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COLOR PICTURE TUBE HAVING AN INLINE ELECTRON GUN
WITH AN ASTIGMATIC PREFOCUSING LENS

This invention relates to a color picture tube
having an inline electron gun and, particularly, to an
electron gun having three lenses including an asymmetric

prefocusing lens.

An electron gun, such as a six electrode gun,
designed for use in a large screen entertainment-type
color picture tube must be capable of generating
small-sized high-current electron beam spots over the
entire screen. A conventional television receiver
utilizes a color picture tube with an inline electron gun
and a self-converging deflection yoke, for providing a
horizontal deflection field having a pincushion-shaped
distortion and a vertical deflection field having a
barrel-shaped distortion. The fringe fields of such a
yoke introduce into the tube strong astigmatism and
deflection defocusing caused, primarily, by vertical
overfocusing and, secondarily, by horizontal underfocusing
of the deflected electron beams. Beam spots formed by the
electron beams passing through such distorted horizontal
and vertical deflection fields are asymmetrically-shaped
when deflected to the periphery of the screen.
Additionally, many inline electron guns exhibit a
misconvergence of the outer electron beams due to a change
in the strength of the electron lens caused by changes in
the focus voltage. Such a misconvergence results in a
variation in beam landing position with changes in focus
voltage. The present invention addresses these problems
in an expeditious and cost effective manner without
sacrificing performance.
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ASTI"GVATI C PREFOCUSI NG LENS The invention is concerned with a col or
cat hode-ray tube including thefeatlfiespas ragstd oned in the preanbl e of

claim 1. - From EP-0 300 705 ture tube is_ known which '
i ncl udes an el ectron gun for gemm mt“ﬂ recting thr%i‘é‘i%ﬁﬁvg]el ectron
beans, a center beam and two sid ; initially coplanar paths

toward a sareen of the tube. The gun includes three spaced el ectrodes which
forman einzel |ens

The present invention provides an improvement in a
color picture tube having an inline
electron gun for generating and directing three inline

5 electron beams along coplanar beam paths toward a screen.
The gun includes a plurality of electrodes which form a
beam-forming region, a prefocusing lens and a main
focusing lens for the electron beams. The improvement
resides within the prefocusing lens,which includes four

10 active surfaces. At least one of the active surfaces has

asymmetric prefocusing means formed therein.

In the drawings:

Fig. 1 is a plan view, partially in axial section,
15 of a shadow mask color picture tube embodying the
invention.

Figs. 2 and 3 are schematic axial section side
views of electron guns with which the invention may be
employed.

20 Fig. 4 is an axial section top view of a novel
electron gun in accordance with the present invention.

Fig. 5 is a partial section top view of a first
embodiment of the prefocusing lens of the present
invention.

25 Fig. 6 is a section view of an electrode of the
prefocusing lens of Fig. 5, taken along line 6-6.

Fig. 7 is a graph of the beam current density
contour at the center of the screen for an electron gun
utilizing. the prefocusing lens electrode of Fig. 5.

30 Figs. 8 and 9 are section views of the electron gun
shown in Fig. 4, taken along lines 8-8 and 9-S.

Fig. 10 is a partial section top view of a second
embodiment of the prefocusing lens of the present
invention.

35 Fig. 11 is a section view of an electrode of the
prefocusing lens of Fig. 10, -taken aléong line 11-11.
Fig. 12 is a graph of the beam current density

contour at the center of the screen for an electron gun
..2-



in the path of each electron beamto forma main focus |ens for focusing
the el ectron beans. A first einzel |lens electrode includes a first portion

having three inline apertures that are set back froma segeQdgpoispon
formng a single Iarge aperture t hrough which all three electron beans
pass. gond e el ectrode includes a first portion having three

i nline aperture%Jc ﬁhflﬁge B8t PR&ERCEF LT sbRBRCHF 19 ont9orming a single
| ar ge aperture throughFigi ch3als &hpeetihbcseoniheatnsp pabsw dhea segdnd

portion of the Lubsaifbiechs! eps LELLOOP L arR, LOP SEeqdportion of the

second einzel |ens e ectrode e secon al so
I ncl udes a thlrkaﬁﬁ¥+%ﬂ having three inline apertures that are set back

froma fouriih portion fdgM 0§ 8sSingtEph a6 HerrRPasdath Sl ogadhs £y al |
three contour at the center of the screen for an electron gun
utilizing the prefocusing lens of Fig. 13.

Fig. 15 is a partial section top view of a fourth

embodiment of the prefocusing lens of the present
10 invention.

Fig. 16 is a graph of the beam current density
contour at the center of the screen for an electron gun
utilizing the prefocusing lens of Fig. 15.

Fig. 17 is a section view of a prior embodiment of

15 an electrode of the prefocusing lens.

Fig. 18 is a graph of the beam current density

contour at the center of the screen for an electron gun

using the prior prefocusing lens electrode of Fig. 17.

20
Fig. 1 shows a rectangular color picture tube 10

having a glass envelope 11 comprising a rectangular
faceplate panel 12 and a tubular neck 14 connected by a
rectangular funnel 16. The panel 12 comprises a viewing

25 faceplate 18 and a peripheral flange or sidewall 20 which
is sealed to the funnel 16 with a frit seal 21. A mosaic
three-color phosphor screen 22 is located on the inner
surface of the faceplate 18. The screen is preferably a
line screen with the phosphor lines extending substantially

30 perpendicular to the high frequency raster line scan of the
tube (normal to the plane of Fig. 1). Alternatively, the
screen could be a dot screen. A multiapertured color
selection electrode or shadow mask 24 is removably mounted,
by conventional means, in predetermined, spaced relation to

35 the screen 22. An improved inline electron gun 26, shown
schematically by dashed lines in Fig. 1, is centrally
mounted within the neck 14 to generate and direct three

- 3 -
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el ectfon beans pass. A third einzel |ens el ectrode includes a first portion
having three inline apertures set back froma second portig qig%

single large aperture through which all three el ectron be pa@s he
fourth portion of the second einzel |ens electrode faces the second portion
of the third ei rdeictizamn hbams riftle. along Juplanamewhvesigant e @athol or

cat hode-ray tubgnRsdiAMe LM B 4l %é%rﬁeeﬂ ncjudes a main focus |lens
f ormed by two spaced el ectrodes each havin ree se arate inline apertures
The tube of Fig. 1 1s de51gne to be used with an

external magnetic deflection yoke, such as the yoke 30,

5 located in the neighborhood of the funnel-to-neck
junction. When activated, the yoke 30 subjects the three
beams 28 to magnetic fields which cause the beams to scan
horizontally and vertically, in a rectangular raster, over
the screen 22. The initial plane of deflection (at zero

10 deflection) is shown by the line P-P in Fig. 1, at about

the middle of the yoke 30. Because of fringe fields, the

zone of deflection of the tube extends axially from the
yoke 30 into the region of the gun 26. For simplicity, the
actual curvature of the deflection beam paths in the

deflection zone is not shown in Fig. 1.

The inline electron gun 26 includes six electrodes,

Gl through G6, in addition to the cathodes, K. The gun

may be of a first type 26/, shown in Fig. 2, in which the

G2 and G4 electrodes are interconnected and operated at a

20 first potential, and the G3 and G5 electrodes are
interconnected and operated at a second potential; or the
gun may be of a second type 26", shown in Fig. 3, in which
the G3 and G5 electrodes are interconnected and operated at
a third potential, and the G4 and G6 electrodes are

95 interconnected and operated at a fourth potential. 1In each
of the electron guns 26’ and 26", three electron lenses,
Ly, Ly, and L3, are formed by the above-identified
electrodes. The present invention relates primarily to the
second or prefocusing lens, Ly.

30 The details of a first embodiment of the novel
electron gun 26’ are shown in Figs. 4 through 9. With
reference to Fig. 4, the gun 26’ comprises three equally
spaced coplanar cathodes 42 (one for each beam); a control
grid 44 (Gl){ a screen grid 46 (G2); a third electrode 48

35 (G3); a fourth electrode 50 (G4); a fifth electrode 52
(G5), the G5 electrode including a portion G5' identified
as element 54, for a purpose described below; and

a sixth electrode 56 (G6). The electrodes are spaced

- 4 - This Sheet Has Been Replaced

T




10

15

20

25

30

35

RCA 85,129

from the cathodes, in the order named, and are attached to a
pair of support rods (not shown).

The G1 electrode 44, the G2 electrode 46 and a first
portion 72 of the G3 electrode 48, facing the G2 electrode
46, comprise a beam-forming region of the electron gun 26’
and form the first electron lens, Ll1. Another portion 74
of the G3 electrode 48, the G4 electrode 50 and the G5
electrode 52 comprise an asymmetric prefocusing or second
electron lens, L2, one embodiment of which is shown in Fig.
5. The element (G5' electrode portion) 54 and the G6
electrode 56 comprise a third or main focusing lens L3.

Each cathode 42 comprises a cathode sleeve 58 closed
at its forward end by a cap 60 having an end coating 62 of
an electron emissive material thereon, as is known in the
art. Each cathode 42 is indirectly heated by a heater coil
(not shown) positioned within the sleeve 58.

The G1 and G2 electrodes, 44 and 46, are two closely
spaced, substantially flat, plates each having three

inline apertures, 64 and 66, respectively,

therethrough. The apertures 64 and 66 are centered with
the cathode coating 62 to initiate three equally-spaced
coplanar electron beams 28 (shown in Fig. 1), which are
directed towards the screen 22. Preferably, the initial
electron beam paths are substantially parallel, with the
middle path coinciding with the central axis, A-A, of the
electron gun.

The G3 electrode 48 includes a substantially flat
outer plate portion 68 having three inline apertures 70
therethrough, which are aligned with the apertures 66 and
64 in the G2 and Gl electrodes, 46 and 44, respectively.
The G3 electrode 48 also includes a pair of cup-shaped
first and second portions, 72 and 74, respectively, which
are joined together at their open ends. The first portion
72 has three inline apertures 76, formed through the botton
of the cup, which are aligned with the apertureé?O in the
plate 68. The second portion 74 of the G3 electrode has
three apertures 78 formed through its bottom, which are
aligned with the apertures 76 in the first portion 72.
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and a peripheral rim and the apertured portion of each electrode is within
a recess set back fromthe rim wherein the width of the rimof one of the
el ectrodes is narrower at the side beam paths than at th&Geertierl A¥eam pat h,
measur ed perpendicular to the plane containing the el ectron beam pat hs.

Also the recesslael st o it dul dill Alpdieisioieamynat hveys

wider thanlits W at the centre beanlpat S. hus nodi f

yl
peripheral ri migmkate BRFFRIULE i o s rth’ld-ﬁ’et t?é’eé]té’é:ﬁsoﬂ e&‘r?é’ e
bal anced. In a fdmiderasiramngeremal tgerel ectymdeiirst portion 72.

As shown in Fig. 5, the G4 electrode 50 comprises a
plate having identically-shaped recesses 5la and 51b formed

o

in the opposed major surfaces thereof. Three inline
apertures 80 are formed through the body of the electrode
50, within the recesses 5la and 51b, and aligned with the
apertures 78 in the G3 electrode 48.

10 Again with respect to Fig. 4, the G5 electrode 52 is

a deep-drawn, cup-shaped member having three apertures 82,

surrounded by extrusions 83, formed in the bottom end

thereof. A substantially flat plate member 84, having

three apertures 86, aligned with the apertures 82, is

15 attached to and closes the open end of the G5 electrode
52. A first plate portion 88, having a plurality of
openings 90 therein, is attached to the opposite surface of
the plate member 84.

The G5’ electrode portion 54 comprises a deep-drawn,

20 cup-shaped member having a recess 92 formed in the bottom
end thereto, with three inline apertures 94 extending
therethrough. Extrusions 95 surround the apertures 94. The
opposite open end of the G5' electrode portion 54 is closed by
a second plate portion 96 having three openings 98 formed

25 therethrough. The openings 98 are aligned and cooperate
with the openings 90, in the first plate portion 88, in a
manner 3escribed below.

The G6 electrode 56 is a cup-shaped, deep-~drawn
member having a large opening 100 at one end through which

30 all. three electron beams pass, and an open end which is
attached to and closed by a plate member 102 that has three
apertures 104 therethfough which are aligned with the
apertures 94 in the G5’/ electrode vortion 54. Extrusicns 105
surround the apertures 104.

35 The shape of the recess 51b, formed in the G4
electrode 50, is shown in Fig. 6. The recesses 5la and 51b
have a uniform vertical height at each of the apertures 80
and have rounded ends. Such a shape has been referred to
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fabricated fromtwo el ements. Further, fromEP-0 301 648 A3, a color
cat hode-ray tube is known, which has an integrated el ectrode gun structure
including mrrored main focusing and accel erating el ectrodes. The el ectron
gun conprises a triode section forned by three inline arFahge? tafhodes and
a first and second grid el ectrodes whose apertures are symetrically

di sposed about ageshectraeceephcRl' sndpeut eThaxescebs ch2 passrimed otghthéei r

esPect Lve, Cat gSESy S BEORHS! 0. CLORLERUBL AR SR L B Stope
the prefocusi ngratkcshapedsebybsitoditbhees gdimers eprat Fonf peranthoreeteses n
5la and 51b in the G4 electrode 50 as described below,

5 The shape of the large opening 100 in the Gé6
electrode 54 is shown in Fig. 8. The opening 100 is
vertically higher at the outside apertures 104 than it is
at the center aperture. Such a shépe has been referred to
as the "dog-bone" or "barbell" shape.

10 With respect to Fig. 4, the first plate portion 88
of the G5 electrode 52 faces the second plate portion 96 of
the G5’ electrode portion 54. The apertures 90 in the first
plate portion 88 have extrusions extending from the plate

portion that have been divided into two segments, 106 and 108,
15 for each aperture. The apertures 98 in the second plate portion

96 of the G5' electrode portion 54 also have extrusions
extending from the plate portion 96 that have been divided
into two segments, 110.-and 112, for each aperture. As
shown in Fig. 9, the segments 106 and 108 are interleaved

20 with the segments 110 and 112. These segments are used to
create quadrupole lenses in the paths of each electron beam
when different potentials are applied to the G5 and G5’
electrode and electrode portion 52 and 54,respectively. By
proper application of & dynamic voltage differential to either

25 the G5 electrode 52 or the G5' electrode portion 54, it is
possible to use the quadrupole lenses established by the
segments 106,108,110 and 112 to provide an astigmatic correctior
to the electron beams,which compensates for astigmatism occurrir
in either the electron gun or the deflection yoke. Such a

30 quadrupole lens structure is described in U.S. Pat. No.
4,731,563, issued to Bloom et al. on March 15, 1988.

The novel second lens, L2, of the present invention
35 does not require the use of a guadrupocle lens formed by the
above-described G5 and G5’ electrodeand electrode portion,

52 and 54,respectively. A unitized G5 electrode, fabricated by
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the triode section. At |east one, but nore c

onveniently two, further

el ectrodes are provi ded between the prefocusing el ectrode and the nmain

focusing lens el ectrode. The outer apertures

of at |east @qog eb,tthe

el ectrodes are elongated to provide an asymmetrical |lens field which

ea" F%QEQ BS@E&%E ”H§t5¥dt§gfr

used to neutral|§§m§§ggl%%;$®%rgggggzgnapégg

shapes of the elongate

at at a por Ion O

further
S

peripheries areavdnestrchdngbsggetherakbs. open epdsebécelemepbn, S8ughdadia

six el ectrode gppy gesherad h%e%% Ieueh' ar
color picture tube nust be capahl e 0f genera
provide an optimized deflecte

gﬁnSEEEGEtﬁEée&Eélaﬁﬁet
| -sized h-cu
4 e ectron beam shape,

type
irent
though

5 it might be useful where a tradeoff between performance and

cost is permissible.

Specific dimensions of a computer modeled electron

10 gun for the first preferred embodiment are presented in

TABLE I.
TABLE I
inches mm
K-G1l spacing 0.003 0.08
15 Thickness of Gl electrode 44 0.004 0.10
Thickness of G2 electrode 46 0.028 0.71
Gl and G2 aperture diameter 0.025 0.64
Gl to Gl spacing 0.008 0.20
G2 to G3 spacing 0.030 0.76
20 Thickness of G3 plate portion 68 0.010 0.25
Diameter of G3 apertures 70 0.045 1.14
Diameter of G3 apertures 78 0.148 3.76
Length of G3 electrode 48 0.200 5.08
G3 to G4 spacing 0.050 1.27
25 Thickness of active area of G4 electrode 50 0.025 0.64
Diameter of G4 aperture 80 0.158 - 4.01
Horizontal width of recesses 5la and 51b 0.785 19.94
Vertical height of recesses 5la and 51b 0.239 6.07
Depth of recesses 5la and 51b 0.030 0.76
30 G4 to G5 spacing 0.050 1.27
Overall length of G5 electrode 52 and G5°' 0.970 24.64
electrode portion 54

Spacing between plate portions 88 and 96 0.040 1.02
Horizontal width of recess 92 0.755 19.18
35 Vertical height of recess 92 0.326 8.28
Depth of recess 92 0.115 2.92
Diameter of apertures 82, 90, 98 0.158 4.01

- 8 -~
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el ectron beam spots over the entire screen. A conventional
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TABLE I Cont

inches mm
Aperture-to-aperture spacing K to G5 bottom 0.260 6.60
Diameter of G5’ aperture 94 (center) © 0.160 4.06
Diameter of G5’ apertures 94 (outer) 0.180 4.57
G5’ to G6 spacing 0.050 1.27
Length of G6 electrode 56 0.150 3.81
Horizontal width of opening 100 0:.742 18.85
Maximum height of opening 100 0.295 7.49
Minimum height of opening 100 0.289 7.34
Depth of opening 100 0.135 3.43
Diameter of G6 aperture 105 (center) 0.160 4.06
Diameter of G6 apertures 105 (outer) 0.180 4.57
Aperture-to-aperture spacing G5‘'top/Gé6 0.245 6.22
Length of G3 extrusions 79 0.045 1.14
Length of G5 extrusions 83 - 0.045 1.14
Length of G5’ extrusions 95 0.034 0.86
Length of G6 extrusions 105 0.045 1.14

In the embodiment presented in TABLE I, the electron
gun is electrically connected as shown in Fig. 2.
Typically, the cathode operates at about 150V, the G1
electrode at ground potential, the G2 and G4 electrodes are
electrically interconnected and operate within the range of
about 300V to 1000V, the G3 and G5 electrodes also are
electrically interconnected and operate at about 7650V, and
the G6 electrode operates at an anode potential of about
25kV.

