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5 Claims.

The present invention relates, more especially,
but not exclusively, to electron guns, for use in
cathode ray receiving tubes for television sys-
tems, in which the cathode ray beam is required

5 to be modulated in accordance with the intensity
of the signals received.

In one known form of electron gun, the gun
comprises a source of electrons in the form of a
plate or disc-shaped cathode arranged perpen-

10 dicular to the axis of the gun, there being a
modulating electrode arranged in front of the
cathode and between the cathede and an accel~
erating electrode in such manner that electrons
are drawn from the cathode past the modulating

18 clectrode. The accelerating electrode may be

of tubular form and is maintained at a high posi-
tive potential relative to the cathode and rela-
tively low negative potentials are applied to the
modulating electrode, the value of the negative
potential so applied varying in accordance with
the intensity of the received signals so that the
number of electrons drawn from the cathode by
the accelerating field varies in accordance with
the intensity of the received signals.

The object of the present invention is to pro-
vide an improved electron gun of the kind in
which an apertured modulating electrode past
which electrons are drawn substantially axially
of the gun is arranged immediately in front of
the cathode.

According to the principal feature of the pres-
ent invention an electron gun is provided com-
prising in combination a source of electrons hav-
ing an emitting surface presented towards an ac-

- celerating electrode; said emitting surface being
in the form of a zone or part of a zone enclosing
a plane central region from which substantially
no emission takes place, said region having an
axis of symmetry, extending - perpendicularly
therefrom and about which said electrodes are
arranged and an apertured or gapped modulat-
ing electrode arranged about said axis in front of
said source, between the source and said accel-

_ -erating electrode.

According to a further feature of the inven-
tion an electron discharge device is provided
comprising in combination a source of electrons
having an emitting surface presented towards an
accelerating electrode, said emitting surface be-
- 50 jng in the form of a zone enclosing a plane cen-

tral region from which substantially no emis-

sion takes place and having an axis of symmetry
extending perpendicularly -therefrom and about
which said electrodes are arranged and an aper-

55 tured modulating electrode symmetrically ar-
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ranged about seid axis in front of said source
between said source and said accelerating elec-
trode; the sizes and positions of said emitting sur-
face and said modulating electrode being such
that when a positive potential is applied to said
accelerating electrode and substantially zero or
negative potentials are applied to said modulat-
ing electrode such that a beam of electrons is
formed by electrons emitted from said source,
said beam extendmg from said source through
the aperture in said modulating electrode, a
cross-over occurs in said beam at a point of
which the position is substantially independent
of the potential applied to said modulating elec-
trode within the modulation range. With some
arrangements for example where parallel strips
from ‘emitting cathodes are used in association
with a corresponding modulating electrode the
cross-over of the beam of electrons passing
through the aperture or gap in the modulating
electrode may occur at a line in a plane of sym-
metry rather than at a point on an axis of
symmetry.

It is to be understood that by the term “zone”
in the present specification and claims is meant
a strip or belt enclosing an area.

The nature of the present invention, the meth-
od of carrying the same into effect, and the ad-
vantages of the invention will be more fully un-
derstood from the following description in detail
reference being made to the accompanying
drawing in which Figure 1 illustrates diagram-
matically the arrangement of an electron gun in
accordance with the inventfion, Figure 2 shows a
graph which is referred to in explaining the ad-
vantages of the arrangement accordmg to the
invention,

Figure 3 is a diagrammatic front plan view of
a modulating electrode and emitting cathode in
a cathode ray gun,

Figure 4 is a cross section on the line 2—2 of
Pigure 3, and Figure 5 is a set of graphs showing
the relation between the radius (plotted vertical-
ly). of an annular element in the cathode shown
in Figure 3, and the distance (plotted horizontal-
1y) of the cross-over point of the annular beam
of electrons emitted from the annular element
in question, the three graphs representing the
results obtained with different modulating po-
tentials on the modulating electrode arranged in
front of the cathode.

