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[57] ABSTRACT

The three co-planar beams of an in-line gun are con-
verged near the screen of a cathode ray tube by means
of two plate-like grids transverse to the beam paths
and having corresponding apertures for the three
beams. The three beam apertures of the first grid are
aligned with the three beam paths. The two outer
beam apertures of the second grid are offset outwardly
relative to the beam paths to produce the desired con-
vergence. The three sets of apertures also provide sep-
arate focusing fields for the three beams. The second
plate-like grid is formed with a barrel shape, concave
toward the first grid, to minimize elliptical distortion
of beam spots on the screen due to crowding of the
adjacent focusing fields. Each of the two outer beams
is partially shielded from the magnetic flux of the de-
flecting yoke by means of a magnetic ring surrounding
the beam path in the deflection zone, to equalize the
size of the rasters scanned on the screen by the middle
and outer beams. Other magnetic pieces are posi-
tioned on opposite sides of the path of the middle
beam, to enhance one deflection field while reducing
the transverse deflection field for that beam.

4 Claims, 10 Drawing Figures
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1
IN-LINE ELECTRON GUN

This is a division of application Ser. No. 217,758,
filed 1/14/72, now U.S. Pat. No. 3,772,554,

BACKGROUND OF THE INVENTION

The present invention relates to an improved in-line
electron gun for a cathode ray tube, particularly a
shadow mask type color picture tube. The new gun is
primarily intended for use in a color tube having a line
type color phosphor screen, with or without light ab-
sorbing guard bands between the color phosphor lines,
and a mask having clongated apertures or slits. How-
gver, the gun could be used in the well known dot-type
color tube having a screen of substantially circular
color phosphor dots and a mask with substantially cir-
cular apertures.

An in-line electron gun is one designed to generate
or initiate at least two, and preferably three, electron
beams in a common plane, for example. by at least two
cathodes, and direct those beams along convergent
paths in that plane to a point or small area of conver-
gence near the tube screen. Various ways have been
proposed for causing the beams to converge ncar the
screen. For example, the gun may be designed to ini-
tially aim the beams, from the cathodes, towards con-
vergence at the screen, as shown in FIG. 4 of Moodey
U.S. Pat. No. 2,957,106, wherein the beam apertures
in the gun electrodes are aligned along convergent
paths.

In order to avoid wide spacings between the cath-
odes, which are undesirable in a small neck tube de-
signed for high deflection angles, it is preferable to ini-
tiate the beams along substantially parallel (or even di-
vergent) paths and provide some means, either inter-
nally or externally of the tube, for converging the
beams near the screen. Magnet poles and/or electro-
static deflecting plates for converging in-line beams are
disclosed in Francken U.S. Pat. No. 2,849,647, Gun-
dertetal. U.S. Pat. No. 2,859,378 and Benway U.S. Pat
No. 2,887.598.

The Moodey patent referred to above also includes
an embodiment, shown in FIG. 2 and described in lines
4 to 23 of column 3, wherein an in-line gun for two co-
planar beams comprises two spaced cathodes, a control
grid plate and an accelerating grid plate each having
two apertures aligned respectively with the two cath-
odes {as in FIG. 2) to initiate two parallel co-planar
beam paths, and two spaced-apart beam focusing and
accelerating electrodes of cylindrical form. The focus-
ing electrode nearest to the first accelerating grid plate
is described as having two beam apertures that are off-
set toward the axis of the gun from the corresponding
apertures of the adjacent accelerating grid plate, to
provide an asymmetric electrostatic field in the path of
each beam for deflecting the beam from its initial path
into a second beam path directed toward the tube axis.

Netherlands U.S. Pat. application No. 6902025, pub-
lished Aug. 11, 1970 teaches that astigmatic aberration
resulting in elliptical distortion of the focused screen
spots of the two off-axis beams from an in-line gun,
caused by the eccentricity of the in-line beams in a
common focusing field between two hollow cylindrical
focusing electrodes, can be partially corrected by form-
ing the adjacent edges of the cylindrical electrodes with
a sinusoidal contour including four sine waves. A simi-
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lar problem is solved in a different manner in appli-
cant’s in-line gun.