In the electron gun 26‘, the first lens, Ll
(Fig. 2), provides a symmetrically-shaped, high quality
electron beam into the second lens, L2. The first lens,
11, comprises the beam forming region of the gun and
includes the Gl electrode 44, the G2 electrode 46, and the
first portion of the G3 electrode 48 adjacent the G2
electrode.

The second lens, L2, is the novel asymmetric
prefocusing lens and comprises the G4 electrode 50 and
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television receiver utilizes a color picture tube with an inline electron

gun and a sel f-convergi ng demeieEia' Rﬁi‘F"f’ provi ding a hori zont al

def-l ection field having a pinc istortion and a vertica

deflection field having a barr | l mﬁﬁ ortion. The ¥4 n"gse'lﬁgel ds of

such a yoke introduce into the tube strong astigmati sm and defl ection

def ocusi ng lcaussd AajaEnt \podtyiot tdalhad\oY flautim@iand Retdioargs y,
electrode 52. 1In the first embodiment, the identical pair
of recesses, 51a and 51b, are formed in the opposed, major,
active surfaces of the G4 electrode 50 (see, e.g., Figs. 5

5 and 6). While the recesses are preferably race-

track shaped, other shapes, e.g., rectangular, which
produce the effect described below -, are within the
scope of the present invention. The active, facing
surfaces of the G3 and G5 electrodes, 48 and 52,

10 respectively, are substantially flat. The combination of
the above-described active elements produces quadrupole
fields which form the asymmetric or astigmatic prefocusing
lens which provides a horizontally-elongated electron beam
(not shown) into the third or main focusing lens, L3. By

15 providing the astigmatic focusing correction in the
prefocusing lens, L2, beyond the electron beam cross-over
point which occurs within the first lens, L1, the
effectiveness of each guadrupole field is substantially
independent of changes in the beam current. Additionally,

20 the race-track-shaped recesses, 5la and S1b,provide a
preconverging action which eliminates misconvergence of the
outer beams at the screen, due to changes in the focus
voltage,by providing a compensating change in the strength
of the prefocusing lens, L2.

25 °  While the invention is described in terms of two
recesses, it is possible to achieve the same results by
forming only one recess in either surface of the G4
electrode 50. The single recess would have a greater depth
than either of the recesses 5la or 51b,and the lateral

80  dgimensions,i.e., vertical height and horizontal width,
would be less than those of either of the recesses, to provide
equivalent asymmetric and convergence corrections to the
beams. The dimensions of the single recess would depend
upon the extent of beam corrections required.

35 The main focusing lens, L3, formed between the G5’
electrode portion 54 and the Gé6 electrode 56, also is an
asymmetric lens, nhaving low abérration, which provides a

vertically elongated, or asymmetrically-shaped, electron

beam spot at
...10_



vertical defl ect asynmetrical | y- shaped whe%cgp%@qqg@ﬁ to the
peri phery of the screen. Additionally, many inline electron guns exhibit a
m sconver gence of the outer_ el ectron beans due to a change in the strength
of the el ettrotNefEERB&f KPR EFRRRN | n Thfe TRRGUQ9 betaigen sforrcent
nis?onvergercea@gﬁﬁdgégrggiiﬁnﬁﬁﬁicgviéléuﬁyadea@@&&goa05Mthga Phbh changes
in focus vol tage. ect t i,nvention.i.s.to_prqvide an_. _
inline el ect ro%%gﬁr?u-g%%%eﬁ'?ﬁi g ce%lhgctar%r?ll?é%&é)d\ﬁi i ilﬁplﬁo\?gﬁlmCoﬁ\?gglﬁé‘n&g“n
even the 6.60mm aperture-to-aperture spacing that exists from the

by horizontal umidesteodiasBapRepactdhe defl ected el ectron beams. Beam spots
formed by the el e\m\lﬁmﬁﬁ fssi ng through such distorted horizontal and
[

5 cathodes to the apertures 82 in the bottom G5 electrode 52.
This reduced main lens aperture-to-aperture spacing ensures
that the preconverged outer beams pass through low-aberration
regions of the main lens, L3, to minimize coma
distortions. A graph of a computer simulation of the

10 electron beam spot at the center of the screen of a
27V110° tube, operated at a cathode drive voltage of
103.2V, a G3/G5 focus voltage of 7650V, an ultor
voltage of 25kV and 4mA beam current, is shown in Fig. 7.
The beam spot is elliptically-shaped along the vertical

15 axis to reduce the overfocusing action of the ycke when the
beam is deflected. The undeflected, center beam spot
includes a substantially rectangularly-shaped 90% peak beam
current density portion, which is circumscribed by larger
elliptically-shaped 50% and 5% peak beam current density

20 portions. The size of the 5% peak beam current density
spot is about 2.5mm x 4.2mm (HxV). With the width of the
G4 recesses 5la and 51b as specified in TABLE I, and the
overall length of the gun from the G3 bottom to the top of
the G5’ electrode portion adjusted to 35.05mm, the focus

25 voltage is kept below 7700V, and the misconvergence of the
outer beam is reduced to substantially zero.

By utilizing the multipole lens described with

respect to Fig. 4, and applying to the G5’ electrode portion
54 a dynamic differential focus voltage that ranges from the

30 potential on the G5 electrode 52, with no deflection, to
about 1000 volts more positive at maximum deflection, the
beam current density spot size can be optimized when the
beams are deflected to the periphery of the screen. This
mode of operation is discussed in U.S. Pat. No. 4,764,704,

35 issued to New et al. on Aug. 16, 1988.

A second embodiment of the present invention is

obtained by increasing the length of the G3 electrode 148
_ll-



wi t h -changes of the focus voltage. This object is being achieved by the
features of claiml1. Preferred enbodi nents of the invention are being

defi ned by the subcl ai ns. The invention addresses the alfovedinbitated
probl ens in an expeditious and cost effective manner w thout sacrificing
performance,  to 5.84mm, from the value of 5.08mm shown in TABLE I, and

modifying the asymmetric prefocusing lens, L2, as shown in
Fig. 10. In the second embodiment of the lens L2, the G4
electrode 150 comprises a substantially flat plate having a
5 thickness of about 0.025 inch (0.64mm),with circular
apertures 180 formed through the oppositely disposed,
active, major surfaces thereof. The active surfaces of the
facing G3 and G5 electrodes,148 and 152, respectively,
have rectangular slots enclosing the electron beam apertures.
10 As shown in Fig., 11, each of the slots 149, in the G3
electrode 148, has a slot width, W, of 5.82mm, and a
slot height, H, of 10.16émm. Also, each of the slots 149 has a
depth, 4, of 0.76mm, shown in Fig. 10. The slot-to-slot
spacing, S5, shown in Fig. 11, is 7.1lmm. Inasmuch as the
15 aperture-to~aperture spacing, s, within the prefocusing
lens, L2, is 6.60mm, and the slot-to-slot spacing, S, is
7.11mm, it can be seen,in Fig. 11, that the two outer slots
149 in the G3 electrode 148 are displaced outwardly
relative to the outer apertures 178 formed therein. This
99 =~ displacement of the slots 149 in the G3 electrode, and a
similar displacement of the identically-dimensioned slots
153 in the G5 electrode 152, cooperate to form an
asymmetric prefocusing lens, L2, which provides a
horizontally-elongated electron beam (not shown) into the
95 third lens, L3. The novel slot configuration in the G3 and
G5 electrodes 148 and 152, respectively, also provides a
preconverging action to eliminate misconvergence of the
outer beams at the screen, in a manner similar to that
described for the first embodiment. A computer simulation
30 of the resultant vertically-elongated beam spot at the
center of the screen is graphically shown in Fig. 12. When
operated at an ultor voltage of 25kV and 4mA beam current
in a 27v110° tube, the beam sizes at 90% and 50% peak
current density are comparable to those of the first
35 embodiment, shown in Fig. 7, and the beam size at 5% peak
current density is about 2.26mm x 3.68mm (HxV), at a
cathode drive voltage of 103.2V and a G3/G5 focus voltage
of 7650V. All other gun parameters are as listed in TABLE
I.
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Equivalent performance can be achieved by forming
the slots in only one of the active surfaces, i.e., in
either the G3 electrode 148 or the G5 electrode 152. Slots
formed in only one active surface must be deeper than the
slots described above, and the small dimension of each slot
must be reduced, while the amount of outer slot offset must
be increased.

A third embodiment of the present invention is
achieved by modifying the electron gun to provide the
electrical configuration shown in Fig. 3. The asymmetric
prefocusing lens, L2, of the gun 26" is shown in Fig. 13.
The length of the G3 electrode 248 is maintained at 5.84mm,
the same dimension utilized in the second embodiment, and a

race-track-shaped recess 249 is formed in the active,
major surface of the G3 electrode facing the G4 electrode
250. The recess 249 has a horizontal width of 19.43mm, a
vertical height of 5.84mm and a depth of 0.76 mm. An
identically~-shaped and dimensioned race-track recess 253
is formed in the active surface of the G5 electrode 252,
facing the substantially flat G4 electrode 250. While the
race-track shape is preferred, other geometric shapes
which provide an asymmetric lens with a preconvergence
correction may be used. In the third embodiment, the G4
electrode 250 has a thickness of about 0.64mm,with circular
apertures 280 formed therethrough. The asymmetric
prefocusing lens, L2, of the third embodiment provides the
preconverging action, and forms horizontally-elongated
electron beams (not shown), as previously described, into
the third lens, L3. A computer simulation of the resultant
vertically-elongated beam spot at the center of the screen
is graphically shown in Fig. 14. When operated at an
ultor/G4 voltage of 25kV and 4mA beam current in a

27V1i0° tube, the beam size and shape at 90% peak beam
current density is larger and more elliptical than in the
first and second embodiments, while at 50% peak beam
current density the elliptically-shaped spot is more
vertically elongated than in the first two embodiments.

- 13 -—
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el ectron beans al ong copl anar beam paths toward a screen. The gun incl udes
a plurality of electrodes which forma beamform ng region, a prefocusing
|l ens and a nain focusing lens for the el ectron beans. Thedampveent
resides within the prefocusing | ens,which includes four active surfaces. At

| east one of th agl rPe%]ﬁ%déa&ealm@samg;a{eefb%%%' RS, fi red

t her ei n. raw n Vi ew,

pl"a
partially in adkfutsdetdiom >bf3-eﬂ4§%d@WWa-sk T d%atﬂ?%rdé‘lt‘i?oé’@rﬁmllﬁg
the invention. this emdddiSnerdk aind 1o ArHy SRR &R RIS KSItAYSTide 7650V

and the G2 voltage is typically about 400V. All other gun
5 parameters are as listed in TABLE I.

As described above, a single recess can be formed in
either the active surface of the G3 or G5 electrodes, 248
or 252, respectively, if the depth is increased and the
lateral dimensions are suitably reduced to provide

10 equivalent performance.

A fourth embodiment of the asymmetric prefocusing
lens, L2, is shown in Fig. 15. The length of the G3
electrode 348 is 5.08mm:and the active surface facing the
G4 electrode 350 is substantially flat,with three circular

15 apertures 378 formed therethrough. The apertures 378 have
a diameter of 4.0lmm. The G4 electrode 350 has rectangular
slots 350a and 350b formed in the opposed major active
surfaces thereof, with the slots 350a facing the G3
electrode 348 and the slots 350b facing the G5 electrode

20 352. Each of the slots 350a and 350b has a width of
5.79mm, a height of 10.16mm and a depth of 0.76mm. The
slot~-to-slot spacing is 7.0lmm. The circular apertures
380, formed through the G4 electrode 350, have a diameter
of 4.01lmm and are enclosed within the rectangular slots

25 350a and 350b, in the same manner as discussed with respect
to the slots shown in Fig. 11. The active major surface of
the G5 electrode 352 facing the G4 electrode 350 also is
substantially flat, with three circular apertures 382
formed therethrough. The apertures 382 also have a

30 diameter of 4.0lmm.

Inasmuch as the éperture—to—aperture spacinag within the
prefocusing lens, L2, is 6.60mm and the slot-to-slot
spacing of the slots 350a and 350b of the G4 electrode 350
is 7.01mm, the two outer slots are displaced outwardly

35 relative to the outer apertures 380 formed within the
slots. The configuration and displaceﬁent of the G4 slots
form an asymmetric lens which provides the preconverging
action and horizontally-elongated electron beams (not
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views of electron guns with which the invention may be enpl oyed.

Fig. 4 is an axial section top view of a novel electron gun in accordance
with the present invention. Fig. 5is a partial semiss X2 view of
a first enbodi nent of the prefocusing | ens of the present invention.

Fig. 61is a segtion view o t{o he f,Qcusi f{Hg. 5,
taken al orig | iﬁibo“gl%'. as'p e\?%lgéﬁg ({essdc:r%u?ea&dhelorg%eﬁglcebe%g{%g:cdu?%nﬁj' dL?n'gi ty
contour at theh commuterf $imukatiewn dhHrthem restitant glartigaliiRlaneated

5[ E{N(S)Cg?i tn‘%el 3 ecnt?lrsgé]é{ ﬁ@ e Fidhtexr of the ddien 8 Anf-adraica1S8etdvn

in Fig. I6. The beam spot shape is similar to that shown

5 in Fig. 14. When operated at an ultor/G4 voltage of 25kV
and 4mA beam current in a 27V110° tube, the beam size at
5% peak beam current density is about 1.96mm x 3.49mm
(HxV), at a cathode drive voltage of 103.2V and a G3/G5
focus voltage of 7700V. The G2 voltage in this embodiment

10 is typically about 400V. All other gun parameters are as
listed in TABLE I.

Alternatively, slots can be formed in only one of
the active surfaces of the G4 electrode 350. The depth of
the slots must be increased,and the small dimension of each

15 slot must be decreased,from the respective dimensions_
described immediately above. Additionally, the amount of
offset of the outer slots must be increased to obtain

performance equivalent to that of the fourth embodiment.

20
The novel electron gun of the present invention is

to be contrasted to an electron gun of the type described
in U.S. Pat. No. 4,764,704, referenced above. In that
patent, a G4 electrode, similar to the G4 electrode 450 of
25 the prefocusing, or second, lens shown in Fig. 17'herein,
has rectangularly-shaped
apertures 480 therethrough. Specific dimensions of a
computer model of an embodiment of that prior electron gun
are presented in TABLE II. That embodiment has the electrical
30 configuration shown in Fig. 2 herein, and is similar in
construction to the electron gun shown in Fig. 4 herein,
with similar gun elements being identified.with corresponding

numbers, prefixed by the number "4".

35
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shown in Fig. 4, taken along lines 8-8 and 9-9. Fig. 10 is a partia
section top view of a second enbodi nent of the prefocusing |lens of the
present invention. Fig. 11 is a section view of anxkeRheéti,6@8 of the
prefocusing lens of Fig. 10, taken along line 11-11 Fig. 12 is a
graph of the beamcurrent density cqilQy 3 the center of the screen for
an el ectronlgun

inches mm
K-G1l spacing 0.003 0.08
Thickness of Gl electrode 444 0.004 0.1¢0
5 Thickness of G2 electrode 446 0.028 0.71
Gl and Gl aperture diameters 0.025 0.64
Gl to G2 spacing 0.008 0.20
G2 to G3 spacing 0.030 0.76
Thickness of G3 bottom plate 468 0.010 0.25
10 Diameter of G3 aperture 470, center 0.045 1.14
Diameter of G3 apertures 470, outer 0.052 1.32
Diameter of G3 apertures 478 0.148 3.76
Length of G3 electrode 448 0.200 5.08
G3 to G4 spacing 0.500 1.27
15 Thickness of G4 electrode 450 0.025 0.64
Dimensions of G4 electrode apertures 480 0.158V 4,01V
_ O.§72H 4.§7H
G4 to G5 spacing 0.050 1.27
Length of G5 electrode * 452-454 0.830 21.08
20 Diameter of apertures 482 0.158 4,01
Diameter of aperture 494 (center) 0.160 4.06
Diameter of apertures 494 (outef) 0.180 4,57
Horizontal width of recess 492 0.755 19.18
Vertical height of recess 492 0.326 8.28
95 Depth of recess 492 0.115 2.29
'~ Aperture-to-aperture spacing K to G5 0.260 | 6.60
bottom ** '
G5 to G6 spacing 0.050 1.27
Length of G6 electrode 0.150 3.81
30 Horizontal width of opening 400 0.742 18.85
Maximum height of opening 400 0.295 7.49
Minimum height of opening 400 0.289 7.34
Depth of opening 400 0.135 3.43
Diameter of aperture 404 (center) 0.160 4.06
35 Diameter of apertures 404 (outer) 0.180 4.57
Aperture-to~aperture spacing G5 top/G6 0.245 6.22
Length of G3 extrusions 479 0.045 - 1.14
Length of G5 extrusions 483 0.045 1.14

- 16 -
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5 wutilizing the prefocusing lens of Fig. 10. Fig. 13 is a partia
section top view of a third enbodi nent of the prefocusing | ens of the
present. i nventi on. Fig. 14 is a graph of the beam ggirest dgnsity
contour at the center of the screen for an electron gun utilizing the
prefocusingllens of Fig. 13.

10

15

20

25

30

35

TABLE IT Cont

inches mm
Length of G5 extrusions 495 0.034 0.86
Length of G6 extrusions 405 0.045 1.14

* unitized electrode, no multipole lens

** the aperture-to-aperture spacing of the G3 bottom
apertures 470 is increased to 0.2635 inch (6.69mm) to
eliminate any displacement of the outer electron beams

with changes in the focus voltage.

In the prior electron gun described in TABLE II, the
cathode operates at a drive voltage of about 103.2V, the Gl
electrode is at ground potential, the G2 and G4 are
electrically interconnected and operate within the range of
300V to 1000V, the G3 and G5 electrodes also are
interconnected and operate at about 6600V, and the G6
electrode operates at an anode potential of about 25kV.

The prefocusing lens, L2, of the prior electron gun, with
the rectangular apertures 480 formed through the
substantially flat G4 electrode 450, provides a
horizontally-elongated electron beam (not shown) into the
main focusing lens, L3. A computer simulation of the
resultant vertically-elongated beam spot at the center of
the screen is graphically shown in Fig. 18. The beam size
at 5% peak current density is about 2.30mm x 3.49mm (HxV)
at the previously described operating parameters.

