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[57] ABSTRACT 

A conventional three-gun assembly for a color cath 
ode ray tube is modi?ed by eliminating the usual ra 
dial convergence cup, mounting the radial conver~ 
gence pole pieces on the forward ends of the last focus 
electrodes, and providing each gun with a combina 
tion magnetic shield and electrode support member in 
the form of an open frame of magnetic metal mounted 
on the insulator support rods and having one side at 
tached to the last focus electrode, an opposite side 
shielding the associated pole pieces from the other 
pole pieces, and two other connecting sides. The last 
focus electrode may be one of two tubular electrodes 
of small diameter having outwardly-?ared ends adja 
cent to each other. 

10 Claims, 4 Drawing Figures 
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CATHODE RAY TUBE GUN HAVING NESTED 
ELECTRODE ASSEMBLY 

This is a continuation, of application Ser.‘ No. 5 
857,371, ?led Sept. 12, 1969, now abandoned. ~ 

BACKGROUND OF THE INVENTION 

This invention relates to cathode ray tube guns, and 
is particularly directed to a unitary assembly of elec- 10 
tron guns disposed side-by-side for projecting and radi 
ally converging a plurality of electron beams onto a 
luminescent screen, as in direct-view color cathode ray 
tubes of the shadow mask type for home television use. 
An example of a unitary gun assembly, widely used in 15 

the manufacture of color television tubes, disclosed in 
my U.S. Pat. No. 3,254,251 issued May 31, 1966, com 
prises three electron guns, each including a cathode 
and a series of aligned beam modulating, accelerating 
and focusing electrodes, mounted in a side-by-side 
delta array by means of mounting straps attached to the 
electrodes and to three insulator support rods, and a 
cup-shaped radial convergence cage having a triple 
apertures ?at base mounted on the ends of the last gun 
electrodes and containing three pairs of radially 
extending magnetic convergence pole pieces, with the 
pole pieces of each pair disposed on opposite sides of 
one of the three beams and having terminal portions 
adapted to be coupled through the tube envelope with 
an external magnet to establish do and dynamic con 
vergence magnetic ?elds in the path of the beam, and a 
Y-shaped magnetic shield interposed between the three 
beams. This gun structure is satisfactory for most of the 
color tubes now being manufactured, in sizes from 15 
inches to 25 inches, and de?ection angles up to 90°, 
with conventional 1-7/16 inches O.D. envelope necks 
in which the gun structure is mounted. However, in 
designing color tubes with larger de?ection angles, e. g., 
1 10°, and/or in smaller sizes, e.g., 13 inches, it has been 
found desirable to use a neck of smaller size, e.g., 11/8 
inches O.D., or less. It is di?icult to merely scale the 
conventional gun assembly with the pole pieces 
mounted in a convergence cup, down in size to ?t in the 
smaller neck. Moreover, a disadvantage of the conven 
tional gun assembly is the necessity for using elaborate 
jig means to assemble the convergence cup with its 
apertures in desired alignment with the electrodes of 
the three guns. Pappadis U.S. Pat. No. 3,353,049, is 
sued Nov. 14, 1967, discloses a three~gun assembly in 
which the conventional convergence cup is ‘omitted 
and the pole pieces for each beam are attached by tabs 
to one side of the last tubular focusing electrode and 
extend through slots therein, with the three last focus 
ing electrodes mounted on three magnetic straps which 
also form a Y shield between the three beams in the 
region of the pole pieces. This arrangement does not 
reduce the overall diameter of the gun assembly, as 
compared with the conventional assembly. One disad 
vantage of the patent structure is that the extension of 
the pole pieces into the interior of the last tubular fo 
cusing electrode produces severe astigmatism of the 
focus lens ?eld. Another disadvantage of this structure 
is that each magnetic strap extends entirely across the 
gap between the associated pole pieces, and in close 
proximity thereto, and hence, produces a severe shunt 
ing effect on the magnetic ?eld established across that 
gap, as explained in applicant’s U.S. . Pat. No. 
2,991,381, issued July 4, 1961. Moreover, the tabs in 
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the patent do not positively position the inner ends of 
the pole pieces. 

SUMMARY OF THE INVENTION 
Accordingly, an object of the present invention is to 

provide a plural gun assembly, for a color cathode ray 
tube, whichminimizes the disadvantages of prior gun 
assemblies. 
Another object is to simplify the structure and 

method of manufacture of a plural gun assembly. 
Still another object is to provide a plural gun assem 

bly that can be made in a size suitable for use in smaller 
necks than conventional gun assemblies. 

