
0 111 974 Description The invention relates to an in-line electron gun
structure for a colour cathode ray tube with a lensing arrangement
comprising focussing and accelerating electrodes. 5      The advancing
state of the art in cathode ray tube technology has progressed hand-in-hand
with the achievement of associated fabrication refinements and
modifications that heretofore were considered impossible to effect. With
improved efficiencies and capabilities have come tube design changes and a
trend toward miniaturization and compaction of electron gun structures.
These smaller gun structures are, in turn, encompassed within envelope neck
portions of smaller dimensions and shorter lengths. Tube 10 necks of 29 mm
diameters, once considered small, are in the present state of the art
accepted as regular neck sizes, as compared to the new "mini-neck" 22.8 mm
diameters (17.5 mm l.D.). Consequently, the structural dimensions of the
electrode elements in the respective gun assemblies have been adapted to
achieve the desired compaction. Such is especially evident in colour tube
in-line gun assemblies, wherein three separate electron beams emanate in a
substantially common plane. The desired compaction is 15 conventionally
achieved by employing unitized gun constructions embodying the combination
of several functionally similar electrodes into single unitized structures.
In effecting miniaturization of in-line gun assemblies, factors influencing
the quality of focusing (herein "lensing") of the individual electron beams
become more critical as the diameters of the lenses, being positioned
in-line in the horizontal plane of the assembly, are necessarily reduced to
meet dimensional 20 requirements. The compaction of lenses and thus beam
spacings in small gun assemblies tends to foster increased spherical
aberration in the lenses. Thus, it becomes much more difficult to achieve
the quality of beam focusing needed to produce the desired small and round
spot of beam impingement on the display screen. To more fully utilize the
limited apertural space available in the reduced electrodes, overlapping
lenses 25 have been introduced in the art. Examples of such lenses are
disclosed by Ashizaki, Muranishi, and Sugahra in U.S. Patent 4,275,332. The
electrode structures of these teachings incorporate the inclusion of extra
elements therein, such as discretely positioned wall inserts or U-shaped
partition members. To differentiate therefrom, objectives of the present
invention include achieving improved lensing by making modifications to the
apertures in the in-line beam lensing means to maximize lens dimensions in
30 the limited available apertural regions without the addition of extra
structural elements. A further objective resultant therefrom is-the
realization of much improved resolution evidenced in small and well defined
beam spot landings that are substantially free of astigmatism. Such
improvements are-greatly desired in the advancing state of the art. The
above objectives are achieved in that an in-line electron gun structure of
the type mentioned in the 35 preamble comprises: a first lensing structure
in the forward portion of the focussing electrode, such structure having
three in-line tapered apertures of substantially truncated open
configuration having substantially parallel axes of symmetry, each aperture
having a beam-exiting front and a smaller dimensioned beam-entering
rear-opening, the front and rear openings being separated by sloping
sidewalls, a portion of the sidewall of 40 each aperture intersecting
within the tapered region with a portion of the sidewall of an adjacent
aperture to form a saddle with sloping flanks along the region of
intersection; and a second lensing structure in the rear portion of the
accelerating electrode in adjacent, facing aligned relationship with the
first structure, such second structure having three in-line tapered
apertures of substantially truncated open configuration having
substantially parallel axes of symmetry, each aperture 45 having a
beam-entering rear and a smaller dimensioned beam-exiting front opening,
the front and rear openings being separated by sloping sidewalls, a portion
of the sidewall of each aperture intersecting within the tapered region
with a portion of the sidewall of an adjacent aperture to form a saddle
with sloping flanks along the region of intersection. The invention
pertains to improved electron beam lensing means in a plural beam colour
CRT in-line so electron gun assembly having a center and two side-related
integrated gun structures. Contained therein is a unitized focussing
electrode evidencing three in-line apertures, and associated therewith is
an adjacent forwardly-related unitized accelerating electrode having a like
number of rear-oriented in-line apertures therein. The lensing means of the
invention relates to cooperative structural modifications made in each of
the mentioned unitized electrode to effect maximum sized lenses
therebetween, such being advantageous 55 in forming the respective electron
beams to result in small sized round landing areas on the screen. Such
landing areas have been very difficult to achieve in small compact gun
structures. State-of-the-art electrode apertures are conventionally
substantially round straight through openings.. having uniform dimension
therethrough, but in accordance with the concept of the present invention,
the . in-line apertures in the front surface of the focussing electrode are
formed as substantially tapered. 60truncated open configurations featuring
substantially  sloped  sidewalls evidencing larger frontal and smaller
rearward openings. The larger frontal openings are resultants of
delineations of the forward openings of three in-line oriented and
rearwardly extending open configurations having a common plane therethrough
corresponding to the front surface of the electrode. The rearward openings
of the tapered apertures, being formed as three smaller-dimensioned
individual openings at a plane of truncation 



65 substantially parallel to the first plane, evidence separating sidewall
interstitial webbings therebetween. 2    - *  0 111 974 To aid in
clarifying the description of the invention, definitions of certain terms
are herewith presented. The notation "open configurations" is intended to
include open figures featuring substantially sloped sidewalls. Such figures
being preferably either substantially hemispherical or substantially
conical in shaping. In keeping therewith, the term "tapered" is intended to
include both linear and/or arcuate slopings 5  of the inner sidewall
surfaces of the respective aforementioned figures. Additionally, the
designation "plane of truncation" denotes a plane parallel with-the surface
openings of the electrode, such plane being oriented to cut across the
aforedescribed in-line positioned geometrical figures in a manner to
separate the basal and terminal portions thereof, whereupon the resulting
open basal truncations of the figures form the tapered apertures of the
invention. to     The adjacently associated and forwardly positioned
accelerating electrode also evidences substantially inwardly sloping
apertures, but oriented in a reverse manner to the focussing electrode,
having smaller forward and larger aft openings. The tapered apertures
formed in this electrode exhibit slightly greater dimensions than those in
the low potential electrode. The aft openings, facing the focussing
electrode, are resultants of delineations of the rearward openings of three
in-line oriented and forwardly extending open 15 configurations having a
common plane therethrough. The forward openings of these tapered apertures
are formed at a parallel plane of truncation and likewise evidence sidewall
interstitial webbings therebetween. Being so formed, the greater
dimensioned tapered apertures of the accelerating electrode are spatially
positioned to face the smaller dimensioned but similar tapered apertures of
the focussing electrode to enable large lenses to be formed in the
conjunctive augmented spacings therebetween. 20     To advantageously
utilize the limited lateral spacing afforded in compacted electron gun
assemblies, the concept of the invention further provides for discrete
partial overlapping of the three tapered in-line apertures in both the
electrodes. The overlapping aperture feature enables the beneficial
formation of still larger lenses of maximum dimensions for given electrode
areas. In this further modification, the partially overlapping forward
openings of the three in-line oriented 25 open configurations relating to
the focussing electrode trace two regions of overlap in the plane of the f
ront surface of the electrode. Bisection of these regions of overlap by
parallel planes of geometric section oriented normal to the in-line plane
of the apertures provides substantially defined curvatures of intersection
between the contiguous figures, and corresponding discontinuities in the
peripheries of the respective frontal openings of this electrode. The
'curvatures of intersection effect two parallel and 30 arcuately contoured
sidewall sections which recede into the tapered sidewalls of the electrode
apertures along the mentioned planes of geometric section. Since the
overlap of contiguous figures does not extend to the plane of truncation,
the rearward openings of the respective tapered apertures are individually
defined openings separated by interstitial webbings. The tapered apertures
of the adjacent accelerating electrode, being partially overlapped in a
similar 35 and compatible manner, are likewise formed to have arcuately
contoured sidewall sections receding into the. tapered sidewalls thereof.
