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The present invention relates to devices comprising a
cathode-ray tube, the gun of which at least comprises a
cathode, a control electrode and a first anode, and in
which steps have been taken for increasing the modula-
tion curve slope or transconductance of the gun.

It is known that the slope of the modulation curve of
the gun of a cathode-ray tube can be increased by apply-
ing the control voltages not only to the control electrode
but- also to the first anode.

This can be effected in a simple manner by applying
the control voltages to the cathode since in this case
the cathode. potential alternates both with regard to the
conirol electrode and with regard to the first anode. This
effect is increased if the first anode has a considerable
penetration effect (durchgriff) on the cathode current,
since: an increase in voltage on the first anode then in-
volves an appreciable increase of the electron current
and consequently contributes to the increase in current
produced by the control electrode.

In practice, however, it is found that limits are set to
the increase of the penetration coefficient of the first
anode:. As a matter of fact, this penetration coefficient
may be increased by reducing the thickness of the control
electrode and by diminishing the distance of the control
electrode from the first anode and the cathode relative-
ly to the opening of the control electrode. However, a
limit is set to reducing the electrode spacings on account
of structural difficulties, while a greater grid-opening in-
volves a larger picture spot on the screen and consequent-
ly results in lower definition of the picture.

It is known to reduce these difficulties by supplying an
amplified signal to the first anode, the control signal be-
ing amplified by an amplifier tube which is in most cases
arranged outside the cathode-ray tube. This has a limi-
tation in that the higher capacity of the circuit elements
and their lead-through and junction conductors to the
anode and the grid of the amplifier tube adversely affects
the bandwidth of the signal by increasing the R-C time
of these elecirodes and the anode coupling resistance,
since the required anode current of the amplifier tube
should be heavy and the anode coupling resistance should
be low, for example 2000 ohms, in order for the R-C
time to be maintained sufficiently short with the higher
capacity.

These disadvantages are accentuated if the electrodes
of the gun are located very close together in order to in-
crease the penetration coefficient of the first anode, since
the capacity is also increased thereby. Hence, the ampli-
fier tube has to carry a considerable heavy current (ap-
proximately 20 to 30 ma. anode current).

If the triode system is incorporated in the gun of a
cathode-ray tube, a considerable increase of the R-C time
will still occur because with known circuits, a number of
circuit elements is present, which preferably should also
be incorporated in the cathode-ray tube if the increase
in capacities of the auxiliary amplifier is to be maintained
low relative to “earth” which, in turn, involves difficulties
in conjunction with the liberation of gas of these com-
ponent parts, unless using expensive particular parts.
Moreover, such component parts occupy much room,
which is a serious limitation since the usual dimensions of
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the neck of the cathode-ray tube scarcely allow of intro-
ducing the gun.

In a device comprising a cathode-ray tube of this type,
in which an amplification system is incorporated in the
gun, said disadvantages are avoided for the major part,
if in accordance with the invention, the control grid of
the amplification system is directly electrically connected
to the cathode of the gun, and the anode of the amplifi-
cation system is directly electrically connected to the first
anode of the gun, while the “control range of the control
grid” of the amplification system at maximum anode volt-
age (white picture) exceeds one-third of the control range
of the gun at a minimum voltage of the first anode (black
picture). - The term “control range” is here to be under-
stood to mean the range of the: control electrode voltage
between the cut-off point and the point at which the con-
trol electrode itself will collect current. The invention
yields the advantage that, as the case may be, only the
anode-coupling resistor of the amplification system need
be housed in the neck of the cathode-ray tube and that
this resistor may have a comparatively high value, since
the capacities relative to “earth” can be maintained low.
As a result, the amplification system has to carry only
a small current (approximately 4 ma. or less). Also, it
is no longer necessary highly to increase the penetration
coefficient-of the first anode artificially, and the control
electrode and the first anode can be spaced more widely
from each other, thus reducing the capacity between
these electrodes. By suitably shaping the control elec-
trode of the gun and the first anode, this capacity may
attain an extremely low value. Consequently, this per-
mits the gun to be built as advantageously as possible
with a view to the desired size of the picture spot.

In a specific example, the cathode for the triode-sec-
tion has a diameter of 1.8 mm. and a length of the emit-
ting surface of 6 mms. The grid consists of turns of 60
micron wires, wound with a pitch of 0.4 mm. The cath-
ode-grid spacing is 300 microns, and the grid to anode
spacing is 350 microns. The distance between the gun
cathode surface and the control electrode is. 100 microns,
and the distance between control electrode and first anode
is 250 microns.

In order that the invention may be readily carried into
effect, an example will now be described in detail with
reference to the accompanying drawing, in which

FIG. 1 is a sectional view of a cathode-ray tube hav-
ing a gun with incorporated amplification system, and

FIG. 2 shows schematically the circuit arrangement of
a gun comprising an amplifier according to the invention.

