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This invention relates to thermionic valves of
the type in' which a:space charge limited cur-
rent is adapted to flow between cathode and an-
ode. - The invention is therefore distinguished
from certain other types of valves in which the
current from the cathode is controlled not by
space charge limitation but by deﬁectlon of the
electron beam.

The chief object of the present invention . is
to provide an improved thermionic valve in which
the disadvantages of wound grids are avoided
and to provide a valve of simplified manufacture
which may easily be made to have a variable mu

‘characteristic or to have a sharp cutoff so that

the slope of the grid voltage anode current char-
acteristic changes only slightly as the grid bias

‘approaches the value at which anode current be—

comes zero.

Previously proposed valves in whlch the cath-
ode is in the form of a straight rod and the con-
trol electrode is also in the form of a rod or rods
are easy to manufacture but require a large grid
bias to reduce the anode current to zero, that is
to say, the valve has a large:amount ‘of “tail.”

This disadvantage, it has been found, arises from

the fact that when the control electrode’is dis-
posed close to the cathode the control: exercised
on the cathode is not uniform around the surface
of the .cathode and, consequently, a large bias
is required on' the control elecirode before-the
control electrodé can exercise a sufficient control
around the whole area of the cathode to reduce
the anode current to zero.

According to the invention the control elec-
trode is placed at a sufficient distance from the
cathode for the control exercised on the elec-
trons on leaving the cathode to be substantially
uniform around the area of the cathode. In .one
embodiment of the invention a thermionic valve
comprising -at least a cathode, a confrol elec-
trode and an anode wherein the cathode is
rectilinear or rod-like, has & control electrode
also’ like a rod in a common plane with the
céathode and so positioned that the minimum
distance between the cathode and control elec-
trode is substantially constant along the length

‘of said electrodes, the interelectrode spacing be-

ing such that the distance of the.control elec-
trode from the cathode is sufficiently large com-
pared with the cross section of the cathode and

- the spacing of the anode or of any other positive

electrode from the cathode is sufficiently great
to.make the strength of the field which causes
electrons to leave the cathode to be substantially
independent for a given- anode current of the

(CL. 250—27.5)

relative values of the -electrode potentials pro-
ducing said field under normal operating condi-
tions.

For the purpose of this specification ‘“normal
operating conditions” means the condition in
which a space charge limited current flows and
in which the range of anode currents and voltages
is in the ratio of from 5 to 10:1. For example,
with a triode output valve the anode voltage may

vary between 50 volts and 350 volts whilst the
anode current may vary from 100 m/A to
10 m/A.

'The cathode either -of - the directly - or-indi-
rectly heated type-is preferably linear and of a
constant cross section along its length, the cross
section being either circular or rectangular. "In
the case of a cathode of circular- cross section
the current leaving each unit area of the cathode
is substantially constant around the whole sur-
face of the cathode even when: the relative values
of grid and anode voltages are changed, in such
a manner that the same current leaves the cath-
ode: - Where a cathode is employed -of a rec-
tangular cross section the current leaving each
unit -area of the-cathode may not be uniform
from point to point -but the distribution will be
again independent of the relative values of con-
trol electrode -and anode-potentials causing the
current to leave the cathode. The distance of
the control electrode from the cathode should be
at least two-and-a-half times-the cathode diam-~
eter when the latter is of circular-cross section
and two-and-a-half times the longest dimension
of the cathode cross section when the latter is of
rectangular form no matter which way the cath-
ode. is orientated: with- respect’ to the control
electrode.

The invention inay also‘be applied to tetrode,
pentode and other muiti-electrode valves, the ad-
ditional -electrodes' being of any suitable form

according to known -practice -and arranged at

suitable distances-from the cathode to perform
their required functions.

The position of the anode, which is preferably
cylindrical, or of the screening electrode is rela-
tively unimportant providing that no point of the
positive electrode (anode or screening electrode)
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is closer to the cathode than the distance of the

control - electrode from the cathode. For prac-
tical purposes the control electrode will seldom
be of smaller cross section than the cathode.
Preferably the control rod is a substantially
larger cross section than the cathode and may
to advantage be of a dxameter 5 to 10 times that
of the cathode. E
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The invention is particularly suitable for valves
which are designed for the generation of oscil-
lations of very high frequencies, such as those

encountered in television systems, and higher;

since the capacity between the cathode and the
control electrode can be made very small and

“the time of flight of the electrons very short.

