron emission current varies even though 
the power supplied to the cathode remains constant. The 
desirability of maintaining a constant electron emission. 
current in an ionization gauge for a series of pressure 
measurements has led to the development of a variety of 
means for regulating such electron emission. These vari 
ous types of regulation means automatically control the 
power supplied to the thermionic cathode of the ioniza 
tion gauge to adjust its temperature and provide a con 
stant electron emission therefrom independent of moder 
ate variations in its thermionic activity. Such regulation 
means are responsive to a signal derived by monitoring 
the electron emission current to the positively biased anode. 

Since, in the conventional triode-tube type ionization 
gauge, the positively biased anode collects the tempera 
ture limited emission current, the anode current is essen 
tially proportional to the emission current independent of 
the gas pressure. In a magnetron-type ionization gauge, 
Such as, for example, my improved gauge described and 
claimed in U.S. Patent No. 2,884,550, which is assigned 
to the assignee of the present invention, however, there 
is no electrode which collects the temperature-limited 
emission current. For example, the anode current in such 
magnetron-type ionization gauges is found to be propor 
tional to the emission current only at pressures below 
about 109 millimeters of mercury. At higher pressures 
the anode current is dependent on both emission current 
and gas pressure. In magnetron-type ionization gauges 
heretofore known, therefore, there has been no convenient 
and reliable way to monitor the electron emission cur 
rent and thereby utilize the known emission regulation 
means for maintaining a constant electron emission cur 
rent therein. Since magnetron-type ionization gauges of 
the type described and claimed in the above referenced 
United States patent are capable of measuring much lower 
gas pressures than prior art ionization gauges of the con 
ventional triode-tube type, it is extremely desirable to 
provide these improved ionization gauges with simple 
and inexpensive means for providing for a constant elec 
tron emission current as well as means for determining 
the electron emission current under operating conditions. 

It is an object of this invention, therefore, to provide 
a new and improved ionization gauge of the magnetron 
type which substantially overcomes one or more limita 
tions of prior art ionization gauges of this type. 

It is a further object of this invention to provide a new 
and improved ionization gauge of the magnetron-type 
wherein means are provided for conveniently and accu 
rately monitoring the electron emission current. 

It is a still further object of this invention to provide 
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2 
an improved ionization gauge of the magnetron-type hav 
ing means adapted for deriving a signal proportional to 
the electron emission current therein for use with known 
regulation means for maintaining the electron emission 
current at a constant value independent of moderate vari 
ations in the thermionic activity of the cathode of the ionization gauge. 

Ionization gauges of the magnetron type include a 
thermionic cathode, an anode, and an ion collecting elec 
trode in close juxtaposition to one another, and electric 
bias means for operating the gauge under cut-off condi 
tions whereby electrons from the cathode fail to reach the 
anode and form a rotating space charge cloud surround 
ing the cathode. Ions formed by electron collisions with 
gas molecules within the cathode-anode space are col 
lected by the ion collecting electrode to give an indica 
tion of the gas pressure. 

Briefly stated, an improved ionization gauge of the 
magnetron-type in accordance with one aspect of this in 
vention, comprises means for monitoring the electron 
emission current from the cathode. This means includes 
an additional or "monitor' electrode in close juxtaposi 
tion to the cathode and disposed within the rotating space 
charge cloud which surrounds the cathode. 
The novel features believed characteristic of the present 

invention are set forth in the appended claims. The 
invention itself, however, together with further objects 
and advantages thereof may best be understood by refer 
ence to the following detailed description taken in con 
nection with the accompanying drawing in which: 
FIGURE 1 shows a series of curves illustrating the 

relationship of anode cut-off current to gas pressure in 
a typical magnetron-type ionization gauge for several 
values of emission current, 
FIGURE 2 is a vertical sectional view of a magnetron 

type ionization gauge constructed in accordance with the present invention, 
FIGURE 3 is a section along the line 3-3 of FIG 

URE 2 showing a suitable space relationship of the 
monitor electrode for collecting the electron emission 
current of the electron source, 
FIGURE 4 illustrates the current-voltage characteristic 

of the electrode means for monitoring the emission cur 
rent in accordance with this invention for an emission 
current of 10 ampere and a pressure of 2X 10.6 milli 
meters of mercury, and, 
FIGURE 5 illustrates the emisison current to the moni 

tor electrode in accordance with this invention as a func 
tion of pressure for various values of emission current 
(Io) and applied electrode potentials. 