In the drawing, the reference numeral 1 designates the
cathode for producing the electron beam. The cathode
1 is secured to a ceramic tube 2 containing a heating
member 3. A cathode 4 with an electron-emissive layer
5 is provided on the lower part of the ceramic tube 2,
which cathode is surrounded by a grid 6 and an anode 7.
The grid 6 has such a considerable pitch (400 microns)
and is so located relatively to the cathode 4 and the anode
7 that the control range of the triode exceeds one-third
of that the gun at the voltage value of the first anode at
the instant the picture is “black.” In front of the cath-
ode 1, provision is made of a control electrode 8 for con-
trolling the intensity of the electron beam, a first accelerat-
ing anode 9 and final anode 10. The aggregate is in-
corporated in a glass envelope 12 of a cathode-ray tube.
As shown schematically in FIG. 2, the cathode 1 of the
gun is directly connected to the grid 6 of the triode sys-
tem, while the first anode 9 is directly connected to the
anode 7 of the triode and, through a resistor 11, to a
source of direct voltage of 4-220 v. The grid 6 and the
cathode 1 are connected to the anode of the video-output
tube 13 and are connected, through a resistor 14, to a
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positive voltage of, say, 90 v. The cathode 4 of the
triode is connected to a supply of +75 v. As may be
seen, solely the resistor 11 need be incorporated in the
vacuum space, in contrast to the aforesaid conventional
arrays. This resistor may have a comparatively high
value (for example 30,000 ohms), while the gun may be
proportioned as advantageously as possible in the usual
manner in view of the picture to be reproduced.

Hence, no undue compromise need be made for an
additional increase in penetration coefficient from the
first anode to the cathode. A suitable value of the pene-
tration coefficient is, for example, 40 to 50%.

As a result of the shape of the control electrode 8 and
the first anode 9 their relative capacity is very low, the
more so since their relative spacing need not be minimal.
As a matter of fact, this may then be 250 microns. As
a result, the R-C time of the anodes 7, 9 and the resistor
11 despite the use of a resistor 11 having a comparative-
ly high value, may be sufficiently low to maintain an
adequate bandwidth, In this embodiment, the capacity
is lower than the permissible maximum capacity of, say,
2 pf.

Since the construction of the triode is substantially in-
dependent of that of the gun itself, the pitch and size of
the grid and of the anode may be chosen to be such that
if the -anode voltage is maximum (for example 150 v.),
that is with a “white” signal, a large control range (ap-
proximately 20 to 30 v.) is obtained. This control range
should excead one-third of and may even be equal to that
of the control electrode of the gun, which latter control
range amounts to approximately 25 v. at a minimum first
anode voltage (with “black” signal approximately 60 v.).

When the picture is “black,” no gun current flows,
which means that, with cathode injection of the video sig-
nal, the cathode is most positive and so is the control
grid 6 of the amplifying triode to which it is directly
connected. With the grid 6 most positive, maximum
tube-current flows, which means that the plate 7, and the
gun anode 9 to which it is directly connected, are at their
minimum voltage value.

Although only one embodiment has been described, it
will be evident that the structural design of the gun and
of the triode system may, within the scope of the inven-
tion, be varied.

What is claimed is:

1. A cathode-ray tube comprising an envelope, an elec-
tron beam producing electrode system within the enve-
lope and comprising a first cathode, a first control grid,
and a first accelerating anode, an amplifying electrode
system also within the envelope and comprising a second
cathode, a second confrol grid, and a second anode, an

10

15

20

30

40

45

50

4

impedance within the envelope, means directly connecting
the first and second anodes together and to said imped-
ance, means for applying to the impedance a potential,
means directly connecting together the first cathode and
the second control grid, and means for applying a signal
potential to the connected first cathode and second con-
trol grid.

2. A tube as set forth in claim 1 wherein the imped-
ance is a resistor, a common heating filament is provided
for the first and second cathodes, the beam producing
electrode system has a planar geometry, and the ampli-
fying electrode system has a cylindrical geometry.

3. A cathode-ray device comprising an envelope, an
electron beam producing electrode system within the en-
velope and comprising a first cathode, a first control grid,
and a first accelerating anode, an amplifying electrode
system also within the envelope and comprising a second
cathode, a second control grid, and a second anode, an
impedance, means directly connecting together the first
and second anodes and coupling said direct connection
to said impedance, means for applying to the directly
connected anodes through the impedance a potential,
whereby the voltages appearing directly at the anode elec-
trodes vary between minimum and maximum values as a
function of the current flow through the amplifying elec-
trode system, and means directly connecting together the
first cathode and the second control grid, said amplify-
ing electrode system having a control grid voltage range,
between that value of control grid voltage at which cur-
rent through the electrode system is cut-off and that value
at which current flows to the control grid, at the maxi-
mum second anode voltage greater than one-third of the
corresponding control grid voltage range of the beam
producing electrode system at the minimum first anode
voltage.

4, A device as set forth in claim 3 wherein means are
provided for coupling a signal voltage to the directly-
coupled first cathode and second control grid.

5. A device as set forth in claim 3 wherein the imped-
ance is a resistor having a high value of resistance, and
the second control grid comprises a winding having a large
pitch.
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