The electron gun arrangement shown in Figure
1 of the drawing comprises, as shown, a cathode
C having an annular emitting portion E ar-
ranged symmetrically about the axis of the gun
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in a plane at right angles thereto. In front of
the cathode is a screen B with aperture D, the
screen B constituting the electrode to which
modulating potentials are applied as referred to
above. In front of the screen B is provided an
electrode F preferably of tubular form to which
relatively high positive potentials are applied for
the purpose of accelerating electrons emitted by
the annulus E and causing the electrons to form
a beam which constitutes the cathode ray which
may, for example, be used for scanning the
fluorescent screen normally provided on the end
of a cathode ray receiving tube for a television
system. When a negative potential is applied to
the elecirode B it has the effect of varying the
field acting on the emissive portion E due to the
accelerating electrode F in such a way that fewer
electrons are drawn into the cathode ray beam
by the accelerating electrode. For example, the
dotted line e may be considered as the zero equi-
potential in the case with particular potentials
on elegtrodes F and B, the potentials being
chosen such that substantially the whole of the
emitting portion E of the cathode is emissive.
However, if the negative potential on the elec-
trode B is increased, when the zero equi-poten-
tial will alter to a form substantially as indicated
by the chain dotted line e’ in Figure 1, and if this
negative potential is great enough substantially
no emission will be obtained from the emissive
portion of the cathode. Thus between certain
limits of the potential applied to electrode B the
effect of the applied voltage is to vary the effec-
tive outer radius of the annular emitting por-
tion E.

The effect of using an annular emitting cath-
ode in accordance with the invention, will be
readily understood by reference to the graph of
Figure 2 of the drawing. In Figure 2 the ordi-
nates represent the cathode emission currents
which are plotted against the modulating volt-
ages applied to the electrode B as abscissae.
The curve | shows the type of characteristic
obtained with a disc-shaped cathode such as
has hitherto been usually employed. As can be
Seen, this curve comprises of a steep upper por-
tion la where the emissions are obtained as a
result of the application of low negative modu-
lating voltages, and a much less steep portion

" Ib in the region corresponding to the applica-

tion of high negative modulating voltages.
Television cathode ray tubes are generally

used in such manner that for no signal the

screen remains dark and hence there is usually

- no applied biassing potential on the modulating

electrode such as B of Figure 1 of the value Va
(see Figure 2). Thus in order to make full use of
the total emitting current I, the incoming pic-
ture signals must be amplified to give a peak
voltage of Vi, it being assumed that the modulat-
ing voltage is not to be permitted to become
positive with respect to the cathode so as to
draw current. Furthermore, since the char-
acteristic | is very curved, a graduation from
black to white varying linearly with the applied
signals is usually not obtained.

Now, as will be understood from the foregoing
discussion with reference to Figure 1, the modu-
lating potentials applied to the electrode B pro-
duce what may be described as an “Iris effect”
In reducing the effective emitting area of the
cathode C, that is to say, variation of the modu-
lating potential causes the effective radius of
the emitting area to vary, and thus it will be
appreciated that the tail portion 10 of the curve
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I gives the emission characteristic of the cen-
tral portion of a disc-shaped cathode with ap-
plied modulating voltage. It would thus appear
that a cathode having no central portion would
have an emission characteristic comprising only
a steep portion such as portion la of curve I
provided the area of the omitted central portion
is large enough.

Now if a small portion of the centre of the
cathode is made non-emitting, the total current
I: available from the disc-shaped cathode will
no longer be available but an amount I)—1I» will
be available where I2 is the amount of current
which would be contributed by the omitted cen-
tral portion of the cathode. This current is
supposed to be developed with a dise-shaped
cathode when a modulated potential Va2 is ap-
plied to the electrode B. Thus, with an annular
cathode in which the central portion is omitted
the negative bias necessary to obtain zero emis-
sion corresponding to black will now be Va2 and
the picture signals applied to the modulating
electrode need only be amplified such that their
voltage range is from zero to Ve instead of from
zero to Vi. Moreover, the portion la of the
curve | is considerably less curved than the
whole curve i so that the light intensity seen
on the screen will vary more linearly with the
applied signal voltage. Actually in practice it is
found that the characteristic for an annular
cathede is not quite similar in form to the por-
tion ia of the curve | of Figure 2 but follows a
curve similar to the dotted curve 2 of Figure 2.
This is due to the fact that superimposed on
the iris effect is a general falling off in field at
the cathode as more negative bias is added.
Curye 2 will be seen to have only a tail portion
2b and thus the advantages indicated as arising
from the form of the ypper part of the curve |
is largely obtained in practice notwithstanding
the departure of the emission characteristic
from the characteristic which might be expected
from first considerations.

It is to be noted that as long as the emitting
surface such as E of Figure 1 of the cathode
remains symmetrical about the axis of the elec-
trode system, the focus condition for the elec-
tron beam emitted by the cathode may remain
unaltered. - Furthermore an annular section of
the focusing lenses is used and if this is narrow
the overall aberration is correspondingly small,

It will be appreciated that while the invention
has been described above particularly with ref-
erence to an annular cathode the advantages
of the invention so far indicated with reference
to Figures 1 and 2 of the drawing may be ob-
tained with any strip or zonal emitting surface
located on a surface disposed symmetrically
about the axis of the guyn, as in each case an
improvement will be obtained due to the elimi-
nation of emission.from the central portion of
the cathode.