Since magnetron-type ionization gauges are capable of 
measuring much lower gas pressures than other types, 
they are extremely important devices for measuring gas 
pressures under high-vacuum conditions. In a magne 
tron-type ionization gauge operated with a magnetic field 
having an intensity greater than the cut-off value, how 
ever, there is no means of measuring the electron emis 
sion current by monitoring the anode current. This may 
best be shown by reference to FIGURE 1 which illus 
trates curves of anode cut-off current as a function of gas 
pressure for several values of emission current. The cut 
of current is dependent on gas pressure for the emission 
currents shown except at very low pressures. For ex 
ample, the anode current is proportional to the electron 
emission current only at pressures below about 10-9 mil 
limeters of mercury; above that pressure the anode cur 
rent depends upon both the electron emission cur 
rent and the gas pressure. Thus, the anode current does 
not give an accurate indication of the electron emission 
Current except at these very low pressures. A signal de 
rived from the electron current to the anode, therefore, 
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is unsuitable for use with the conventional emission regu 
lator means since the anode current in a magnetron-type 
gauge does not provide an indication of the electron emis 
sion current. 
The absence of a convenient means of monitoring the 

electron emission from the cathode in ionization gauges 
of the magnetron-type may often limit their usefulness 
for many important applications. For example, to as 
sure accuracy when making a series of pressure measure 
ments, it is not only desirable, but often necessary, that 
the electron emission current be maintained at a constant 
value independent of the thermionic activity of the cath 
ode. This limitation is overcome in acordance with this 
invention by providing a magnetron-type ionization gauge 
with an additional or monitor electrode means for col 
lecting the temperature-limited electron emission current. 
The electron current to this additional electrode means 
is found to be essentially proportional to the electron 
emission current independent of pressure over an ex 
tended pressure range. 

In FIGURE 2 there is shown a vertical sectional view 
of a magnetron-type ionization gauge incorporating 
means for monitoring the electron emission current in 
accordance with this invention. A suitable envelope is 
provided for enclosing the electrodes of the magnetron 
type ionization gauge such as a glass or vitreous envelope 
1 having a re-entrant portion 2 at one end thereof. An 
anode cylinder 3 is disposed within envelope 1 and 
mounted therein on a suitable support such as support pin 
4. Support pin 4 extends through and is hermetically 
sealed to re-entrant portion 2 of envelope 1 and is pro 
vided with an extension 5 which serves as a suitable ter 
minal means for applying the appropriate operating po 
tential to the anode cylinder 3. A thermionic cathode 6 
is mounted axially aligned with the longitudinal axis of 
anode cylinder 3. For example, cathode 6 may be a 
doubled filament of tungsten or the like mounted within 
envelope 1 and disposed along the longitudinal axis of 
anode cylinder 3 by means of cathode support rods 7 and 
8 respectively; cathode support rods 7 and 8 extending 
through and being hermetically sealed to re-entrant por 
tion 2 of envelope 1 and being further provided with ex 
tensions 9 and 10 respectively which serve as suitable ter 
minals for connection of the appropriate voltage to the 
cathode. Alternatively, cathode 6 may be an axial fila 
ment or a ribbon-type cathode supported at each end in 
well-known manner. 
A pair of end plates 11 and 12 are provided near op 

