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This invention has reference to the amplifica-
tion of electric oscillations by means of thermi-
onic devices. It is known that when these de-
vices are to be used for amplifying purposes it
is desirable that the slope of the grid voltage-
anode current characteristic should be steep.
With the customary triodes the steepness of the
static characteristic decreases to an appreciable
extent when oscillations are impressed on the
control grid because these oscillations are trans-
ferred to the anode amplified, but in opposite
phase, so that when the grid potential increases
the anode current will on the one hand increase
under the influence of the said increasing poten-
tial but the current wiil on the other hand de-
crease under the influence of the falling anode
potential caused by the increased current flow
so that the resulting increase of the anode cur-
rent is diminished. In order to obviate this dis-
advantage with the final amplifier a so-called

screening grid may be used between. the control .

grid and the anode, said screening grid being
maintained at a constant and fairly high posi-
tive potential, whereby the possibility remains of
applying an appreciable negative grid bias to the
control gridi, which is very desirable in connec-
{ion with the comparatively large output energy
of the final amplifier. -

1If, however, a so-called final valve is used in an
ampiifier the phenomenon occurs that when the
anode potential decreases, the screening grid cur-
rent increases at the expense of the anode current
and that when this potential fall becomes so
large that the anode potential is less than the
poiential of the screening grid, secondary elec-
trons will pass from the anode to the screening
grid while part of the primary electrons which
reach a position between the screening grid and
the anode will reverse their direction, and return
tc the screening grid.. These phenomena result,
some to a greater extent and others to a smaller
extent, in the screening grid current increasing
at the expense of the anode current so that the
advantage incidental to the use of the screening
grid is again largely lost.

The invention is based on the recognition of
the just mentioned phenomena and consists
therefore in providing means which ensure that
when the anode potential falls the increase of the
screening grid current ab the expense of the
anode current will be substantially avoided. At
the present state of knowledge it is possible to
cuggest various means by which this object can
ke attained, said means being therefore also in-
cluded in the invention. Some of these means,

which on account of their simplicity and effica-
cious effect are particularly advisable, are the
following: :

1.. The screening grid and the anode of the final
amplifier have arranged between them an aux-
iliary grid kept at a constant potential which is
not materially higher, preferably even lower,
than the lowest instantaneous value of the anode
potential.

2. On the said auxiliary grid are impressed po-
tential variations which differ in phase by 180°
from the variations of the anode notential.

3. A discharge tube, having at least two auxil-
jary electrodes between the cathode and the an-
ode, is used as the final amplifier, the distance
between the anode and the outermost auxiliary
electrode being such that any electrons coming
from the anode are prevented from passing to
the said auxiliary electrode because of the space
charge of the auxiliary electrode.

4. A discharge tube is used having at least
three auxiliary electrodes between the cathode
and the anode, the auxiliary electrode on the
anode’s side being electrically connected to the
cathode. This electrical connection can be pro-

vided within the tube.

5. A discharge tube having at least two auxil-
iary electrodes between the cathode and the an-
ode is used as the final amplifier, the anode com-
prising a number of partitions directed radially
with respect to the cathode. The advantage of
this construction will be moré fully set out later.

In this construction of the discharge tube the
auxiliary electrode nearest the anode is prefer-
ably made of a number of conductors positioned
parallel to the cathode and so that each conduc-
tor is located in a plane with one of the anode
partitions and the cathode.

6. A discharge tube, having at least two auxil-
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iary electrodes between the cathode and the an- g5

ode, is used as the final amplifier, and in which
the auxiliary electrode nearest the cathode
screens the next following auxiliary electrode
against the electrons coming from the cathode.
For this purpose the first-mentioned auxiliary
electrode may be formed of a number of small
flat ribbons. This construction will also be ex~
plained hereinafter. :

7. A discharge tube having a screening grid,
is iised as the final amplifier, the said screening
grid being in turn screened by an auxiliary grid
in its proximity and nearer the anode, said aux-
iliary grid being -electrically connected to the
anode.

8. A final valve, having a screening grid,
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should be used, the active elements of the said
grid and those of the screening grid crossing each
other at substantially right angles.