And, in reverse manner to the other electrode, the forward openings of the
apertures evidence individually defined openings separated by interstitial
webbings. The tapered aperture concept, as conjunctively utilized in the
described embodiments of adjacently- positioned focussing and accelerating
electrodes embodies either substantially linear tapered conical or 40
substantially arcuately tapered hemispherical volumetric delineations, and
as such is adaptable for broad usage in a number of electron gun
structures. For example, it can be advantageously employed in multi-stage
lens assemblies, such as those encountered in Hi-Bi-potential,
Uni-Bi-potential, Bi-Uni potential, and Tri-potential gun assemblies. The
combination of the invention is particularly beneficial in achieving
desired beam focussing in Hi-Bi and Uni-Bi guns wherein the focussing and
accelerating 45 electrodes are the respective main focussing and final
accelerating electrodes in the assemblies. The aforedescribed electrodes,
embodying the discretely formed tapered apertures, are preferably formed as
one-piece elements, being complete without the inclusion of added
structures. To assure individually defined apertures at the respective
planes of truncation, relatively short contiguous ring-like strengthening
formations are preferably integrally formed as extensions of the aperture
openings. 50 Brief description of the drawings Fig. 1 is a sectioned
elevation of a colour cathode ray tube wherein the invention is employed;
Fig. 2 is a sectioned view of the forward portion of the in-line plural
beam electron gun assembly shown in Fig. 1, such view being taken along the
in-line plane thereof in a manner to illustrate one 55 embodiment of the
invention; Fig. 3 is a plan view of only the unitized low potential lensing
electrode (focussing electrode) of the gun assembly taken along the plane
of 3-3 in Fig. 2; 



Fig. 4 is a sectioned elevational view of the low potential electrode taken
along the in-line plane 4-4 in Fig. 3; 60     Fig. 5 is a sectioned
elevational view of the low potential electrode taken along the plane 5-5
in Fig. 3; Fig. 6 is a plan view of only the unitized high potential
lensing electrode (accelerating electrode) of the gun assembly taken along
the plane 6-6 in Fig. 2; Fig. 7 is a sectioned elevational view of the high
potential electrode taken along the in-line plane 7-7 in Fig. 6; 65
Fig. 8 is a sectioned elevational view of the high potential electrode
taken along the plane 8-8 in Fig. 6; 3    0.111 974 Fig. 9 is an isometric
view illustrating the partially overlapping cones of construction basic to
th -formation of the tapered apertures; Figs. 10,11 and 12 are planarviews
illustrating focussed beam spot landings on the screen of the tube; Fig. 13
illustrates another embodiment of the invention, such being a sectioned
elevational view of the 5  low potential electrode taken, for example,
along the in-line plane 4-4 in Fig. 3; and Fig. 14 is a sectioned
elevational view of the low potential electrode taken along the plane 14-14
in Fig. 13. Description of the preferred embodiment 10    For a fuller
understanding of the present invention, together with other and further
objects, advantages and capabilities thereof, reference is made to the
following disclosure and appended claims in conjunction with the
accompanying drawings. With reference to Fig. 1 of the drawings, there is
shown a colour cathode ray tube .(CRT) 11 of the type employing a plural
beam in-line electron gun assembly. The envelope enclosure is comprised of
an 15 integration of neck 13, funnel 15 and face panel 17 portions.
Disposed on the interior surface of the face panel is a patterned
cathodo-luminescent screen 19 formed as a repetitive array of
colour-emitting phosphor components in keeping with the state of the art. A
multi-opening structure 21, such as shadow mask, is positioned within the
face panel in spatial relationship to the patterned screen. Positionally
encompassed within the envelope neck portion 13, is a unitized, plural beam
in-line 20 electron gun assembly 23, comprised of an integration of three
side-by-side gun structures. Emanating therefrom are three separate
electron beams 25, 27 and 29 which are directed to discretely impinge upon
the patterned screen 19. For purposes of illustration, the electron gun
assembly made in accordance with the invention will be described with
reference to a tube having a Uni-Bi gun structure 23, partially shown in
Fig. 2, wherein the 25 low potential lensing electrode will be the main
focussing electrode 31, and the adjacent high potential lensing electrode
will become the final accelerating electrode 33. Terminally positioned on
the final accelerating electrode is a plural apertured convergence cup-like
member 35. The several unitary electrodes comprising the gun assembly 23
are conventionally positioned and held in spaced relationship by a
plurality of insulative support rods, not shown. 30     The apertures in
both the main focussing electrode 31 and the spatially associated final
accelerating electrode 33 work conjunctively to form the important final
part of a distributed lensing system. The positional relationship of the
two cooperating electrodes, as illustrated in the embodiment shown in Fig.