By employing a valve-in accordance with the in-
vention which can be readily constructed with
a low amplification factor larger currents can. be
drawn by the anode and because of the larger
current flowing the time of flight of the elec-
trons. is reduced so that very high frequencies
can be obtained.

If desired, the control electrode may comprise
a plurality of rods and two or more cathodes may
be provided, each cathode being between adjacent
control rods, the cathodes and the rods of the
control electrode being in the same plane. Alter-
natively, the cathodes and the rods of the control
electrode may be on. the circumiference of an
imaginary cylinder. -

Since in the preferred form of the invention
bhoth cathode and control electrode are in the
form of .stra,lght rods they can be manufactured
with very little variation of their dimensions

throughout their length, enabling them to be

easily mounted in the same plane and parallel
to one another. The fact that the control elec-
trode may consist of a thick wire, and is not of
the usual wound construction, enables it to be
disposed sufficiently close to the filament to per-
mit of a high mutual conductance to be ebtained
without increased mlcrophomc or mechanical dif-
ficulties and enabling the time of the flight of
the electrons to be reduced and to permit of the
production of valves having low amplification
factors which are eminently -suitable both for
the detection and generation of oscillations of
very high frequencies.

In order that the 1nvent10n may be clearly
understood: and readily carried into effect the
same will now be more fully described with refer-
ence to the accompanying drawings in which:

Figure 1 is a diagrammatic cross sectional view
of a triode valve constructed in accordance with
the invention,

_ Figure 2 is a view similar to Figure 1 but il-
lustrating a modification,

Figure 3 illustrates a modlﬁcatlon of the in-
vention in which the control electrode comprises
2 pair of rods,

Figure 4 illustrates a modification in which
the control electrode comprises a plurality of rods
and a plurality of cathodes also provided.

Figure 5 illustrates a further form of the in-
vention,

Figure 6 illustrates yet another form of the in-
vention as applied to a tetrode valve,

Figure 7 illustrates two characteristic curves

of the valve shown in Figuré 6, and

Figure 8 of the drawings illustrates one form
of variable-mu valve constructed in accordance
with the invention and

Figures 9, 10, 11 and 12 illustrate further forms
of variable-mu valves.

As shown in Figure 1, the valve comprises a
cathode 18, a control electrode Il and a cylin-
drical anode 12. The cathode [0 is circular in
cross section and is a straight rod.. 'The cathode
may be indirectly heated or directly heated and
mounted in the conventional way.  The control
electrode 1 comprises a straight rod of circular
cross section arranged parallel to the cathode
10, the spacing of the cathode and control elec-
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trode being at least two-and-a-half times the
diameter of the cathode 16. The electrodes of
the valve will of course be mounted in a highly
evacuated envelope.
cylinder but optionally of other shapes, such-as a
flat plate, is disposed at a distance from the cath-
ode,; not less than the distance between the cath-
ode 10 and the control electrode [1. )

In Figure 2 the cathode I8 is of the indi-
rectly heated type and comprises an outer cas-
ing of rectangular form and coated with a suit-
able electron-emitting substance, and is pro-
vided. internally with a heater, not shown. The
control electrode {1 comprises a rod mounted
parallel to the cathode 18 and the distance be-
tween the cathode and the control electrode is
at least two-and-a-half times the longest dimen-
sion of the cathode cross section.

The construction of valves shown in Figures 1

and 2 are eminently suitable where low ampli- *

fication factors are required, but where high am-
plification factors are necessary the control elec-
trode may comprise two or more rods.

