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7 Claims,

This invention relates to improvements in
cathode ray tubes such as are employed for the
reconstitution of television signals and particu-
larly to tubes for projecting a luminous image
on a distant viewing screen.

In cathode ray tubes employed for the recon-
stitution of television signals in which the image
produced on the luminous screen is projected by
an optical system on to a viewing screen it is de-
sirable to utilize & cathode ray beam having 2
very high current intensity. In order to focus
high intensity beams without undue mutual re-
pulsion of the electrons of the beam it is desir-
able therefore to increase the final angle of con-
vergence of the electren beam as much as pos-
sible. In cathode ray tubes for use as above de-
scribed, which are commonly referred to as
“projection tubes,” the cathode ray beam is
focused by an electron lens comprising the usual
first and second anodss which are coaxially ar-
ranged within a cylindrical tube and are of sub-
stantially the same diameter, the end wall of
the tube having a fluorescent screen formed
thereon. In order to increase the final angle

-0of convergence of the beam the width of the
beam should be as large as possible at the lens
and the distance from the lens to the fluorescent
screen should be as small as possible. The scan-
ning coils which are provided for deflecting the
-cathode ray beam over the screen are mounted
externally around the cylindrical enveiope and
have a diameter slightly larger than the diam-
eter of the electrodes of the lens. The diameter
of the scanning coils is two-and-a-half to three
“times the maximum diameter of the electron
beam and such an arrangement has the disad-
vantage that considerable power output is re-
quired from the scanning circuits energizing the
" coils since the magnetic field required for scan-
ning has to be established over a large volume.

It is an object of cur invention to provide an
improved cathode ray tube in which a cathode
ray beam of large diameter may be focused on
and deflected over a target with the minimum
distortion and minimum deflection power. It ig
another object of our inventicn to provide an
improved cathode ray tube in which the diam-
eter of the scanning coils can be reduced where-
by less power is required to energize the coils than
heretofore.

According to the present invention a cathede
ray tube is provided comprising an electron gun

for generating a scanning beam of electrons and

an electrostatic electron lens adapted to focus
the electrons on to a luminescent screen or tar-

(CL 250—160)

get, said lens comprising a pair of coaxially-
arranged electrodes, the electrode nearer the
screen being of smalier diameter than the elec-
trode nearer the cathode or having a portion of
smaller diameter and the envelope of the tube
in the vicinity of said smaller diameter is also
of smaller diameter so that scanning coils can
encircle the portion of the envelope of reduced
diameter whereby the coils can be made of a
diameter less than the diameter of the electrode
cf the lens nearer the cathode. Where the in-
vention is applied to a cathode ray tube of the
projection type the fluorescent screen may be
formed on the end wall of that portion of the
tube of reduced diameter, the internal diameter
of which corresponds substantially to the exter-
nal diameter of the smaller electrods, or alter-
natively, the portion of reduced diameter may
be tapered towards its end to a diameter less
than the diameter of the smaller electrode or
mzay taper outwardly to a diameter larger than
the diameter of the smaller electrode in cases
where it may be desirable to preovide the screen
on a wall of a diameter approximating to the
diameter of the larger electrode. The ratio of
the diameters of the two electrodes may be
between 1.5:1 and 2.5:1 but they are preferably
in a ratio of 2:1 since this ratio is found to give
optimum results so far as freedom from longi-
tudinal spherical aberration is concerned.

In order that the said invention may be clear-
ly understocd and readily carried into effect it
will now be more fully described with reference
tc the accompanying drawing, in which;

Figure 1 is a longitudinal cross-sectional view
of a cathode ray tube constructed in accordance
with one form of the invention;

Figure 2 is & similar view of a portion of a tube

constructed according to a modification of the
invention; and,

Figure 3 is a similar view of a portion of a tube
constructed in accordance with a further modifi-
cation of the invention.

As shown in Figure 1, the cathode ray. tube
comprises an evacuated envelope 4 provided with

a cathode 5, a control electrode §, an accelérating

electrode 1, and a coustricting electrode . The
stream of electrons originating at the cathode is
controlled in intensity, accelerated and focused
into a beam of electrons by a first anode & and a
second anode (8, the anodes 8 and {6 congstituting
the electrodes of an electron lens. The electron
gun structure comprising the electrodes 5, §, 1
and 8, and the lens anodes 9 and 0 are substan-
tially similar to the structure disclosed by F. H.
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" Nicoll et al. in their copending application Serial

5

‘10

No. 229,724, filed September 13, 1938, but other
constructions of the electron gun may be em-

"ployed. if desired. The cathode ray tube shown

in Figure 1 is of the projection type and the
electron gun provided near one end of the en-
velope is opposite and exposed to the fluorescent
screen i1 which is formed on the end wall of
the tube opposite the electron gun. The diam-
eter of the second anode 1€ is made smaller
than the diameter of the first anode 9 and the
envelope 4 cof the tube is reduced in diameter so
that it approximates the diameter of the second

“anode I8. Preferably, the diameter of the second
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anode {8 is half the diameter of the anode 9.
The scanning coils 12, only two of which are in-
dicated in cross-section, are. mounted on and par-
tially encircle the cylindrical portion of the en-
velope 4 of reduced diameter.