2, shows each as having  substantially  linear tapered apertures, which by
way of example are in partially overlapping relationship to attain maximum
sized apertures in the limited-lateral space available. Fig. 9 35
illustrates the relationship of three basic open volumetric geometrical
figures formed as cones of construction C, [err] and [err] whereof the
parameters apply to the general formation of one embodiment of the
respective apertures in each electrode. In considering this first
embodiment in greater detail, reference is directed to Figs. 3, 4, 5. and 3
wherein each of the three in-line partially overlapping linear tapered
apertures 37, 39, and 41 of the (low 40  potential) main focussing
electrode 31 have sloped sidewalls 43, 45 and 47 with frontal openings 49,
51, and 53, and rearward openings 55, 57 and 59 with separate axes 61, 63
and 65 therethrough. As shown, particularly in Figs. 4, 5 and 9 the
overlapping frontal openings 49, 51, and 53 of the apertures are the
resultants of the delineations of the partially overlapping directrices D,
[err], and [err] of three in-line oriented and rearwardly extending cones.
Such are exemplified in Fig. 9 by cones of construction C, 45  [err] and
[err] whereof each has a respective vertex V, [err] and [err] wherefrom
generatrices [err] and [err] delineate the directrices D, [err] and D2,
thereby defining the frontal openings. Bisections of the two regions of
conic overlap 0 and [err] by two similar planes of conic section P and
[err] oriented parallel with the axes A, [err] and [err] and normal to the
in-line plane 1; and the elimination of the overlappings along the planes
of geometric section P and [err] provides two arcuate lines of intersection
L and [err] which are substantially 50  hyperbolic in contour. The
elimination of the overlapping material effects discontinuities in the
peripheries of the respective overlapped directrices, and the resultant
frontal openings 49, 51 and 53 are shown in Fig. 3 wherein the regions of
overlap are designated by broken lines. The definitive lines of conic
construction, as 



denoted in Fig. 9 are phantomed in Figs. 4 and 5 to clarify structure. The
arcuate lines of intersection L and [err] effect two like parallel and
arcuately contoured tapered 55 sidewall sections 67 and 69 along the
respective planes of geometric section. One of the hyperbolic contoured
sections 67 recedes into the intersection of the tapered sidewalls 43 and
45 of apertures 37 and 39, while the other hyperbolic defined section 69
recedes in like manner into the intersection of the tapered sidewalls 45
and 47 of apertures 39 and 41. The depths of these like hyperbolic
formations are designated as d in Fig. 5. The three rearward openings 55,
57, and 59 of the apertures, being of lesser dimensions than the -   -
corresponding frontal openings, are defined as separate and substantially
symmetrical openings evidencing interstitial sidewall webbings 71 and
73--therebetween. These three rearward openings are delineated in Fig. 9 as
X, X, and X2, such being formed by a plane of truncation  T, which being
parallel to the in-line plane 1, cuts the cones beyond the regions of
overlap thereby producing the truncated cones or 65 tapered apertures. 4
0 111 974 The structure of the (high potential) final accelerating
electrode 33 is similar to but reversed from that already described in the
case of the main focussing electrode; With reference to Figs. 6,7,8, and 9,
the three in-line partially overlapping tapered apertures 75, 77, and 79
have sloped sidewalls 81, 83, and 85 with forward openings 87, 89, and 91,
and greater dimensioned aft openings 93, 95, and 97 with separate axes 5
99, 101, and 103 therethrough. The overlapping aft openings of the
apertures as denoted in Fig. 6 are the resultants of the delineations of
the partially overlapping directrices D, [err] and [err] of the overlapping
cones of construction, C, C', and [err] as shown in Fig. 9. The described
bisection and elimination of the overlapped conical material effects two
like parallel and arcuately contoured tapered sidewall sections 105 and
107. One of these hyperbolic contoured sections 105 recedes into the
intersection of the tapered sidewalls 81 10 and 83 of the apertures 75 and
77, while the other hyperbolic defined section 107 recedes in like manner
into the intersection of the tapered sidewalls 83 and 85 of the apertures
77 and 79. The depths of these like hyperbolic formations are denoted as
[err] in Fig. 8. The definitive lines of conic construction, as denoted in
Fig. 9, are also phantomed in Figs. 7 and 8 to clarify structure. The three
forward openings 87, 89, and 91 of the apertures, being of lesser
dimensions than the 15 corresponding aft openings, are defined as separate
and substantially symmetrical openings evidencing interstitial sidewall
webbings 109 and 111 therebetween. As previously described, these aft
openings are delineated in Fig. 9 as X, [err] and [err] by the plane of
truncation T,which cuts the cones beyond the regions of overlap thereby
effecting the truncated cones or tapered apertures 75, 77, and 79. As shown
in Figs. 4 and 7, the tapered apertures in both electrodes evidence angles
of taper <[err] that are 20 substantially within the range of 50 to 70
degrees with the plane of aperture Z. Such is determined by the size of
openings desired at the plane of truncation [err] and by the amount of
sidewall interstitial webbing required to maintain consistent apertural
openings thereat. These considerations also determine aperture depths e and
e'. In the examples shown, the conically tapered apertures in both the main
focussing and the final accelerating electrodes evidence substantially
similar angles of taper, but such is not to be considered 25 limiting.. As
illustrated in Figs.4 and 5, the rearward openings 55, 57, and 59 of the
conically tapered apertures in the main focussing electrode 31 evidence
relatively short contiguous open ring-like formations 56, 58, and 60 which
project rearward therefrom as substantiallylike internally-dimensioned
aperture-defining and strengthening extensions thereof. Similarly, the
forward openings 87, 89, and 91 of the tapered apertures in 30 the final
accelerating electrode 33 likewise evidence relatively short contiguous
open ring-like formations 88, 90, and 92 which project forward therefrom as
substantially like internally-dimensioned aperture- defining and
strengthening extensions thereof. In the respective electrodes these
extensions exhibit heights of h and h'. The final lensing of each of the
electron beams is accomplished as shown in Fig. 2, by the 35
larger-than-usual lenses formed interspatially between the main focussing
electrode 31 and the final accelerating electrode 33; the influencing
fields of which extend into the opposed cavities of the respective
facially-oriented tapered apertures. Thus, these conically tapered
partially overlapping apertures effect maximum utilization of the
respective electrode areas available. For example, in a typical mini-neck
main focussing electrode, the open aperture size can be increased from a
normal diameter of substantially 0.140 40  inch (3.55 mm) to a beneficially
larger diameter of substantially 0.220 inch (5.588 mm). Dimensional changes
of this sort are quite significant in small compacted CRT electron gun
assemblies. It has been found that utilization of tapered overlapping
apertures in the final acceleration electrode, that are of slightly larger
dimensions than the similarly shaped apertures in the main focussing
electrode results in the formation of lenses exhibiting significantly
superior lensing characteristics. Such lensing provides a 45  marked
improvement (typically approximately 1 25 percent reduction) in the size of
beam spot landings in comparison with those realized by conventional
straight-through electrode apertures. 