The invention will be more clearly understood

by reference to the accompanying drawing in

which some circuit arrangements and tube con-
structions according to the invention are dia-

grammatically illustrated by way of example.

In the said drawing:

Figure 1 shows a circuit arrangement accord-
ing to the invention in which the final amplifier
is provided with an auxiliary grid between the
screening grid and the plate, the said auxiliary
grid being maintained at a constant positive po-
tential. )

Figure 2 is a diagram showing the potentials
of the various electrodes of the final amplifier
shown in Figure 1. .

Figure 3 shows a circuit arrangement corre-
sponding to that shown in Figure 1, the difference
being inter alia that the auxiliary grid is electri-
cally connected to the cathode.

Figures 4, 5, 6, 7 and 8 show diagrammatically
various constructions of those discharge tubes
which in accordance with the invention should
be preferably used as the final amplifier.

Figure 9 shows a circuit arrangement in which
the auxiliary grid has impressed on it alternat-
ing potentials which differ in phase by 180° from
the potential variations at the anode. i
. Referring to Figure 1 the secondary of a trans-
former 1 has one end connected to the control
grid 2 of the final valve and its other end is con-
nected through a-grid bias battery 7 to the nega-
tive end of the. cathode 6. .In addition the- dis-

. charge tube comprises a screening grid 3 which
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is connected preferably through a path of negli-
gible impedance to such a point of the high ten-
sion battery 9 that it is kept at a substantially
constant high positive potertial which, however,
is slightly lower than the average potential of the
anode 5. In the circuit of the anode 5 is in-
cluded a reproducer 10 (telephone, loudspeaker,
recording set or other load impedance). The
cathode 6 is supplied from a battery 8 which may
be connected across a variable resistor.
Between the screening grid 3 and the anode
5 is arranged an auxiliary grid 4 which is con-
nected to such a point of the battery 9 that the
potential of 4 is materially lower than that of
the screening grid 3. :
In the diagram shown in Figure 2, 3, 4 and 5
are graphically plotted so as to give a better idea
of the distribution of the electric field within the
discharge tube. The potential of the auxiliary
grid 4 should be so little positive that it can be
assumed with all reliability that the instantane-
ous anode tension never falls materially below
the potential of 4, even not with maximum po-
tential amplitudes on the control grid 2. There-
fore any secondary electrons emitted by the an-~
ode are absolutely prevented from passing to the
auxiliary grid 4 because the potential of 5 is so

much greater than that of 4 that the strength of -

the field, due to the potentials, increases contin-
uously and rapidly from grid 4 to anode 5.

The circuit arrangement may be slightly sim-
plified by connecting the auxiliary grid 4 direct-
ly to one of the ends of the filamentary cathode
6, as shown in Figure 3. By said direct connec-
tion it is. meant one that is non-inductive and
having therefore negligible impedance. The
auxiliary grid 4 consequently has a zero poten-
tial so that the same remarks made above in con-

5 nection with the secondary electrons from the
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anode apply in this case. In addition it is pos-
sible to directly connect the grid 4 to the ¢ath-
ode within the valve as shown in Fig. 4, or, if de-
sired, within the cap or base (not shown). Thus
the number of the contact screws or pins to be
fitted on the valve is decreased by one. A sec-
ond difference between the structure of Figure 3
and that of Figure 1 is that the screening grid 3
is connected to the positive end of the battery 9
and thus receives the same direct current poten-
tial as the anode 5. 'The output of the final valve
is thereby increased.

Figure 4 shows the principal elements of a
tube constructed according to the invention in
which the cathode and the anode have arranged
between them three auxiliary eléctrodes, the
outermost of which is electrically connected to
the cathode within the tube envelope. In this
construction the various electrodes are sealed
in a well known manner, with some of the car-
riers serving also as leading-in wires, in the glass
squeeze 13 of a stem only the uppermost part of
which is shown. The glass bulb or envelope to
which the stem is sealed is also, omitted in the
drawing.