Figure 3 of the drawings illustrates such an
arrangement in which two control rods [ are
mounted on each side of the cathode (8. In this
arrangement the exact centering of the cathode
in the plane containing the axes of the rods {{
is not critical but care should be taken to ensure

that slight deviaticn of the cathode occurs in a i

direction at right. angles to the said plane.
Pigure 4 illustrates a somewhat similar con-

struction in which the control electrode com-

prises four rods {f and a plurality of cathodes

{0 is provided, a cathode 10 beinhg disposed be- .

tween adjacent rods !, as shown,

Figure 5 illustrates a modification of the ar-
rangement shown in Figure 4, in which the con-
trol electrode comprises six rods (I arranged
on the circumierence of an imaginary cylinder

indicated by the dotted line 13 and six cathodes

18 are provided each cathode being disposed
between adjacent rods {1 and also arranged on
the circumference of the imaginary cylinder 13.
In this arrangement an additional ancde 12a is
provided - arranged concentrically with the im-
aginary cylinder 3. In some cases the anode
12 may be omitted and the inner anode {2¢ alone
employed. With constructions employing up to
three rods constituting the control electrode, it is
preferable. to employ cylindrical anodes and where
additional electrodes are employed these should
also be of cylindrical form since some reduction
in the control electrode input capamty can be
thus obtained.

In a valve manufactured in accordance with
the invention and employing two filaments, each
1 mm. apart and 20 mms. long and of a diameter
equal to 0.05 mm. together with a control elec~
trode comprising three rod-like elements of 0.25
mm. diameter and 1 mm. apart, together with an
anode in the form of & cylinder 4 mms. in diam-
eter, the control electrode/anode capacity was
found to be 1 to 2 cms. the amplification factor 3
and the mutual conductance 2.2 m/A. per volt.
In a comparable valve having a filament 40 mms.
long and 0.03 mm. diameter bent info a V-shape
with a wound elliptical grid with a minor axis
of 1 mm, and supported on two rods each 1 mm.

in diameter and wound with molybdenum wire of -

a diameter of 0.1 mm. the mutual conductance
was found to be 1.5 m/A. per volt and the grid/an-
ode capacity 5 .to 6 cms, and the amplification

The anode 12 shown as a.
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tured with an amplification factor as low as 3
without considerable: difficulty.. :
Although it is possible to . employ .screening
electrodes in a wvalve in accordance with the .in-
vention, which screening electrodes may comprise
wire wound helices or meshes or & single rod. it
is.preferable t¢ employ as the screening electrode
one cousisting of rods similar to. and parallel to
the rods constituting the control electrode and
aligned therewith, since in’ this case, so-called
screened grid and other types of valves can be
constructed having a screen current.-as low .as
Y40 or. less of the cathode current... A:valve con-
structed in this manner is'shown. in Figure 6
with. two cathodes 10 and three rods 1§ consti-
tuting the control electrode.” On' each. side of
the control electrode three rods 14 are provided
arrgnged in ‘planes parallel to the plane: con-
taining fthe control electrodes and cathodes, the
rods 14 being parallel to one another and aligned
with the rods (1. Additicnal screening plates {5
are provided, preferably connected directly to the
cathode, carried by support bars 16, the electrodes
50 far described being surrounded by & cyhndricial
anode {2 supported by support bars {%.  The

cathodes 10 may be 0.05 mm. diameter and the .

rods {{ may be 0.5 mm. in diameter and the dis-
tance between the centres of adjacent rods i
may be 1 mm. 'The rods 14 may bé 0.25 mm. in
diameter, and the centres of the rods 14 may
be spaced from the centres of the rods 11 a dis-
tance of 1 mm. The anode 12 may have a di-
ameter of 15 mms. whilst the width of the plates
{5 may be 7 mms. and spaced from the centre
of the outermost rods Il a distance of 1 mm.
Two characteristic curves for-a valve constructed
in. accordance with ‘Figure 6 and with.the di-
mensions given are shown'in Figure 7. From the
first curve 18 it will be okserved that with a voli-
age of 80 volts applied to the scréening electrode

and with an anode voltage of 150 volts the anode -

current is reduced tozero at about 11 volts nega-
tive potential on the control electrode. ' The
second curve {9 indicates the condition in which
a voltage of 50 volts is applied to the screening
electrode. . and a. voltage of 150 volts is applied
to the anode, in this case, the anode current is
reduced to zero at a' neggjlve potential of 7 volts.
The ratio of the voltages for cut off, i. e, 11:7, is
substantially equal to the ratio of the screen volt-
ages,. namely 80:50.  'The valve has therefore
practically no tail,