By way of example, the electron gun assembly made in accordance with the
invention comprises a mini-neck gun assembly. The interelectrode spacirng
between the low potential main focussing electrode 31 and the high
potential final accelerating electrode 33 is substantially 0.040 inch
(1.016 mm). The main 50 focussing electrode potential is substantially
within the range of 25 to 35 percent of the final accelerating electrode
potential. In this instance, the angle of taper [err] in the frustum-like
apertures of both electrodes is substantially 60. Exemplary apertural
dimensions are substantially as follows: Final accelerating electrode (33)
Dimensions in the order of: 55 Beam spacings [err] center-to-center
0.182 inch (4.623 mm) Dia. [err] of aft openings (93, 95 and 97)
0.250 inch (6.350 mm) 60         Dia. (f) of forward openings (87, 89 and
91)          0.150 inch (3.810 mm) * Depth (d') of hyperbolic intersections
0.059 inch (1.499 mm ) (105 and 107) -65                         .   . .
.. 5    0 111 974 Main focussing electrode (31)
Dimensions in the order of: Beam spacings (S') center-to-center
0.177 inch (1.956 mm) 5         Dia. (F) of frontal openings (45, 51, and
53)         0.220 inch (5.588 mm) Dia. (f) of rearward openings (55, 57,
and 59)       0.140 inch (3.556 mm) Depth (d) of hyperbolic intersections
0.037 inch (0.840 mm) 10        (67 and 69) The depths d and d' of the
respective hyperbolic intersections d (67 and 69) and d' (105 and 107) are
calculated as follows: [err] 20 It is to be understood that the foregoing
exemplary dimensions are not to be considered limiting to the concept of
the invention. Another embodiment of the invention, as shown in Figs. 13
and 14, relates for example to a (low potential) main focussing in-line
electrode 121 wherein arcuately tapered apertures are incorporated. Each 25
of the three partially overlapping apertures 123, 125, and 127 of this
embodiment evidences arcuately sloped sidewalls 129, 131, and 133 with
frontal -openings 135, 137, and 139, and rearward openings 157, 159, and
161. The frontal view into the plane of apertures Z is similar to that of
the first embodiment as evidenced in Fig. 3. The tapers of the curved or
arcuate sidewalls of the apertures 123, 125, and 127 are resultants of
partially overlapping substantially hemispherical geometrical figures of
construction, such 30  being formed by individual radii 141, 143, and 145
emanating from respective centers 147, 149, and 151 located in common plane
W. As exemplarily shown, common plane W is parallel with and slightly
removed from the plane of apertures Z, such being in the order of 0.01
5-0.025 inch (0.38-0.64 mm). But, such is not -  - to be considered
limiting, as in certain-instances, the two planes may. be substantially
coincident. The overlapping of the in-line hemispherical figures provides
two like parallel and arcuately contoured 35  tapered sidewall sections 153
and 155 along the respective planes of geometric section, such intersection
being substantially semi-circular in contour as shown by notation 155 in
Fig. 14. The three rearward openings 157, 159, and 161 of the apertures,
being of lesser dimensions than the corresponding frontal openings, are
defined as separate and substantially symmetrical openings evidencing
interstitial sidewall webbings 163 and 165 therebetween. These rearward
openings are formed 40  by the plane of truncation T which, being parallel
to the in-line plane of apertures Z. cuts each of the substantially
hemispherical figures beyond the regions of overlap, thereby separating
each figure into a utilized basal truncated portion 167 and a discarded
terminal portion 169. Thus, the resultant truncated portions from the
respective curved-surface apertures of the electrode.       - In the first
described embodiment of the invention, the apertural modifications of the
associated [high 45  potential) final accelerating electrode were formed
similarly to those evidenced in the main focussing electrode. Likewise, in
this embodiment the apertures in final accelerating electrode are of
partial hemispherical delineations but reversed from those described for
the main focussing electrode. Since the description for the first
embodiment states the general thesis of the relationship between the
associated focussing and accelerating electrode, along with exemplary
dimensions thereof, further description is not 50 deemed necessary
herewith. In both embodiments, the electrode members per se are fabricated,
for example, as one-piece elements, being drawn from sheet material of
substantially 8 to 15 mil thickness. Suitable material is the 300 Series of
stainless steel, whereof Type 305 is particularly well suited for drawing
applications. In- the above described embodiments, the respective aperture
shaping delineations, resultant of 55  geometrical figures in the form  of
either substantially linear tapered conical or arcuate tapered 



substantially hemispherical truncated manifestations, expeditiously effect
conjunctive inter-electrode spatial volumes necessary to adequately
accommodate the formation of desirably large focussing lenses. -In
addition; partial -overlapping of the geometrical  figures. of construction
beneficially maximizes the respective lensing areas. Inclusion of the
conjunctive apertural modifications in both of the electrodes which
generate the final .  lenses, as described, provides small beam spot
landings heretofore not attained. If the tapered overlapping apertures were
incorporated in only the main focussing electrode, smaller-than- normal
spotsizes would be -realized, but they would tend to exhibit horizontally
oriented oval shapings 113 somewhat as generalized in Fig. 10. Counter
thereto, if the apertural modifications were effected in only the final
accelerating electrode, 65 the defined spots would tend to be vertically
oriented oval shapings 115 somewhat as shown in Fig. 11.    0 111 974
However, when the-tapered apertures are employed as cooperating structures
in both electrodes described, the resultant spot landings are small,
substantially round and well defined formations 117, substantially free- of
asigmatic influence, as illustrated in Fig. i2. While there have been shown
and described what are at present considered to be the preferred 5
embodiments of the invention, it will be obvious to those skilled in the
art that various changes and modifications may be made therein without
departing from the scope of the invention as defined in the appended
claims. For example, while substantially conically and spherically tapered
apertural sidewall embodiments have been shown and described herein, the
concept of the invention is intended to have sufficient breadth 10 to also
include other apertural sidewall tapers such as, hyperboloidal,
paraboloidal, ovoidal, either concave or convex, and combinations thereof.