In accordance with the present invention, the con 
ventional three-gun assembly of my U.S. Pat. No. 
3,254,251 is modi?ed by eliminating the conventional 
convergence cup, replacing the three mounting straps 
for the three last focusing tubular electrodes and the Y 
shield by three combination magnetic shield and elec 
trode support members, each consisting of a single 
piece of magnetic metal mounted on the insulator sup 
port rods and having a ?rst portion spaced axially from 
the associated pole pieces and attached to the last elec 
trode, and a second portion extending between the 
associated pole pieces and the pole pieces of the other 
guns in a region located beyond the last focusing elec 
trode. The axial width of this second portion of each 
member is preferably small compared to the axial 
length of the pole pieces, to minimize the shunting 
effect thereof on the magnetic ?eld between the pole 
pieces. The pole pieces are mounted on the guns in 
substantially the same location relative to the last fo 
cusing electrode as in the conventional assembly. Pref 
erably, the forward end of each of the last focusing 
electrodes is reduced in diameter, and the pole pieces 
for each beam are attached at one end to opposite sides 
of this forward end and the major portions of the pole 
pieces extend along the beam path in the region beyond 
the last focusing electrode. The last focusing electrode 
of each gun may be a part of a novel two or three elec 
trode focusing lens structure comprising two elongated 
tubular electrodes having outwardly ?ared portions at 
the adjacent ends thereof, or part of a conventional 
lens structure. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a front end view of a three-gun assembly 
embodying the present invention. 
FIG. 2 is a longitudinal section view of the assembly 

of FIG. 1, taken on the line 2-2 thereof. 
FIG. 3 is an elevational view, from line 2-2 of FIG. 

1, of the combination shield and support member of 
FIGS. 1 and 2. 
FIG. 4 is a view similar to FIG. 2 of an assembly 

having a- different kind of focusing lens structure. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIGS. 1, 2 and 3, the invention is illustrated as 
embodied in a unitary three-gun assembly 1, for use in 
a direct-view color cathode ray tube of the shadow 
mask type having an envelope neck 3, shown in dashed 
lines in FIG. 1, in which the assembly is adapted to 
snugly ?t, like the assembly shown in my U.S. Pat. No. 
3,254,251, referred to above. The assembly 1 com 
prises three substantially identical electron guns 5 dis 
Bé?éd @{hl'metrically about a central longitudinal axis in 
an éqlii ateral ‘triangular (delta) array. 
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Each of the three guns 5 comprises a cathode assem 
bly 7, a control grid 9, a screen grid 11, a ?rst focus 
electrode 13, a second focus electrode 15, and a third 
or ?nal focus electrode 17, all of which are mounted in 
axially aligned spaced relationship along three insu 
lated, e.g., glass, support rods 19. As shown in FIG. 1, 
each of the rods 19 are disposed alongside a different 
two of the three guns 5 outwardly therefrom. Two of 
the rods 19 and the one gun 5 disposed therebetween 
are shown in FIG. 2. The cathode assembly 7, control 
grid 9 and screen grid 11 of each gun are separately 
supported from the rods 19 by integral strap-like tabs 
21 embedded in the rods, in the manner disclosed in 
US. Pat. No. 3,254,251. The ?rst and third focus elec 
trodes 13 and 17 of each gun are generally tubular and 
are supported by metal straps 23 and 25, respectively, 
each having its ends embedded in the two adjacent rods 
19 and an arcuate middle portion ?tting and attached 
to the focus electrode on the side facing the central axis 
of the gun assembly, as shown in FIG. 1 for the straps 
25. Each second focus electrode 15 is a centrally-aper 
tured sector-shaped plate having its outer ends embed 
ded in the two adjacent rods 19. All of the structure 
described thus far is conventional, except for the design 
of the focus lens electrodes 13, 15, 17, which will be 
described later, the fact that the straps 25 are made of 
magnetic material to serve as a partial Y shield between 
the three beams, and the overall‘diameter of the gun 
assembly. 

