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My invention relates to electron discharge
tubes and systems of the cathode ray type and
particularly to an improved electrode structure
for use in such tubes and systems.

In cathode ray tubes of the types utilized for
recreation of television images and for oscillo-
graph purposes it is desirable to provide a struc-
ture capable of developing an electron beam of
high electron density while at the same time
limiting the cross sectional diameter at the tar-
get to a value as small as possible, High elec-
tron beam current may be obtalned while re-
taining a small beam cross section at the target
or fluorescent screen by focusing the electron
streams from the cathode with the aid of a pre-
concentration system and by projecting a section
of the beam thus formed on to the screen by
means of an electrostatic lens system. In this
case it is desirable to utilize an apertured dia-
phragm serving to limit the cross-sectional area
of the beam of rays in order to avold stray elec-
trons Impinging on the target or screen in the
environment of the picture proper and producing
additional light or halation over the target.
Such a diaphragm has the disadvantage that the
electrons which are intercepted produce second-
ary electron emission and if no particuiar provi-
sions are made the secondary electrons thus lih-
erated Impinge not only on the target but also

on other electrodes such as the deflecting plates :

and cause a variation of the potential of these
plates if they are connected to a scanning circuit
through a comparatively high resistance. This
has the troublesome effect that the picture point
on the screen varjes its position with the current
and the figure described by this point is de-
formed. The influence of the secondary emis-
sion is reduced if the apertured diaphragm is
placed negrer to the cathode. Thus if it is se-
cured to the first electrode or anode of the elec-
trostatic projection system, then nearly all the
electrons liberated by secondary emission are
collected by the electrodes of the projection sys-
temn, especially if the diaphragm is located in an
electrostatic fleld free space. In this case, how-
ever, ancther difficulty is encountered in that
the electrons which impinge on the dlaphragm
have the effect of reducing the potential of the
associated anode which is usually connected
across a comparadtively high resistance to a
source of potential, This results in a fuctuation
of the anode potential and of the focal distance
of the projection system and this causes defocus-
ing of the image on the target screen. Conse-
quently, with variation of the beam current, the
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valtage ratio between the electrodes varies, and
must be adjusted subsequentily, in order to keep
the image sharp and in focus.

It is an object of my invention to provide a
cathode ray tube and system wherein the electron
heam may be maintalned in a focused condition
notwithstanding wide variations in beam current.
It is another object to provide a cathode ray
tube system utilizing an electron gun having a
plurality of anodes wherein variation in the ratio
of the potentials applied to the anodes is mini-
mized, thereby minimizing variation in focus of
the electron beam. A further object is to pro-
vide a tube of the type described wherein sec-
ondary electron emission is collected in such a
manner as to minimize potential variation of the
electrodes, and it is a still further object to con-
trol the variation of the focal distance of the
electron beam In such a manner that the dis-
advantages referred to above are eliminated.
These and other objects, features and advantages
of my invention will become apparent when con-
sidered In view of the following description and
the accompanying drawing, in which:

Flgure 1 is a longltudinal view of a cathode
ray tube system having electrode structure made
and operated in accordance with my invention,
and

Figure 2 is a cross sectional view of one of the
electrodes shown in Figure 1 taksn along the
line 2—2,

I have found that it is almost exclusively those
secondary electrons which emanate from the
margin of a diaphragm in the end electrode
which bring about troublesome phenomena, such
a8 shift of the picture point and diffused screen
light. Therefore, In accordance with my inven-
tion, I provide a structure wherein the electron
beam is limited by an apertured diaphragm
which 18 located at such a point that it does not
emit harmful secondary and reflected electrons
but transmits only those primary electrons which
cannot generate any appreciable harmful sec-
ondary radiation from further electrodes of the
structure. Further, in accordance with my in-
vention I provide a diaphragm which collects
only the stray electrons which directly adjoin the
electron beam which s to be utllized to generate
light on a target such as a fuorescent screen.
Thus the siray electrons ¢can no longer Impinge
on a further electrode at a position which might
cause further secondary electron emission and
therefore no serious troubie 1s encountered from
secondary electrons emitted from this electrode.
The potential of the apertured diaphragm, and
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associated anode limiting the rays and conse-
guently the focal distance of the projection sys-
tem are varlable to a smaller degree since a great
portion of the rays which are not used is not
intercepted by the diaphragm and consequently
does not coniribute to the voltage variation of
the diaphragm.

"The Invention will be more clearly understood
with reference to Figure 1 whereln the highly
evacuated envelope E Is of elongated shape pro-
vided with a neck sectlon enclosing an electron
gun made in accordahce with my Invention and
a frusto-conical section enclosing a target elec-
trode such as the fluorescent screen 8. The pre-
concentration system of the electron gun is con-
stituted by the cathode | which may be of the
directly heated type or Indirectly heated type as
shown, a control electrode 2, and a suction or
first anode 3. This first anode 3 s of tubular
shape and Includes an apertured disc 4. The
cathode 1, control electrode 2, first anode 3 and
second anode B constitute the electron gun ca-
pable of developing and focusing a beam of elec-
trons upon the target or fluorescent screen S.