Another problem that exists in a cathode ray tube
having an in-line gun is a coma distortion wherein the
sizes of the rasters scanned on the screen by a conven-
tional external magnetic deflection yoke are different,
because of the eccentricity of the two outer beams with
respect to the center of the yoke. Messineo et al. U.S.
Pat. No. 3,164,737 teaches that a similar coma distor-
tion caused by using different beam velocities can be
corrected by use of a magnetic shield around the path
of one or more beams in a delta type gun. Barkow U.S.
Pat. No. 3,196,305 teaches the use of magnetic en-
hancers adjacent to the path of one or more beams in
a delta gun, for the same purpose. Krackhardt et al.
U.S. Pat. No. 3,534,208 teaches the use of a magnetic
shield around the middle one of three in-line beams for
coma correction.

SUMMARY OF THE INVENTION

In accordance with one aspect of the invention, at
least two electron beams are generated along co-planar
paths toward the screen of a cathode ray tube, c.g., a
shadow mask type color picture tube, and the beams
are converged near the screen by asymmetric clectric
fields established in the paths of two beams by two
plate-like grids positioned between the beam generat-
ing means and the screen and having corresponding ap-
ertures suitably related to the beam paths. The aper-
tures in the first grid (nearest the cathodes) are aligned
with the beam paths. Two apertures in the second grid
(nearest the screen) are offset outwardly with respect
to the beam paths to produce the desired asymmetric
fields. In the case of three in-line beams, the two outer
apertures are offset, and the middle apertures of the
two grids are aligned with each other. The pairs of cor-
responding apertures also provide separate focusing
fields for the beams. In order to minimize elliptical dis-
tortion of one or more of the focused beam spots on the
screen due to crowding of adjacent beam focusing
fields, at least a portion of the second grid may be sub-
stantially cylindrically curved in a direction transverse
to the common plane of the beams, and concave to the
first grid. Each of the two outer beam paths of a three
beam gun may be partially shielded from the magnetic
flux of the deflection yoke by means of a magnetic ring
surrounding each beam in the deflection zone of the
tube, to minimize differences in the size of the rasters
scanned on the screen by the middle and outer beams.
Further correction for coma distortion may be made by
positioning magnetic pieces on opposite sides of the
middle beam path for enhancing one field and reducing
the field transverse thereto.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view, partly in axial section, of a
shadow mask color picture tube in which the present
invention is incorporated;

FIG. 2 is a front end view of the tube of FIG. 1 show-
ing the rectangular shape;

FIG. 3 is an axial section view of the electron gun
shown in dotted lines in FIG. 1, taken along the line
3—3 of that figure;

FIG. 4 is an axial section view of the electron gun
taken along the line 4—4 of FIG. 3;

FIG. § is a rear end view of the electron gun of FIG.
4, taken in the direction of the arrows 5—S5 thereof;
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FIG. 6 is a transverse view, partly in section, taken
along the line 6—6 of FIG. 4

FIG. 7 is a front end view of the electron gun of FIGS.
1 and 4.

FIG. 8 is a similar end view with the final clement
(shield cup) removed: and

FIGS. 9 and 10 are schematic views showing the fo-
cusing and converging electric fields associated with
two pairs of beam apertures in FIG. 4.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 is a plan view of a 17V-90° rectangular color
picture tube. for example. having a glass envelope 1
made up of a rectangular (FIG. 2) faceplate panel or
cap 3 and a tubular neck § connected by a rectangular
funnel 7. The panel 3 comprises a viewing faceplate 9
and a peripheral flange or side wall 11 which is sealed
to the funnel 7. A mosaic three-color phosphor screen
13 is carried by the inner surface of the faceplate 9.
The screen is preferably a line screen with the phos-
phor lines extending substantially parallel to the minor
axis Y-Y of the tube (normal to the plane of FIG. 1).
A multi-apertured color selection electrode or shadow
mask 15 is removably
means, in predetermined spaced relation to the screen
13. An improved in-line electron gun 19, shown sche-
matically by dotted lines in FIG. 1, is centrally mounted
within the neck § to generate and direct three electron
beams 20 along co-planar convergent paths through
the mask 1§ to the screen 13.

The tube of FIG. 1 is designed to be used with an cx-
ternal magnetic deflection voke. such as the yoke 21
schematically shown, surrounding the neck § and fun-

nel 7, in the neighborhood of their junction, for sub- -

jecting the three beams 20 to vertical and horizontal
magnetic flux. to scan the beams horizontally and verti-
cally in a rectangular raster over the screen 13, The ini-
tial plane of deflection (at zero deflection) is shown by
the line P—P in FIG. 1 at about the middle of the yoke
21. Because of fringe fields. the zone of deflection of
the tube extends axially, from the yoke 21, into the re-
gion of the gun 19. For simplicity. the actual curvature
of the deflected beam paths 20 in the deflection zone
is not shown in FIG. 1.

