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This invention relates to a multi-beam electron gun
construction for cathode ray tubes. A typical such elec-
tron gun has a plurality of cathodes, one for each elec-
tron beam. FEach cathode is usually in the form of a
hollow cylinder and contains a heater, one end of the
cylinder being closed and coated with oxides to form an
electron emitting surface. The cathodes are grouped
side by side with their electron-emitting ends in a sin-
gle plane. An apertured disk, the control grid, is posi-
tioned close to the emitter ends of these cathodes. It
has one aperture for each cathode, each aperture being
much smaller than its cathode. Each aperture normal-
ly 1s positioned opposite the center of its respective cath-

de surface,

In some applications of electron guns of this type
it 1s important to have the electron beams originate from
arcas located close together. The usual way of achiev-
ing close spacing is to position the several cathodes cor-
respondingly close together, at the same time keeping
each corresponding grid aperture centrally aligsned with
its cathode. When that is done, the diameters of the
cathodes become a limiting factor in determining how
close together the beam sources can be located. In
order to have the beams originate still closer together,
1t 1s necessary, in accordance with that practice, to use
smaller diameter cathodes so their centers can be closer
to each other. It might appear that nothing is sacrificed
by thus using smaller size cathodes since the electrons
which go to make up a beam come almost entirely from
that portion of the cathode emitting surface which is sub-
stantially directly opposite the control grid aperture.
(Actually this portion may be delineated as a slightly
enlarged vertical projection of the aperture onto the
cathode emitting surface. For convenience of reference,
this portion will be referred to as the “primary area,”
and the rest of the cathode emitting surface will be re-
ferred to as the “secondary area.”) It has been found,

however, that actually the cathode life is considerably '

reduced when much smaller cathodes are used, even
though the grid apertures, the primary areas of the
cathodes, and the other conditions of use are all un-
changed. It has been found, for instance, that the life
cf a 0.050 inch cathode is less than half as great as
that of a standard 0.120 inch cathode when both are
used with 0.020 inch ccntrol grid apertures, and both
are operated to give cne milllampere continuous beam,
current. _ | :

I have found that I can provide closely spaced elec-
tron beams, and at the same time so relate the parts
as to achieve the longer cathode life. Heretofore, those
skilled in the art have held to the tacit belief that opti-
mum operational conditions were best cobtained by us-
ing perfectly symmetrical cathodes. When a secondary
area was provided, it was provided symmetrically about
the primary area. Therefore, when the secondary area
was reduced in an attempt to achieve closer beam spac-
ing, it was reduced symmetrically, so that as spacing
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became closer and closer the amount of secondary area
became less and less. |

My 1nvention comnsists in locating the grid apertures,
and hence the primary areas, close to an edge of their
respecive cathodes; spacing the grid apertures as close
together as desired for close-spaced electron beams; and
at the same time departing from symmetry of cathode
secondary area in such manner as to provide large sec-
ondary areas as a reservolr for replacement barium for
each cathode primary area. As such, a primary area
either may or may not coincide with the centroidal axis
of its cathode. An explanation of the principles involved
in the operation of my invention can best be set forth
in terms of theory as presently understood.

In normal use barium is slowly evaporated from the
surface of a heated oxide coated cathode, particularly
in that area where electrons are actually being emitted.
If this evaporation continues long enough, the resulting
depletion of bartum from the coating causes electron
emission to drop. However, barium is able to migrate
slowly from ome part of a heated cathode to another
part. Therefore, it appears that the presence of a sec-
ondary area, although not directly contributing to emis-
sion, can extend catiode life by supplying the barium
atoms which migrate to the primary area, there replacing
those barium atoms which were lost through evaporation.
In this manner the secondary area acts as a barium reser-
volr and enables the cathode to have a useful life much
longer than it would have if the cathode surface did
noi extend beyond the primary area.

