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- The present invention relates to a simple ar-
rangement for producing -an extremely small
luminous electron spot of high brilliance and
sharpness which retains these properties even
when the beam undergoes modulation. The ar-
rangement according to the invention is espe-
cially well suited for high voltage cathode ray
tubes for television purposes. - In order to give
an idea regarding the quality of the spot attain-
able with the arrangement described in the fol-
lowing, it is pointed out that this quality is suffi-
cient for the production of very bright images
of great detail, for instance, of 600 lines definition
and more, and that this quality of the spot is not
reduced by modulation of the ray. -

. The hitherto known and proposed arrange-

ments are incapable of solving this problem and

in addition, require a cumbersome electrode as-
sembly. Extensive tube structures were used in
the prior art which aside from the cathode re-
quired no less than 5 to 10 further electrodes for
producing the luminous spot. ‘Where simpler
electrode systems such as those of 2 to 3 elec~
trodes were used, the quality of the spot obtained
was far from that necessary for a large number
of line for high definition for reasons which will
be explained below. Henhce, it was assumed thab
jarge numbers of lines could only be handled by
means of a comparatively. cumbersome electrode
assembly.

A Eknown arrangement requiring a smaller
number of electrodes consists for instance of a
cathode surrounded by a Wehnelt cylinder, an

" accelerating diaphragm shaped anode and a re-
producing lens for instance, a--magnet coil. In
this -arrangement a small -diaphragm shaped
opening in the anode is utilized as object being
reproduced. Since the electrons have practi-
cally reached their end velocity within this open-
ing, the size of the spot appearing on the floures-
cent screen is determined primarily by the geo-
metrical proportion existing between the width of
the object and the width of the image as well
as by the size of the diaphragm opening. Where
an extremely large number of lines is desired,
therefore, either the aperture of the diaphragm
must be very small; or the width of the object
is to be chosen very large. If the aperfure in
the diaphragm is very small, the number of elec-
trons traversing the anode aperture is greatly
limited . which hinders obtaining. a sufficiently
bright spot. If on the other hand the width of
the object is increased, inconvenient dimensions
are obtained for the tube, furthermore, at high
operating potentials such as are necessary for

ihétance in the case of projection tubes, flash-

overs occur easily between the edges of the anode
diaphragm and the control electrode, or cathode.
Tn addition, in such an arrangement the second-

ary emission of the anode diaphragm has a dis-

turbing effect.

The arrangement according to the invention
avoids these drawbacks and has with the smallest
number of means, the surprising aforementioned

degree of efficiency. Accordingly, an important .

object of our invention is to provide a new and

‘improved cathode ray tube.

Another object of my invention is to provide
a much simplified cathode ray tube structure

capable of giving increased definition and higher,

beam currents than obtainable by known struc-
tures. )

Other objects of our invention will become evi-
dent upon. consideration of the following ex-
planation taken together with the drawing.

The invention will be described in greater detail
in the following in reference to the figure repre-
senting an example of the construction of a cath-
ode ray tube embodying the circuit.

The electrons leaving the cathode 2 of the tube

{ are exposed on the one hand to the influence of
a negatively biased electrode 8 surrounding the
cathode and across: which eventually a control
of the current is carried out and on the other
hand, said electrons are under the influence of a
single accelerating anode having a wide aperture

-and designated by 4.. The latter preferably has

the form of a cylinder and rests at the wall of
the tube in that it forms for instance a wall

layer. It is.obvious that the anode may have &
cylindrical form only at the beginning and may
_have the conical enlargement nearer towards the

screen. ‘The electrode 3 is preferably shaped in
the manner of a sleeve if the tube is to be oper-
ated with high potentials, such as, for instance,

with 50 kilovolts and more, for reasons which’

will be explained below, whereby the said sleeve,
as seen from the figure surrounds the entire press
12 of the tube and is rounded off towards the
screen. At lower operating potentials also a

shorter cylinder electrode 3 may be used, which’

is simply closed up by a flat circular disk having
an aperture which is in front of the cathode.
For focusing the electrons a magnet coil § is used.

In the figure, item 6 is a screen, T and 8 repre-.

sent a potentiometer for tapping the required
tube potentials and which is grounded at the
place designated by 9. - At the terminals {0 the
heating voltage is impressed while at the ter-
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if such a potential is eventually to be used. The
surprisingly high degree of efficiency of the sim-
ple. arrangement described results from the
following:

The minuteness and the sharpness of the spot
on the screen are due to the fact that by means
of a preliminary condenser lens .of particular
properties which is indicated by the egui-poten-
tial plane A, a very minute and well-defined
crossing point of the electrons is produced which
in turn is reproduced on the screen by means
of the principal lens and without a diaphragm
for limiting the ray. It was believed not: possible
to produce an electron crossing point-of such

properties with a single prelimingry concentra- -

tion lens, unless short ray paths are provided for
the preliminary concentration in order to assure
convenient tube size. As can be seenfrom numer-
ous arrangements actually known, the opinion
prevailed that in the case of a single preliminary
concentration lens for the production of a suffi-
ciently minute point of crossing the required

-diffractive force could be. cbtained. only when

utilizing a very considerable curving of the equi-
potential surfaces. But such lenses have natu-
rally serious faults resulting in a poor definition
of -the point of crossing. Therefore, whenever a
particular minuteness of the spot on the screen
was required, the structure with a single pre-
liminary concentration lens of particular curva-
ture was disregarded and in place thereof ar-
rangements were employed having two .or a
greater number of lenses of smaller curvature,
i, e., with less serious faults. When bearing in
mind that for each lens at least two electrodes
are necessary which are maintained at different
potentials it can be readily seen that the number
of elecirodes increases.