The in-line gun 19 of the present invention is de-
signed to generate and direct three cqually-spaced co-
planar beams along initially-parallel paths to a conver-
gence plane C—C. and then along convergent paths
through the deflection plane to the screen 13. In order
to use the tube with a line-focus yoke 21 specially de-
signed to maintain the three in-line beams substantially
converged at the screen without the application of the
usual dynamic convergence forces. which causes de-
grouping misregister of the beam spots with the phos-
phor elements of the screen, the gun is preferably de-
signed with samll spacings between the beam paths at
the convergence plane C—C to produce a still smaller
spacing. usually called the S value. between the outer
beam paths and the central axis A—A of the tube, in
the deflection plune P—P. The convergence angle of
the outer beams with the central axis is arc tan e/c+d,
where ¢ is the axial distance between the convergence
plane C—C and the deflection plane P—P, d is the dis-
tance between the deflection plane and the screen 13,
and e is the spacing between the outer beam paths and
the central axis A—A in the convergence plane C—C.

mounted, by conventional -

1€

20

30

40

45

A

58

60

65

4

The approximate dimensions in FIG. 1 are ¢ = 2.7
inches. d = 9.8 inches, ¢ = 0.200 inch (200 mils), and
hence, the convergence angle is 55 minutes and s = 157
mils.

The details of the improved gun 19 are shown in
FIGS. 3 through 8. The gun comprises two glass sup-
port rods 23 on which the various electrodes are
mounted. These clectrodes include  three cqually-
spaced co-planar cathodes 25, one for cach beam, a
control grid clectrode 27, a screen grid electrode 29, a
first accelerating and tocusing clectrode 31, a sccond
accelerating and focusing electrode 33, and a shield
cup 35, spaced along the glass rods 23 in the order
named.

Each cathode 2§ comprises a cathode sleeve 37,
closed at the forward end by a cap 39 having an end
coating 41 of electron emissive material and a cathode
support tube 43. The tubes 43 are supported on the
rods 23 by four straps 45 and 47 (FI1G. 6). Each cath-
ode 25 is indirectly heated by a heater coil 49 posi-
tioned within the sleeve 37 and having legs 51 welded
to heater straps 53 and 55 mounted by studs 57 on the
rods 23 (FIG. §). The control and screen grid elec-
trodes 27 and 29 are two closely-spaced (about 9 mils)
flat plates having three pairs of small (about 25 mils)
aligned apertures 59 centered with the cathode coat-
ings 41 to initiate three equally-spaced coplanar beam
paths 20 extending toward the screen 13. Preferably,
the initial paths 20« and 20h are substantially parallel
and about 200 mils apart. with the middle path 20a co-
incident with the central axis A—A.

Electrode 31 comprises first and second cup-shaped
members 61 and 63, respectively, joined together at
their open ends. The first cup-shaped member 61 has
three medium-sized (about 60 mils) apertures 75 close
to grid electrode 29 and aligned respectively with the
three beam paths 20, as shown in FIG. 4. The second
cup-shaped member 63 has three large (about 160
mils) apertures 65 also aligned with the three beam
paths. Electrode 33 is also cup-shaped and comprises
a base plate portion 60 positioned close (about 60 mils)
to electrode 31 and a side wall or flange 71 extending
forward toward the tube screen. The base portion 69 is
formed with three apertures 73, which are preferably
stightly larger (about 172 mils) than the adjacent aper-
tures 67 of clectrode 31. The middle aperture 73a is
aligned with the adjacent middle aperture 67« (and
middle beam path 20a) to provide a substantially sym-
metrical beam focusing electric field between apertures
67a and 73a when electrodes 31 and 33 are energized
at different voltages. The two outer apertures 73b are
slightly offset outwardly with respect to the corre-
sponding outer apertures 67b, to provide an asymmetri-
cal electric field between cach pair of outer apertures
when clectrodes 31 and 33 are energized, to individu-
ally focus each outer beam 20b near the screen, and
also to deflect each beam, toward the middle beam. to
a common point of convergence with the middle beam
near the screen. In the example shown, the offset of
each beam aperture 73h may be about 6 mils.