Various embodiments of my invention as pictured in
the drawings are detailed below. In the drawings, Fig-
ure 1 shows a typical three-beam electron gun 5 em-
bodying my invention, the view being a perspective with
parts broken away. The gun 5 is shown disposed in
the cylindrical portion of a cathode ray tube envelope
6, and may ianclude an accelerating anode 7 and a focus-
Ing anocde &, In addition to a control grid 1¢ having
three apertures i, 12, and i3, and three separate cylin-
drical cathodes 15, 16, 17. The relative positioning of
cathodes and control grid of such a gun is more clearly
illiustrated in Figure la which shows the control grid
19 with its three apertures 131, 12, and 13, and the three
cathodes 15, 16, and 17, as viewed from the accelerat-
ing anode side of the control grid. The apertures 11,
12, and i3 of the control grid £§ are in triangular ar-
rangement close together so as to provide closely spaced
beams. The three cylindrical cathodes 15, 16, and 17
are positioned parallel to each other behind the control
grid with an electron-emitting end of each of them op-

csite cne of the grid apertures. In accordance with
my invention, the cathodes are spaced close together,
though not actually in contact with each other. The grid
apertures are opposite the cathode electron-emitting sur-
faces in those regions where they can be closest together,
be symmetrically positioned with respect to each other
and to the cathode array, and still permit the primary
areas to fall fully upon the corresponding cathodes.
Thus it will be seen that the grid apertures are spaced
closer to each other than are the longiiudinal axes of
the three cathodes but they are still opposite their re-
spective cathode surfaces.

Many other cathode shapes and arrangements within
the scope of my Invention are possible. Figure 2 shows
an embodiment having a control grid 26 with apertures
21, 22, and Z3 in triangular arrangement but using wedge-
shaped cathodes 25, 26, and 27. Figure 3 shows an em-
bodiment with a control grid 3¢ having apertures 31, 32,
and 33 and three circularly eylindrical- cathodes 35, 36,
and 37 but rather than the triangular arrangement these
cathodes have an in-line arrangement which is better
adapted for some needs. In this embodiment the central
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_'cathode 36 may be shghtly smaller - than the two outer

| caﬂmdes 35 and 37. By havmg the eentral cathedes |

-----

UTE C

. 'mrﬂratmn takes place from all dlreetrerls teward the prr-. |
- As a tesult, the relative sizes of the three

Mary .area. .

D

cathodes are made so tﬁat the life. of the three cathedesi o

 are equal to each other. This design adjustment per-
 mits closer beam spacing than ‘would otherwise be pos-
sible in this embodiment, and: at the same time equallzea_

- cathode life. | | |
- - Figure 4 shows anether form for use when three in-
line: beams are desired. Here the bea"ns are kept close

 together, the over-all diameter small, and the total cath-
cde areas large by extending the cathode end areas to -

~nearly fill a circle described about- the three aligned pri-
mary areas oppesrte the aligned grid apertures.
the grid 49 is shown as having three in-line apertures
4%, 42, and 43, while three cathodes 45,

slightly curved sides; while the two outer. cathodes 45

and 47 have a Cross- seetlen shaped like a segment ef a

- circle. -

The cathodes shewn 1. Frgures 2 and 4 theugh net-“
o crreularly eyhndueal like the cathodes of Figures la and
3, are however, cylindrical in the bread sense of the word. -
In all cases relative positioning of cathode and gnd -'
- aperture is such that at least some -of the prrmary areas °©
- fall close to an edge of their cathodes and ‘the electron
' beams are formed very close-to the-central longtudinal
axis of the cathode array. Yet in- each case there is -
icient cathode area to give long cathode life.
-~ It should be mnoted that while I have described my
o _r,nventmn as bemg mcerperated in an electron gun- hav-

prevrded suffi

Here

46, and 47 lie
‘opposite the grid apertures-and nearly fill the full circular *
_epaee cpposite the overlying grid.. The central cathode

46 is nearly rectangular in cross-section, having two -

30
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through- pesrtlened in- triangular arrangement; and three

- cylindrical cathodes disposed parallel to each other, each .
having an electron-emitting end arranged opposite - and
'~ next adjacent to a different one of said apertures, and
each of said cathodes having its center positioned radially -

cutward of the corresponding aperture center.