The invention solves the problem of providing a
very minute and well defined point: of crossing
to be reproduced by the main lens contrary to the
existing prejudice regarding a single preliminary
concentration lens.  As pointed out such a lens
must have a- high diffractive force. and still be
devoid of lens faults. The requirements, which
appear on the surface to be irreconcilable with
each other, are ‘fulfilled in accordance with the
invention, in that for the preliminary concentra-~
tion lens only such a-curvature of the equi-po-
tential surface is admitted as will:still be.allow-
able in regard to the lens faults, -especially ‘the
spherical -aberration, and that at the same time

-the lens electrcde of the preliminary concentra-
-tion lens which -hes the:lower potential is fol-

lowed directly -by the electrode which imparts
to the electrons the end velocity. This measure
is based on the teaching that the diffractive force
of -an electron lens can, without thereby chang-
ing the -optical ‘quality, be increased ‘by.an in-
crease of the potential differerice between the lens
electrodes. The electrode system -is -so con-
structed -that the requirement: of -a-high poten-
tial difference -between the . lens electrodes can
be fulfilled without danger to the safety of op-
eration of the tube, i. e. the electrode 3 is-round-
ed out in the manner shown in the drawing; fur-
thermore,  sharp -edges ‘and -grid structures are
obviously to be avoided in the tube:

The favorable degree: of efficiency of the-de-
scribed arrangement becomes ' understandable
from the following: Owing to the high field in-
tensity, the penetration through the aperture of
the electrode 3 is sufficiently high even in.the
case of a small diameter. Now, a small diameter
of the electrode -3 is benéficial ‘gain as regards
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the minuteneéss of the point of crossinig. If mod-
ulation potentials are applied to the electrode 3
for instance across the resistor 16, then owing
to the high field intensity at the lens electrodes
substantially no variation in the spot size takes
place. Such a condition is due to the following
reasons:

In the described system, only a minor part of
the cathode has emission owing to the high field
intensity. At the control region the field in-
tensity increases rapidly and the cathode receives
thereby a very high specific load. The cathode
area participating in the emission thereby varies
but slightly so that the crossing point changes are
substantially nil.

A further reason for the effectiveness of the
described arrangement resides in that the ray

path is intercepted only by a single diaphragm

aperture which is negatively biased. Thus, there

is prevented a production of secondary electrons o
“which ‘would -be detrimental to the definition of

the ‘point of -crossing. A further advantage of
the described arrangement lies in the fact.that
the diameter of the single-diaphragm need not

be chosen ‘from -the outset to .correspond with

practical requirements since.the effective admis-
sion range of the diaphragm.can be controlled.as
desired'simply by regulating the negative biasing
potential of said diaphragm.

The mode- of construction shown in:the figure
permits of an operation with plate potentials
having - almost any desired -high value. (up -to
100,000 volts: and ‘more). The higher the plate
potential is chosen, the smaller will be the point

of crossing being reproduced, in view of. the rea- -

sons given above and thus also the diameter of
the spot on the screen. - Hence, by suitable c¢hoice
of the potentials and distances is it possible to

‘utilize the described, very simple electrode as-
‘sembly -for the production of screens of -any de-

sired fineness such-as screens of 600 lines. at-suf-
ficient sharpness of the spot on the tube screen.
Having described our invention, what we claim
is: i

1. A cathode ray tube comprising an envelope
having a Iuminescent screen supported on an end
wall, a- combined focusing and control hollow
cylindrical electrode - positioned- in register with
said -sereen and longitudinally -displaced there-

from, said control electrode having a apertured 5

convex exterior-at the end of the electrode near-
est' sald screen,an electron emitting cathode sup-
ported within said control electrode and -im-

‘mediately- adjacent the aperture -in.ssid convex
exterior, and an - anode- surrounding at least a ;

portion of said combined electrode and extend-

ing'substantially to said screen.

2. A cathode ray'tube:comprising an envelope

‘having a luminescent screen supported on.an end
‘wall, a -combined focusing and control hollow
“eylindrical electrode positioned in register with
-said screen -and ‘longitudinally displaced there-

from, said-control electrode having an apertured

- convex -exterior at-the end of the electrode near-

est ' said screen, an -electron emitting cathode
supported within said control electrode and . im-
mediately adiacent the aperture in said convex
extérior, -an-anode surrcunding at least a portion
of -said - combined electrode -and extending sub-

‘stantially to-said screen, and & magnetic focusing

coil positioned. intermediate saic combined elec-

~trode and screen.
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