The cathode 6 is formed by a taut wire or fila-
ment which is stretched between two carriers 11,

+the left hand one of which is lengthened upward-

ly and connected electrically ‘at the top to a
small metal beam 12 which in addition to the low-
er metal beam 22 serves to stiffen and support the
outermost grid 4. This grid serves as an auxil-
iary grid in the sense of the invention and is ar-
ranged between the anode 5 and the screening
grid 3. From Figure 4 of the drawing it will be
observed that the turns of wire of the auxiliary:
grid 4 are more widely spaced than those of the
screen grid 3; in other words, the former grid is
of more open mesh than the latter grid. The
latter .or screening grid is supported in a well
known manner by a small carrying beam 20 and
by two carriers 21 sealed in the squeeze 13. The
right hand carrier is led out through the squeeze.
Finally the screening grid 3 and the cathode 6
have between them a control grid 2 which, simi-

_larly to the two grids 3 and 4, is shown as a heli-

cally wound wire attached on the lower side to a
small carrying beam which is supported by means
of two carriers 23 sealed in the squeeze or press
13." The control grid carrying beam which may
be similar to those for the screen grid 3 and aux-
iliary grid 4 is not illustrated for the sake of
simplicity. The left hand carrier of the two last
mentioned carriers is led out through the squeeze
or press. The anode 5 is supported in a well
known manner by a stiff central carrier 24 which
is sealed in the squeeze 13 and led out through
this squeeze. There are therefore in the aggre-
gate five leading-out wires, four of which may, for
example, be connected to contact pins at the bot-
tom of the cap or base, whereas the fifth one, for
example the leading-out wire of the screening
grid, may be led to a contact screw (not shown)
on the cylindrical side wall of the same cap or
base. ) :

view of the electrodes of a discharge tube of
different construction. -Again the cathode 6 is a.
stretched wire which is surrounded by a control
grid 2 which may be of any constructiori. The
control grid is surrounded by & screening grid
3 formed by a number of small metal ribbons
parallel to the cathode 6 and arranged according
to radial planes, said ribbons being united at
their ends by metal rings. 'These rings are shown
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Figure 5 is a diagrammatical cross sectional
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as members 19 in Figure 6, which shows a longi-
tudinal section of such a tube construction. - The
anode 5 contains a number of radial partitions
15 which are in alignment with the ribbons 3 but
which are much wider than the latter. = These
partitions are united at their ends by flat rings
14 to form a. stiff aggregate. The intermediate
space between the grid 3 and the anode 5 should
preferably be small and also the intermediate
spaces 25 between the partitions 15 are pref-
erably kept small by choosing a large number of
partitions. This arrangement has for its object
to cause the electrons which have passed through

" the grid 3 and which show a tendency to return
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to the grid 3 instead of passing on to the anode,
and which because of this tendency to return
to grid 3, deviate laterally from their straight
paths, to be intercepted by the partitions 15 and
thereby reach the anode.

. If in this construction the control grid 2 is
formed by a helical coil or by a number of parallel
rings, the elements of the grid 2 and 3 cross each
other at substantially right angles. This will

have a favourable effect since the electrons will

consequently be less deviated from their straight
paths than they would be in case the said ele-
ments were substantially parallel to each other.

Another construction which has also for its
object to prevent the primary electrons which
have traversed the screening grid from returning
to the latter is shown in Figure 7. This figure
is a diagrammatic cross-sectional view of the
electrodes of a discharge tube according to the
invention, the grid 2 of which is formed by a
number of small flat ribbons parallel to the fila-
ment 6 and normal to the plane passing through
their longitudinal axis and the cathode. On that
side of the ribbons which is turned away from
the cathode are the elements, for example wires,
of the screening grid 3 which thus are almost
completely screened by the ribbons 2. This has
the effect that the electrons will deviate but lit-
tle under the combined influence of the grids 2
and 3, and therefore the tendency to return fo
the grid 3 will be lesséned. In addition, owing
to the screening effect of the control grid 2 on
the screening grid 3 there will be hardly any pri-
mary electrons that reach the screening grid
directly. If in addition the screening grid 3 is
surrounded by an auxiliary grid 4 which in the
manner before deseribed prevents the emission
of secondary electrons from the plate 5 to the
grid 3, all three prejudicial phenomena mentioned
in the opening part of the present specification
are consequently neutralized. .