posite ends of anode cylinder 3 for collecting ions and 
preventing escape of electrons from the cathode-anode 
space. Although both end plates 11 and 12 may be 
utilized for the collection of ions it is often convenient to 
provide that only one end plate, for example plate 11, be 
employed as the “ion collecting electrode' while end plate 
12 is employed as a "shield electrode.” In this case the 
end plate 12, denominated the "shield electrode,' is oper 
ated at a voltage in the range of about 15 to 100 percent 
of the negative voltage applied to the end plate 11 de 
nominated the "ion collecting electrode.” The operation 
of an ionization gauge of this type is insensitive to the 
exact voltage applied to the shield electrode in this range 
of voltage. This arrangement reduces the sensitivity of 
the gauge, but has the advantage that only one end plate 
need be carefully insulated to prevent electrical leakage. 
End plates 11 and 12 may be conveniently supported by 
support rods 13 and 14 respectively which are further 
utilized as terminal means for applying the operating po 
tential to shield electrode 12 and output means from ion 
collector electrode 11 respectively. 
A cylindrical magnet 15, which may be an electro 

magnetic coil or a permanent magnet, is fitted closely 
around the outside of envelope 1 and provides means for 
applying an axial magnetic field substantially perpendicu 
lar to the normal path of electrons from cathode to 
anode. The intensity of the magnetic field is correlated 
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4. 
with the cathode-anode potential to assure operation be 
yond cut-off conditions. Typically the magnetron-type 
ionization gauge is operated at about two or three times 
the cutoff value. Under such operating conditions elec 
trons from the cathode are caused to traverse spiral paths 
so that such electrons fail to reach the anode and form 
a rotating space charge cloud surrounding the cathode. 
Connection of the ionization gauge to a vacuum system 
whose pressure is to be measured is provided by a tubula 
tion 16 provided, for example, in one end of envelope 1. 
Under typical normal operating conditions a magnetic 
field of about 250 oersteds is applied to the magnetron 
ionization gauge with a positive voltage of about 300 
volts applied to the anode cylinder 3, a negative voltage 
of about 45 volts applied to the ion collector electrode 
11, and a negative voltage of about 10 volts applied to 
the shield electrode 12, 

For clarity and simplicity of explanation the above 
description has been with reference to an ionization gauge 
of the magnetron-type enclosed within a suitable envelope 
of glass or the like. It is to be understood, however, that 
various other constructions of such ionization gauges of 
this type are known in the art, such as for example, the 
ceramic-metal construction of the improved magnetron 
ionization gauge shown and described in my above refer 
enced United States Patent No. 2,884,550. The particu 
lar construction of the basic magnetron-type ionization 
gauge itself is not part of the present invention and is 
not critical with respect thereto so that it is to be under 
stood that any magnetron-type ion source structure is 
suitable in the construction of the improved ionization 
gauge in accordance with my present invention. 

In accordance with the present invention, therefore, 
means are provided for collecting the temperature-limited 
electron emission current within the magnetron-type 
ionization gauge. To this end there is provided a monitor 
electrode 17 in close juxtaposition to thermionic cathode 
6 and positioned so as to be well within the rotating 
space charge cloud established by the magnetron struc 
ture when the device is operated beyond cut-off condi 
tions. For example, monitor electrode 17 may have a 
probe-like configuration as illustrated and may be con 
veniently disposed parallel with and closely adjacent to, 
the thermionic cathode. A suitable arrangement of 
monitor electrode 17 and cathode 6 may be as illustrated 
in more detail in FIGURE 3. In this way, monitor elec 
trode 17 is well within the rotating space charge cloud 
surrounding the cathode. Preferably the monitor elec 
trode 17 should be sufficiently small and so located that 
the potential distribution of the rotating space charge 
cloud is essentially unaltered thereby. For example, 
monitor electrode 17 may be conveniently in the form 
of a wire having a diameter as small as in consistent with 
adequate structural considerations. Electrode 17 may 
be suitably supported by a support rod 18 which extends 
through and is hermetically sealed to the re-entrant por 
tion 2 of envelope 1; the terminal portion of support 
rod 18 being suitable for use in applying the appropriate 
operating potential to monitor electrode 17. It is desirable 
that only the small diameter monitor electrode 17 collect 
the temperature limited emission current from the cathode 
and, therefore, the larger diameter support rod 18 is 
preferably prevented from collecting such electrons. This 
may be provided, for example, by assuring that the end 
of support rod 18 does not extend beyond the plane of 
the shield electrode 12 and into the cathode-anode space 
where electrons would be collected thereby. 
With an applied magnetic field and with a slight posi 