CONCLUSION

The performance of the present prefocusing lens, L2,
of embodiments 1 through 4, as measured by the resultant
electron.beam spot size on the screen, is comparable to
that of the prior electron gun described in U.S. Pat. No.
4,764,704, which utilizes a prefocusing lens having
rectangularly-shaped apertures in the G4 electrode
thereof. A comparison of results is contained in TABLE
III.
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Fi g.
prefocusing | ens of the present invention.

‘15 is a partial section top view of a fourth enbodi nent of the

Fig. 16 is a graph of the

beam current density contour at the center of the screen R6A &f.8128ctron
gun utilizing the prefocusing |lens of Fig. 15. Fig. 17 is a section
view of a prior enbodinent of an el ectrode of the prefocusing |ens.

Fig. 18 is
screen for
Fig. 17.

gr
an e

10

15

20

25

30

35

aph of the beam current Qe%%ity contour at the center of the
EMBODIMENT Beam_ Spot Size on Screen
Horizontal (mm) Vertical (mm)

1 2.50 4.20

2 2.26 3.68

3 1.94 3.44

4 1.96 3.49
Prior 2.30 3.49

The four embodiments of the present electron gun
structure provide ease of manufacturing, because the use of
circular apertures throughout the electron gun reducesthe
misalignment problems posed by the rectangularly-shaped G4
apertures of the prior gun. Additionally, the pricr gun
requires a slight increase in the G3 aperture-~to-aperture
spacing (from 6.60mm to 6.69mm) to eliminate the
misconvergence of the outer electron beams with changes in
focus voltage. The present invention achieves comparable
performance by controlling either the horizontal width of
the race-track-shaped recesses within the prefocusing
lens, L2, in embodiments 1 and 3, or the slot-to-slot
spacing of the rectangular slots formed within
prefocusing lens, L2, in embodiments 2 and 4. In each of
the four embodiments, the aperture-to-aperture spacing from
the cathode 42 to the bottom of the G5 electrode 52 is
maintained at a constant value of 6.60mm, thereby
simplifying the assembly and alignment of the gun
components.

- 18 -~
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Fig. 1 shows a rectangular color picture tube 10 having a gl ass envel ope 11
conprising a rectangul ar facepl ate panel 12 and a tug\t;_ll are 1€6 14 connected
by a rectangyl §1Heecfﬂh68&hRmace he panel 12 conprises a Ae ng~facepl ate 18

and a peri pheamﬁ\gm %: SI dewal | 20 which is sealed to the funnel
wth afrit s ic three-c osphor screen 22|slocate5
the inner sur e facepl ate 18%@&&reen Is preferably a li

screen with the phosphor |ines extending substantially perpendicular to the

hi gh frequency raster hinessgap, t 0 I t I of Fig.
1). Alternatively, the screen ccguF [th%%e Hgop‘(%crggr?dh&’ J]“etﬂlrl)':;\f%e ured col or
havirg therein an inline electron gun for generating and dlrecung

5 three inline electron beams along initially coplanar beam paths
toward a screen on an interior portion of said envelope, said gun
including a plurality of electrodes which form a beam-forming
region, a prefocusing lens and a main focusing lens, characterized
by said prefocusing lens (L2) includes four active surfaces, at least

10 one of which has asymmetric prefocusing means (51a,51b;
149,153,;249,253;350a,350b) formed therein.

2. The tube as described in claim 1, characterized in
that at least two of said four active surfaces have substantially
15 identical, asymmetric prefocusing means (51a,51b;149,153;
249,253,350a,350b) formed therein.

3. The tube as described in claim 1 or 2, characterized
in that three circular apertures (80;178,182;278,282;380) are
20 formed within said asymmetric prefocusing means (51a,51b;
149,153;249,253;3502,350b).

4. The tube as described in claim 2 or 3, wherein said

beam-forming region includes a first electrode, a second electrode

25 and a first portion of a third electrode for providing substantially
symmetrically-shaped beams to said prefocusing lens, said .
prefocusing lens comprises a second portion of said third
electrode, a fourth electrode and a first portion of a fifth electrode
and provides asymmetrically-shaped beams to said main focusing

30 lens, and said main focusing lens comprises a second portion of
said fifth electrode and a sixth electrode and is a low aberration
lens, characterized in that said fourth electrode (50;350) has
substantially identical asymmetric beam-focusing recesses
(51a,51b;350a,350b) formed in the oppositely disposed active

35 surfaces thereof.

RN R A0

19



slgisggetemar;Beénq{:tlr oegle or shadow mask 24 is renovably rmunt ed by conventi onal
ne erm ned, spaced relation to the scregl@ 3A1n;q npr oved

in l m gun 26, shown schematically by dashe FI nes in Fig. 1, is
ce

d within the neck 14 to generate and direct three
5. The tube as described in claim 4, characterized in
that a single recess (51a,51b) is formed in each active surface of
said fourth electrode (50).

5 6. The tube as described in claim 4, characterized in
that three separate, substantially rectangular recesses
(350a,350b) comprising two outer recesses and -a center recess are
formed in each active surface of said fourth electrode (350).

10 7. The tube as described in claim 6, characterized in
that each of said outer recesses (350a,350b) has an outer aperture
(380) therethrough and is displaced outwardly relative to said
outer aperture.

15 8. The tube as described in claim 2 or 3, wherein said
beam-forming region includes a first electrode, a second electrode
and a first portion of a third electrode for providing substantially
symmetrically-shaped beams to said prefocusing lens, said
prefocusing lens comprises a second portion of said third

20 electrode, a fourth electrode and a first portion of a fifth electrode
and provides asymmetrically-shaped beams to said main focusing
lens, and said main focusing lens comprises a second portion of
said fifth electrode and a sixth electrode and is a low aberration
lens, characterized in that said second portion of said third

25 electrode (148;248) and said first portion of said fifth electrode
(152;252) have substantially identical, asymmetric beam-focusing
recesses (149,153;249,253) formed in the active surfaces thereof.

9. The tube as described in claim 8, characterized in
30 that a single recess (249,253) is formed in each of said second
portion of said third electrode (248) and said first portion of said
fifth electrode (252).

10. The tube as described in claim 9, characterized in

35 that three separate, substantially rectangular recesses (149,153),

comprising two outer recesses and a center recess, are formed in

said active surfaces of said second portion of said third electrode
(148) and of said first portion of said fifth electrode (152).

ST



6 ¢€lectron beans 28, along coplanar convergent beam paths, through the

mask 24 to the screen 22. The tube of Fig. 1 igcdegkagred to be used
with an external nagnetic deflection yoke, such as the yoke 30, located in
t he nei ghborhood of the funnel-to-neck junction. Wen activated, the yoke
30 subjects the three beans 28 to nmagnetic fields which cause the beans to

scan horizontally and rtical i regtangul ar.rasger, over .the screen
22. The initial plane \gﬁ-q‘gﬁ?eé%eogg(ggscg@q% g’éf‘ﬁét’?i iﬁ) Cihéf%%%eiy"& he
line P-P in Hhg. eachapfasaidt ouiey meekbises ofl 49hkS3)okas3d. ciBeckuseperfiufd i nge
fields, the (178,182) therethrough, said outer recesses being displaced

5 outwardly relative to the outer circular apertures.

This Sheet Has Been Replaced

[

A R

21



zone-of deflection of the tube extends axially fromthe yoke 30 into the

region of the gun 26. For sinplicity, the actual curv%wreqso'i,,she
def.l ecti on beam paths in the deflection zone is not s ovh Ih* E g 1

The inline electron gun 26 includes six electrodes, Gl through G, in
addition to the cathodes, K The gun T ch.f a first type 26" , sh
Fig. 2, in which the @ and & el ectr &&= nt erconnect ed and oper
at a first potential, and the G3 and GS el ectrodes are interconnected “and

operated at a second po‘;\ﬁnﬁ%@kggg%&&gg{@g&ﬁ/ég&oifncqu@&c%adiﬁMH@ 26",

shown in Fig. 3, in whic ¢ es.are_iInterconnected and
operated at eclehirod gonef2ohlforaganeriding andd dopcdingc tthirfe dNHPE

5 electron beams (28) along coplanar beam paths toward a screen
(22). The gun includes a plurality of electrodes (44,46,
48,50,52,56) which form a beam-forming region (L1), a -
prefocusing lens (L2), and a main focusing lens (L3) for the
electron beams. The improvement resides within the prefocusing

10 lens, which includes four active surfaces. At least one of the
active surfaces has asymmetric prefocusing recesses formed

therein. (Figure 4)
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i nterconnected and operated at a fourth potential. In each of the el ectron
guns 26' and 26", three electron lenses, L[err], L[err], and L[err], a
formed by the above-identified electrodes. The present invention relates
primarily to the second or prefocusing lens, L[err]. The details of a t
enbodi nent of the novel electron gun 26" are shown in Figs. 4 through 9.
Wth reference to Fig. 4, the gun 26’ COﬂﬂgiseS three equally spaced

copl anar cathodes 42 (one for each beam! control grid 44 (Gl); a screen
grid 46 (&); athird electrode 48 (G3); a fourth electrode so (#&); a
fifth electrode 52 (G5), the G5 electrode including a portion G5
identified as el enment 54, for a purpose described bel ow, and

Fig. 2 | Fig. 3
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a sixth electrode 56 (&6). The el ectrodes are spaced
7 fromthe cathodes, in the order naned, and are attached to a

2/8

1
0oy 1 % 102
ST 3 . = T
‘l‘ 92\l 104 (190104 5/-56(66)¢
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pair “of support rods (not shown). The Gl el ectrode 44, the &

el ectrode 46 and a first portion 72 of the G3 electrode 48, facing the &
el ectrode 46, conprise a beamform ng region of the electron gun 26" and
formthe first electron lens, L1. Another portion 74 of the G3 el ectrode
48, the 4 electrode 50 and the G5 el ectrode 52 conprise an asynmmetric

prefocusing or second electron |lens, L2, e enbodi nent of which is shown
in Fig. 5. The elenent (G5' electrode p on) 54 and the 6 el ectrode 56
conprise a third or main focusing |ens L3. Each cat hode 42 conpri ses

a cat hode sleeve 58 closed at its forward end by a cap 60 having an end

coating 62 of an el ectron emgssivaesgaigeri al. ggheggon, g6 is known in the
Pl W S Wy
-1-———— Bk <80 (80 <ED VA 5—0——l—
5;22553 —/i/‘;///l T YZ77L V]réj;/' (G4)

5la
/t

79

g 79) - 599 g C48(63) Fig.5

o~ F~a\

51b 50
Q Q F"g. 6
80 80
o2
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1.27-
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art. Each cathode 42 is indirectly heated by a heater coil (not shown)
positioned within the sleeve 58. " The Gl and & el ectrodes, 44 and
46, are two closely spaced, substantially flat, plates each having three
inline apertures, 64 and 66, respectively, therethrough. The apertures 64
and 66 are centered with the cathode coating 62 to initiate three
equal | y-spaced copl anar el ectron beans ﬁia(shown in Fig. 1), which are
directed towards the screen 22. Preferably, the initial electron beam paths
are substantially parallel, with the mddle path coinciding with the
central axis, A-A of the electron gun. The G3 el ectrode 48 includes
a substantially flat

102
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outer plate portion 68 having three inline apertures 70 therethrough, which
are aligned with the apertures 66 and.64 in the & and Gl el ectrodes, 46
and. 44, respectively. The G3 el ectrode 48 al so includes a pair of
cup-shaped first and second portions, 72 and 74, respectively, which are
joined together at their open ends. The first portion 72 has three inline
apertures 76, forned through the botton of the cup, which are aligned with
the apertures 70 in the plate 68. The §¢§ond portion 74 of the G3 el ectrode
has three apertures 78 fornmed through 1ts bottom which are aligned with
the apertures 76 in the first portion 72.

182 182 182
g ( 152 (G5)

1537 180 153~ 7180 153~ ,180 150064 1
,l L2AGT777777A 1 Y7 Z2A 4 Y /724 7 | PO IIDA |

— |49y 178 149y ,I78 I43 -

787 Fig.10
.1_—..5___._.;.
49N | f—s — M9 149
- , 5
178 | 178 178 )/148
l
1 |
H
r —
v —
2.54- Fig. Il
1.27 4
0- Fig. 12
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-1.27-
"‘2.54 T T T |
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8 EXtrusions 79 surround the apertures, 7.8 Ai'ter.natmel.y,. tyie, plate

portion 68, with its inline apertures 707

of the first portion 72.

As shovwn in Hg"S

smay, . He ¥ or fred 2s -arr+{ ntter nal

the*® el*tctrdbde 50

conprises a

6/8

282 282 282
i W i T i A

- 2
L2 ez 28— 1 -250(G4)
278 249 278 248 (G3)
278
Fig. 13
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plate having identically-shaped recesses 5la and 51b formed in the opposed
maj or surfaces thereof. Three inline apertures 80 are forned through the
body- of the el ectrode 50, within the recesses 51a and 51b, and aligned with

the apertures 78 in the G3 el ectrode 48.
4, the G5 electrode 52 is a deep-drawn,

Again with respect to Fig.

cup- shaped nenber

havi ng three

apertures 82,

surrounded by extrusions

formed in the bottom end

t her eof .
aligned with the apertures 82,

A substantially flat plate nen§£4884, havi ng three apertures 86,
is attached to and cl oses the open end of

the Go electrode 52. A first plate portion 88, having a-plurality of

openings 90 therein, is attached to the

opposite surface of

350b 350b 350
‘ 5(G4)
350q- L350 378 '\“350q
378 348(G3)
Fig. 15
2.54
50% 5%
1.27 -
90%
0 4
(mm)
~-1.274
'2.54 T 1 Y - T
-2.54 -1.27 0 .27 2.54
(mm)

Fig. 16
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t he. pl ate nenber 84. The GS' el ectrode portion 54 conprises a
deep-dr.awn,. cup-shaped nenber having a recess 92 fornmed in the bottom end
thereto, with three inline apertures 94 extending therethrough. Extrusions
95 surround the apertures 94. The opposite open end of the GS' el ectrode
portion 54 is closed by a second plate portion 96 having three openings 98
formed t herethrough. The openi ngs 98 araég!igned and cooperate with the
openings 90, in the first plate portion , in a manner described bel ow.
The G5 el ectrode 56 is a cup-shaped, deep-drawn nenber having a |arge
opening 100 at one end through which all three electron beans pass, and an

open end which is
AT

450
. R [)Z] Fig. 17
480° 4807 480 PRIOR

ART
\_ )

AGIANLYS

2'54W

1.27-

Fig. 18
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gitiﬁﬂhmﬁto and cl osed by a plate nenber 102 that has three aperﬂ%?%%ﬂﬁ04
t heret hrough which are aligned with the apertures 94 in the 'G' el ectrode
" portion 54, Extrusions 105 surround the apertures 104. The shape of

the recess THiBheek ifhe G4 el ectrode 50, is shown in Fig. 6. The
recesses 51 ‘ H a uniformvertical height at each of the
apertures 8 ded ends. Such a shape has been referred to

COLOR PICTURE TUBE HAVING AN INLINE ELECTRON GUN
WITH AN ASTIGMATIC PREFOCUSING LENS

5
This invention relates to a color picture tube
having an inline electron gun and, particularly, to an
electron gun having three lenses including an asymmetric
prefocusing lens.
10
An electron gun, such as a six electrode gun,
designed for use in a large screen entertainment-type
color picture tube must be capable of generating
15

small-sized high-current electron beam spots over the
entire screen. A conventional television receiver
utilizes a color picture tube with an inline electron gun
and a self-converging deflection yoke, for providing a
horizontal deflection field having a pincushion-shaped
20 distortion and a vertical deflection field having a
barrel-shaped distortion. The fringe fields of such a
yoke introduce into the tube strong astigmatism and
deflection defocusing caused,primarily, by vertical
overfocusing and, secondarily, by horizontal underfocusing
25 of the deflected electron beams. Beam spots formed by the
electron beams passing through such distorted horizontal
and vertical deflection fields are asymmetrically-shaped
when deflected to the periphery of the screen.
Additionally, many inline electron guns exhibit a
30 misconvergence of the outer electron beams due to a change
in the strength of the electron lens caused by changes in
the focus voltage. Such a misconvergence results in a
variation in beam landing position with changes in focus
voltage. The present invention addresses these problems

35 in an expeditious and cost effective manner without

sacrificing performance. |
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9 as #he "race-track” shape. The recess 92, fornmed in the bottom end of
the G&' electrode portion 54, is also race- track shaped, ThisShdetHadBEdhReSiaced
dimensionally fromthe recesses 5la and 51b in the 4 el ect
descri bed bel ow. The shape of the | arge opening 100 ’:’Wtﬂﬂ%”‘l
el ectrode 54 is showmn in Fig. 8 The opgening 100 is vertically

the outside apertures 104 than it is at the center aperture. Such a shape

has been referred to . i . . _
The present invention provides an il1mprovement in a

color picture tube  having an inline
electron gun for generating and directing three inline

5 electron beams along coplanar beam paths toward a screen.
The gun includes a plurality of electrodes which form a
beam~-forming regicn, a prefocusing lens and a main
focusing lens for the electron beams. The improvement
resides within the prefocusing lens,which includes four

10 active surfaces. At least one of the active surfaces has

asymmetric prefocusing means formed therein.

In the drawings:

Fig. 1 is a plan view, partially in axial section,
15 of a shadow mask color picture tube embodying the
invention.

Figs. 2 and 3 are schematic axial section side
views of electron guns with which the invention may be
employed.

20 Fig. 4 is an axial section top view of a novel
electron gun in accordance with the present invention.

Fig. 5 is a partial section top view of a first
embodiment of the prefocusing lens of the present
invention.

25 Fig. 6 is a section view of an electrode of the
' prefocusing lens of Fig. 5, taken along line 6-6.

Fig. 7 is a graph of the beam current density
contour at the center of the screen for an electron gun
utilizing the prefocusing lens electrode of Fig. 5.

30 Figs. 8 and 9 are section views of the electron gun
shown in Fig. 4, taken along lines 8-8 and 9-9.

Fig. 10 is a partial section top view of a second
embodiment of the prefocusing lens of the present
invention.