With the invention it is possible to use a final
amplifier having a large power output and an

_ internal resistance which is so large as compared
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with the impedance of the reproducer (loud-
speaker or the like) that the current variations
through the reproducer follow exactly the poten-
tial variations of the control grid of the final
valve so that the reproduction is undistorted.
Referring to Figure 8 a third construction is
shown in which the electrons are prevented from
returning to the screening grid. For this purpose

‘a grid 16 is provided immediately outside the

screening grid and insulated therefrom and elec-
trically connected to the anode 5 (this electrical
connection is diagrammatically shown at 17) the
elements of the said grid being in alignment with
the elements of the screening grid. If now elec-
trons change their direction of movement in the
space between 16 and 5 the greater majority of

3

these electrons will impinge on the outer surfaces
of the element 16 and not on the grid 3.

Finally Figure 9 shows a circuit wrrangement
for a so-called “pentode” (five-electrode tube) in
which the additional grid 4 arranged between the
anode 5 and the screening grid 3 is connected to
a point subjected to potential variations opposite
in phace to those of the anode. For this purpose
the plate circuit. includes the primary of an out-
put transformer 18, the secondary of which in-
cludes the reproducer 10. Now the auxiliary grid
4 is electrically connected to that.end of the sec-
cndary the potential of which shows a phase dif-
ference of 180° with that of the anode. -By a
proper selection of the dimensions of the elec-
trodes the ratio of transformation of transformer
i8 the electrical field between the grid 3 and 4

will not be effected by potential fluctuations on

the anode.

In summary, the invention therefore comprises
means used either separately or in combination,
with a final amplifier having a screening grid be-
tween the control grid and the anode by which
the screening grid current is prevented entirely
or partially from increasing at the expense of the
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anode current when the anode potential falls. »

What we claim is:

1. An electron discharge device eomprising an
electron emitting cathode, an anode, a control
grid and a screen grid interposed between cath-
ode and anode, and means for producing a region
of constant relatively low potential in the space

between the screen grid and the anode for pre-.

venting the emission of secondary electrons from
the anode.

2. An electron discharge device having an elec-
tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means
for connecting the ancde to a source of positive
potential, means for maintaining the interme-
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diate grid at a consiant positive potential, and a
direct . non-inductive connection between the

cathode and the grid nearest the anode.

3. An electron discharge device having an elec-
tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means
for connecting the anode to a source of positive
potential, means for maintaining the interme-

-diate grid at a constant positive potential, and &

direct connection between the-cathode and the

‘grid nearest the anode through a path of negli-

gible impedance to signal frequencies.

4. An electron discharge device having an elec-
tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means for
connecting the anode to a source of positive po-
tential, meéans for maintaining the intermediate
grid at a constant positive potential, said means
including a connection through a path of negli-
gible impedance to signal frequencies, and a di-
rect connection between the cathode and the grid
nearest the anode through a pa*th of negligible
impedance to signal frequencies. )

5. An electron discharge device having an elec~
tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means for
connecting the anode to a source of positive po-
tential, means for connecting the intermediate
grid to a source of constant positive potential of
the same order of magnitude as that of said first
mentioned source, means for impressing a nega-
tive potential on the grid nearest the cathode and
a direct non-inductive connection between the
grid neaYest the anode and the cathode.’

6. An electron discharge device having an elec- :
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tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means
for connecting the anode to a source of positive
potential, means for connecting the intermediate
grid to a source of constant positive potential of
the same order of magnitude as that of said first
mentioned source, means for impressing a nega-
tive potential on the grid nearest the cathode
and a direct ccnnection between the grid near-
est the anode and the cathode through a path of
negligible impedance to signal frequencies.

7. An electron discharge device having an elec-
tron emitting cathode, an anode, and three grids
interposed between cathode and anode, means
for connecting the anode to a source of positive
potential, means for impressing on the interme-
diate grid through a path of negligible imped-
ance to signal frequencies a constant positive
potential of the same order of magnitude as thaf
of said first mentioned source, means for im-
pressing a negative potential on the grid nearest
the cathode and a direct connection between the
grid nearest the anode and the eathode.