tive potential applied to monitor electrode 17, the elec 
tron current thereto is found to be proportional to the 
temperature limited emission of the thermionic cathode 
independent of pressure over the normal operating range 
of the gauge. Further, the current to this monitor elec 
trode is found to depend only upon the electron emission 
from the cathode and to be a small fraction thereof. 
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Thus, the current to this electrode can be used to monitor 
the emission of the cathode of the magnetron-type ioniza 
tion gauge or utilized to control a regulation circuit 
means to regulate the power supplied to the cathode and 
thereby provide for a constant emission therefrom inde 
pendent of moderate variations in its thermionic activity. 
A suitable circuit for regulating the power supplied 

to the cathode is shown in FIGURE 2 and comprises a 
battery 20, for applying a slight positive potential to 
monitor electrode 17, and a resistor 21 in which the 
current to the monitor electrode 17 is developed. This 
voltage is amplified and applied to a first winding of 
saturable reactor 22 to control the A.C. impedance of the 
second winding which controls the heater voltage applied 
to the cathode 6 to maintain the electron emission at 
a constant level. 

In FIGURE 4 there is shown the current-voltage char 
acteristic A of monitor electrode 17. Curve A illustrates 
the current-voltage characteristic of this electrode for a 
typical magnetron-type ionization gauge constructed in 
accordance with this invention with normal applied mag 
netic field of 250 oersteds and applied voltages of --300 
volts, -45 volts and -10 volts to the anode cylinder, 
ion collector electrode, and shield electrode respectively 
and at a pressure of about 2 x 106 millimeters of mer 
cury. 
Under the above operating conditions and even at 

relatively high pressure FIGURE 4 shows that at negative 
voltages greater than about three volts applied to monitor 
electrode 17, the ion current thereto is constant and 
approximately equal in magnitude to the ion collector 
electrode current. As the voltage of monitor electrode 
17 is made less negative, electrons are able to reach it 
and subtract from the ion current until, as electrode 
17 is made positive, the electron current to it increases 
rapidly causing the rotating space charge in the ioniza 
tion gauge to decrease. This latter effect is evidenced 
by a decrease in both the ion colletcor current and the 
cut-off current to the anode. It will be further observed 
in connection with FIGURE 4, that at a positive voltage 
of about 12 volts the current to monitor electrode 17 
is nearly equal to the emission of the thermionic cathode. 
Preferably, therefore, the voltage applied to monitor elec 
trode 17 should be sufficiently large to assure that the 
electron current collected thereby is large compared to 
the ion current for the pressure range of operation, but 
not so large as to appreciably reduce the sensitivity of 
the gauge. Although the exact value of this voltage 
depends upon the particular construction of the mag 
netron gauge, for a gauge such as illustrated in FIGURES 
2 and 3 the voltage applied to monitor electrode 17 may 
be in the range of about 1 to 5 volts. 

In FIGURE 5 there is shown the relation between 
the electron current to electrode 17 and pressure for 
several values of cathode emission current (Ia) and for 
potentials applied to electrode 7 of 1, 2 and 5 volts 
respectively. In FIGURE 5, therefore, it is shown that 
with a constant potential applied to electrode 17, the cur 
rent thereto is proportional to the emission current pro 
vided the ion current to electrode 17 is negligible. A 
comparison of FIGURES 1 and 4 shows that the electron 
current to electrode 17 is far less dependent on gas pres 
sure than is the anode cut-off current. For example, 
with about 5 volts positive on electrode 17 and under 
normal operatnig conditions where the emission current 
is about 10-7 amperes, the electron current to electrode 
17 decreases less than 25 percent for pressures from 109 
to 10-6 millimeters of mercury while the anode cut-off 
current increases nearly two orders of magnitude over 
the same pressure range. With 2 volts positive on elec 
trode 17 and for the same emission current, the current 
to electrode 17 is reduced to 17 percent at 10 mil 
limeters of mercury. The variation in the current to 
electrode 17, therefore, is sufficiently small to permit 
use of the current to this electrode to monitor the 
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emission current of the thermionic cathode over an ex 
tended pressure range. 
The relationship of the various electrodes, one to the 