35 Fig. 11 is a section view of an electrode of the
prefocusing lens of Fig. 10, taken along line 11-11.

Fig. 12 is a graph of the beam current density

contour at the center of the screen for an:electron_gun
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as the "dog-bone" or "barbell"™ shape. Wth respect to Fig. 4, the

first plate portion 88 of the G5 el ectrode 52 facd$isfhgst Rephat e
portion 96 of the G5' electrode portion 54. The apel he first
t hat have

pl ate portion 88 have extrusions extendi ng fromthe
been divided into two segnents, 106 and 108, for each aperture. The
apertures 98 in the second plate portion 96 of the G' electrode portion 54
al so have extrusions extending fromthe plate portion 96 that have been
divided into twsiségheatthe 1n0e oy Yeyrs edchigperPure. As shown in Fig.
9, the segnents 106 apgdgl083aie 4 np£rd eavedwibh ktbe segwestsa 1dWiand 112.
These segnentsegge used tofCEeate adrupoI% | ens stkg t he Qg%hs of each

’ °

el ectron beam odiment o he prefocusing lens © pres
invention.
5 Fig. 14 is a graph of the beam current density

contour at the center of the screen for an electron gun
utilizing the prefocusing lens of Fig. 13.

Fig. 15 is a partial section top view of a fourth

embodiment of the prefocusing lens of the present
10 invention.

Fig. 16 is a graph of the beam current density
contour at the center of the screen for an electron guﬁ
utilizing the prefocusing lens of Fig. 15.

Fig. 17 is a section view of a prior embodiment of

15 an electrode of the prefocusing lens.

Fig. 18 is a graph of the beam current density

contour at the center of the screen for an electron gun

using the prior prefocusing lens electrode of Fig. 17.

20

Fig. 1 shows a rectangular color picture tube 10
having a glass envelope 11 comprising a rectangular
faceplate panel 12 and a tubular neck 14 connected by a
rectangular funnel 16. The panel 12 comprises a viewing

25 faceplate 18 and a peripheral flange or sidewall 20 which
is sealed to the funnel 16 with a frit seal 21. A mosaic
three-color phosphor screen 22 is located on the inner
surface of the faceplate 18. The screen is preferably a
line screen with the phosphor lines extending substantially

30  perpendicular to the high frequency raster line scan of the
tube (normal to the plane of Fig. 1). Alternatively, the
screen could be a dot screen. A multiapertured color
selection electrode or shadow mask 24 is removably mounted,
by conventional means, in predetermined, spaced relation to

35 the screen 22. An improved inline electron gun 26, shown

schematically by dashed lines in Fig. 1, is centrally

mounted within the neck 14 to generate and direct three
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when different potentials are applied to the G and G' el ectrode and

él ectrode portion 52 and 54, respectively. By rsch Hasaqemkapatddon of a
dynam c voltage differential to either the GB r the Go'

el ectrode portion 54, it is possible to use t | enses
establ i shed by the segnents 106, 108, 110 and 1 o prov de an astignati
correction to the el ectron beans, which conpensates for astigmatism
occurring in elther the el ectron gun or the deflection yoke. Such a

quadr upol e1l en@! € TiRR RS 2&eségP88d°Pﬂliﬁ‘?§r AV engs 4 PP3T, BBSPS | ssued
to Bl oom et althooudthrtte baskl288to the screen 22.

The tube of Fig. 1 is designed to be used with an
external magnetic deflection yoke, such as the yoke 30,

5 located in the neighborhood of the funnel-to-neck
junction. When activated, the yoke 30 subjects the three
beams 28 to magnetic fields which cause the beams to scan
horizontally and vertically, in a rectangular raster, over
the screen 22. The initial plane of deflection (at zero

10 deflection) is shown by the line P-P in Fig. 1, at about
the middle of the yoke 30. Because of fringe fields, the
zone of deflection of the tube extends axially from the
yoke 30 into the region of the gun 26. For simplicity, the
actual curvature of the deflection beam paths in the

15 deflection zone is not shown in Fig. 1.

The inline electron gun 26 includes six electrodes,
Gl through G6, in addition to the cathodes, K. The gun
may be of a first type 26’, shown in Fig. 2, in which the
G2 and G4 electrodes are interconnected and operated at a

20 first potential, and the G3 and G5 electrodes are
interconnected and operated at a second potential; or the
gun may be of a second type 26", shown in Fig. 3, in which
the G3 and G5 electrodes are interconnected and operated at
a third potential, and the G4 and G6 electrodes are

95 interconnected and operated at a fourth potential. In each
of the electron guns 26’ and 26", three electron lenses,
Ly, Ly, and Ly, are formed by the above-identified
electrodes. The present invention relates primarily to the
second or prefocusing lens, L,.

30 The details of a first embodiment of the novel
electron gun 26’ are shown in Figs. 4 through 9. With
reference to Fig. 4, the gun 26’ comprises three equally
spaced coplanar cathodes 42 (one for each beam); a control
grid 44 (Gl){ a screen grid 46 (G2); a third electrode 48

35 (G3); a fourth electrode 50 (G4); a fifth electrode 52

' (G5), the G5 electrode including a porfion G5' identified
as element 54, for a purpose described. below; and

a sixth electrode 56 (G6). The electrodes are spaced
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The novel second |lens, L2, of the present invention does not require the
use of a quadrupole lens forned by the above-described G and G5’

el ectrodeand el ectrode portion, 52 and 54,respectively. A unitized GS
el ectrode, fabricated by 5

1 from the cathodes, in the order named, and are attached <c a
pair of support rods (not shown).

The G1 electrode 44, the G2 electrode 46 and a first
portion 72 of the G3 electrode 48, facing the G2 electrode
46, comprise a beam-forming region of the electron gun 26’
and form the first electron lens, Ll. Another portion 74
of the G3 electrode 48, the G4 electrode 50 and the G5
electrode 52 comprise an asymmetric prefocusing or second
electron lens, L2, one embodiment of which is shown in Fig.
10 5. The glement (G5' electrode portion}) 54 and the G6

electrode 56 comprise a third or main focusing lens L3.

w

Each cathode 42 comprises a cathode sleeve 58 closed
at its forward end by a cap 60 having an end coating 62 of
an electron emissive material thereon, as is known in the

15 art. Each cathode 42 is indirectly heated by a heater coil
(not shown) positioned within the sleeve 58.

The Gl and G2 electrodes, 44 and 46, are two closely
spaced, substantially flat, plates each having three

inline apertures, 64 and 66, respectively,

20 therethrough. The apertures 64 and 66 are centered with
the cathode coating 62 to initiate three equally-spaced
coplanar electron beams 28 (shown in Fig. 1), which are
directed towards the screen 22. Preferably, the initial
electron beam paths are substantially parallel, with the

95 middle path coinciding with the central axis, A-A, of the
electron gun.

The G3 electrode 48 includes a substantially flat
outer.plate portion 68 having three inline apertures 70
therethrough, which are aligned with the apertures 66 and

30 64 in the G2 and Gl electrodes, 46 and 44, respectively.
The G3 electrode 48 also includes a pair of cup-shaped
first and second portions, 72 and 74, respectively, which
are joined together at their open ends. The first portion
72 has three inline apertures 76, formed through the botton

35 of the cup, which are aligned with the apertures70 in the
plate 68. The second portion 74 of the G3 electrode has
.three apertures 78 formed through its bottom, which are
aligned with the apertures 76 in the first portiqn 72.
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10 elimnating the first and second plate portions 88 and 96 and attaching
toget her the open ends of elenents 52 and 54, may be used; however, such a
gun structure would not provide an optim zed defl ected el ectron beam shape,
al though it mght be useful where a tradgoff between performance and cost
I's perm ssible. Speci fic dinmensions of a conputer nodel ed

el ectron gun for the first preferred enbodi nent are presented in
% Extrus?ons %9 urroung the apertures 78.p gfterna ively,

the plate portion 68, with its inline apertures 70, may be
formed as an internal part of the first portion 72.

As shown in Fig. 5, the G4 electrode 50 comprises a

5 plate having identically-shaped recesses 5la and 51b formed

in the opposed major surfaces thereof. Three inline
apertures 80 are formed through the body of the electrode
50, within the recesses 5la and 51b, and aligned with the
apertures 78 in the G3 electrode 48.

10 Again with respect to Fig. 4, the G5 electrode 52 is
a deep-drawn, cup-shaped member having three apertures 82,
surrounded by extrusions 83, formed in the bottom end
thereof. A substantially flat plate member 84, having
three apertures 86, aligned with the apertures 82, is

15 attached to and closes the open end of the G5 electrode
52. A first plate portion 88, having a plurality of
openings 90 therein, is attached to the opposite surface of
the plate member 84. '

The G5’ electrode vortion 54 comprises a deep-drawn,

20 cup-shaped member having a recess 92 formed in the bottom
end thereto, with three inline apertures 94 extending
therethrough. Extrusions 95 surround the apertures 94. The
opprosite open end of the G5' electrode portion 54 is closed by
a second plate portion 96 having three openings 98 formed

95 therethrough. The openings 98 are aligned and cooperate
with the openings 90, in the first plate portion 88, in a
manner 3escribed below.

The G6 electrode 56 is a cup-shaped, deep-drawn
member having a large opening 100 at one end through which

30 all three electron beams pass, and an open end which is
attached to and closed by a plate member 102 that has three
apertures 104 therethrough which are aligned with the
apertures 94 in the G5’ electrode vortion 54. Extrusions 105
surround the apertures 104.

35 The shape of the recess 51b, formed in the G4
electrode 50, is shown in Fig. 6. The recesses 5la and 51b
have a uniform vertical height at each of the apertures 80
and have rounded ends. Such a shape has been referred to
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TABLE | . TABLE

I nches mm K- GL spaci ng 0. 003 0. 08
Thi ckness of Gl el ectrode 44 0. 004 0. 10 Thi ckness of &
el ectrode 46 0. 028 0.71 Gl and & aperture dianeter,

0. 025 0.64 Gl to Gl spacing 0. 008 0.20
& to &3 spacing 0. 030 0. 76 Thi ckness of G3
pl ate portion 68 0. 010 0.25 Dianeter of G3 apertures 70

0.045 1 14 L apBt &fa Rl teBcAPULPESS TR recess 92, formea inOcA48  3.76
Length of G3 %I %gtrode 4 5

om end the G5’ electrode portion Q, is dlso race-
track shaped, but it differs dimensionally from the recesses
5la and 51lb in the G4 electrode 50 as described below.

5 The shape of the large opening 100 in the Gé&
electrode 54 is shown in Fig. 8. The opening 100 is
vertically higher at the outside apertures 104 than it is
at the center aperture. Such a shape has been referred to
as the "dog-bone" or "barbell" shape. _

10 With respect to Fig. 4, the first plate portion 88
of the G5 electrode 52 faces the second plate portion 96 of
the G5’ electrode portion 54. The apertures 90 in the first
plate portion 88 have extrusions extending -from the plate

portion that have been divided into two segments, 106 znd 108,

15 for each aperture. The apertures 98 in the second plate portion
96 of the G5' electrode portion 54 also have extrusions
extending from the plate portion 96 that have been divided
into two segments, 110.-and 112, for each aperture. As
shown in Fig. 9, the segments 106 and 108 are interleaved

20 with the segments 110 and 112. These segments are used to
create guadrupcle lenses in the paths of each electron bean
when different potentials are applied to the G5 and G5°
electrode and electrode portion 52 and 54,respectively. By
proper application of & dynamic voltage differentieal to either

25 the G5 electrode 52 or the G5' electrode portion 54, it is
possible to use the quadrupole lenses established by the
segments 106,108,110 and 112 to provide an astigmatic correction
to the electron beams,which compensates for astigmatism occurring
in either the electron gun or the deflection yoke. Such a

30 quadrupole lens structure is described in U.S. Pat. No.
4,731,563, issued to Bloom et al. on March 15, 1988.

The novel second lens, L2, of the present invention
35 does not require the use of a gquadrupole lens formed by the
above-described G5 and G5/ electrodeand electrode portion,

52 and 54,respectively. A unitized G5 electrode, fabricated Dby
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& to A spacing 0. 050 1. 27 Thi ckness of
active area of (4 el ectrode 50 0. 025 0.64 Dianeter of G4 aperture 80

0. 158 4.01 Horizontal wi dth of recesses 5la and 51b 0. 785 19.94
Vertical height of recesses 5la and 51k 0. 239 6. 07 Depth of
recesses 5la and 51b 0. 030 0.76 4 to G spacing

0. 050 1.27 Overall length of G electrode S2 and G5 0. 970 24. 64
el ectrode portion 54 Spacing between plate portions 88 and 96 0. 040
1. 02 Horizontal width of recess 92 - 755 19. 18 Verti cal
hei ght of recesdigdnating the first ¢ g Fpgond BIQBe[E&ﬁqfqﬂs @écggg 3o
0.115 2.92 and attaching together :he open ends of elements 52 and 54,

may be used; however, s :ch a gun structure would not
provide an optimized de lected electron beam shape, although
5 it might be useful wher a tradeoff between performance and

cost is permissible.

Specific dimensi :ns of a computer modeled electron

10 gun for the first prefe ‘red embodiment are presented in

TABLE I.
TAB E I
inches mm
K-G1 spacing 0.003 0.08
15 Thickness of Gl electro e 44 0.004 0.10
Thickness of G2 electro.e 46 0.028 0.71
Gl and G2 aperture diam: ter 0.025 0.64
Gl to Gl spacing 0.008 0.20
G2 to G3 spacing 0.030 0.76
20 Thickness of G3 plate pxrtion 68 0.010 0.25
Diameter of G3 apertures 70 0.045 1.14
Diameter of G3 apertures 78 0.148 3.76
Length of G3 electrode 48 0.200 5.08
G3 to G4 spacing 0.050 1.27
25 Thickness of active area of G4 electrode 50 0.025 0.64
Diameter of G4 aperture 80 0.158 4,01
Horizontal width of recesses 5la and 51b 0.785 19.94
Vertical height of recesses 5la and 51b 0.239 6.07
Depth of recesses 5la and 51b 0.030 0.76
30 G4 to G5 spacing 0.050 1.27
oOoverall length of G5 electrode 52 and G5' 0.970 24.64
electrode portion 54

Spacing between plate portions 88 and 96 0.040 1.02
Horizontal width of recess 92 0.755 19.18
35 Vertical height of recess 92 - 0.326 8.28
Depth of recess 92 ' 0.115 2.92
Diameter of apertures 82, 90, 98 0.158 4.01
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D aneter of apertures 82, 90, 98 0. 158 4.01

‘TABLE |

Cont

10

15

20

25

30

35

I nches mm
9
TABI I Cont

inches mm
Aperture-to-aperture sp:cing X to G5 bottom 0.260 6.60
Diameter of G5’ apertur 94 (center) 0.160 4.06
Diameter of G5’ apertur s 94 (outer) 0.180 4.57
G5’ to G6 spacing 0.050 1.27
Length of G6 electrode 6 0.150 3.81
Horizontal width of ope ing 100 0.742 18.85
Maximum height of openi 3 100 0.295 7.49
Minimum height of openi g 100 0.289 7.34
Depth of opening 100 0.135 3.43
Diameter of G6 aperture 105 (center) 0.160 4.06
Diameter of G6 aperture. 105 (outer) 0.180 4.57
Aperture-to—-aperture sp.cing G5’top/Gé 0.245 6.22
Length of G3 extrusions 79 0.045 1.14
Length of G5 extrusions 83 0.045 1.14
Length of G5’ extrusion: 95 0.034 0.86
Length of G6 extrusions 105 0.045 1.14

In the embodiman: presented in TABLE I, the electron
gun is electricallv conne-ted s shown in Fig. 2.
Typically, the cathode operates at about 150V, the Gl
electrode at ground potential, the G2 and G4 electrodes are
electrically interconnected and operate within the range of
about 300V to 1000V, the G3 and G5 electrodes also are
electrically interconnected and operate at about 7650V,and
the G6 electrode operates at an anode potential of about
25kV.

In the electron gun 26/, the first lens, Ll
(Fig. 2), provides a symmetrically-shaped, high quality
electron beam into the second lens, L2. The first lens,
L1, comprises the beam forming region of the gun and
includes the Gl electrode 44, the G2 electrode 46, and the
first portion of the G3 electrode 48 adjacent the G2
electrode

The second lens, L2, is the novel asymmetric
prefocusing lens and comprises the G4.electrode 50 and

Tiue 4 B8 tapngn AR BhEad,
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Aperture-to-aperture spacing Kto Go bottom 0.260 6. 60
aperture 94 (cent 160 4.06 D aneter of Gb
(out er) ThisSh SB& Qd to G6 spacing

0. 050 1.27 Le ctrode 5610

Horizontal wi dth 0.742 18. 85
of opening 100 0 295 7.49 M ni mum hei ght
0. 289 7.34 Depth of opening 100

Di aneter af Genapgsiakentl Qo (tCIMEbF the 63 eldbthbfle 484208
apertures 105 Sec r%%% - 6lfbtggnSBHSSfeE%°%§fertur to ap

Gb'top/ &b ?58
0. 045 1. 140f recesses, 51la and 51b,

active surfaces of the G4 electrode 50 (see,

5 and 6).

track shaped,

While the recesses are

e.g.,
produce the effect described below .

preferably

other shapes, rectangular,

scope of the present invention. The active,

surfaces of the G3 and G5 electrodes, 48 and 52,

10 respectively, are substantially flat.

are formed in the opposed,

e.qg.,
race-

D aneter of G5
apertures 94

0. 150 3.81
Maxi mum hei ght
of opening 100
0. 135 3.43
Bhaneser of &

BLLY &, SRACI N

major,

Figs. 5

which
are within the
facing

The combination of

the above-described active elements produces quadrupole

fields which form the asymmetric or astigmatic prefocusing

lens which provides a horizontally-elongated electron bean

(not shown) into the third or main focusing lens,

prefocusing lens, L2,

point which occurs within the first lens, L1,

L3. By

providing the astigmatic focusing correction in the
beyond the electron beam cross-over
the

effectiveness of each guadrupole field is substantially

independent of changes in the beam current.

20 the race-track-shaped recesses,

additionally,
51la and 51b, provide a

preconverging action which eliminates misconvergence of the

outer beams

at the screen, due to changes in the focus

voltage,by providing a compensating change in the strength

of the prefocusing lens, L2.

25

recesses,

While the invention is described in terms of two

it is possible to achieve the same results by

forming only one recess in either surface of the G4

electrode 50.