Furthermore, it is not necessary that all apertures in the respective
electrodes be of the same shapings. Claims 15 1. An in-line electron gun
structure for a colour cathode ray tube with a lensing arrangement
comprising focussing (31) and accelerating (33) electrodes, wherein the
arrangement comprises: a first lensing structure in the forward portion of
the focussing electrode (31), such structure being three in-line tapered
apertures (37, 39, 41) of substantially truncated open configuration having
20 substantially parallel axes of symmetry (61, 63, 65), each aperture
having a beam-exiting front and a smaller dimensioned beam-entering rear
opening (49, 51, 53; 55, 57,59), the front and rear openings being
separated by sloping sidewalls (43,45,47), a portion of the sidewall of
each aperture intersecting within the tapered region with a portion of the
sidewall of an adjacent aperture to form a saddle (67,-69) with sloping
flanks along the region of intersection; and 25   *a.second lensing
structure in the rear portion of the accelerating electrode (33) in
adjacent, facing aligned relationship with the first structure, such second
structure having three in-line tapered apertures (75, 77, 79) of
substantially truncated open configuration having substantially parallel
axes of symmetry (99, 101, 103), each aperture having a beam-entering rear
and a smaller dimensioned beam-exiting front opening (93, 95, 97; 87, 89,
91), the front and rear openings being separated by sloping sidewalls (81,
83, 30 85), a portion of the sidewall of each aperture intersecting within
the tapered region with a portion of the sidewall of an adjacent aperture
to form a saddle (105,- 107) with sloping flanks along the region of
intersection. 2. An electron gun structure as claimed in claim 1,
characterized in that the focussing and accelerating electrodes (31,33) are
arranged successively in the electron beam paths from cathodes of the
electron gun 35 structure. 3. An in-line electron gun structure as claimed
in claim 1 or 2, characterized in that the distance between the
longitudinal axes of adjacent tapered apertures (37,39,41) is lessthantheir
maximum radii, in that a plane bisecting each saddle is substantially
normal to the in-line plane of the electron gun structure, and in that each
saddle comprises an arcuate line of intersection receding into the arcuate
sloping flanks of 40 the adjacent apertures. 4. An electron gun structure
as claimed in Claim 1, 2 or 3, characterized in that the focussing and
accelerating electrodes each-comprise a one-piece apertured element. 5. An
electron gun structure as claimed in Claim 2 or 3, characterized in that
said focussing electrode is the main beam focussing electrode in the gun
structure, and in that the accelerating electrode is the final 45 beam
accelerating electrode of the gun structure. 6. An electron gun structure
as claimed in Claim 5, characterized in that said tapered apertures in said
final accelerating electrode evidence forward and aft openings that are
dimensionally greater than the frontal and rearward openings of the tapered
apertures in said adjacent main focussing electrode. 7. An electron gun
structure as claimed in Claim 5 or 6, characterized in that each of the
rearward 50 openings of said tapered apertures in said main focussing
electrode has a relatively short contiguous open ring-like extension
projecting rearward therefrom, the internal diameter of each extension
corresponding 



to that of the respective rearward opening. 8. An electron gun structure as
claimed in Claim 5, 6 or 7, characterized in that each of the forward
openings of said tapered apertures in said final accelerating electrode has
a short contiguous open ring-like 55 extension projecting forward
therefrom, the internal diameter of each extension corresponding to that of
the respective forward opening. 9. An electron gun structure as claimed in
any one of claims 5 to 8, characterized in that the apertures in both the
focussing and accelerating electrodes are shaped as truncated portions of
like geometrical figures having conical tapers evidencing sidewalls of
substantially linear slopes. 60      10. An electron gun structure as
claimed in Claim  9, characterized in that the saddles are formed as
hyperbolic curves. 11. An electron gun structure as claimed in Claim  9,
characterized in that the conically tapered apertures in said main
focussing and said final accelerating  electrodes  evidence  angles of
taper substantially within the range of- 50 to-70 degrees with the plane of
apertures. 65        12.  An electron gun structure as claimed in Claim
11, characterized in that the conically tapered 7    0  111 974 However,
when the- tapered apertures are employed as cooperating structures in both
electrodes as described, the resultant spot landings are small,
substantially round and well defined formations 117, substantially free of
asigmatic influence, as illustrated in Fig. 12. While there have been shown
and described what are at present considered to be the preferred 5
embodiments of the invention, it will be obvious to those skilled in the
art that various changes and modifications may be made therein without
departing from the scope of the invention as defined in the appended
claims. For example, while substantially conically and spherically tapered
apertural sidewall embodiments have been shown and described herein, the
concept of the invention is intended to have sufficient breadth 1o to also
include other apertural sidewall tapers such as, hyperboloidal,
paraboloidal, ovoidal, either concave or convex, and combinations thereof.