In accordance with the present invention, the con 
ventional radial convergence cup in which the conver 
gence pole pieces and Y-shield are usually mounted is 
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eliminated, and two substantially radial pole pieces27 . 
of magnetic metal are attached, as by welding, at one 
end to the exterior of opposite sides of the forward end 
18 of each tubular focus electrode 17, with the major . 
portions of the pole pieces extending along the beam 
path in a region located beyondthe end 18. Each mag 
netic support strap 25 is made an integral part of a 
combination magnetic shield and support member 29 
in the form of an open frame having one side constitut 
ing the strap 25, an opposite side or strap 31 axially 
spaced from the strap 25 and extending across the gap 
between the associated pole pieces 27 and between the 
latter and the pole pieces 27 of the other two guns in 
the region beyond the forward end 18 of the tubular 
focus electrode 17, and two axially-extending sides 33 
connecting the two opposite sides 25 and 31. The sides 
31 of the three members 29 form a Y-shaped magnetic 
shield between the three pairs of pole pieces. The width 
of the sides 31 in the axial direction is made less than 
half the axial width of the pole pieces 27, in order to 
minimize the shunting effect of the magnetic shield on 
the magnetic ?elds established between the pole pieces 
in the operation of the tube. The optimum width repre 
sents a compromise between the amount of shielding 
required between beams and the amount of shunting of 
each ?eld that can be tolerated. As shown in FIG. 1, the 
pole pieces 27 comprise conventional ?anged terminal 
portions 27’ adapted to snugly ?t within the glass neck 
3 of the cathode ray tube for coupling to external con 
vergence magnets. Three metal leaf springs 35 are 
attached, as by welding, to ?anged ends 31' of the sides 
31 of members 29 to center and support the forward 
end of the gun assembly in the tube neck. The springs 
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35 also connect the focus electrodes 17 and members . 
29 to the high voltage funnel coating. The other end of - 
the gun assembly is mounted on a conventional stem 

4 
(not shown). By eliminating the conventional conver 
gence cup and scaling down all of the parts in size 
somewhat, the resulting compact gun assembly can be 
inserted in a somewhat smaller tube neck. 
Three focus electrodes 13, 15 and 17 form an im 

proved unipotential (Einzel) lens providing optimum 
electric fields for the electron optics. Each of elec 
trodes'l3 and 15 comprises a major tubular portion 37 
of relative small diameter merging smoothly with a 
relatively-short outwardly-?ared or bell-shaped portion 
39 increasing in diameter to an inner diameter at the 
end adjacent to the focus electrode 15 about twice that 
of the portion 37. The diameter of the aperture 15'. in» 
electrode 15 should be at least as large as, or greater 
than, the small diameter portion 37. The two end elec 
trodes 13 and 15 of the focus lens are electrically con 
nected together to operate at the same high voltage by 
a connecting wire 41, and the middle focus electrode is 
connected by a connecting wire 43 to one of the lead-in 
terminals of the stem (not shown) for applying a low or 
ground potential thereto, as shown in FIG. 2. The pur 
pose of ?aring the ends of the tubular electrodes 13 and 
15 is to reduce spherical aberration in the focus lens. 
The use of a focus electrode 17 having a small diameter 
makes it possible to mount the pole pieces 27 directly 
on the outer sides thereof with the desirable relatively 
close spacing of the pole pieces, thereby obtaining 
accurate positioning of the pole pieces with respect to 
the beam axes of the three guns. 
FIG. 4-shows a modi?ed three-gun mount assembly 

45 substantially identical to assembly 1 of FIGS. 1-3, 
except :for the substitution of bi-potential or two-elec 
trode focus. lenses for the three-electrode unipotential 
lensesof the ?rst embodiment. Each focus lens com 
prises two tubular focus electrodes 47 and 49 mounted 
on insulator supportrods 19 by~means of straps 51 and 
53, respectively. Each .of electrodes 47 and 49 com- . 
prises a short portion55 of relatively small inner diam 
eter, joined to a longer portion 57 of larger diameter, 
with the larger diameter portions 57 positioned adja 
cent to each other to form the focus lens. Each strap 53 
is an integral part of a combination shield and support 
member 29 having sides 31 and 33, exactly as in FIGS. 
1-3. Pole pieces 27 are attached to opposite sides of. 
the small forward end 55 of each electrode 49, as in 
FIGS.~1 and 2. 