4. An electron gun for developing three separate elec-
Cqr en_beams including three closely spaced circular €ylin-

~drical cathodes ‘each having :an electron-emitting end,
said ends lying in a single plane and being spaced. elec- -

trically apart in triangular arrangement, and a control

" grid next adjacent said cathode ends having. three aper-

" - tures therethrough in triangular arrangement and spaced .
-_sueh that each of said apertures is opposite a different - = .
‘one of said cathode ends and that the circle defined by =
the centers of said apertures is smaller than and con-

~ centric with the carele deﬁned by the centers of. satd .
cathodeends. o -
5. A three-beam eleetren gun preducmg three eleefren_._-
beams which are side by side in a single plane, said gun
including a control grid having three spaced’ apertures: |
~along a transverse line, three cylmdrlcal cathodes dis- .

posed with their separate longitudinal axes parallel to

A
by

ing a single control grid common to all cathodes, it could ©
also- be applied to guns havmg a separate control grid

| fer each cathode er eathede prlrnary area emrttmg surrace .

Iclaim:

o ; 1.-Ina multtﬁbeam cathede ray tm aprurarrty of eylm-
-'-'drleal cathodes all-having an end in a common plane,-
“and a control- grid next adjacent said cathode ends -and

- having a eerre3pend1ng plurality of apertures, one aper-
- ture-located opposite each cathode. end; a projection of

- each said grid aperture defining a eorrespendmg cathode
| each cathode end being - substantlally“_
- larger .than ‘its primary area whereby to provide a |
“voir area for each cathode, the grid apertures being

- -located to put the primary areas substantially at edges of -
~ the cathodes, the cathodes being located to put those

reser-

- near the inner edge of .their cerresyondmg cathodes
 ‘whereby minimum beam spacing for a given size of cen~
tral cathode is achieved, the outer cathodes being larger?_:f
than the central cathode whereby to compensate. in size

~ of barium reservetr for their less e
~ voir whereby to te*rd to equalize effective cathode. life..
7. An electron gun for developing three separate elec-
;.tren beams comprising three cylindrical cathodes, said

edges closely adjacent each other, and the reservoir areas

being located non-umformly avout their cathode primary -
areas and predominantly in drreetlons away from the: 55

2. "An electron gun having a elarahty of cathodes th
. relatwely large eleetron emitting surfaces, said surfaces
- lying-in a single plane, a control grid opposite -and next

- adjacent to them having a cerrespendmg plurallty of

' - relattvely much smaller apertures’ severally opposite the-'_ﬁo '

- elus..er cf primary areas.

~ three cathodes, said apertures being spaced closer to each |
other than are the longitudinal axes of ‘the three eathedes. -

o but still opposite their respective cathode surfaces. " o
- " 3. A three-beam electron gun for a cathode ray tube
- -j_cemprrsmﬂ. a centrel grid ]tuwmfr three apertures there-

“?” 2,747,134

each other and lying in a single plane, each of said
cathodes having a relatively large electron-emitting end =
opposite ‘and next adjacent to a different one of said grid' . -
- apertures, the central grid aperture being coneentrle with:
~ the central cathode, and the outer grid apertures being =
. inward of -the Iengltudmal axes. ef their cerrespondmg.j-
-_-_eathedes | - -- -
6. A three-beam electron gun produemg three eIectren |
- ‘beams: which are side by side in a single plane, said gun -
including a control grid having three spaced small aper-
-~ tures aleng a transverse line, three circularly cylindrical -
cathcdes disposed parallel to -each other side by side
‘along a transverse line, each having a relatively large -
_j_electron emitting end eppesne and next adjacent to a .
~ different one of said grid apertures, the central grid aper-
“ture being concentric with the central cathede whereby .
epiimum barium reservoir- eﬁect 18 ach1eved the outer -

o |
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apertures bemg opposite a portion of the end surface

icient shape of reser- -

cathodes-having-an approximate cross-section the shape:_'-; .

of a 120° sector of a circle, said cathodes disposed with
their ends in a single plame in triangular arrangement
~ with their apexes adjacent each other; and a control grid
next adjacent said ends and having three apertures there-

through positioned in trlangular arrangeraent and spaced
such that cach-of said apertures is e-pposue a different

one of said cathode ends closer to the apex of sald end__

than to 1ts eurved edge
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