other, may be shown in still more detail by the follow 
ing description of a specific ionization gauge which is 
representative of a typical magnetron-type ionization 
gauge incorporating the present invention. The follow 
ing description is given by way of example only and is 
in no way intended as limiting the present invention. 
One typical magnetron-type ionization gauge, for ex 

ample, such as that described in my article in the Journal 
of Applied Physics, vol. 32, No. 3, March 1961, pages 
424-434, has an anode cylinder 1%6 inch in diameter 
and 1/8 inches in length. End plates, functioning as ion 
collector and shield respectively, are 1 inch in diameter 
and displaced A6 inch from the ends of the anode cylinder. 
The anode cylinder and end plates are constructed of 
.005 inch molybdenum sheet material while the support 
ing leads are of molybdenum wire .040 inch in diameter. 
A thermionic cathode of the "hairpin-type' 34 inch in 
length and constructed of .008 inch diameter tungsten 
wire is positioned along the axis of the anode cylinder 
with the tip thereof displaced from the immediate region 
of the ion collector electrode to assure the supression 
of positive ion emission. For increased sensitivity and 
ability to measure pressures lower than about 108 mil 
limeters of mercury the magnetron-type ionization gauge 
may be operated in accordance with the teaching of my 
above referenced Patent No. 2,884,550 wherein cathode 
anode currents of about 0.1 to 1.0 microampere are 
utilized. 

In accordance with the present invention the above 
ion gauge is provided with means for monitoring the elec 
tron emission current by the combination therewith of a 
monitor electrode. The monitor electrode is a probe-type 
electrode constructed of .010 inch diameter tungsten wire 
% inch in length positioned parallel with the thermionic 
cathode and displaced .040 inch therefrom. Thus, as 
shown in detail in FIGURE 3 the monitor electrode is 
equally spaced from the base members of the doubled 
cathode. Normal operating conditions for such an ioniza 
tion gauge are a magnetic field of about 250 oersteds and 
applied potentials of about --300 volts to the anode cyl 
inder, about -45 volts to the ion collector electrode, about 
-10 volts to the shield electrode, and from about --2 to 
--5 volts to the monitor electrode. 
There has been described hereinbefore, therefore, an 

improved magnetron-type ionization gauge in which novel 
means are provided for monitoring the electron emission 
current of the thermionic cathode thereof; such means in 
cluding the provision, in combination with the magnetron 
structure, of an additional electrode, referred to in the 
specification and claims as a "monitor electrode,' in close 
juxtaposition with the thermionic cathode and so posi 
tioned with respect thereto to be within the rotating space 
charge cloud established in the magnetron structure when 
operated beyond cut-off conditions. The electron cur 
rent to this electrode, being essentially independent of 
pressure over an extended operating range, may be em 
ployed to monitor the electron emission from the therm 
ionic cathode or to serve as a signal to operate an emis 
sion regulator for the magnetron ionization gauge to main 
tain the electron emission of the cathode constant inde 
pendent of moderate variations in its thermionic activity. 
While only certain preferred features of this invention 

have been shown by way of illustration, many modifica 
tions and changes will occur to those skilled in the art. It 
is, therefore, to be understood that the appended claims 
are intended to cover all such modifications and changes 
as fall within the true spirit and scope of the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. In a magnetron-type ion source having an electron 

emitter, an anode in close juxtaposition with said electron 
emitter, and electrical bias and magnetic field means for 
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operating said ion source beyond cut-off conditions where 
by the electrons from said electron emitter fail to reach 
said anode and form a rotating space charge cloud Sur 
rounding said electron emitter, the improvement com 
prising: an electron-collecting electrode member in juxta 
position to said electron emitter and disposed within said 
rotating space charge cloud for monitoring the electron 
current in said ion source, said electrode member being 
small relative to said space charge cloud to reduce ion 
collection thereby. 