The single recess would have a greater depth

than either of the recesses 5la or 51b,and the lateral

30 dimensions,i.e.,

would be less than those of either of the recesses,

vertical height and horizontal width,

to provide

equivalent asymmetric and convergence corrections to the

beams.
upon the extent of beam corrections regquired.
L3,
electrode portion 54 and the G6'electrode 56,
asymmetric lens, |

35 The main focusing lens,

vertically elbngated, or asymmetrically-shaped,

The dimensions of the single recess would depend

formed between the G5’

also is an
naving low aberration, which provides &

electron

beam spot at
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Length of Gb extrusions 83 0. 045 1.14 Length of G5
extrusi ons 95 0.034 0.86 Length of G6 extrusions 105
0. 045 1.14 In the enbodi nent presented in TABLE I, the

el ectron gun is electrically connectedjas shown in Fig. 2. Typically, the -
cat hode operates at about 150V, the Gl el ectrode at ground potential, the
& and A electrodes are electrically interconnected and operate within the
range of about 300V to 1000V, the G3 and Gb el ectrodes also are

el ectrically i®tertorifectdd téﬁdsép%?—%lt e Hte sipogingeBOWwWeh@djacent

apertures 94 in the G5’ electrode portion 54 and the
apertures 104 in the G6 electrode 56 is 6.22mm, rather than
the 6.60mm aperture-~to-aperture spacing that exists from the

5 cathocdes to the apertures 82 in the bottom G5 electrode 52.
This reduced main lens aperture~to-aperture spacing ensures
that the preconverged outer beams pass through low-aberration
regions of the main lens, L3, to minimize coma
distortions. A graph of a computer simulation of the

10 electron beam spot at the center of the screen of a
27v110° tube, operated at a cathode drive voltage of
103.2V, a G3/G5 focus voltage of 7650V, an ultor
voltage of 25kV and 4mA beam current, is shown in Fig. 7.
The beam spot is elliptically-shaped along the vertical

15 axis to reduce the overfocusing action of the yoke when the
beam is deflected. The undeflected, center beam spot
includes a substantially rectangularly-shaped 90% peak beam
current density portion, which is circumscribed by larger
elliptically-shaped 50% and 5% peak beam current density

20 portions. The size of the 5% peak beam current density
spot is about 2.5mm x 4.2mm (HxV). With the width of the
G4 recesses 5la and 51b as specified in TABLE I, and the
overall length of the gun from the G3 bottom to the top of
the G5’ electrode portion-adjusted to 35.05mm, the focus

25 voltage is kept below 7700V, and the misconvergence of the

'~ outer beam is reduced to substantially zero.
By utilizing the multipole lens described with

respect to Fig. 4, and applying to. the G5’ electrode portion
54 a dynamic differential focus voltage that ranges from the

30 potential on the G5 electrode 52, with no deflection, to
about 1000 volts more positive at maximum deflection, the
beam current density spot size can be optimized when the
beams are deflected to the periphery of the screen. This
mode of operation is discussed in U.S. Pat. No. 4,764,704,

35 issued to New et al. on Aug. 16, 1988.

A second embodiment of the present invention is
obtained by increasing the length of the G3 electrode 148

This * s the ren'ace nenm sheal
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_the & electrode operates at an anode potential of about 25kV. In
t-he el ectron gun 26', the first lens, L1 (Fig. 2), provides a
symmetri cal | y-shaped, high quality el ectron beaminto the second | ens, L2.
The first lens, L1, conprises the beamform ng region of the gun and

i ncludes the Gl el ectrode 44, the & el%ctrode 46, and the first portion of
the G3 el ectrode 48 adjacent the & el ectrode. The second | ens, L2,

is the novel asymetric prefocusinP | ens and conprises the 4 el ectrode
50 and 1 to’5.84mm, from the value of 5.08mm shown in TABLE I, and

modifying the asymmetric prefocusing lens, L2, as shown in
Fig. 10. In the second embodiment of the lens L2, the G
electrode 150 comprises a substantially flat plate having a
5 thickness of about 0.025 inch (0.64mm),with circular
apertures 180 formed through the oppositely disposed,
active, major surfaces thereof. The active surfaces of the
facing G3 and G5 electrodes, 148 and 152, respectively,
have rectangular slots enclosing the electron beam apertures.
10 As shown in Fig. 11, each of the slots 149, in the G3
electrode 148, has a slot width, W, of 5.82mm, and a
slot height, H, of 10.16mm. Also, each of the slots 149 has a
depth, d, of 0.76mm, shown in Fig. 10. The slot-to-slot
spacing, S, shown in Fig. 11, is 7.11lmm. Inasmuch as the
15 aperture-to-aperture spacing, s, within the prefocusing
lens, L2, is 6.60mm, and the slot-to-slot spacing, S, is
7.11mm, it can be seen,in Fig. 11, that the two outer slots
149 in the G3 electrode 148 are displaced outwardly
relative to the outer apertures 178 formed therein. This
20 displacement of the slots 149 in the G3 electrode, and a
similar displacement of the identically-dimensioned slots
153 in the G5 electrode 152, cooperate to form an
asymmetric prefocusing lens, L2, which provides a
horizontally-elongated electron beam (not shown) into the
25 third lens, L3. The novel slot configuration in the G3 and
" G5 electrodes 148 and 152, respectively, also provides a
preconverging action to eliminate misconvergence of the
outer beams at the screen, in a manner similar to that
described for the first embodiment. A computer simulation
30 of the resultant vertically-elongated beam spot at the
center of the screen is graphically shown in Fig. 12. When
operated at an ultor voltage of 25kV and 4mA beam current
in a 27v110° tube, the beam sizes at 90% and 50% peak
current density are comparable to those of the first
35 embodiment, shown in Fig. 7, and the beam size at 5% peak
current density is about 2.26ﬁm ¥ 3.68mm (HxV), at a
cathode drive voltage of 103.2V and a G3/G5 focus voltage
of 7650V.. All other gun parameters are as listed in TABLE
g : .
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12 the adjacent portions of the G3 electrode 48 and the G5 electrode 52. In
the first enbodinent, the identical pair of recesses, 5la and 51b, are
formed in the opposed, mmjor, active surfaces of the (4 el ectrode 50 (see,
e.g., Figs. 5 and 6). Wile the recesse%are preferably race-

1 Equivalent performance can be achieved by forming
the slots in only one of the active surfaces, i.e., in
either the G3 electrode 148 or the G5 electrode 152. Slots

formed in only one active surface must be deeper than the

wn

slots described above, and the small dimension of each slot

must be reduced, while the amount of outer slot offset must

be increased.
A third embodiment of the present invention is
achieved by modifying the electron gun to provide the

10 electrical configuration shown in Fig. 3. The asymmetric
prefocusing lens, L2, of the gun 26" is shown in Fig. 13.
The length of the G3 electrode 248 is maintained at 5.84mm,"
the same dimension utilized in the second embodiment, and a

race-track-shaped recess 249 is formed in the active,

15 major surface of the G3 electrode facing the G4 electrode
250. The recess 249 has a horizontal width of 19.43mm, a
vertical height of 5.84mm and a depth of 0.76 mm. An
identically~-shaped and dimensioned race-track recess 253
is formed in the active surface of the G5 electrode 252,

20 facing the substantially flat G4 electrode 250. While the

race-track shape is preferred, other geometric shapes
which provide an asymmetric lens with a preconvergence
correction may be used. In the third embodiment, the G2
electrode 250 has a thickness of about 0.64mm,with circular

25 apertures 280 formed therethrough. The asymmetric

' prefocusing lens, L2, of the third embodiment provides the
preconverging action, and forms horizontally-elongated
electron beams (not shown), as previously described, into
the third lens, L3. A computer simulation of the resultant

30 vertically-elongated beam spot at the center of the screen
is graphically shown in Fig. 14. When operated at an
ultor/G4 voltage of 25kV and 4mA beam current in a
27V110° tube, the beam size and shape at 90% peak beam
current density is larger and more elliptical than in the

35 first and second embodiments, while at 50% peak beam

current density the elliptically-shaped spot is more

vertically elongated than in the first two embodiments..

is Sheet Has Been Replaced This is the replacement sheet

BT ——




track shaped, other shapes, e.g., rectangul ar, which produce t he effect

descri bed bel ow may be used. “ h*‘
facing surfaces of the G3 and G5 el ectrodes, 48 and 52,
substantially flat. The conbi nati on of tre above descrlb nts

produces quadrupol e fields which form the asynmetric or astlgnatlc
prefocusing I ens which provides a horizontally-elongated el ectron beam (not
shown) into the third or main focu5|q9 | ens, L3. By rOV|d|n t he
astlgnatlclfocﬁ%lﬁb‘Eﬁ&r?@?@oﬁuFﬁePﬁe %R%Vﬁbu§Wﬁngé sSPE% SX&/3fd t he

el ectron bean1@quSZDWEmmpalat4mmmchﬂm%bur§hmIﬁmthoﬁhedflvgtdeﬂmﬂe L, the

effectiveness of; caghuadnerekerbbebd, i ensubsiantbalbyvoltage is 76s0v
and the G2 vcltage is typically about 400V. All other gun
5 parameters are as listed in TABLE I.

As described above, a single recess can be formed in
either the active surface of the G3 or G5 electrodes, 248
or 252, respectively, if the depth is increased and the
lateral dimensions are suitably reduced to provide

10 equivalent performance.

A fourth embodiment of the asymmetric prefocusing
lens, L2, is shown in Fig. 15. The length of the G3
electrode 348 is 5.08mm;and the active surface facing the
G4 electrode 350 is substantially flat,with three circular

15 apertures 378 formed therethrough. The apertures 378 have
a diameter of 4.0lmm. The G4 electrode 350 has rectangular
slots 350a and 350b formed in the opposed major active
surfaces thereof, with the slots 350a facing the G3
electrode 348 and the slots 350b facing the G5 electrode

20 352. Each of the slots 350a and 350b has a width of
5.79mm, a height of 10.16mm and a depth of 0.76mm. The
slot~to-slot spacing is 7.01lmm. The circular apertures
380, formed through the G4 electrode 350, have a diameter
cf 4.01lmm and are enclosed within the rectangular slots

o5 350a and 350b, in the same manner as discussed with respect
to the slots shown in Fig. 11. The active major surface of
the G5 electrode 352 facing the G4 electrode 350 alsoc is
substantially flat, with three circular apertures 382
formed therethrough. The apertures 382 also have a

30 diameter of 4.0lmm.

Inasmuch as the aperture-to-aperture spacing within the
prefocusing lens, L2, is 6.60mm and the slot-to-slot
spacing of the slots 350a and 350b of the G4 electrode 350
is 7.01mm, the two outer slots are displaced outwardly

35 relative to the outer apertures 380 formed within the
slots. The configuration and displacement of the G4 slots
form an asymmetric lens which prov1des the preconverging

action and horlzontally elongated electron beams (not

T
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~

independent of changes in the beamcurrent. Additionally, the
race-track-shaped recesses, Sla and 51b, provi de a preconvergi ng action
whi ch elim nates nmi sconvergence of the outer beans at the screen, due to
changes in the focus voltage, by providing a conpensating change in the
strength of the prefocusing |lens, L2. 1 VWhile the invention is
described in terns of two recesses, it is possible to achieve the sane
results by formng only one recess in either surface of the G4 el ectrode

50. The si nglS&°MBEesasSvRIRW MY SegrEaped. dbpth HrarrPerendf df the
recesses 5laaokobphtandsiheldtaier alf dhepenesolsant erertiealiilgakl beggiad and

horizontal width, syuoul de be,d esshdaR ¢t BRSesOf e & thergAhnliBg 1T CoSSES, O

provi de _ _ : o
in Fig. 16. The beam spot shape is similar to that shown

5 in Fig. 14. When operated at an ultor/G4 voltage of 25kV
and 4mA beam current in a 27vV110° tube, the beam size at
5% peak beam current density is about 1.96mm x 3.49mm
(HxV), at a cathode drive voltage of 103.2V and a G3/G5
focus voltage of 7700V. The G2 voltage in this embodiment

10 is typically about 400V. All other gun parameters are as
listed in TABLE I.

Alternatively, slots can be formed in only one of
the active surfaces of the G4 electrode 350. The depth of
the slots must be increased,and the small dimension of each

15 slot must be decreased,from the respective dimensions_
described immediately above. Additionally, the amount of
offset of the outer slots must be increased to obtain

performance equivalent to that of the fourth embodiment.

20
The novel electron gun of the present invention is

to be contrasted to an electron gun of the type described
in U.S. Pat. No. 4,764,704, referenced above. In that
patent, a G4 electrode, similar to the G4 electrode 450 of
25 the prefocusing, or second, lens shown in Fig, l7lherein,
has rectangularly-shaped
apertures 480 therethrough. Specific dimensions of a
computer model of an embodiment of that prior electron gun
are presented in TABLE II. That embodiment has the electrical
30 configuration shown in Fig. 2 herein, and is similar in
construction to the electron gun shown in Fig. 4 herein,
with similar gun elements being identified‘with corresponding
numbers, prefixed by the number "4".

35
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-equi val ent asypmet ric. godi,g@nvergence corrections to the beans. The
dirmensi ons ﬁnﬁlﬁ Imllecess woul d depend upon the extent of beam

corrections ﬁ“ The main focusing lens, L3, formed between the
G5' el ectrod nd the G5 eljgctrode 56, also is an asymetric

| ens, having | ow aberration, which provides a vertically elongated, or
asymetrical |l y-shaped, el ectron beam spot at

1 TABLE IT

inches mm

K-Gl spacing 0.003 0.08
Thickness of Gl electrode 444 0.004 0.10

5 Thickness of G2 electrode 446 0.028 0.71
Gl and Gl aperture diameters . 0.025 0.64

Gl to G2 spacing : 0.008 0.20

G2 to G3 spacing 0.030 0.76
Thickness of G3 bottom plate 468 0.010 0.25

10 Diameter of G3 aperture 470, center 0.045 1.14
Diameter of G3 apertures 470, outer 0.052 1.32
Diameter of G3 apertures 478 0.148 3.76
Length of G3 electrode 448 0.200 5.08

G3 to G4 spacing 0.500 1.27

15 Thickness of G4 electrode 450 0.025 0.64
Dimensions of G4 electrode apertures 480 0.158V 4.01V
O.§72H 4.>3<7H

G4 to G5 spacing 0.050 1.27
Length of G5 electrode * 452-454 0.830 21.08

20 Diameter of apertures 482 0.158 4.01
Diameter of aperture 494 (center) 0.160 4.06
Diameter of apertures 494 (outer) 0.180 4.57
Heorizontal width of recess 492 0.755 19.18
Vertical height of recess 492 0.326 8.28

95 Depth of recess 492 0.115 2.29
' Aperture-to-aperture spacing K to G5 0.260 6.60

bottom **

G5 to G6 spacing 0.050 1.27
Length of G6 electrode 0.150 3.81

30 Horizontal width of opening 400 0.742 18.85
Maximum height of opening 400 0.295 7.49
Minimum height of opening 400 0.289 7.34
Depth of opening 400 0.135 3.43
Diameter of aperture 404 (center) 0.160 4.06

35 Diameter of apertures 404 (outer) 0.180 4.57
Aperture-to-aperture spacing G5 top/Gé 0.245 6.22
Length of G3 extrusions 479 0.045 21.14

1.14

Length of G5 extrusions 483 , 0.045
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13 the center of the screen. The spaci ng between adjacent apertures 94 in
the G5' electrode portion 54 and the apertures 104 in the G5 el ectrode 56
is 6.22mm rather than the 6. 60mm aperture-to-aperture spacing that exists
fromthe cathodes to the apertures 82 jh the bottom G5 el ectrode 52. This
reduced main | ens aperture-to-aperture spaci ng ensures that the
preconverged outer beans pass through | ow aberration

1
TABLE II Cont

inches mm
Length of G5 extrusions 495 0.034 0.86
S Length of G6 extrusions 405 | 0.045 1.14

* unitized electrode, no multipole lens

** the aperture-to-aperture spacing of the G3 bottom
apertures 470 is increased to 0.2635 inch (6.69mm} to
eliminate any displacement of the outer electron beams

10 with changes in the focus voltage.

In the prior electron gun described in TABLE II, the
cathode operates at a drive voltage of about 103.2V, the Gl
electrode is at ground potential, the G2 and G4 are

15 electrically interconnected and operate within the range of
300V to 1000V, the G3 and G5 electrodes also are
interconnected and operate at about 6600V,and the Gé6
electrode operates at an anode potential of about 25kV.
The prefocusing lens, L2, of the prior electron gun, with

20 the rectangular apertures 480 formed through the
substantially flat G4 electrode 450, provides a
horizontally-elongated electron beam (not shown) into the
main focusing lens, L3. A computer simulation of the
resultant vertically-elongated beam spot at the center of

25 the screen is graphically shown in Fig. 18. The beam size
at 5% peak current density is about 2.30mm x 3.49mm (HXV)
at the previously described operating parameters.

CONCLUSICN
30 The performance of the present prefocusing lens, L2,
of embodiments 1 through 4, as measured by the resultant
electron beam spot size on the screen, is comparable to
that of the prior electron gun described in U.S. Pat. No.
4,764,704, which utilizes a prefocusing lens having

35 rectangularly~shaped apertures in the G4 electrode
thereof. A comparison of results is contained in TABLE
ITI.
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regions of the main lens, L3, to mnimze coma distortions. A graph of a
conputer sinulation of the electron beam spot at the center of the screen
of a 27V110[err] tube, operated at a cathode drive voltage of 103.2V, a
G3/ & focus vol tage of 7650V, an ultor voltage of 25kV and 4mA beam
current, is shown in Fig. 7. The bean1sH%t is elliptically-shaped al ong the
vertical axis to reduce the overfocusing action of the yoke when the beam
is defl ected. The undefl ected, center beam spot includes a substantially
rect angul arl y-shaped 90% peak beam current density portionwhich is
circunscribed by larger elliptically-shaped 50% and 5% peak beam current
density po}tions. The si ze of theTEQEQ%%ﬁ beam current density

EMBODIMENT Beam Spot Size on Screen
Horizontal {mm) Vertical (mm)

5 1 2.50 4.20

2 2.26 3.68

3 1.94 3.44

4 1.96 3.49

Prior 2.30 3.49

10
The four embodiments of the present electron gun

structure provide ease of manufacturing, because the use of
circular apertures throughout the electron gun reducesthe
misalignment problems posed by the rectangularly-shaped G4
15 apertures of the prior gun. Aadditicnally, the prior gun
requires a slight increase in the G3 aperture-to-aperture
spacing (from 6.60mm to 6.69mm) to eliminate the
misconvergence of the outer electron beams with changes in
focus voltage. The present invention achieves comparable
20 performance by controlling either the horizontal width of
the race-~track-shaped recesses within the prefocusing
lens, L2, in embodiments 1 and 3, or the slot~to-slot
spacing of the rectangular slots formed within
prefocusing lens, L2, in embodiments 2 and 4. 1In each of
25' the four embodiments, the aperture-to-aperture spacing from
the cathode 42 to the bottom of the G5 electrode 52 is
maintained at a constant value of 6.60mm, thereby
simplifying the assembly and alignment of the gun
components.