Furthermore, it is not necessary that all apertures in the respective
electrodes be of the same shapings. Claims 15 1. An in-line electron gun
structure for a colour cathode ray tube with a lensing arrangement
comprising focussing (31) and accelerating (33) electrodes, wherein the
arrangement comprises: a first lensing structure in the forward portion of
the focussing electrode (31), such structure being three in-line tapered
apertures (37, 39, 41) of substantially truncated open configuration having
20 substantially parallel axes of symmetry (61, 63, 65), each aperture
having a beam-exiting front and a smaller dimensioned beam-entering rear
opening (49, 51, 53; 55, 57, 59), the front and rear openings being
separated by sloping sidewalls (43,45,47), a portion of the sidewall of
each aperture intersecting within the tapered region with a portion of the
sidewall of an adjacent aperture to form a saddle (67,-69) with sloping
flanks along the region of intersection; and 25   - a second lensing
structure in the rear portion of the accelerating electrode (33) in
adjacent, facing aligned relationship with the first structure, such second
structure having three in-line tapered apertures (75, 77, 79) of
substantially truncated open configuration having substantially parallel
axes of symmetry (99, 101, 103), each aperture having a beam-entering rear
and a smaller dimensioned beam-exiting front opening (93, 95, 97; 87, 89,
91), the front and rear openings being separated by sloping sidewalls (81,
83, 30 85), a portion of the sidewall of each aperture intersecting within
the tapered region with a portion of the sidewall of an adjacent aperture
to form a saddle (105,-107) with sloping flanks along the region of
intersection. 2. An electron gun structure as claimed in claim 1,
characterized in that the focussing and accelerating electrodes (31, 33)
are arranged successively in the electron beam paths from cathodes of the
electron gun 35 structure. 3. An in-line electron gun structure as claimed
in claim 1 or 2, characterized in that the distance between the
longitudinal axes of adjacent tapered apertures (37,39,411 is less than
their maximum radii, in that a plane bisecting each saddle is substantially
normal to the in-line plane of the electron gun structure, and in that each
saddle comprises an arcuate line of intersection receding into the arcuate
sloping flanks of 40 the adjacent apertures. 4. An electron gun structure
as claimed in Claim 1, 2 or 3, characterized in that the focussing and
accelerating electrodes each-comprise a one-piece apertured element. 5. An
electron gun structure as claimed in Claim 2 or 3, characterized in that
said focussing electrode is the main beam focussing electrode in the gun
structure, and in that the accelerating electrode is the final 45 beam
accelerating electrode of the gun structure. 6. An electron gun structure
as claimed in Claim 5, characterized in that said tapered apertures in said



final accelerating electrode evidence forward and aft openings that are
dimensionally greater than the frontal and rearward openings of the tapered
apertures in said adjacent main focussing electrode. 7. An electron gun
structure as claimed in Claim 5 or 6, characterized in that each of the
rearwarcl 50 openings of said tapered apertures in said main focussing
electrode has a relatively short contiguous open ring-like extension
projecting rearward therefrom, the internal diameter of each extension
corresponding to that of the respective rearward opening. 8. An electron
gun structure as claimed in Claim 5, 6 or 7, characterized in that each of
the forward openings of said tapered apertures in said final accelerating
electrode has a short contiguous open ring-like 55 extension projecting
forward therefrom, the internal diameter of each extension corresponding to
that of the respective forward opening. 9. An electron gun structure as
claimed in any one of claims 5 to 8, characterized in that the apertures in
both the focussing and accelerating electrodes are shaped as truncated
portions of like geometrical figures having conical tapers evidencing
sidewalls of substantially linear slopes. 60     10. An electron gun
structure as claimed in Claim 9, characterized in that the saddles are
formed  as hyperbolic curves. 11. An electron gun structure as claimed in
Claim 9, characterized in that the conically tapered apertures in said main
focussing and said final accelerating electrodes evidence angles of taper
substantially within the range of 50 to 70 degrees with the plane of
apertures. 12. An electron gun structure as claimed in Claim 11,
characterized in that the conically tapered    0                    111974
apertures in said main focussing and said final accelerating electrodes
have substantially similar angles of taper. 13. An electron gun structure
as clairned in any one of Claims 5 to 8, characterized in that the
apertures iin both the focussing and accelerating electrodes are shaped as
truncated portions of like geometrical 5 figures of substantially
hemispherical formation having sidewalls of substantially arcuate profile.
14. An electron gun structure as claimed in Claim 13, characterized in that
said saddles comprise substantially semi-circular curves. 15. A colour
display tube including the in-line electron gun structure as claimed in any
one of claims 1 to 14. 10 Patentanspruiche 1.
In-line-Elektronenstrahlerzeugungssystem  fur eine Farbfemsehbildrohre mit
einer Unsen- einrichtung mit Fokussierungs- (31) und
Beschleunigungselektroden (33), dadurch gekennzeichnet, dass 15 die
Einrichtung folgendes enthalt: eine ersten Linsenstruktur im Ausgangstail
der Fokussierungselektrode (31), wobei die Struktur drei v.    auf gleicher
Linie angeordneten, veriOngte Locher (37, 39, 41) von im wesentlichen
kegelstumpff6rmiger, offener Konfiguration mit im wesentlichen parallelen
Symmetrieachsen (61, 63, 65) aufweist, wobei jedes Loch eine
Strahidurchgangs-Ausgangs6ffnung und eine kleinere Strahleintrittsoffnung
(49, 51, 53; 55, 57, 20 59) aufweist, wobei die Austritts- und
Eintritts6ffnungen durch geneigte Seitenwande (43, 45, 47) voneinander
getrennt sind, wobei ein Teil der Seitenwand jedes Lochs einen Teil der
Seitenwand eines benachbarten Lochs im verjOngten Bereich zur Bildung eines
Sattels (67,-69) mit geneigten Flanken entlang des Schnittbereichs
schneidet; und eine zweite Linsenstruktur im Eingangsteil der
Endbeschleunigungselektrode (33) gegenuber der, ifir 25 zugewandten,
benachbarten, ersten Struktur, wobei diese zweite Struktur drei in-line
verjungte Locher (75, 77, 79) im wesentlichen kegelstumpfformiger, offener
K-onfiguration im wesentlichen mit parallelen Symmetrieachsen (99, 101,
103) enthalt, und jedes Loch eine Strahleintrittsbffnung und eine kleinere
Strahidurchgangs-Austrittsoffnung (93, 95, 97; 87, 89, 91) aufweist, die
Austritts- und Eintrittsoffnungen durch geneigte Seitenwande (81, 83, 85)
voneinander getrennt sind, ein Teil der Seitenwand jedes Lochs 30 einen
Teil der Seitenwand eines benachbarten Lochs zur Eildung eines Sattels
(105,-107) mit geneigten Flanken entlang des Schnittbereichs schneidet. 2.