More patticularly, the first anode 9 comprises
a cylindrical portion of small diameter having
a diaphragm with an aperture {3 therein and a
much larger diameter portion which is the por-
tion which co-operates with the second anode 9
to constitute the electron lens. The length of

" the larger diameter portion of the first anode

30..
i ' one-half the diameter of the larger diameter
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may be between one and two times its diameter.
The diameter of the aperture {3 is so chosen that
it limits the apparent diameter of the electron
peam  in the plane of the lens to substantially

portion of the frst anode. This latter portion
terminates in an annulus {4 which serves the
double function of strengthening the metal
structure of the first anode and for screening
the effect of charges which may accumulate on
the envelope 4 from the electron beam. The
inner edge of the annulus 14 is, as shown, bent
or rolled over in order tc prevent a breakdown
when high voltages. are applied to the anodes 9
and {8 for causing them to function as an elec-
trostatic lens, the higher potential being applied
to the anode 8. The end of the second anode
18 adjacent the first anocde § is likewise rolled
or bent over to prevent breakdown when high
voltages are employed. The leads to the various
electrodes of the gun structure may be brought
cut externally of the envelope 4 through the
usual pinch 15, the lead to the second anode
being brought out through a seal {8 as shown.

anode ¢ a distance which may vary up to one-
half the radius of the electrode i8; the precise
distance for any particular lens depending on
the best compromise between the aberration of
the lens and the position of the principal planes
for the particular focussing ratio which the
geometry of the tube requires. The distance
from the mid-plane S of the electron lens to the
fluorescent screen inay be, for example, from two

“to four times the diameter of the second anode

and the focussing ratio, which is dependent upon
the potentials applied to the first and second
anodes, may be between ten and twenty. How-
ever, the invention is not limited to these defin-

" nite ratios.

. It will be observed that the scanning coils {2,
two of which are shown, are on opposite sides of
the path between the electron gun and the tar-
get and are spaced apart by a distance which is
considerably less than the diameter of the large
portion of the first anode. The second pair of
coils are similarly positioned at right angles to
‘those shown. With this arrangement less power
is required for deflecting the cathode ray beam

2,213,688

compared with the case in which the coils are
approximately the same diameter as the diam-

© eter of the first anode. Although the fluorescent

screen is reduced in area this is substantially
immaterial since substantially no loss of reso-
lution occurs owing to the fact that the lens de-

scribed is substantially free from aberration and -

the fluorescent screen is arranged proportionally
nearer the lens.

Figure 2 shows a modification of the invention
in which the portion of thé envelope 4 of reduced
diameter is tapered inwardly from the second

.anode. {0 so that the fluorescent screen is of

smaller diameter compared with the arrange-
ment shown in Figure 1. The fluorescent screen
in this case is disposed closer to the plane §, the
secanning coils being seated upon the tapered
portion of the envelope, as shown.

PFigure 3 illustrates a further example of the
invention in which the portion of the envelope

"4 of reduced diameter is tapered outwardly so

that the fluorescent screen may be formed upon
a surface which is larger than the surfaces avail-
able in Figures 1 and 2. The surface upon which
the flusrescent screen is formed is, in this case,
of approximately the same diameter as the diam-
eter of the larger portion of the first anode, the
scanning coils are seated upon the conical wall
of the reduced portion. -

Cathode ray tubes made 'in accordance with
our invention permit the use of an electron
beam having high current density and it will be
cbserved that the prefocused diameter of the
beam in the region of the plane S substantially
fills the second ancde {0, and since the distance
between opposite scanning coils closely approxi-
mates the diameter of the second anode, the
diameter of the beam during defiection by the
coils 2 is relatively large which increases the
efficiency while at the same time requiring less
power for energizing the scanning coils.

Our invention is not limited in its application
to cathode ray tubes designed for the reconstitu-
tion of television signals but may also be applied
to cathode ray tubes for the generation of sig-
nals suitable for transmission. In this case in-
stead of the end wall of the tube having a fluo-
rescent screen formed thereon a target such as
a mosaic electrode may be provided and an
image of the object for transmission may be pro-
jected on to the mosaic screen on the opposite
side to that scanned by the beam. In this case
the usual signal plate may be transpareni or,
alternatively, & double-sided mosaic electrode
may be employed and an electron image pro-
jected on to the side of the electrode opposite
the side which is scanned by the electron beam.