2. In a magnetron-type ionization gauge having an elec 
tron emitter, an anode in close juxtaposition with said 
electron emitter, and electrical bias and magnetic field 
means for operating said ionization gauge beyond cut-off 
conditions whereby the electrons from said electron emit 
ter fail to reach said anode and form a rotating space 
charge cloud in the cathode-anode space and surrounding 
said electron emitter, the improvement comprising: a 
probe-like monitor electrode member disposed within said 
cathode-anode space and positioned within said rotating 
space charge cloud; and means for applying a voltage to 
said monitor electrode of sufficient magnitude that the 
electron current collected thereby is large compared to the 
ion current, said monitor electrode being operative to col 
lect electron current from said electron emitter without 
appreciably affecting the sensitivity of said ionization 
gallge. 

3. The ionization gauge of claim 2 wherein the monitor 
electrode potential is in the range of about 1 to 5 volts. 

4. In a magnetron-type ionization gauge having a therm 
ionic cathode, an anode, and an ion collecting electrode 
and electrical bias and magnetic field means for operat 
ing said ionization gauge beyond cut-off conditions where 
by electrons from said cathode are caused to travel spiral 
paths and fail to reach said anode forming a rotating space 
charge cloud surrounding said cathode, the improvement 
comprising: a probe-like monitor electrode in juxtaposition 
to said cathode and positioned within said rotating space 
charge cloud for collecting the temperature-limited elec 
tron emission current from said cathode. 

5. The ionization gauge of claim 4 wherein said monitor 
electrode comprising a wire and is disposed closely ad 
jacent to and spaced from said thermionic cathode. 

6. The ionization gauge of claim 5 wherein the diam 
eter of said probe-like monitor electrode is sufficiently 
small and said electrode so positioned that the potential 
distribution of said rotating space charge cloud is es 
sentially unaltered by said monitor electrode. 

7. In a magnetron-type ionization gauge having a therm 
ionic cathode, an anode, and an ion collecting electrode, 
and electrical bias and magnetic field means for operating 
said ionization gauge beyond cut-off conditions whereby 
electrons from said cathode are caused to travel spiral 
paths and fail to reach said anode forming a rotating Space 
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charge cloud Surrounding said cathode, the improvement 
comprising: a probe-like monitor electrode in juxtaposition 
to said cathode and positioned within said rotating space 
charge cloud; and means for applying an appropriate op 
erating voltage to said monitor electrode to cause said 
monitor electrode to collect the temperature-limited elec 
tron emission current from said cathode without ap 
preciably affecting the sensitivity of said ionization gauge. 

8. The ionization gauge of claim 7 wherein the operat 
ing voltage applied to said monitor electrode is correlated 
with respect to the position of said monitor electrode 
within said rotating space charge cloud to assure that said 
monitor electrode is at substantially the same potential 
as that of the region of said space charge cloud within 
which it is disposed. 

9. The ionization gauge of claim 8 wherein said therm 
ionic cathode is of the doubled filament type having spaced 
base members and said monitor electrode comprising a 
wire positioned approximately equidistant from the said 
base members of said thermionic cathode. 

10. The ionization gauge of claim 9 wherein the op 
erating voltage applied to said monitor electrode is in the 
range of about 1-5 volts. 

11. In a magnetron-type ionization gauge having a 
thermionic cathode, an anode, and a collector electrode 
disposed in close juxtaposition to one another; electric bias 
and magnetic field means for operating said gauge beyond 
cut-off conditions whereby electrons from said cathode 
fail to reach said anode and form a rotating space charge 
cloud surrounding said cathode; and means controlling 
the electrical current Supplied through said cathode at a 
rate to maintain electron current between said cathode and 
said anode at a value of 0.1 to 1.0 microampere, the im 
provement comprising: means for monitoring the electron 
current in said gauge, said means including an electron 
collecting electrode in close juxtaposition to said cathode 
within said rotating space charge cloud, and means for 
maintaining said additional electrode at a slight positive 
potential with respect to said cathode. 
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