It is found tha,t the electron. stream lea,vmg
the cathode can be made to take the form, in the

case wheie at least two' rod-like' elements are:

employed, as the control electrode, of thin sheets
of electrons travelling at right angles to the plane
of the control electrode, and thereby the screen~
ing electrode need not be close to the control
electrode  to ensure that the screen current is
small, he effect can be obtained by suitably
arranging the control electrode with respect to

" the cathode and by choosing appropriate operat-

65

ing potentials. The arrangement shown in Fig, 6
can produce the effect mentioned.  The screen-

" ing electrode may take the form of a slotted plate
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or cylinder or composed of rods;, the electron
stream passing through the slit or slots or the
space or spaces between the rods; In this way
the input capacity can be reduced. ‘

The contrel electrode may consist of a rod or
rods which are- sufficiently thick to enable heat
to be conducted along them readily. Emission

from. the control electrode and leakage can there-

fore be reduced by joining the rods of the qontrol

 pbaralie
able-ma characteristic.

electrode. to one or.more radiating fins at their
ends. Alternatively, in very large.valves, the said
rod. or rods may consist-of tubes, means being
provided for passing cooling liquid therethrough,
or nlay be terminated at one or both énds in
metal blocks which are cooled by liqidd. 'These
features can be applied to any type of valve
using rods as the control electrode.

Whilst, as stated above, the invention has pri-
marily been developed with & view to providing
a valve having very little “tail,” nevertheless, the
general construction of valve described in Fi igures
1. to 6 can be altered so as to provide valves with
8 predetermined degree of “tail” to function as,
variable-mu valves. - Figures 8 to 12 show vari-
ous forms of this aspect of the invention and in
all of :thesé figures the cathode is indicated by
the reference numeral 18, the control electrode
by the reference numeral {{ and a cylindrical
anode, which is shown in longitudinal section,
by the reference humeral 2. In these fizures
the control electrode need not be displaced from
the cathode a distance at least equal to two-and-
a~half times the cathode diameter, although if
the control electrode is so disposed, some advan~

tages accrue.

In Pigure 8 the corntrol electrode (f is shown
of a nonuniform cross section ahd is'in the form
of a cone. It will be appreciated that with this
construction the control electrode. will exercise
different control over. different portions of the
electron stream which is the essential function

~of ‘g, variable-mu valve.

In Figure 9 the control electrode {i is bent
aleng its length, such an arrangement also af-
fording.a variable-mu .characteristic, the amount
of bending of the control electrode {1 determin-
ing the amount of “tail.” .

Figure 10 illustrates a further form in which

the: control electrode i1 is in:the form of a rod

of uniform cross-section and the cathode 19 is of -

non-uniform section, as shown.'

+ In Figure 11 the control electrode l { is again
in the form of a rod and-the cathode 10 is bent
along its length, as shown. Where the cathode
0 is of the directly heated type suitable sup-
ports will be provided to maintain the cathode
i6 in the form showm.,:

In the arrangement shown. in qure 12, the'

cathode 18 and the control electrode i1 are both
inthe form of linear elements but are angularly
dlsplaced with respect to one anocther or are not
This construction also affords a vari-

In the examples described in Figures 8 to 12
the cathodes shewn in Figures 8, 9, 11 and 12 may
be either of the direcily or indir ectly heated type,
but the cathode shown in: Figure 10 is preferably
of the indirectly hedted type since it would be
difficult to manufacture a directly heated cathode
of the form shown in Figure 10. The cathodes
18 and the control electrodes i1 are preferably

of circular form in cross section, but of course

other sections may, if desired, be employed. Al-
though in each of the examples described in
these figures a single ‘rod is employed as the
control electrode;, more than one rod and more
than one cathode may, if desired, be used. - Ad-
ditional electrodes may be associated with the
valves, such as screening electrodes, in' known
manner.

I claim:

1. An electron discharge device comprising a
rectilinear cathode of uniform cross-section
throughout its length, an anode electrode having
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. a surface parallel to the surface of éaid cathode,

“and a rectilinear control rod of greater diam-

eter than said cathode and with its Iongitudinal
axis parallel to said anode surface and to the
longitudinal axis of said cathode, said rod being
the colsl~electrode nearest said cathode and
spaced from said cathode a distance at least two
and one-half times the diameter of said cathode,

. said -anode - electrode being spaced from said

BT

LY

cathode to make-the electron accelerating fleld
at said cathode substanually uniform about said
cathode.