Due to the electric fleld between the cathode |
and the first-anode 3, the electrons are acceler-
ated through the control electrode 2 which has
8 negative voltage relative to the cathode caus-
ing the electron paths to converge toward the
electron gun axis to form an electron beam 6.
In the tube represented in Figure 1 the voltages
applied to the electrodes have such values that
the paths of the electrons emitted from any point
of the emitting surface of the cathode intersect or
cross over each other in the vicinity of the first
anode apertured disc 4. Consequently, the In-
tersection of the electron paths to form the beam
§ is not at a mathematical point but over a small
surface at which the beam has a minlmum cross
sectlon. After the electrons of the beam 6 pass
the cross-over point they follow divergent paths
and are subseQuently directed by the eleciro-
static flelds hetween the first and second anodes
on to the fluorescent screen 8. While I have
shown & structure in which the electrons con-
verge from the cathode at a cross-over point,
the electrons may alternatively diverge from the
cathode. The first anode 8 and second anode B
are maintained at posltive potentlals with re-
spect to the cathode I, preferably by a slhgle
potential source 8. Since the flrst anode 1s op-
erated at a lower potential with respect to the
cathode than the potential of the second anode,
I provide a bleeder or potentiometer 9 of high
reslstance shunted across the source 8 to derlve
the potential applled to the first anode 4 such as
by the varlable lead 10 from the source 6.

In accordance with the Inventlon, and in order
to prevent excessive varlatlon of the ratlo of
potentlals existlng on the first and second anodes,
I provide a multi-apertured dlaphragm (1, which
1s so shaped as to intercept only part of the rays
which are not used. As can be seen more clearly
from Figure 2, the diaphragm |l has a central
aperture (2 which Is aligned with the axis of the
electron gun and a plurality of outer apertures
t3 off the electron gun axls, The ceniral por-
tion 14 of the dlaphragm ls preferably of annular
shape and intercepts the rays In a region which
directly adjolns the beam, transmitting through
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the apertures 13 the rays running in a marginal
reglon |5 which is still further away from the
axis. The laiter rays consequently reach the
electrode 5 but do not produce any harmful
secondary emission since they Impinge on the
electrode at points from which the secondary
electrons cannot peneirate through the aperture
16 In the dlaphragm 1. The secondary electrons
which are produced at the central portion 14 of
the diaphragm || do not bring about disadvan-
tageous phenomena since the dlaphragm is posi-
tioned in an almost fleld-free space so that the
secondary electrons are not accelerated In the
direction of the aperture 15,

While wide fluctuations of the potential of the
first anode 3 with varying beam Intensities are
eliminated, due to the partiewlar shape of the
diaphragm 11, some residual variation In this
potential due to the collection of electrons by
the central annular portion s desirable. The
intensity of the beam 1s controlled by setting up
a voltage between points T and 18 in the con-
nectlon between the control electrode 2 and the
cathode |, which voltage renders the electrode 2
negative with respect to the cathode, The great-
er this potential difference, the weaker i3 the
beam current but also the more are compressed
the rays emanating from the cathode. Conse-
quently, the cross-over point of the beam elec-
trons adjacent the apertured dlsc 4 will be located
nearer to the cathode at comparatively high
modulation voltages. However, the residual vari-
ation of the first anode potential compensates
for any defocusing of the electron beam and the
focal distance of the lens system is rendered sub-
stantially constant with varlatlon of eleciron
beam intensity, It is very desirable that the
area of the central portion 4 and of the aper-
tures 12 and (3 of the diaphragm 11 should be
chosen to collect a portlon of the electron flow
thereby obtaining some slight variatlon of first
anode potential with varying beam current. In
conventional circuits this variation of the flrst
ancde potentlal and of focal distance is far too
great with a dlaphragm which {ntercepts all the
marginal rays so that the displacement of the
cross-over polnt of the electrons 18 overcompen-
sated In this case. The ratlo of the surface of
the annular portlon 14 to aperture {3 area may
be determined by trial but In any case apertures
to allow marginal electrons to pass to the second
anode must be provided to obtain the benefits
of my Invention. The dlaphragm (1 may also
be constituted by a plurallty of concentric rings
or it may have a helical portion surrounding the
annular central portion 14, The essential thing
is that a central portion of the beam is trans-
mlited and a portion of anhular sectlon about 1t
is Intercepted and outside the annular portion a
quantity of rays is transmitted,

In the applicatlon of cathode ray tubes to oscll-
lography lt is often posslhle for the electrode volt-
age to be adjusted during use and thus to keep
the beam 1n focus, In many cases, however, es-
peclally In recordlng of transient phenomena the
short duratlon of the surges to be measured
necessitates an automatic contirol which makes
the use of my Inventlon particularly desirable,
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