Elektronenstrahlerzeugungssystem  nach Anspruch  1, dadurch gekennzeichnet,
dass die Fokussierungs- und-8eschleunigungselektroden (31, 33) in den
Elektronenstrahlwegen von Kathoden des Elektronenstrahlerzeugungssystem
aufeinanderfolgend angeordnet sind;- 35     3.
ln-line-Elektronenstrahlerzeugungssystem nach Anspruch 1 oder 2, dadurch
gekennzeichnet, dass der Abstand zwischen den Langsachsen benachbarter
verjungter LUcher (37,.39, 41) kleiner als ihre maximalen Radien ist, dass
eine jeden Sattel in zwei schneidende Ebene im wesentlichen senkrechi: zur
In-line-Ebene des Elektronenstrahlerzeugungssystems verlauft, und dass
jeder Sattel eine gebogene Schnittlinie enthalt, die in die gebogenen
geneigten Flanken der benachbarten LOcher zurOckweichen. 40     4.
Elektronenstrahlerzeugungssystem nach Anspruch 1, 2 oder 3, dadurch
gekennzeichnet, dass die Fokussierungs- und Beschleunigungselektroden je
ein gelochtes Element aus einem StOck enthelten. 5.
Elektronenstrahlerzeugungssystem nach Anspruch 2 oder 3, dadurch
gekennzeichnet, dass die 



Fokussierungselektrode die Hauptstrahifokussierungselektrode im
Erzeugungssystem ist, und dass die Beschleunigungselektrode die
Endstrahlbeschelunigungselektrode des Erzeugungssystem ist. 45     6.
Elektronenstrahlerzeugungssystem nach Anspruch 5, dadurch gekennzeichnet,
dass die verjOngten Locher in der Endbeschleunigungselektrode Auftritts-
und Eintritts6ffnungen aufweisen, deren Abmessungen grosser als die
entsprechenden Austritts- und Eintrittsoffnungen der verjOngten Locher in
der benachbarten Hauptfokussierungselektrode sind. 7.
Elektronenstrahlerzeugungssystem nach Anspruch 5 oder 6, dadurch
gekennzeichnet, dass jede der 50 Eintrittsoffnungen der verjungten Locher
in der Hauptfokussierungselektrode ein verhaltnismassig Icurzes,
nebeneinander angeordnetes offenes, ringformiges Gebildet aufweisen, das
sich als im wesentlichen gleiche .Fortsetzung nach hinten erstreckt, wobei
der Innendurchmesser jeder Fortsetzung dem der jeweiligen Austrittsdffriung
entspricht. 8. Elektronenstrahlerzeugungssystem nach Anspruch 5, 6 oder 7,
dadurch gekennzeichnet, dass jede 55 der Austrittsoffnungen der verjOngten
Locher in der Endbeschleunigungselektrode ein kurzes, lOenachbart
angeordnetes, offenes, ringformiges Gebildet aufweist, das sich als im
wesentlichen gleiche Fortsetzungen nach vorn erstrecken, wobei der
Innendurchmesser jeder Fortsetzung dem der jeweiligen Austrittsmffriung
entspricht. - 9. Elektronenstrahlerzeugungssystem nach einem der-AnsprOche
.5 bis 8, dadurch gekennreichnet, 60 dass die Offnungen sowohl in der
Fokussierungs- als auch in der Beschleunigungselektrode als - -
kege!stumpffdrmige Toile gleicher geometrischer Gebilde mit konischen
Verlungungen gebildet sind, deren Seitenwande im wesentlichen linear
geneigt verlaufen. 10. Elektronenstrahlerzeugungssystem nachAnspruch 9,
dadurch gekennzeichnet, dass die Sattel als hyperbolische Kurven gebildet
sind. 65     11. Elektronenstrahlerzeugungssystem nach Anspruch 9, dadurch
gekennzeichnet, dass die konisch 8    veriungten Locher in den
Hauptfokussierungs- und Endbeschleunigungselektroden Verjungungswinkel im
/ wesentlichen im Bereich von 50 bis 70 Grad gegenuber der Lochebene
aufweisen. 12. Elektronenstrahlerzeugungssystem nach Anspruch 11, dadurch
gekennzeichnet, dass die konisch verjungten Locher in den
Hauptfokussierungs- und Endbeschleunigungselektroden im wesentlichen 6
gleiche VerjQnungswinkel aufweisen. 13. Elektronenstrahlerzeugungssystem
nach einem der Anspruche 5 bis 8, dadurch gekennzeichnet, dass die Locher
sowohl in der Fokussierungs- als auch in der Beschleunigungselektrode als
kegelstumpf- formige Teile gleicher geometrischer Gebildet mit im
wesentlichen halbkugeliger Form ausgebildet sind, deren Seitenwande im
wesentlichen gebogen geneigt verlaufen. i0     14.
Elektronenstrahlerzeugungssystem nach Anspruch 13, dadurch gekennzeichnet,
dass die Sattel irn wesentlichen halbkreisformige Kurven enthalten. 15.