30
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*spot is about 2.5mMmm x 4.2mm (HxV). Wth the width of the G4 recesses 5la
‘and 51b as specified in TABLE |, and the overall length of the gun fromthe

G3 bottomto the top of the GS electrode portion adjugfed .0 t he

focus voltage is kept below 7700V, and lt9he m sconver genl o 382': pacedheam

I's reduced to substantially zero. ~= By utilizing tcim! ﬁﬂl ns

described with respect to Fig. 4, and applying to the rtion

54 a dynamc differential focus voltage that ranges fromthe potential on

the Go electrode 52, with no deflection, t bout 1000 volts nore positive
LLafe b

at maxi num defl ecti on, the beam current 5Lty spot size can be optim zed
when the beans are deflected to the periphery of the screen. This

1. A color cathode-ray tube including an envelope

having therein an inline electron gun for generating and directing
5 three inline electron beams along initially coplanar beam paths
toward a screen on an interior portion of said envelope, said gun
including a plurality of electrodes which form a beam-forming
region, a prefocusing lens and a main focusing lens, characterized
by said prefocusing lens (L2) includes four active surfaces, at least
10 one of which has asymmetric prefocusing means (51a,51b;
149,153:249,253:3502a,350b) formed therein.

. 2. The tube as described in claim 1, characterized in
that at least two of said four active surfaces have substantially
15 identical, asymmetric prefocusing means (51a,51b;149,153;
249,253,350a,350b) formed therein.

3. The tube as described in claim 1 or 2, characterized
in that three circular apertures (80;178,182;278,282;380) are
20 formed within said asymmetric prefocusing means (51a,51b;
149,153;249,253,;350a,350b).

4. The tube as described in claim 2 or 3, wherein said
beam-forming region includes a first electrode, a second electrode
25 and a first portion of a third electrode for providing substantially
~ symmetrically-shaped beams to said -prefocusing lens, said
prefocusing lens comprises a second portion of said third
electrode, a fourth electrode and a first portion of a fifth electrode
and provides asymmetrically-shaped beams to said main focusing
30 lens, and said main focusing lens comprises a second portion of
said fifth electrode and a sixth electrode and is a low aberration
lens, characterized in that said fourth electrode (50;350) has
substantially identical asymmetric beam-focusing recesses
(51a,51b;350a,350b) formed in the oppositely disposed active
35 surfaces thereof.
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node of operation is discussed in U S. Pat. No. 4,764,704, issued to New et
~al. on Aug. T 1sS A second enbodi rrent of the present invention

i s obtained "Tt ﬁﬁi“iﬁ' cffb | ength of the G3 el ectrode 148

S. The tube as described in claim 4, characterized in
that a single recess (51a.,51b) is formed in each active surface of
said fourth electrode (50).

5 6. The tube as described in claim 4, characterized in
that three separate, substantially rectangular recesses
(350a,350b) comprising two outer recesses and a center recess are
formed in each active surface of said fourth electrode (350).

10 7. The tube as described in claim 6, characterized in
that each of said outer recesses (350a.350b) has an outer aperture
(380) therethrough and is displaced outwardly relative to said
outer aperture.

—
N

8. The tube as described in claim 2 or 3, wherein said
beam-forming r'egion includes a first electrode, a second electrode
and a first portion of a third electrode for providing substantially
symmetricallv-shaped beams to said prefocusing lens, said
prefocusing lens comprises a second portion of said third
20 electrode, a fourth electrode and a first portion of a fifth electrode

and provides asymmetrically-shaped beams to said main focusing
lens, and said main focusing lens comprises a second portion of
said fifth electrode and a sixth electrode and is a low aberration
lens, characterized in that said second portion of said third
25 electrode (148;248) and said first portion of said fifth electrode
(152:252) have substantially identical, asymmetric beam-focusing
recesses (149,153:249,253) formed in the active surfaces thereof.

9. The tube as described in claim 8, characterized in
30 that a single recess (249,253) is formed in each of said second
portion of said third electrode (248) and said first portion of said
fifth electrode (252).

10. The tube as described in claim 9, characterized in

35 that three separate, substantially rectangular recesses (149,153),

comprising two outer recesses and a center recess, are formed in

said active surfaces of said second portion of said third electrode
(148) and of said first portion of said fifth electrode (152).
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14 to 5.84mm fromthe value of 5. 08mm shown in TABLE |, and nodifying the
-asymmetric prefocusing lens, L2, as shown in Fig. 10. 1In the second

enbodi ment of the lens L2, the (4 el ectrode 150 conprises a substantially
flat plate having a thickness of about 0.025 inch (0.64m),wth circular
apertures 180 formed through the opposttely di sposed, active, major
surfaces thereof. The active surfaces of the facing G3 and G5

el ectrodes, 148 and 152, respectively, have rectangul ar slots enclosing the
el ectron beam apertures. As shown in Fig. 11, each of the slots 149, in the
G3

11. The tube as described in claim 10, characterized in
that each of said outer recesses (149,153) has a circular aperture
(178,182) therethrough, said outer recesses being displaced

5 outwardly relative to the outer circujar apertures.
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el ectrode 148, has a slot wwdth, W of 5.82mm and a slot height, H, _
“of 10.16mm Also, each of the slots 149 has a depth, d, of 0.76nmm shown in
Fig. 10. The slot-to-slot spacing, S, shown in Fig. 11, is 7.11lmm | nasnuch
as the aperture-to-aperture spacing, sp;wthin the prefocusing lens, L2, is
6. 60mm and the slot-to-slot spacing, S, is 7.11lmm it can be seen, in Fig:
11, that the two outer slots 149 in the G3 electrode 148 are displ aced

outwardly rel gég,lvg& &5&;‘@% £ SBRING &N TR N BRECTRONCGON Whirs AN

di spl acenent s,m REFOCUS ING LRNSS! CCLT ode, and a simtar

di spl acenent e ucu[l cm ty=drmenstoned slots 153 in the G5 el ectrode

152, cooperate to forman asymmetric prefocusing lens, L2, which provides a
ABSTRACT

An improved color picture tube includes an inline

electron gun (26) for generating and directing three inline

5 electron beams (28) along coplanar beam paths toward a screen
22). The gun includes a plurality of electrodes (44,46,
48,50,52,56) which form a beam-forming region (L1), a -
prefocusing lens (L2), and a main focusing lens (L3) for the
electron beams. The improvement resides within the prefocusing

10 lens, which includes four active surfaces. At least one of the
active surfaces has asymmetric prefocusing recesses formed
therein. (Figure 4) '
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hori zont al.l y-el ongated el ectron beam (not shown) into the third Iens, L3.
The novel slot configuration in the G3 and G5 el ectrodes 148 and 152,
respectively, also provides a preconverging action to elimnate

m sconvergence of the outer beans at the screenin a manner simlar to that
described for the first enbodinent. A cgzguter simul ati on of the resultant
vertical |l y-el ongated beam spot at the c er of the screen is graphically
shown in Fig. 12. Wen operated at an ultor voltage of 25kV and 4mA beam
current in a 27V110[err] tube, the beam sizes at 90% and 50% peak current
density are conparable to those of the first enbodi nent, shown in Fig. 7,
and the beam si ze at 5% peak current density is about 2.26mm x 3. 68mMm
(HxV), at a

.
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cathode drive voltage of 103.2V and a G3/ G focus voltage of 7650V. All
ot her gun paraneters are as listed in TABLE

15
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Equi val ent performance can be achieved by formng the slots in only one of
‘the active surfaces, i.e., in either the G3 el ectrode 148 or the Gb
el ectrode 152. Slots fornmed in only one active surface nust be deeper than
the slots described above, and the small dinension of each slot nust be
reduced, while the ampbunt of outer slot offset nust be increased. A
third enbodlnent of the present |nvent3 @ i s achi eved by nodifying the
el ectron gun to provide the electrical configuration shown in Fig. 3. The
asymmetric prefocusing lens, L2, of the gun 26" is shown in Fig. 13. The
length of the G3 electrode 248 ig WalntaIQEF at 5. 8§gn1 t he sane di nensi on
utilized in the second e ent ) a 52(65)

e LEEETN: )
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_race-track-shaped recess 249 is fornmed in the active, major surface of the
&3 el ectrode facing the 4 el ectrode 250. The recess 249 has a horizontal
wi dth of 19.43mm a vertical height of 5.84mm and a depth of 0.76 nm An

i dentical |l y-shaped and di nensioned race-track recess 253 is fornmed in the
active surface of the G electrode 252, facing the substantially flat 4
el ectrode 250. While the race-track sHabB is preferred, other geonetric
shapes whi ch provide an asynmetric lens with a preconvergence correction
may be used. In the third enbodi nent, the &4 el ectrode 250 has a thickness
of about 0.64mm w th circul ar apertures 280 forned therethrough. The
asymetric prefocusing lens, L2, of the third enbodhﬂgnt provi des the

Fig. 9
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preconverging action, and forns horizontally-el ongated el ectron beans (not
shown), as previously described, into the third lens, L3. A conputer
simulation of the resultant vertically-el ongated beam spot at the center of
the screen is graphically shown in Fig. 14. \Wen operated at an ultor/4
vol tage of 25kV and 4mA beam current in a 27V110[err] tube, the beam size
and shape at 90% peak beam current densiBy Is larger and nore elliptical
than in the first and second enbodi nmen !, whil e at 50% peak beam current
density the elliptically-shaped spot is nore vertically elongated than in
the first two enbodi nents.
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16 At 5% peak beam current density,

3.44mm (HxV). The cathode drive voltage in this enbodi nent

t he beam spot size is about 1.94mm x
s 103.2V, the

&3/ G focus voltage is 7650v and the & voltage is typically about 400V.

Al'l ot her gun

6/8

282 282 282
e et o ﬁm,, 252 (G5)

253— 280 280 280
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...... 278 249 278 248 (G3)
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Fig. 13
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_ paraneters are as listed in TABLE I. As described above, a single
recess can be formed in either the active surface of the G3 or &

el ectrodes, 248 or 252, respectively, if the depth is increased and the

| at eral dinmensions are suitably reduced to provide equival ent perfornmance.
A fourth enbodi nent of the asymmetric prefocusing lens, L2, is shown in
Fig. 15. The length of the G3 electroqﬁ/@48 is 5.08nm and the active
surface facing the G4 el ectrode 350 is substantially flat,with three
circular apertures 378 fornmed therethrough. The apertures 378 have a

di aneter of 4.01lmm The 4 el ectrode 350 has rectangul ar slots 350a and
350b forned in the opposed major active

382 382 382 355 (G5)

J

350by 380 (350b 380 350b) 380

350
1 A . v I L 1'(G4)
Le 377//,17{1 kr,{j‘l ! é{‘ V?M

/
3500 378 3500 378 “3500
N aans HEN | IR
Fig. 15
2.54
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-2.54 Y T T T
-2.54 -1.27 0 .27 2.54
{mm)
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surfaces thereof, with the slots 350a facing the G3 el ectrode 348 and the
sl ots 350b facing the G5 el ectrode 352. Each of the slots 350a and 350b has
a wdth of 5.79mm a height of 10.16nmm and a depth of 0.76mm The
slot-to-slot spacing is 7.01lmm The circular apertures 380, forned through
the 4 el ectrode 350, have a diameter qf 4.01=mm and are enclosed within
the rectangul ar slots 350a and 350b, i%}( e sanme manner as discussed with
respect to the slots shown in Fig. 11. The active major surface of the Gb
el ectrode 352 facing the 4 electrode 350 also is substantially flat, with
three circular apertures 382 forned therethrough. The apertures 382 al so

have a di aneter of 4.01mm Mm

LT | @ Fig. 17
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fe3ps 5702
| nasmuch as the aperture-to-aperture spacing w.thin the prefocusing |ens,
L2, is 6.60mm and the slot-to-slot spacing of the slots 350a and 350b"of
the &4 electrode 350 is 7.01lnmm the two outer, s¥ots -are-dirspl aded outwartl y
relative to the outer apertures 380 fornmed within the:slats:.-The: - .. 2
configuration and di spl acenent of the 4 slots form:an.-asymetric:lens ..
whi ch provi des the preconverging action land honviontaLlyﬂahongated;ekectfon
beans (not 1 " :

[ i{'ﬂ‘?" )

3
[

COLOR PICTURE TUBE HAVING AN INLINE ELECTRON GUN WITH AN
ASTIGMATIC PREFOCUSING LENS

The invention is concerned with a color cathode-ray tube
including the features as mentioned in the preamble of claim 1.
From EP-0 300 705 A2 a color picture tube is known which

includes an electron gun for generating and directing three
inline electron beams, a center beam and two side beams, along
initially coplanar paths toward a screen of the tube. The qun
includes three spaced electrodes which form an einzel lens

in the path of each electron beam to form a main focus lens

for focusing the electron beams. A first einzel lens electrode
includes a first portion having three inline apertures that

are set back from a second portion forming a single large
aperture through which all three electron beams pass. A second
einzel lens electrode includes a first portion having three
inline apertures that are set back from second pbrtion forming
a single large aperture through which all three electron beams
pass. The second portion of the first einzel lens electrode
faces the second portion of the second einzel lens electrode.
The second einzel lens electrode also includes a third portion
having three inline apertures that are set back from a fourth
portion forming a single large aperture through which all three
electron beams pass. A third einzel lens electrode includes

a first portion having three inline apertures set back from a
second portion forming a single large aperture through which all
three electron beams pass. The fourth portion of the second
einzel lens electrode faces the second portion of the third
einzel lens electrode.

An inline electron gun for a color cathode-ray tube, as Known
from GB-21 01 804 A, includes a main focus lens formed by two

spaced eclectrodes each having three separate inline apertures

This is the replacement sheet
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17 shown), as previously described, into the third |l ens, L3. A conputer
sinmul ation of the resultant vertically-el ongated beam spot at the center of
the screen is graphically showmn in Fig. 16. The beam spot shape is simlar
to that shown in Fig. 14. Wien operated at an ultor/&4 voltage of 25kV

2

and a peripheral rim, and the apertured portion of each
electrode is within a recess set back from the rim, wherein the
width of the rim of one of the electrodes is narrower at the side
beam paths than at the center beam path, measured perpendicular
to the plane containing the electron beam paths. Also the recess
in electrode has a width at the sidebeam paths that is wider

than its width at the centre beam paths. By thus modifying the
peripheral rim geometry the focus fields acting on the electron
beams is balanced. In a further arrangement, the electrode is
fabricated from two elements.

Further, from EP-Q 301 648 A3, a color cathode-ray tube ié
known, which has an integrated electrode gun structure including
mirrored main focusing and accelerating electrodes. The electron
gun comprises a triode section formed by three inline arranged
cathodes and a first and second grid electrodes whose apertures
are symmetrically disposed about respective central and outer
axes which pass through their respective cathodes. A prefocusing
electrode having eccentric outer apertures is positioned next
to the second electrode. The field produced by the prefocusing
electrode serves to converge the electron beams produced in
the triode section. At least one, but more conveniently two,
further elecktrodes are provided between the prefocusing electrode
and the main focusing lens electrode. The outer apertures of at
least one of the further electrodes are elongated to provide
an asymmetrical lens field which is used to neutralise spot
errors, beam displacement and beam asymmetry. The shapes of
the elongated apertures (44) are such that at a portion of
their peripheries are concentric about the axes.

An electron gun, such as a six electrode gun, designed
for use in a large screen entertainment-type color picture
tube must be capable of generating small-sized high-current
electron beam spots over the entire screen. A conventional

-y
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and 4mA beamcurrent in a 27V110[err] tube, the beam size at 5% peak beam
current density is about 1.96mm x 3.49mm (HxV), at a cat hode drive voltage
of 103.2V and a G3/ G focus voltage of 7700V. The & voltage in this

enbodi ment is typically about 400V. Al other gun paraneters are as listed
in TABLE I. Al ternatively, slotsican be forned in only one of the
active surfaces of the 4 el ectrode 350. The depth of the slots nust be

i ncreased, and the small di nension of each slot nust be decreased,fromthe
respective di mensi ons described i medi ately above. Additionally, the anount
of offset of the outer slots nmust be increased to obtain perfornmance

equi valent to that of the fourth . enbodi nent.

television receiver utilizes a color picture tube with an inline
electron gun and a self-converging deflection yoke, for providing
‘a horizontal’deflection field having a pincushion-shaped
distortion and a vertical .deflection field having a barrel-
shaped dzstortxon. The fringe fields of such a yoke 1ntroduce
into the tube strong astigmatism and deflectlon defocusing
caused, primarily, by vertical overfocusing.and, secondarily,

by horizontal underfocusing of the deflected electron beams.
Beam spots formed by the electron beams passing through such
distorted horizontal and vertical deflection fields are
asymmetrically-shaped when deflected to the periphery of the
screen. Additionally, many inline electron guns exhibit a
misconvergence of the outer electron beams due to a change

in the strength of the electron lens caused by changes in the
focus voltage. Such a misconvergence results in a variation

in beam landing position with changes in focus voltage.

The object of this invention is to provide for an inline electron
gun generating electron beams with improved convergence even
with changes of the focus voltage. This object is being achieved
by the features of claim 1. Preferred embodiments of the
invention are being defined by the subclaims.

The invention addresses the above indicated problems in an
expeditious and cost effective manner without sacrificing
performance.
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The novel electron gun of the present invention is to be contrasted to an
el ectron gun of the type described in U S. Pat. No. 4,764,704, referenced
above. In that patent, a (4 electrode, simlar to the G el ectrode 450 of

t he prefocusing, or second, |lens shown in Fig. 17 herein, has
rectangul arl y-shaped apertures 480 therefhrough. Specific dinensions of a
conput er nodel of an enbodi nent of that prior electron gun are presented in
TABLE I'l. That enbodi nent has the electrical configuration showmn in Fig. 2
herein, and is simlar in

The present invention provides an improvement in a

color picture tube having an inline
. electron gun for generating and directing three inline
electron beams along coplanar beam paths toward a screen.
The gun includes a plurality of electrodes which form a
beam-forming region, a prefocusing lens and a main
focusing lens for the electron heams. The improvement
resides within the prefocusing lens, which includes four
active surfaces. At least one of the active surfaces has
asymmetric prefocusing means formed therein.