From the foregoing - description it will be ap-
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parent that various other modifications may be -

made in our invention without departing from
the spirit and scope thereof, and we desire, there-

60

fore, that only such limitations shall be placed

thereon as are necessitated by the prior art and
set forth in the appended claims.

‘We claim: : .

1. A cathode ray tube comprising an evacu-
ated envelope, an electron gun at one end of said
envelope to generate a stream of electrons, a
fluorescent screen at the opposite end of said
envelope to receive electrons from said electron
gun, a pair of cylindrical electron beam focusing
electrodes of unequal diameter arranged axially
cf said enveicpe and extending along different
portions of the path between said gun and said
screen, the electrode of smaller diameter tele-
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scoped at one end within said electrode of larger
diameter and extending at the opposite end to
a point closely adjacent said screen, said point
closely adjacent the screen being the nearest
point of approach to said screen of any of the
electrodes in said tube and cylindrical oppo-
sitely disposed electron beam deflection mem-
bers arranged axially of said envelope and
spaced from each other on opposite sides of the
path between said gun and said screen by a dis-
tance less than the diameter of the electrode of
larger diameter and partially surrounding the
electrode of smaller diameter to scan the elec-
trons from said gun over said screen.

2. A cathode ray tube comprising an envelope
having two coaxial cylindrical sections one of
which is of larger diameter than the other, an
electron gun at one end of said larger section
of the envelope to generate a stream of electrons,
a target in the smaller of said sections oppo-
sitely disposed from said gun to receive electrons
from said gun, a pair of coaxial cylindrical focus-
ing electrodes intermediate said gun and said
target of unequal diameters, that electrode
nearer the target being of smaller diameter and
telescoped within the electrode of larger diam-
eter and closely adjacent the envelope section
of smaller diameter, that nearer the said gun
being closely adjacent the envelope section of
larger diameter to focus said stream of elec-
trons as an electron beam on said target, the
electrode of smaller diameter likewise extend-
ing to a point closely adjacent said screen, which
point is the nearest point of approach fo said
screen of any of the electrodes in said tube, and
means partially surrounding and closely adjoin-
ing the envelope section of smaller diameter and
between one of said focusing electrodes and said
target for deflecting the electron beam over said
target.

3. A cathode ray tube comprising an evacu-

ated envelope, an electron gun at one end of -

said envelope to generate a stream of electrons,
a target at the opposite end of said envelope
to receive electrons from said gun, a pair of
elongated coaxial cylindrical electrodes sur-
rounding different portions of the path between
said gun and said target and lying closely adja-
cent the walls of said envelope to focus the elec-
trons from said gun as an electron beam on said
target, the electrode nearer the gun being of
larger diameter than the electrode nearer the

3

target, the electrode of smaller diameter being
telescoped at one end within said electrode of
larger diameter and extending at the opposite
end to a point closely adjacent said screen, said
electrode of smaller diameter being the closest
electrode of the electrodes in said tube to said
screen, and two pairs of cylindrical oppositely
disposed coils arranged axially, partially sur-.
rounding and closely adjoining the electrode of
smaller diameter, the distance between opposite
coils being less than the diameter of said larger
electrode.

4, A cathode ray tube comprising an envelope
having & cylindrical section and a frusto-conical
section, the two sections being joined to form a
single closed container of extended length, the
diameter of said envelope where said sections
are joined being considerably less than the
diameter of said cylindrical section, an electron
gun in said envelope near the end thereof oppo-
site said frusto-conical section to generate a
stream of electrons, an electron receiving target
at the opposite end of said frusto-conical sec-
tion from the end joined to said cylindrical sec-
tion to receive electrons from said gun, a first
anode in said cylindrical section, a second anode
in said frusto-conical section of smaller diam-
eter than said first anode and extending for a
short distance within said first anode to gener-
ate with said first anode an électron focusing
field, and scanning means comprising at least
one pair of coils, the coils of the pair being on
opposite sides of said frusto-conical section,
separated by a distance less than the diameter
of said first anode and lying between the point
where said sections are joined and the said tar-
get for scanning the electrons from said gun
over said target.

5. A cathode ray tube as claimed in claim 4
wherein the frusto-conical portion of the enve-
lope slopes to a smaller diameter toward the
said target.

6. A cathode ray tube as claimed in claim 4
wherein the frusto-conical portion of the enve-
lope slopes to a larger diameter toward the said
target.

7. A cathode ray tube as claimed in claim 3
wherein the end of the first anode adjacent the
second anode has a diameter twice that of the
second anode.

LEONARD FRANCIS BROADWAY.
OTTO KLEMPERER.
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