Farbfernsehbildwiedergaber6hre mit dem
ln-line-Elektronenstrahlerzeugungssystem nach einem oder mehreren der
AnsprOche 1 bis 14. r5 Revendications 1. Structure de canon electronique en
ligne pour un tube a rayons cathodiques en couleur muni d'un dispositif a
lentille comportant des electrodes de focalisation (31) et d'accel6ration
(33), dispositif qui comporte: 20     une premiere structure de lentille
dans la partie avant de l'Mectrode de focalisation (31), structure qui
comporte trois ouvertures coniques en ligne (37, 39, 41) munies d'une
configuration ouverte pratiquement tronquee presentant des axes de symetrie
pratiquement paralleles (61, 63, 65), chaque ouverture presentant un
orifice avant de sortie de faisceau et un plus petit orifice arritre
d'entree de faisceau (49, 51, 53; 55, 57, 59), les orifices avant et
arriere etant s6pares par des parois lat6rales inclin6es (43, 45, 47), une
25  partie de la paroi laterale de chaque ouverture dans la r6gion conique
coupant une partie de la paroi lat6rale de l'ouverture adjacente afin de
former une sells (67,-69) presentant des flancs inclines is long de la
region d'intersection, et une deuxibme structure de lentille dans la partie
arriere de I'electrode d'acceleration (33) qui se situe de facon adjacente
et parallele vis-a-vis de la premiere structure, ladite deuxieme structure
6tant munie de 30  trois ouvertures coniques en ligne (75, 77, 79) d'une
configuration ouverte pratiquement tronquee presentant des axes de sym6trie
pratiquement paralleles (99, 101, 103), chaque ouverture presentant un
orifice arriere d'entree de faisceau et un plus petit orifice avant de
sortie de faisceau (93, 95, 97; 87, 89, 91), les orifices avant et arriere
6tant s6pares par des parois lat6rales inclin6es (81, 83, 85), une partie
de la paroi laterale de chaque ouverture coupant, dans la region conique,
une partie de la paroi laterale d'une 35  ouverture adjacente pour former
une sells (105,-107) presentant des flancs inclines le long de la r(.gion
d'intersection. 2. Structure de canon electronique solon la revendication
1, caracterisee en ce quo les electrodes de focalisation et d'acceleration
(31, 33) sont disposeos successivement dans les trajets de faisceau
electroniques A partir de cathodes de la structure de canon electronique. 



40      3. Structure de canon electronique solon la revendication 1 ou 2,
caracterisee en ce que la distance comprise entre les axes longitudinaux
d'ouvertures coniques adjacentes (37,39 et 41) est inf6rieure a leurs
rayons maximums, qu'un plan coupant chaque selle est pratiquement
perpendiculaire au plan en ligne de la structure de canon electronique et
quo chaque selle comporte une ligne d'intersection en forms d'arc qui se
retire jusque dans les flancs inclin6s en formo d'arc des ouvertures
adjacentes. 45      4. Structure de canon electronique solon la
revendication 1, 2 ou 3, caracterise en ce quo les 6Iectrodes de
focalisation et d'acceleration comportent chacune un e6lment muni
d'ouvertures en une seule piece, 5. Structure de canon 6lectronique solon
la revendication 2 ou 3, caracterisee en ce quo ladite 6lectrode de
focalisation est I'electrode de focalisation de faisceau principale dans la
structure de canon ei quo 1'electrode d'accel6ration est l'6lectrode
d'accel6ration de faisceau terminale de la structure de canon. 50      6.
Structure de canon electronique solon la revendication 6, caracterisee en
ce quo lesdites ouvertures coniques dans ladite electrode d'acceleration
terminale sont munies d'orifices avant et arriere, dont les dimensions sont
superieures t celles des orifices avant et arriere des ouvertures coniques
dans ladite 6lectrode de focalisation principale adjacente. 7. Structure de
canon 6lectronique solon la revendication 5 ou 6, caracterisee en ce quo
chaque orifice 5   arriere desdites ouvertures coniques dans ladite
6lectrode de focalisation principale presente une saillie annulaire ouverte
contigue relativement courte qui en sort vers I'arriere, le diametre
interieur de chaque saillie correspondant A celui de l'orifice arriere
respectif. 8. Structure de canon electronique selon la revendication 5, 6
ou 7, caracterisee en ce quo chacun des orifices arriere desdites
ouvertures coniques dans ladite electrode d'acceleration terminale presente
une 60  saillie annulaire ouverto contigue courts qui en sort vers l'aVant,
le diametre interieur de chaque saillie correspondant a celui de I'orifice
avant respectif.                 -             - 9. Structure de canon
electronique solon l'une des revendications 5 A 8, caracterisee en ce quo
les Ouvertures dans les electrodes dacceliration et de focalisation sont
formees comme des parties tronquees de figures gdomdtriques analogues
presentant, des. rdtriecissements. coniques munis de parois laterales --S
pentes pratiquement lineaires. 9    1:11 ..-    111111 JIl! 11 111111 0111
974                   C L) 10. Structure decinobn electronique selon la
revendication 9. caractbris6e en ce que les selles sont formees comme des
courbes hyperboliques. 11. Structure de canon electronique selon la
revendication 9, caracterisee ence que les ouvertures qui se retrecissent
de facon conique dans lesdites electrodes d'acc6leration terminate et de
focalisation 5 principals forment des angles de c6ne situes pratiquement
dans la gamme comprise entre 50 et 700 avec le plan des ouvertures. 12.
Structure de canon electronique selon la revendication 11. caracterisee en
ce quo les ouvertures qui se r6trecissent de fagon conique dans lesdites
electrodes de focalisation principale et d'acc6l6ration terminate
presentent des angles de cone pratiquement analogues. 10     13. Structure
de canon electronique selon lune des revendications 5 A 8 caracteris6e en
ce que les ouvertures dans les electrodes de focalisation et d'accbleration
sont form6es comme des parties tronqu6es presentant des figures
geometriques analogues dans une formation pratiquement h6misph6rique
presentant des parois laterales d'un profil pratiquement en forme d'arc.
14. Structure de canon blectronique selon la revendication 13. caractbris6e
en ce que lesdites selles s5 comportent des courbes pratiquement
semicirculaires. 15. Tube d'affichage en couleur comportant une structure
de canon electronique en ligne selon l'une des revendications 1 a 14. *-20
25 *  30 ._ 35 40 45 50 . 55    