However, in accordance with a feature of the

invention it is found that the combination of a -

strip form emissive cathode of a particylar size
and a modulating electrode similar in shape to
the cathode and of a partieular size in relation
to the cathode for use in an electron gun, has a
noticeable further advantage, namely, that it is
possible to provide a gun in which the first focal
point or cross-over of the cathode ray beam is
formed at a substantially constant distance in
front of the cathode independent of the modu-
lating potential applied to the modulating elec-
trode.
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. The effect of the change in location of the first
cross-over or focal point of the cathode ray beam
is troublesome in existing tubes owing to the fact
that the focus condition of the cathode ray beam
on the fluorescent screen varies with the applied
modulating potentials. The nature of this un-
desired effect and also the aforesaid further ad-
vantage of the present invention will be fully
understood from the following description with
reference to Figures 3, 4 and 5 of the drawing.

Referring to Figures 3 and 4, it will be seen that
the electrode arrangement therein shown includes
a cathode | of circular form having a disc shaped
emitting portion {a in front of which is arranged
a modulating electrode 2 in the form of an aper-
tured disc having a central aperture 2a¢ of con-
siderably smaller diameter than that of the area
fa. Since the area la includes the central non-
emitting portion or non-emitting “zone,” it is ob-
vious that the central aperture 2a is of smaller
area than the sum of the electron emitting and
non-emitting areas. The system of lines 3 in
Figure 2 indicates the shape of the equi-potential
lines set up in the neighborhood of the modulat-

" ing electrode 2 and the cathode | when the

modulating electrode is at the same potential as
theé cathode 1, that is to say, when the modulat-
ing cathode has no bias potential applied to it.
When a hegative modulating potential is applied
to the electrode 2, the equipotential lines in this
central Tegion will become more curved as will
be seen, for example, by comparing the same
equi-potential shown in full lines at 3a and in
dotted lines at 3b, before and after, respectively,
the application of a negative bias potential to
electrode 2. Thus the beam of electrons emitied
from the central portion of the cathode will be
made to converge more sharply so that its cross-
over point will move towards the cathode. Simi-
larly, when a positive modulating potential is
applied to the electrode 2, the equipotential lines
in the vicinity of the centre of the emitting area
of the cathode will be rendered less curved and
the cross-over of the electrons emitted from the
centre of the cathode will shift away from the
cathode.

However, on further considering the equi-
potentials shown in full lines at 3a and in dotted
lines at 8b, it will be seen that when a negative
modulating potential is applied to the electrode

2, the shape of the equipotentials in the vicinity

of the outer region of the emitting surface la of
the cathode is completely changed, and for elec-
trons emitted from the outer region of the cath-
ode, when a negative modulated potential is ap-
plied to the electrode 2, the electron crossover
point is found to move away from the cathode,
whilst, in the case when a positive modulating
or bias potential is applied to the electrode 2 the
cross-over will move towards the cathode.

Tt will be seen that the boundary between the
two regions of the cathode in respect of which
the cross-overs will vary in opposite directions
with the application of a particular modulating
potential to the electrode 2 will be bounded ap-
proximately by a circle of the same diameter as
the aperture 2a in the electrode 2.

The above described effects will be fully under-
stood by reference to the curves in Figure 5 which
represent results obtained by focusing small
emissive areas of a disc shaped cathode onto a
fluorescent target, the emissive areas being dis-
tributed at different distances from the centre,
so that by observing the points at which the rays