8. An electron discharge device having an elec-
tron. emitting cathode, an anode, and three grids
interposed between cathode and anode, means

for connecting the anode to a source of positive
potential, means for impressing on the inter-

mediate grid through a path of negligible imped-
ance to signal frequencies a constant positive
potential of the same order of magnitude as that
of said first mentioned source, means for impress-
ing a negative potential on the grid nearest the
cathode and a direct connection between the
grid nearest the anode and the cathode, through
a path of negligible impedance to signal frequen-
cies. .

9. An electron discharge device having an elec-
tron emitting cathode, an anode and three grids
interposed between cathode and anode, means for
connecting both the anode and the intermediate
grid to a source of positive potential at points
having substantially the same potential, and a
direct connection within the device between one
of the other of said grids and the cathode through
a path of negligible impedance.

10. An electron discharge device having an
electron emitting cathode, an anode, and control,
screen and auxiliary electrodes interposed be-
tween cathode and anode in the order named,

. an input circuit connected to the control elec-

56

.60

65

70

75

trode, an output circuit including a source of
potential having its positive terminal connected
to the anode, a direct connection from a positive
terminal of said potential source to said screen
electrode and a direct connection within the de-
vice between the auxiliary electrode and the
cathode. .

11. The combination with an electron dis-
charge device having an electron emitting cath-
ode, an anode, and three grids interposed be-
tween cathode and anode, of an input circuit con-
nected to the grid nearest the cathode, an out-
put circuit which includes a source of potential
having its positive terminal connected to the
anode through a load, a non-inductive connection
from the grid nearest the anode to the cathode,
and a non-inductive connection from a positive
terminal of said source to the grid intermediate
the first and second grids through a low imped-
ance path,

12. The combination with an electron discharge
device having an electron emitting cathode, an.
anode, and three grids interposed between cath-
ode and anode, of an input circuit connected to

1,945,040

the grid nearest the cathode, an output circuit
which inclides a source of potential having its
positive terminal connected to the anode through
a load, a connection from the grid nearest the.
anode to the cathode through a low impedance
path, and a non-inductive connection from a
positive terminal of said source to the grid inter-
mediate the first and second
impedance path.

13. The combination with an electron dis-
charge device having an electron emitting cath-
ode, an anode, and three grids interposed between
cathode and anode, of an input circuit con-
nected to the grid nearest the cathode; an output
circuit which includes a source of potential hav-
ing its positive terminal connected to the anode
through a load, an electrical connection from the
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grids through a low
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cathode to the grid nearest the anode, said con- .

nection including means for maintaining said
grid positive with respect to the.cathode, and a
connection from a positive terminal of said source
to the grid intermediate the first and second
grids through a low impedance path.

14. An electron discharge device comprising -

an electron emitting cathode, an anode, a con-
trol grid and a screen grid interposed between
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cathode and anode, and means for effectively -

preventing the emission of secondary electrons
comprising an auxiliary grid, maintained at a
constant and relatively low potential, interposed
in the space between the screen grid and the
anode. .

15. An electron discharge device comprising
an electron emitting cathode, an anode, a con-
trol electrode.and a screen electrode interposed
between cathode and anode, and means for ef-
fectively suppressing the emission of secondary
electrons from the anode, comprising a third elec-
trode interposed in the space between the screen
electrode and the anode and so connected to the
cathode that a constant low potential is im-
pressed on said third electrode.

_16. An electron discharge device comprising
an electron emitting cathode, an anode, a con-
trol grid and a screen grid interposed between
cathode and anode, and means for effectively
suppressing secondary electron emission between
the screen grid and the anode comprising a third
grid interposed in the space between screen grid

.and anode and provided with a potential lower

than the potential corresponding to the potential
that it would otherwise have at the point where
said third grid is located.

17. An electron discharge device comprising
an electron emitting cathode, an anode, a con-
trol grid and a screen grid interposed between
cathode and. anode, and means for effectively
suppressing the emission of secondary electrons
from the anode, comprising a third erid inter-
posed in the space between the screen grid and
the anode and so connected to the cathode within
the device that a constant low potential is im-
pressed on said third grid. .