2. An electron discharge. device as defined in
claim 1 in which the cathode is a filament and
the control electrede-is a straight rod of a diam-
eter several times that of the cathode

3. An electron discharge device as defined in.

' claim 1 in which the cathode is a straight fila-

ment and the cont_rol electrode is a straight rod -

having a diameter about ten times that of said

- cathode and Spaced from ssid cathode a dis-

tance about five times ‘the diameter of said
cathode.

4, An electron discharge -device including an
anode, a unipotential control electrode compris-
ing two spaced rectilinear parallel rods, a recti-
linear filamentary cathode of smalier diameter
than the minintim diameter of said rods and

" positioned between and in the plane of the lon-

56

; gitudinal axes of said rods and spaced. from each

of said rods a distance several times the diameter
of said cathode, and an accelerating electrode

comprising a pair of rectilinear parallel rods.in--

terposed between said anode and said control

-electrode with each rod.of said control electrode

coplanar with the corresponding rod of said ac-

celerating electrode in a plane transverse to- the’

plane of said control electrode.

5. An electron discharge device including an

node, a control electrode comprising a piurality
of spaced rectilinear parallel rods, a filamentary
cathode comprising rectilinear portions in the
plane of the longitudinal axes of said rods, each
of ‘said portions being of smaller diameter than
the maximum diameter of said rods and posi-
tioned: between. a pair of said rods and spaced
from each of said rods a distance several times
the diameter of said cathoede portion, and an

“gccelerating electrode comprising a plurality of

rectilinear parallel rods corresponding to the rods
of said control electrode interposed between said
anode and said control electrode with each rod

of said control electrode paraliel to.and aligned

with "a corresporiding rod of said actelerating
electrode in a plane which includes said corre-
sponding rods and intersects said anode.

“a.
P

tubular anode having a pair

6. An electron discharge .device. including an
anode, a control electrode comprising two spaced
rectilinear paraliel rods; a rectilinear filamentary
cathode positioned between and. in the plane of
the- longitudinal axes of said rods and spaced
from each of said rods a distance several times
the diameter of said cathode, and an accelerating

electrode between said anode and said control

electrode and comprising two rectilihear rods
parallel to said control rods each of said rods of

said accelerating electrode being coplanar with .

& corresponding rod of said: control electrode in
a plane normal to the plane of said control rods,
said anode being imperforate ‘and further from
said cathede than said accelerating electrode.

7. An electron discharge device as defined in
claim 6 having a pair of sheet electrodes at op-
posite ends of said control electrode and extend-
ing normal to the plane of said control electrode
and connected to said cathode. .

8. An electron discharge device including an
anode, a pair of rectilinear control rods parsllel
to the surface of said anode, a rectilinear cath-
ode between. and coplanar with said rods and
spaced from each control rod at least two and
one-half times the diameter of said filamentary
cathode, said cathode having a diameter less
than the maximum diameter of either control
rod, -and an accelerating electrode between said
anode and said control rods comprising a pair
of rectilinear rods paralle! to said control rods,
each of said accelerating electrode rods being
coplanar with a corresponding control grid red

-in a plane which intersects the surface of said

anode.

9. 'An electron discharge-device comprising a
-of diametrically
opposite. anode support rods, a pair of sheet
screening electrodes inside said anode and nor-
mal to the plane .of said anode support rods, a
confrol electrode between said screening elec-
trodes and comprising a plurality of rectilinear
parallel control rods, a -cathode comprising a
filament smaller than said control rods and hav-
ing a plurality of rectilinear sections less in num-
ber by one than said contrcl rods, each section
being between and ceoplanar with a pair of said
control rods and spaced from said rods at least
two and one-half times the diameters of said
section, and an accelerating electrode comprising
rectilinear rods equal in number to said control
electrede rods, each of said control electrode rods
being parallel to and coplanar with a corre-
sponding control rod in a: plane normal to the
plane of said control electrode.
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