I claim: 
1. In a unitary plural gun assembly, each gun com-v 

prising a plurality of axially-aligned electrodes 
mounted in spaced relation along elongated insulating 
support means for projecting an electron beam along a 
beam path in a forward direction, and a pair of mag- . 
netic pole pieces disposed primarily in a region beyond 
the forward end of the forwardmost electrode and on 
opposite sides of the beam path through said gun; the 
improvement wherein said pole pieces of each gun are 
disposed entirely outside of the last electrode, the 
major portions of said pole pieces extend along the 
beam path in the region located beyond said forward- » 
most electrode, and each gun includes a combination 
magnetic shield and electrode support member com-.v 
prising a single piece of magnetic metal mounted on at 1 
least one of said support means and having a ?rst por 
tion attached to said last electrode, and a second por- 
tion spaced axially from said first portion, disposed in, 
said region and extending between said pole pieces of 
that gun and the pole pieces of the other gun or guns 
for partially‘ shielding the pole pieces of adjacent guns 
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from each other. 
2. In an assembly of three electron guns disposed 

side-by-side in delta array, each gun comprising a plu 
rality of axially-aligned electrodes including a ?nal 
tubular focus electrode mounted in spaced relation 
along insulating support means for projecting an elec 
tron beam along a beam path in a forward direction, 
and a pair of substantially radial magnetic pole pieces 
disposed on opposite sides of the beam path there 
through; the improvement wherein said pole pieces of 
each gun are disposed entirely outside of said tubular 
electrode, the major portions of said pole pieces extend 
along the beam path in a region located beyond the 
forward end of said tubular electrode, and each gun 
includes a combination magnetic shield and electrode 
support member comprising a single piece of magnetic 
metal mounted on at least one of said support means 
and including a ?rst portion attached to said tubular 
electrode, and a second portion spaced axially from 
said ?rst portion, disposed in said region and extending 
between said pole pieces of that gun and the pole 
pieces of the other two guns for partially shielding the 
pairs of pole pieces of the three guns from each other. 

3. The improvement of claim 2, wherein the axial 
width of said second portion of each of said members is 
less than half the corresponding width of said pole 
pieces, whereby the shunting effect of said second por 
tion of the magnetic ?eld between the associated pole 
pieces is minimized. ‘ 

4. The improvement of claim 2, wherein each of said 
members is generally rectangular with the central por 
tion cut out to form an open frame having four inte 
grally connected sides comprising one side constituting 
said ?rst portion having its ends attached to said sup 
port means and an intermediate portion extending 
across and attached to said tubular electrode on the 
side thereof toward the other guns, a side opposite said 
one side constituting said second portion of said mem 
ber, and two connecting sides. 

5. The improvement of claim 2, wherein the pole 
pieces of each gun are attached at one end directly to 
and supported solely by opposite sides of the exterior of 
said forward end of said tubular electrode. 

6. A unitary plural gun assembly for use in projecting 
electron beams toward a screen of a cathode-ray tube 
comprising, 
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6 
each gun having a plurality of axially-aligned elec 
trodes mounted in spaced relation along elongated 
insulator support means, 

a pair of radial convergence magnetic pole pieces 
attached to the outer sides of and supported by the 
electrode of each gun nearest said screen, said pole 
pieces being entirely outside of and extending be 
yond said electrode nearest said screen toward said 
screen, 

a combination magnetic shield and electrode support 
for each gun comprising a single piece of magnetic 
metal mounted on at least one of said support 
means and having a ?rst portion attached to the 
electrode nearest said screen and interconnecting 
this electrode with said elongated insulator support 
means, and a second portion extending toward said 
screen between pole pieces of at least two adjacent 
guns. 

7. The unitary plural gun assembly as de?ned in 
claim 6, wherein each gun in axially-aligned order com-, 
prises, a cathode assembly, a control grid, a screen grid, 
a ?rst focus electrode, a second focus electrode and a 
third focus electrode, said third focus electrode being 
nearest said screen, said pair of magnetic pole pieces 
being attached to approximately opposite sides of an 
external portion of said third focus electrode. 

8. The unitary plural gun assembly as de?ned in 
claim 6, wherein the axial width of the second portion 
of said combination is less than half the axial width of 
said pole pieces, wherreby the shunting effect of said 
second portion on a magnetic ?eld between each pair 
of pole pieces is minimized. 

9. The unitary plural gun assembly as de?ned in 
claim 6, including a plurality of metal leaf springs at 
tached to said second portion and extending therefrom 
toward said screen. 

10. The unitary plural gun assembly as de?ned in 
claim 6, wherein each combination is generally rectan~ 
gular having an open central portion and four integrally 
connected sides, one of said sides constituting said ?rst 
portion and being attached to said support means, a 
second side opposite said ?rst portion constituting said 
second portion, and two other sides connecting said 
?rst and second portions. 
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