In the drawings:

Fig. 1 is a plan view, partially in axial sectian,
of a shadow mask color picture tube embodying the
invention.

Figse. 2 and 3 are schematic axial section side
views of electron guns with which the invention may be
employed.

Fig. 4 is an axial section top view of a2 novel
electron gun in accordance with the present invention.

‘ Fig. 5 ig a partial section top view of a first
embodiment of the prefacusing lens of the present
invention.

Fig. € is a section view of an aelectrode of the
prefocusing lens of Fig. 5, taken along line 6-6.

Fig. 7 is a graph of the beam current density
contour at the csnter of the screan for an electron gun
utilizing the prefocusing lens electrode of Fig. S.

Figs. 8 and 9 are section viegs aof tha alectron gun
shown in Fig. 4, takan along lines 8-8 and 9-9.

Fig. 10 is a partial section top view of a second
embodiment of the prefocusing lens of the present
invention.

Fig. 11 is a section view of an electrode gf the
prefocusing lens of Fig. 10, taken along line 11-11.

Fig. 12 is a graph of the beam current density
contour at the center of the screen for an electron gun
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construction to the electron gun shown in Fig. 4 herein, wwth simlar gun
el ements being identified with correspondi ng nunbers, prefixed by the
nunmber "4", 18

utilizing the prefocusing lens of Fig. 10.

Fig. 13 is a partial section top view of a third
embodiment of the prefocusing lens of the present
invention.

Fig. 14 is a graph of the beam current density
contour at the center of the screen for an electron gun
utilizing the prefocusing lens of Fig. 13.

Fig. 15 is a partial section top view of a fourth
enmbodinent of the prefocusing . lens of the. present
_invention. _ .

' Fig. 16 is a graph of the beam current density
cantour at the center of the screen for an electron gun
utilizing the prafocusing lens of Fig. 15.

Fig. 17 is a section view of a prior embediment of
an electrode of the prefocusing lens.

Fig. 18 is a graph of the beam current density
contour at the center of the screen for an electron qun
using the prior prefocusing lens electrode of Fig. 17.

Fig. 1 shows a rectangular color picture tube 10
having a glass envelope 11 comprising a rectangular
faceplate panel 12 and a tubular neck 14 connected by a
rectangular funnel 16. The panel 12 comprises a viewing
faceplate 18 and a peripheral flange or sidewall 20 which
is sealed to the funnel 16 with a frit seal 21. A mosaic
three-color phosphor screan 22 is located on the inner
surface of the faceplate 18. The screen is préferably a
line screen with the phosphor lines extending substantially
perpandicular to the high frequency raster line scan of the
tube (normal to the plane of Fig. 1). Alternatively, the
screen could be a dot screen. A multiapertured color
selection electrode or shadow mask 24 is removably mounted,
by conventional means, in predeterminad, spaced relation to
the screen 22. An improvéd inline electron gun 26, shown
schematically by dashed lines in Fig. 1, is centrally
mounted within the neck 14 to generate and direct three
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TABLE 1|
spaci ng
el ectrode 444
0. 028 0.71

Gl to & spacing

spaci ng
pl ate 468
0. 045 1.14

D aneter of G3 apertqi(hees t4 8

i nches mm K- Gl
0. 003 0. 08 Thi ckness of Gl
0. 004 0. 10 Thi ckness of &2 el ectrode 446
GlL and Gl aperture dianet%rs 0. 025 0. 64
0.008 ° 0.20 2 to (A
. 0. 030 0. 76 Thi ckness of G3 bottom
electron begms) 38, 2p0Bg EPRIRNRY GPNRX ARt thead® pPAGhscent er

AP Rftere n@gxaper tur eRe4dbreont 2. 0. 052 1.32
e of Fig. 1 is desiggg&Aég be:%;g% with an
external magnetic deflection yoke, such as the yoke 30,
located in the neighborhoeod of the funnel-ta-neck
junction. When activated, the yoke 30 subjects the three
beams 28 to magnetic gieids which cause the beams to scan
horizontally and veftically, in a rectangular raster, over
the screen 22. The initial plane of deflection (at zero
deflection) is shown by the line P-P in Fig. 1, at about
the middle of the yoke 30. Because of fringe fields, the
zone of deflection of the tube extends éxially from the
yoke 30 into the region of the gun 26. Far simplicity, the
actual curvature of the deflection keanm paths in the
deflection zone is not shown in Fig. 1.

The inline electron gﬁn 26 includes six electrodes,
Gl through-GG, in addition to the cathoedes, K. The gun
may be of a first type 26’, shown in Fig. 2, in which the
G2 and G4 electrodes are interconnected and operated at a
first potential, and the G3 and GS electrodes are
interconnected and operated at a sécand potential; orx the
gun may be of a second type 26", shown in Fig. 3, in which
the G3 and G5 electrodes are interconnacted and operated at
a third potential, and the G4 and G6 electrodes are
interconnected and operated at a faurth potential. In each
of the electron quns 26’ and 26%, three electron lenses,
Ly, Ly, and Ly, are formed by the above-identified
electrodes. The present invention relates primarily to the
second or prefocusing lens, L;.

The details of a first embodiment of the novel
electron gun 26’ are shown in Figs. 4 through 9. Wwith
reference to Fig. 4, the gun 26/ comprises three equally
spaced coplanar cathodas 42 (ona for each beam); a control
grid 44 (Gl); a screen grid 46 (G2); a third electrode 48
(G3); a fourth electrode 50 (G4); a fifth electrode S2
{GS), the GS electrode including a portion GS' identified
as element 54, for a purpOse.described below; and

a sixth aelectrode 56 (G6). The electrodes are spaced
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Length of G3 el ectrode 448 0. 200 5.08 B3 to 4

spaci ng 0. 500 1.27 Thickness of (4

el ectrode 450 0. 025 0.64 D nmensions of G4 el ectrode
apertures 480 0.158v  4.01V

X X 7 ) 0.172H 4. 37H
4 to & spacing 0. 050 1.27 Length of Gb
electrode * 4BodShe cathodes, in @830rder2daRBali AHE! 85 ol caRGILINES 482

0.158  4.01 Dianefe ertyre 494 (center) 0.160  £.06
Di anet er of a5%+fu?%s ﬁ@ﬂg LE%é% (ot shown) - "o 180 4.57 Hori zont al
wi dth of recess 492 The Gl electrode 43,7%he GR9elBcWeodlecat daed ghtfinfsc

recess 492 portion 72 of théléguilecéibég 48, facing the G2 electrode

46, comprise a beam-forming region of the electron gun 26°
and form the first electron lens, L1. Ancther portion 74
of the G3 electrcde 48, the G4 electrode 50 and the G5
electrade 52 comprise an asymmetr;c prefocusing or second
electron lens, L2, one embodiment of which is shown in Fig.
5. The eleméht (G5' electrode portion) 54 and the G6
.electrode 56 comprise a third or main focusing lens L3.

Each cathode 42 comprises a cathode sleeve 58 closed
at lts forward end by a cap 60 having an end coating 62 of
an electron emissive material thereon, as is known in the
art. Each cathode 42 is indirectly heated by a heater coil
(not shown) positioned within the sleeve 58.

The Gl and G2 electrodes, 44 and 46, are two closely
spaced, substantially flat, plates each having three

inline apertures, 64 and 66, respectively,

therethrough. The apertures 64 and 66 are centered with
the cathode coating 62 to initiate three equally-spaced
coplanar electron beams 28 (shown in Fig. 1), which are
directed towards the screen 22. Preferably, the initial
electron beam paths are substantially parallel, with the
middle path coinciding with the central axis, A-A, of the
electron gun. .

The G3 electrode 48 includes a substantially flat
outer plate portion 68 having three inline apertures 70
tharethrough, which are aligned with the apertures 66 and
64 in the G2 and Gl electrodes, 46 and 44, respectively.
The G3 electrode 48 also includes a pair of cup-shaped
first and second portions, 72 and 74, respectively, which
are joined together at their open ends. The first portion
72 has three inline apertures 76, formed through the botton
of the cup, which are aligned with the apertures70 in the
plate 68. The second paortion 74 of the G3 electrode has
three apertures 78 formed through its bottom, which are
aligned with the apertures 76 in the first portion 72.
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Depth of recess 492 0. 115 2.29

Aperture-to-aperture spacing Kto Gb 0. 260 6. 60 bottom **
G to &6 spacing 0. 050 1.27 Length of G5
el ectrode . 0. 150 3.81 Horizontal wi dth of
openi ng 400 0.742 18. 8% Maxi num hei ght of opening 400

0. 295 7.49 M ni mum hei ght of opening 400 . 0. 289 7.34

Depth of  opegy é%%%s 79 surround t8§188ertu£§gé;%?aﬁ%%%ﬁfﬁ%JQV%ther of

aperture 404 (center)- ) ) : - Apert'ures 404
(out er) the plate (paggion 68,5v7ifpeitar éniénepapetivered sl ngrags bieop/ Gb

0.245 6. 22¢ 4@l Nafar33fodriiddl PASt442 the first portion 72.0- 045 1.14

As shown in Fig. 5, the G4 electrode 50 comprises a
plate having identically-shaped recesses Sla and 51b formed
in the opposed major surfaces thereaf. Three inline
apertures 80 .are formed through the hody of the electrode
50, within the recesses 5la and §lb, and éliqned.with the
apertures 78 in the G3 electrode 48.

Again with respect to Fig. 4, the G5 electrode 52 is
a deep-drawn, cup—shaped-member having three apertures 82,
surrounded by extrusions 83, formed in the bottom end
thereof. . A substantially flat plate member 84, having
three apertures 86, aligned with the.apertures 82, is
attached to and closes the open end of the G5 electrode
52. A first plate portion 88, having a plurality of
openings 90 therein, is attached to the opposite surface of
the plate member 84.

The G5’ electrade portion 54 comprises a deep~drawn,
cup-shaped member having a recess 92 formed in the bottom
end thereto, with three inline apertures 94 extending
therethrough. Extrusions 95 surround the apertures 94. The
opposite open end of the GS' electrode portion 54 is closed by
a second plate portion 96 having three openings 98 formed
thaerethrough. The openings 98 are aligned and coaperate
with the openings 90, in the first plate portion 88, in a
mannar lescribed below.

The G6 electrode 56 is a cup-shaped, deep~drawn
umember having a large opening 100 at one end through which
all three elactron beams pass, and an open end which is
attached to and closed by a plate member 102 that has three
apertures 104 therethfcugh which are aligned with the
apertures 94 in the GS’ electrode portion S54. Extrusiens 105
surround the apertures 104.

The shape of the recess Slb, formed in the G4
electrode 50, is shown in Fig. 6. The rccesses 5la and 51b
have a uniform vertical height at each of the apertures €0
and have rounded ends. Such a shape has been referred to
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Length of Gb extrusions 483 0. 045 1.14
19 TABLE Il Cant

as the "race-track" shape. The recess 92, formed in the

. bottom end of the G5’ electrode portion 54, is also race-
track shaped, but it differs dimensionally from the recesses
5la and Slb in the G4 electrode 50 as described below.

The shape ¢f the large opening 100 in the G&
electrode 54 is shown in Fig. 8. The opening 100 is
vertically higher at the outside apertures 104 than it is
at the center aperture. Such a shape has been referred to
as the "dog-bone® or “barbell" shape.

' With respect to Fig. 4, the first plate portion 88
of the G5 electrade 52 faces the second plate portion 96 of
the G5’ electrode portion 54. The apertures 90 in the first
plate portion 88 have extrusions extending from the plate

portion that have been divided into two segments, 106 and 108,
for each aperture. The apertures 98 in the gecond plate portion

96 of the GS' electrode portion 54 also have extrusions
extending from the plate portion 96 that have been divided

into two segments, 110 and 112, for each aperture. As

shown in Fig. 9, the segments 106 and 108 are interleaved

with the segments 110 and 112. These segments are used to
create quadrupole lenses in the paths of each electron beam

when different potentials are applied to the G5 and G5’
electrode and electrode portion 52 and S54,respectively. By
proper application of a aynami¢ voltage differential to either
the G5 electrode 52 or the GS' electrode portion 54, it is
possible to use the quadrupole lenses established by the
segments 106,108,110 and 112 to provide an astigmatic correction
to the electron beams,which compensates for astigmatism occurring
in either the electron gun or the deflaection yoke. Such a
quadrupole lens structure is described in U.S. Pat. No.
4,731,563, issued to Bloom et al. on March 15, 1%88.

The novel second lens, L2, of the present invention
does not require the use of a quadrupole lens formed by the
above~described G5 and G5’ electrocdeand electrode portion,

S2 and S4,respectively. A unitized G5 electrode, fabricated by
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I nches mm Length of G5 extrusions 495 0.034 0. 86

Length of G6 extrusions 405 0. 045 1.14 * unitized

el ectrode, no nultipole lens ** the aperture-to-aperture spacing of the G3
bottom apertures 470 is increased to 0.2635 inch (6.69nm to

elimnate any 'di spl acement of the outer ghectron beans w th changes in
the focus voltage. In the prior electron gun described in TABLE

o ot o™ Lo PEREL e Bl o By AR o R o "
and attaching together the open ends of elements 52 and 54,
may be used; however, such a gun structure would not
provide an optimized deflected electron béam shape, although
it might be useful where a tradeoff between performance and

cost is permissible.

Specific dimensions of a computer modeled electron
gun for the first preferred embodiment are presented in

TABLE I.
TABLE I
incheg mm
K-Gl spacing " 0.003  0.08
Thickness of Gl electrode 44 0.004 0.10
Thickneas of G2 electrode 46 0.028 0.71
Gl and G2 aperture diameter 0.025 0.64
Gl to Gl spacing 0.008 0.20
G2 to G3 spacing 0.030 0.76
Thickness of G3 plate portion 68 0.010 0.25
Diameter of G3 apertures 70 0.045 1.14
Diameter of G3 apertures 78 0.148 3.76
Length of G3 clectrode 48 0.200 5.08
G3 to G4 spacing 0.0S50 1.27
Thicknesgs of active area of G4 electroda 50 0.025 0.64
Diameter of G4 aperture 8Q © 0.158 4.01
Horizontal width of recessas Sla and 51b 0.785 19.94
Vertical haight of recesses Sla and 51b 0.239 6.07
Dapth of recesses Sla and Slb 0.030 0.76
G4 to G5 spacing ¢.aso 1.27
Overall length of G5 electrode S2 and GS° 0.970 24.64
electraode portion 54

Spacing between plate portions 88 and 96 Q.040 1.02
Horizontal width of recess 92 0.75S 19.18
Vartical height of recess 92 Q.326 8.28
Depth of recesas 92 Q.115 2.92
Diameter of apertures 82, 90, 98 0.1s8 4.01
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electrically interconnected and operate within the range of 300V to 1000V,
the G3 and Gb el ectrodes al so are interconnected and operate at about

6600V, and the G6 el ectrode operates at an anode potential of about 25kv.

The prefocusing lens, L2, of the prior electron gun, with the rectangul ar
apertures 480 fornmed through the substantlally flat &4 el ectrode 450,

provi des a horizontally- eIongat%%gige&trggngean1(not shomm) into the main
focusi ng | ensTC3—ATONpOter Srnulatt o or tie resuttant

vertically- elgngaLed_beaanng_@muihn center of the screeimdgtesraphical |y
shown in Fi 9. Ad&rtudbechoia sine %tpaé%eeﬁthUééeﬂ&te&ﬂs'6.Vzéo$ aboauts@ 30nm
X 3.49nn1(kk\gi§%ethe greV|ousg&_descr| gera ng paranete

ter of G5’ aperture 94 (cen 0.160 - 4.06
Diameter of G5’ apertures 94 (outer) 0.180 . 4.57
GS’ to G6 spacing 0.050 1.27

. Length of G6 electrode 56 0.150 3.81
Hori;ontal width of opening 100 0.742 18.85
Maximum height of opening 100 0.295 7.49

. Mininum height of opeding 100 0.289  7.34
Depth of opening 100 0.135 J.43
Diameter of G6 aperture 105 (center) 0.160 4.06 .
Diameter of G6 apertures 105 (outer) 0.180 4.57-

Aperture~to-aperture spacing G5‘top/Gé 0.245 6.22
Length of G3 extrusions 79 0.045 1.14
Length of G5 extrusions 83 0.045 1.14
Length of G5’ extrusions 95 0.034 0.86
Langth of G6 extrusions 105 0.045 1.14

In the embodiment presented in TABLE X, the electron
gun is electrically connected as ghown in Fig. 2.
Typically, the cathode cperates at ahout 150V, the G1
electrode at ground potential, the G2 and G4 electrodes are
electrically interconnected and operats within the range of
about 300V to 1000V, the G} and G5 electrodes also are
electrically interconnected and operate at about 7650V, and
the G6 electrode operates at an ancede potential of about
25kV.
) In the electron gqun 26¢, the first lens, Ll
(Fig. 2), provides a symmetrically-shaped, high quality
electron beam. into the second lens, L2. Tha first lens,
L1, comprises the beam forming region of the gun and
includes thé Gl electrode 44, the G2 electrode 46, and the
first portion of the G3 electrode 48 adjacent the G2
alectrode. )

The second lens, L2, is the novel asymmetric
prefocusing lens and comprises the G4 electrode S0 and
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CONCLUSI ON The performance of the present prefocusing |ens, L2, of
enbodi nents 1 through 4, as neasured by the resultant el ectron beam spot
size on the screen, is conparable to that of the prior electron gun
described in U S. Pat. No. 4,764,704, which utilizes a prefocusing |ens
havi ng rectangul arl y-shaped apertures ixethe G4 el ectrode thereof. A

conpari son Qf, LeSUdsd pGULRLNEE the TEBLE ddLrode 48 and the cs
electrode S52. In the first embodiment, the identical pair
of recesses, S5la and 51b, are formed in the opposed, major,
active surfaces of the G4 electrode S50 (see, e.g., Figs. S
and 6). While the recesses are preferably race-
track shaped, other shapes, e.g., rectangular, which
produce the effect described below may be used.