3

or beams from these areds cross.the axis the
cross-over point for electrons emitted from each
annular element having a mean radius equal to
the distance of the centre of the corresponding
ares or areas from the centre of the cathode
could be determined. Thus Figure 5 line 5 indi-
cates the variation in the distance of the cross-
over point with the mean radius of the emitting
annulus in the case when zero modulating poten-
tial or bias is applied to the electrode 2, line 6 is
a line similar to line 5 with a negative bias po-
tertial applied to the electrode 2 and line T is a
line similar to lines 5 and 6, but with a positive
bias potential applied to electrode 2. It will be
seen that in the case shown, the variation of the
distance of the cross-over point from the cathode
with the radius of the emitting element is linear
in each case. It will moreover be observed that
the three lines 5, 6 and T intersect at a single
point 8 corresponding to an annulus of a particu-
1ar radius 7. Thus, it will be seen from Figure
3 that if the emitting surface of the cathode is
formed as an annulus having a mean radius cor-
responding to the radius r of Figure 5, the posi-
tion of the cross-over point for the cathode ray
emitted from the annular cathode will be sub-
stantially independent of the modulating poten-
tials applied to the modulating electrode. As al-
ready mentioned, the radius r is dependent on the
form of the modulating electrode 2 and is also
dependent upon the distance of the modulating
electrode from the cathode . For example,in a
particular case the modulating electrode 2 had
a thickness of 1.7 units, the distance between the
cathode and the modulating electrode being 1.5
units and the diameter of the aperture 2a of the
modulating electrode being 10 units. It was
found that the diameter 2r of the annular ele-
ment of which the cross-over point was inde-
pendent of modulating potential was 9.3 units.
It was further found that by doubling the sepa-
ration of the cathode and the modulating elec-
trode, the diameter 2r was increased to 11 units.

It will be appreciated that in some cases, curves
corresponding to those shown in Figure 5 might
not be strictly linear. Also, the curves might not
intersect accurately at a point as shown.

The arrangement according to the invention by
which shift of the cross-over point may be pre-
vented is not only useful in connection with the
cathode ray guns, it is also capable of application
to electron discharge valves. For example, elec-
trons from a strip form emitting cathode could
be focussed in such a manner as to pass through
an aperture in a screening grid to maintain the
screen current as low as possible with varying
bias, the point or line at which the beam is fo-
cussed being arranged so as to be positioned in-
dependently of modulating potentials applied to
control the intensity of the beam. In this case
if desired the emitting area of the cathode of the
valve could have the form of two or more paral-
lel strips, the aperture or apertures in the modu-
lating electrode being made rectangular or the
modulating electrode being constituted by two
or more strips or wires arranged at either side
of each of the strips of the cathode.

We claim:

1. An electron gun for an electron discharge de-
vice comprising in combination an inperforate
cathode having a planar electron emitting section,
said section being in the form of a zone enclosing
a plane central region of said cathode having
substantially no electron emitting properties, said
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region having an axis of symmetry extending
perpendicularly therefrom, an apertured accel-
erating electrode symmetrically arranged about
said axis and opposite the emitting section to ac-
celerate and focus an electron flow from said
cathode as an electron beam wherein the elec-
trons of said beam converge to a cross-over point
along said axis and an apertured modulating
electrode symmetrically arranged about said axis
and lying between said cathode and said accel-
erating electrode to modulate the electron beam
without varying the point along said axis toward
which the electrons of said beam converge.

2. An electron gun as claimed in claim 1 where-
in the emissive surface of said cathode defines a
total area of substantially the same size as the
area of the aperture in said modulating elec-
trode.

3. An electron gun for an electron discharge
device comprising in combination an imperforate
metallic cathode, electron emitting material to
form an emitting surface on said cathode, said
emitting surface being in the form of paraliel
strips arranged in a common plane separated one

" from the other and on either side of an axis of

symmetry normal to said plane and leaving a
non-electron-emitting section of said cathode
therebetween, an apertured accelerating electrode
symmetrically disposed with respect to the said
strips with the aperture directly opposite the non-
emitting section of said cathode, said accelerat-
ing electrode being symmetrically disposed with

2,226,439

respect to said axis of symmetry and spaced from
said cathode along said axis of symmetry to ac-
celerate electrons emitted from said cathode, and
a modulating electrode between said accelerating
electrode and said cathode comprising separated
portions each of which is equidistant from said
axis of symmetry and extends parallel to the
emitting strips on said cathode.

4. An electron gun comprising in combination
an imperforate cathode, electron emitting ma-
terial defining a plane emitting surface on said
cathode, said emitting surface being in the form
of a zone enclosing a plane central non-electron
emitting region of said cathode which is co-
planar with said emitting surface and from which
substantially no emission takes place, said region
having an axis of symmetry extending perpen-
dicularly therefrom, an accelerating electrode
comprising an aperfured disk symmetrically po-
sitioned about said axis and an apertured modu-
lating electrode arranged about said axis between
said cathode and said accelerating electrode.

5. An electron gun as defined in claim 4 where-
in the said emitting material defines an emitting
surface which is annular and encloses a central
non-electron emitting portion of said cathode and
wherein the sum of the areas of said emitting
material and said central portion is equivalent to

5

10

15

20

25

the area of the aperture in said modulating elec- 3
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