The approximate configuration of the electric fields
associated with the middle and outer apertures are
shown in FIGS. 9 and 10, respectively, which show the
cquipotential lines 74 rather than the lines of force. As-
suming an accelerating field, as shown by the + signs,
the left half 75 (on the left side of the central mid-
plane) of each field is converging and the right half 77
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18 diverging. Since the electrons are being accelerated,
they spend more time in the converging field than in
the diverging field, and hence, the beam experiences a
net converging or focusing force in each of FIGS. 9 and
10. Since the middle beam 20u passes centrally through
a symmetrical field in FIG. 9, it continues in the same
direction without deflection. In FIG. 10, the outer
beam 20h traverses the left half 75 of the field cen-
trally, but enters the right half 77 off-axis. Since this is
the diverging part of the field, and the electrons are
subjected to field forces perpendicular to the equipo-
tential lines or surfaces 74, the beam 205 is deflected
toward the central axis (downward in FIG. 10) as it tra-
verses the right half 77, in addition to being focused.
The angle of deflection, or convergence, of the beam
20b can be determined by the choice of the offset of the
apertures 73 b and the voltages applied to the two elec-
trodes 31 and 33. For the example given, with an offset
of 6 mils, clectrode 33 would be connected to the ultor
or screen voltage, about 25 K.V, and electrode 31
would be vperated at about 17 to 20 percent of the
ultor voltage, udjusted for best focus. The object dis-
tance of cach focus lens, that is, the distance between
the first cross-over of the beams near the screen grid 29
and the lens. is about 0.500 inch; and the image dis-
tance from the lens to the screen is about 12.5. inches.

The above-described outward offset of the beam ap-
ertures to produce beam convergence is contrary to the
teaching of FIG. 3 of the Moodey patent described
above. and hence. is not suggested by the Moodey pa-
tent.

The focusing apertures 67 and 73 are made as large
as possible. to minimize spherical aberration, and as
close together as possible, to obtain a desirable small

spacing between beam paths. As a result, the fringe -
p 2 P £

portions of adjacent fields interact to produce some
astigmatie distortion of the focusing fields, which pro-
duces some ellipticity of the normally-circular focused
heam spots on the screen. In a three-beam in-line gun,
this distortion is greater for the middle beam than for
the two outer beams, because both sides of the middle
heam field are affected. In order to compensate for this
effect. and minimize the eclliptical distortion of the
beam spots, the wall 69, or at least the surface thereof
facing the electrode 31, is curved substantially cylindri-
cally. concave to clectrode 31, in the direction normal
or transverse to the plane of the three beams, as shown
at 79 in FI1G. 3. Preferably, this curvature is greater for
the middle beam path than for the outer beam paths,
hence. the wall 69 may be made barrel-shaped. In the
example given, the barrel shape may have a stave ra-
dius of ¥ inches (FIG. 4) and a hoop radius of 2.28
inches (FIG . 3), with the curvature 79 terminating at
the outer cdges of the outer apertures 73b.

The shield cup 35 comprises a base portion 81, at-
tuched to the open end of the flange 71 of electrode 33,
and a tubular wall 83 surrounding the three beam paths
20. The base portion 81 is formed with a large middle
beam aperture 85 (about 172 mils) and two smaller
outer beam apertures 87 (about 100 mils) aligned, re-
spectively. with the three initial beam paths 20a and
200.

In order to compensate for the coma distortion
wherein the sizes of the rasters scanned on the screen
by the external magnetic deflection yoke are different
for the middle and outer beams of the three-beam gun,
due to the eccentricity of the outer beams in the yoke
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field, the electron gun is provided with two shield rings
89 of high magnetic permeability, e.g., an alloy of 52
percent nickel and 48 percent iron, known as 52 metal,
are attached to the base 81, with each ring concentri-
cally surrounding one of the outer apertures 87, as
shown in FIGS. 4 and 7. These magnetic shields 89 by-
pass a small portion of the fringe deflection fields in the
path of the outer beams, thereby making a slight reduc-
tion in the rasters scanned by the outer beams on the
screen. The shield rings 89 may have an outer diameter
of 150 mils, an inner diameter of 100 mils, and a thick-
ness of 10 mils.