18. Electron discharge apparatus comprising a

device having an electron emitting cathode, an

anode, a control grid adjacent said cathode, a
screen grid interposed between said control grid
and said anode, a source of potential connected
to the anode through a load impedance whereby
said anode is subjected to varying potentials, and
means for substantially preventing a flow of sec-
ondary electrons between said screen grid and
said anode, comprising a grid interposed between
said screen grid and said anode and having a
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potential lower than the lowest instantaneous
value of the anode potential.

19. Electron discharge apparatus comprising a
device having an electron emitting cathode, an
anode, a control grid adjacent said cathode, a
screen. grid interposed between said control grid
and said anode, a source of potential connected
to the anode through a load impedance whereby
said anode is subjected to varying potentials, and
means for substantially preventing a flow of sec-
ondary electrons between said screen grid and
said anode, comprising an electrode positioned
to produce between said anode and said screen
grid a region having a fixed potential lower than
the lowest potential reached by the anocde dur-
ing operation.

20. Electron discharge apparatus comprising a
device having an electron emitting cathode, an
anode, a control grid adjacent said cathode, a
screen grid interposed between said controi grid
and said anode, a source of positive potential con-
nected to the anode through a load impedance
whereby said anode is subjected to varying po-
tentials, said source of potential being connected
also to the screen grid through a non-inductive
path, and means for substantially preventing a
flow of secondary electrons between said screen
grid and said anode, comprising an electrode
positioned to produce between said anode and
said screen grid a region having a fixed potential
lower than the lowest potential reached by the
anode during operation.

21. A circuit arrangement for amplifying elec-
tric oscillations comprising an electron discharge
tube having a cathode and an anode, a’ control

. grid adjacent said cathode, a screen grid adjacent

the control grid, a source of relatively high poten-
tial connected to the anode through an impedance,
means for keeping the screen grid at a constant
relatively high potential, and means to substan-
tially avoid an increase of screen grid current
at the expense of the anode current when the an-
ode potential falls below the potential of the
sereen grid as a resuls of the potential drop
across the impedance connected to the anode,
comprising an auxiliary grid adjacent the anode
and means for keeping the auxiliary grid at a
constant and relatively low potential.

22. The method of eliminating theeffects of
secondary electron emission between the screen
grid and plate elecirodes of a screen grid tube
which consists in maintaining between said screen
grid and said plate a region of constant space
potential lower than the potential of either said
screen grid or plate.

5
93. The method of eliminating the effects of
secondary electron emission between the screen
grid and plate electrodes of a screen grid tube
which consists in maintaining between the screen
grid and the plate a region of constant space po-
tential lower than-the potential corresponding to
the potential that it would otherwise have at the
point where said region is located. s
924. The method of controlling a flow of elec-
trons from an electron source to a cooperating
anode which comprises varying the flow of elec-
trons by impressing a variable potential upon a
con‘rol electrode adjacent said electron source,
sccelerating the flow of electrons toward said
anode by an accelerating electrode maintained
at a positive potential and interposed between
said electron source and said anode, and main-~
taining in the space.between said accelerating
electrode and said anode a region of positive po-
tential sufficiently low so that the effects of sec-
ondary electron emission between said anode and
said accelerating electrode are materially reduced,
95, The me'hod of controlling a flow of elec-
trons from an electron source to a cooperating
anode which comprises varying the flow of elec-
trons by impressing a variable potential upon a
control electrode adjacent said electron source,
accelerating the flow -of elecirons toward said
anode by an accelerating electrode maintained at
a, positive potential and interposed between said
electron source and said anode, and maintaining
adjacent to and coextensive with said.anode a
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space charge region at a fixed potential lower than -

the lowest instantaneous potential of the anode
whereby the effects of secondary electron emis-
sion between anode and accelerating electrode are
madterially reduced. )

96. An electron discharge device having an elec-

tron emitting cathode, an anode, and control, 4
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screen and auxiliary grids interposed between

caihode and auode in the order named, means
for impressing a positive potential upon said
anode to permit the flow of electrons from cath-
ode to anode, means directly connected to the
sereen grid for maintaining a region of constant
high potential between control grid and anode,
and a direct non-inductive connection between
cathode and auxiliary grid for maintaining a
region of constant low potential between the
screen grid and anode.

GILLES HOLST. .
BERNARDUS DOMINICUS HUBERTUS
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