A further correction for this coma distortion is made
by mounting two small discs 91 of magnetic material,
e.g., that referred to above, on cach side of the middle
beam path 20a. These discs 91 enhance the magnetic
flux on the middle beam transverse to the plane of the
three beams and decrease the flux in that plane, in the
manner described in the Barkow patent referred to
above. The discs 91 may be rings having an outer diam-
eter of 80 mils, an inner diameter of 30 mils, and a
thickness of 10 mils.

Each of the electrodes 27, 29, 31 and 33 are mounted
on the two glass rods 23 by edge portions embedded in
the glass. The two rods 23 extend forwardly beyond the
mounting portion of electrode 33, as shown in FIG. 3.
In order to shield the exposed ends 93 of the glass rods
23 from the electron beams, the shield cup 35 is formed
with inwardly-extending recess portions 95 into which
the rod ends 93 extend. The electron gun 19 is
mounted in the neck 5 at one end by the leads (not
shown) from the various electrodes to the stem termi-
nals 97, and at the other end by conventional metal
bulb spacers (not shown) which also connect the final
electrode 33 to the usual conducting coating on the
inner wall of the funnel 7.

I claim:

1. In a color picture tube including an evacuated en-
velope comprising a faceplate and a neck connected by
a funnel. a mosaic color phosphor screen on the inner
surface of said faceplate, a multiapertured color selec-
tion electrode spaced from said screen, an in-line elec-
tron gun mounted in said neck for generating and di-
recting three electron beams along co-planar paths
through said electrode to said screen, and a detlection
zone, located in the vicinity of the junction between
said neck and said funnel, wherein said beams are sub-
jected to vertical and horizontal magnetic deflection
fields during operation of said tube for scanning said
beams horizontally and vertically over said screen; said
electron gun comprising:

a. means for generating and directing three electron
beams along three co-planar paths towards said
screen;

b. means interposed between said first-named means
and said deflection zone for focusing each beam
near said screen and for converging the three
beams near said screen; and

¢. a shielding member of magnetic material surround-
ing each of the outer ones only of said beam paths
in siad deflection zone, for partially shielding only
the two outer beams from said magnetic deflecting
fields, thereby reducing the size of the rasters
scanned by the outer beams without reducing the
size of the raster scanned by the middle beam.

2. The structure of claim I, wherein said electron gun

further comprises a pair of magnetic elements posi-
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tioned in said deflection zone on opposite sides of the
middle beam path and in a plane transverse to the com-
mon plane of said paths for enhancing the magnetic de-
flection field in said middle beam path transverse to
said common plane and for reducing the magnetic de-
flection field in said middle beam path along said com-
mon plane, thereby increasing the dimension of the ras-
ter scanned by the middle beam in said common plane
while reducing the dimension of said raster in said
transverse plane.

3. In a color picture tube including an evacuated en-
velope comprising a faceplate and a neck connected by
a funnel, a mosaic color phosphor screen on the inner
surface of said faceplate, a multi-apertured color selec-
tion electrode spaced from said screen. an in-line elec-
tron gun mounted in said neck for generating and di-
recting three electron beams along co-planar paths
through said electrode to said screen, and a deflection
zone, located in the vicinity of the junction between
said neck and said funnel, wherein said beams are sub-
jected to vertical and horizontal magnetic deflection
fields during operation of said tube for scanning said
beams horizontally and vertically over said screen, and
wherein the cccentrity of the outer ones of said beams
in the deflection fields causes the sizes of the rasters
scanned by the outer beams to tend to be larger than
the size of the raster scanned by a middle beam. said
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8
electron gun comprising;

a. means for generating and directing three clectron
beams along three co-planar paths towards said
screen;

b. means interposed between said first-named means
and said deflection zone for focusing cach beam
near said screen and for converging the three
beams near said screen; and

¢. two shield rings of high magnetic permeability ma-
terial located at the fringe of the deflection zone,
each ring concentrically surrounding one of the
outer beams, whereby small portions of the fringe
deflection field are bypassed around the outer
beams thereby reducing the size of the rasters
scanned by the outer beams without reducing the
size of the raster scanned by the middle beam.

4. The tube as defined in claim 3, including two small
discs of magnetic material located at the fringe of the
deflection zone on opposite sides of the middle beam
transverse to the plane of the three beams, whereby the
magnetic flux on the middle beam transverse to the
plane of the three beams is enhanced and the flux in the
plane of the three beams is decreased thereby increas-
ing the middle beam dimension in the plane of the three
beams while reducing the middle beam dimension in

the plane of the three beams.
® ox ok ok k