The active, facing

surfaces of the G3 and GS electrodes, 48 and 52,
respectively, are substantially flat. The combination of
the above=described active elements produces quadrupole
fields which form the asymmetric or astigmatic prefocusing
lens which provides a horizontally-elongated electron beam
(not shown) into the third or main focusing lens, L3. By
providing the astigmatic focusing corxrrection in the
prefocusing lens, L2, beyond the electron beam cross-over
point which occurs within the first lens, L1, the
effectiveness of each quadrupole field is substantially
independent of changes in the beam current. Additionally,
the race-track-shaped recesses, Sla and 51b,provide a
preconverging action which eliminates misconvergence of the
outer beams at the screen, due to changes in the focus
voltage.by providing a compensating change in the strength
of the prefocusing lens, L2.

While the invention is described in terms of two
recesses, it is possible to achieve the same results by
forming only one.recess in either surface of the G4 '
elactrode S0. The single recess would have a greater depth
than either of the recesgses Sla or 51b,and the lateral
dimensions,i.e., vertical height and horizontal width,
would be less than thase of either of the recesses, to provide
equivalent asymmetric and convargence corrections to the
beams. The dimensions of the single recess would depend
upon the extent of beam corrections required.

The main focusing lens, L3, formed between the G5°
electrade portion 54 and the G6 electrode 56, also is an

asymmetric lens, naving low abérration, which provides e
vertically elongated, 6r asymmetrically-shaped, electron
beam spot at .
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20 TABLE |11 ENMBCDI MENT Beam Spot Si ze on
Screen Hori zontal (mm Vertical (mm 1
2.50 4. 20

13

the center of the screen. The spacing between adjacent
apertures 94 in the G5’ electrode portion 54 and the
apertures 104 in the G6 electrode 56 is 6.22mm, rather than
the 6.60mm aperture~to-aperture spacing that exists from the
cathodes to the apertures 82 in the bottom GS electrode 52.
This reduced main lens aperture-~to-aperture spacing ensures
that the preconverged outer heams pass through low-aberration
regions of the main lens, L3, to minimize coma

distortions. A graph of a computer simulation of the
electron beam spot at the center of the screen of a

27V110° tube, operated at a cathode drive voltage of
103.2V, a G3/GS focus voltage of 7650V, an ultor
voltage of 25kV and 4mA beam current, is shown in Fig. 7.
The beam spot is elliptically~shaped along the vertical
axis to reduce the overfocusing action of the yoke when the
beam is deflected. The undeflected, center beam spot
includes a substantially rectangularly-shaped 90% peak beam
current density pertion,which is circumscribed by larger
elliptically-shaped 50% and 5% peak beam current density
portions. The size of the 5% peak beam current density
spot is about 2.5mm x 4.2mm (HxV). With the width of the
G4 recessas Sla and Slb as specified in TABLE X, and the
overall length of the gun from the G3 bottom to the top of
the G5’ electrode portion adjusted to 35.05mm, the focus
voltage is kept below 7700V, and the misconvergence of the
outer beam is reduced to substantially zero.

By utilizing the multipole lens described with
respect to Fig. 4, and applying to the G5’ electrode portion
%4 a dynamic differential focus voltage that ranges from the
potential on the G5 electrode 52, with no deflection, to
about 1000 volts more positive at maximum deflection, the
beam current density spot size can be optimized when the
beams are deflected to the periphery of the screen. This
mode of operation is discussed in U.S. Pat. No. 4,764,704,
issued to New et al. on Aug. l6, 1988.

A second embodiment of the present invention is
obtained by increasing the length of the G3 electrode iav
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3.44 4 1.96 3.49 Prior 2. 30
3. 49 The four enbodi nents of the present electron gun structure
provi de ease of manufacturing, because the use of circular apertures

t hroughout the el ectron gun reducesthe A#sali gnment probl ens posed by the
rectangul arl y-shaped G4 apertures of the prior gun. Additionally, the prior
gun requires &9sbi-§dfmi nFeasehe ivalke cFf Fpoewdr Shownapar TABEE shacimd) (from

6.60mM to 6. 69l FQngl kAbNAEPnid¥ric prefocusing lens, L2, as shown in
Fig. 10. In the second embodiment of the lens L2, the G4
electrode 150 comprises a substantially flat plate having a
thickness of about 0.025 inch (0.64mm), with circular
apertutes 180 formed through the oppositely disposed,
active, major surfaces thereof. The active surfaces of the
facing G3 and GS electrodes,148 and 152, respectively,
have rectanqular slots enclosing the electron beam apertures.
.As.shown in Fig. 11, each of. the slots 149,-in the G3 '
electrode 148, has a slot width, W, of S.Bémm, and a
slot height, H, of 10.16mﬁ. Also, each of the slots 149 has a
depth, d, of 0.76mm, shown in Fig. 10. The slot-to-slot
spacing, S, shown in Fig. 11, is 7.1lmm. Inasmuch as the
aperture-to-aperture spacing, s, within the prefocusing
lens, L2, is 6.60mm, and the slot-to-slot spacing, S, is
7.11mm, it can be seen,in Fig. 11, that the two outer slots
149 in the G3 electrode 148 are displaced outwardly
relative to the outer apertures 178 formed therein. This
displacement of the slots 149 in the G3 electrode, and a
similar displacement of the identically-dimensioned slots
153 in the G5 electrode 152, caoperate to form an
asymmetric prefocusing lens, L2, which provides a
horizontally-elongated electron beam (not shown) into the
third lens, L3. The novel slot configuration in the G3 and
G5 electrodes 148 and 152, respectively, also provides a
preconverging action to eliminate miéconvergence of the
ocuter beams at the screen, in a manner similar to that
described for the first embodiment. A computer simulation
of the resultant vertically-elongated beam spot at the
center of the screen is graphically shown in Fig. 12. When
operated at an ultor voltage of 25kV and 4mA beam current
in a 27v110° tube, the beam sizes at 90% and S0% peak
current density are comparable to those of the first
embodiment, shown in Fig. 7, and the beam size at 5% peak
current density is about 2.26mm x 3.68mm (HxXV), at a
cathode drive voltage of 103.2V and a G3/GS5 focus voltage
of 7650V. All other qun parameters are as listed in TABLE

L. > ; ,
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m sconvergence of the outer electron beans with changes in focus voltage.
The present device achi eves conparabl e performance by controllirng either
the horizontal width of the race-track-shaped recesses within the
prefocusing lens, L2, in enbodinments 1 and 3, or the slot-to-slot spacing
of the rectangular slots flormed withinigrefocusing lens, L2, in enbodinents
2 and 4. In each of the four enbodi nents, the aperture-to-aperture spacing

fromthe cathode 42p i@ﬁf%*?“ﬁéyﬁdﬂha _ @gnebgcgeﬁq§v§§ L§ g@}ﬂ%g%ned at a
constant val ue of _6.60mm thereby SIE% i fying the assenply”and alTgnnment of
t he gun coanh%nF%?ts in only oné of e active surfaces, l.e., in

either the G3 electrode 148 or the G5 electrode 152. Slots

formed in only one active surface must be deeper than the

slots described above, and the small dimension of each slot

nust be reducad, while the amount of outer slot offset must

be increased.

A third embediment of the present invention is
achieved by modifying the electron gun to provide the
electrical configuration shown in Fig. 3. The asymmetric
prefocusing lens, L2, of the gun 26" is shown in Fig. 13.
.The length of the G3 electrode 248 is maintained at 5.84mm,
the same dimension utilized in the second embodiment, and a

race-track-shaped recess 249 1is farmed in the active,
major surface of the G3 electrode facing the G4 electrode
250. The recess 249 has a horizontal width of 19.43mm, a
vertical height of S5.84mm and a depth of 0.76 mm. An
identically-shaped and dimensioned race-track recess 253
is formed in the active surface of the G5 electrode 252,
facing the substantially flat G4 electrode 250. While the

race-track shape is preferred, other geametric shapes
which provide an asymmetric lens with a preconvergence
correction may be used. In the third embodiment, the G4
electrade 250 has a thickness of about 0.64mm with circular
apertures 280 formed therethrough. The asymmetric
prefocusing 1ehs, L2, of the third embodiment provides the
preconverging action, and forms horizontally-elongated
electron beams (not shown), as previously described, into
the third lens, L3. A computer simulation of the resultant
vertically~-elangated beam spot at the center of the screen
is graphically shown in Fig. 14. When operated at an
ultor/G4 voltage of 25kV and 4mA beam current in a

27v1i10° tubq, the beam size and shape at 90% peak beam
current density is larger and more elliptical than in the
first and second embodiments, while at S0% peak beam
current density the elliptically~shaped spot is more
vertically elongated than in the first two embodiments.

.
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21 Cains : - 1. A col or cat hode-ray tube including an envel ope
having therein an inline electron gun for generating and directing three
inline el ectron beans, a center beam and two outer beans, along initially
copl anar beam paths toward a screen on an interior portion of said
envel ope, said gun having six el ectrodegewhich forma beamform ng

At 5% peak beam current dehsity, the beam spot size is

about 1l.94mm X 3.44mm (HxV). The cathode drive voltage in

this embodiment is 103.2V, the G3/G5 focus voltage is 7630V

and the G2 voltage is typically about 400V. All other gun

parameters are as listed in TABLE I.

As described above, a single recess can be formed in
either the active surface of the G3 or G5 electrodes, 248
or 252, respectively, if the depth is increased and the
lateral dimensions are suitably reduced to provide
equivalent performance.

A fourth embodiment of the asymmetric prefocusing
lens, L2, is shown in Fig. 15. The length of the G3
electrode 348 is 5.08mmsand the active surface facing the
G4 electrode 350 is substantially flat,with three circular
apertures 378 formed therethrough. The apertures 378 have
a diameter of 4.0lmm. The G4 electrode 350 has rectangular
slots 350a and 350b formed in the opposed major active
surfaces thereof, with the slots 350a facing the G3
electrode 348 and the slots 250b facing the G5 electrode
352. Each of the slots 350a and 350b has a width of
5.79mm, a height of 10.16mm and a depth of 0.76émm. The
slot-to-slot spacing is 7.01lmm. The circular apertures
380, formed through the G4 electrode 350, have a diameter
of 4.01mm and are enclosed within the rectangular slots
350a and 350b, in the same manner as discussed with respect
to the slots shown in Fig. 11. The active major surface of
the G5 alectrode 352 facing the G4 electrode 350 also is
substantially flat, with three circular apertures 382
formed therethrough. The apertures 382 also have a
diameter of 4.0lmm.

Inasmuch as the aperture-to-aperture spacinag within the
prefocusing lens, L2, is.6.60mm and the slot-to-slot
spacing of the slots 350a and 350b of the G4 electrode 350
is 7.01mm, the two outer slots are displaced cutwardly
relative to the outer apertures 380 formed within the
slots. The configuration and displacement of the G4 slots
form an asymmetric lens which provides the preconverging
action and horizontally-elongated electron beams (not

This is the replacement sheet
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region, a prefocusing |lens and a main focusing |lens, said prefocusing |ens
I ncl udi ng four active surfaces, at |east one of which has one or nore
recesses formed therein; characterized in that said active surfaces provide
guadrupol e fields which provide astigmatic prefocusing, and said one or
nore recesses (51a, 51b; 149, 153; 249, 253; 350a, 350b) provide a
preconvergi ng action on said outer el ed&¥ron beans, three circular apertures
(80; 178, 182; 278, 282; 380) being provided within said one or nore
recesses. 2. The tube as described in claim1, wherein said be am

formng EOGGH - 8 RFEY IQUSILYs HeErEEPERdeinto seenth it i9 e 8nd a first
portion of chuphited: &ligRila@denf 0F PhEVideultanbstanticdl)y-seramiddeal | y-

shaped beans Q841 Rie AURLD9IkePRe S8LLR" £LOSHSINEA A1V SR T ses
in Fig. 16. The beam spot shape is similar to that shown
in Fig. 14. When operated at an ultor/G4 voltage of 25kV
and 4mA beam current in a 27v110° tube, the bear size at
5% peak beam current density is about 1.96mm X 3.49mn
(HxV), at a cathode drive voltage of 103.2V and a G3/G5
focus voltage of 7700V. The G2 voltage in this embodiment
is typically about 400V. All other gqun parameters are as
listed in TABLE I.

Alternatively, slots can be formed in only one of
the active surfaces of the G4 electrode 350. The depth of
the slots must be increased,and the small dimension of each
slot nust be decreased,from the regpective dimensions_
described immediately above. Additionally, the amount of
offset of the outer slots must be increased to obtain
performance equivalent to that of the fourth embodiment.

The novel electron gun of the present invention is
to he contrasted to an electron gun of the type described
in U.S. Pat. No. 4,764,704, referenced above. In that
patent, a G4 electrode, similar to the G4 electrode 450 of
the prefocusing, or second, lens shown in Fig. 17 herein,
has rectangularly-shaped
apertures 480 therethrough. Specific dimensions of a
computer model of an embodiment of that prior electron gun
are presented in TABLE II. That embodiment has the electrical
éonfiquration shown in Fig. 2 herein, and is similar in
canstruction to the electron gun shown in Fig. 4 herein,
with similar gqun elements being identified with corresponding
numbers, prefixed by the number "4".
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a second portion of said third electrode, a fourth electrode and a first
portion of a fifth electrode and provi des asymmetrical |l y-shaped beans to
said main focusing |lens, and said nain focusing |lens conprises a second
portion of said fifth electrode and a sixth electrode and is a | ow
aberration lens; characterized in that gaid fourth el ectrode (50; 350) has
substantially identical asymretric beam focusing recesses (51 a, 51b; 350a,
350b) forned in the oppositely dhgggggg active surfaces thereof, three
separate inltne circular apertures (80; 380) belng disposed wihin each of

sai d recesses————————3——TFhe—tube—as—deseribet—+n—etrar-iE e harffter i zed

in that a siKwdle speeeiggy (51a, 51b) is formed, in each actiemes surfaams of

said fourth gl &G {Ade (PYy electrode 444 0.004  0.10
Thickness of G2 electrode 445 0.028 0.71
Gl and Gl aperture diameters 0.025 0.684
Gl to G2 spacing 0.008 0.20
G2 to G3 spacing 0.030 0.76
Thickness of G3 bottom plate 468 0.010 0.25
Diameter of G3 aperture 470, center 0.045 1.14
Diameter of G3 apertures 470, outer 0.052 1.32
Diameter of G3 apertures 478 0.148 3.76
Length of G3 electrode 448 0.200 5.08
G3 to G4 spacing 0.500 1.27
Thicknaess of G4 electrode 450 ‘ 0.028 0.64 -
Dimensions of G4 electrode apertures 480 0.158V  4.01V

0.;:721*1 4.§7H
G4 to G5 spacing a.050 1.27
Length of G5 electrode * 452-454 0.830 21.08
Diameter of apertures 482 0.158 4.01
Diameter of aperture 494 (center) 0.160 4.06
Diameter of apertures 494 (outer) 0.180 4.57
Horizontal width of recess 492 0.755 19.18
Vertical height of recess 492 0.326 8.28
Depth of recess 492 0.115 2.29
Aperture~to-aperture spacing X to G5 0.260 6.60
bottom *»

G5 to G6 spacing 0.050 1.27
Length of G6 electrode 0.150 3.81
Horizontal width of opening 400 , 0.742 18.85
Maximum height of opening 400 0.295 7.49
Minimum height of opening 400 0.289 7.34
Depth of opening 400 0.135 3.43
Diameter of aperture 404 (center) 0.160 4.06
Diameter of apertures 404 (outer) 0.180 4.57
Aperture—-to-aperture spacing G5 top/Gé 0.245 6.22
Length of G3 extrusions 479 0.045 1.14
Length nf. RS extrusions 483 0.045 1.14
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4. The tube as described in claim?2, characterized in that three
separate, substantially rectangul ar recesses (350a, 350b), conprising two
outer recesses and a center recess, are forned in each active surface of

said fourth el ectrode (350). 19 22

TABLE ITI Cant

inches mm
Length of G5 extrusions 495 0.034 0.86
Length of G6 extrusions 405 0.045 1.14

* unitized electrode, no multipole lens

** the aperture-to-aperture spacing of the G3 bottom
apertures 470 is increased to 0.2635 inch (6.69mm) to
eliminate any displacement of the outer electran beams
with changes in the focus voltage.

In the prior electron gun described in TABLE II, the
cathode operates at a drive voltage of about 103.2V, the Gl
electrode is at ground potential, the G2 and G4 are
electrically interconnected and operate within the range of
300V to 1000V, the G3 and G5 electrodes also are '
interconnected and operate at about 6600V, and the G6
electrode coperates at an anode potential of about 25kv.

The prefocusing lens, L2, of the prior electron qun, with
the rectangular apertures 480 formed through the
substantially flat G4 electrode 450, provides a
herizontally-elongated electron beam (not shown) into the
main focusing lens, L3. A computer simulation of the
resultant vertically-elongated beam spot at the center of
the screen is graphically shown in Fig. 18. The beam size
at St peak current density is about 2.30mm X 3.49mm (BExV)
at the previously described operating parameters.

. CONCILUSION
The performance of the present prefocusing lens, L2,

of embodiments 1 through 4, as measured by the resultant
electron bean spot size on the screen, is comparable to
that of the prior electron gun described in U.S. Pat. No.
4,764,704, which utilizes a prefocusing lens having
rectangularly-shaped apertures in the G4 electrode
thereof. A comparison of results is contained in TABLE
III.
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5. The tube as described in claim4, characterized in that each of said
outer recesses (350a, 350b) has an outer aperture (380) therethrough and is
di spl aced outwardly relative to said outer aperture. 6. The tube
as described in claim1, wherein said beamform ng region includes a first
el ectrode, a second electrode and a firXx portion of a third el ectrode for
providing substantially symetrically- shaped beams to said prefocusing

| ens, said prefocu5|ng Iens co second portlon of sald thlrd

electrode e : -f and
provi des asgnﬁgﬁﬂmzﬂnly-shaped be8gent Spehi §lizn wsemg | ens, and said
mai n focusing | ens conprlses aHgggggthQrE ﬂ ofvéftg;;jfgﬂh)electrode and a
sixth electrode and is a

1 2.50 4.20

2 2.26 3.68

] 1.94 3.44

4 l.96 3.49

Prior 2.30 3.49

The four embodiments of the present electron gun
structure provide ease of manufacturing, because the use of
circular apertures throughout the electron gun reducesthe
misalignment problems posed by the rectangularly-shaped G4
apertures of the prior gun. Aadditicnally, the prior gun
requires a slight increase in the G3 aperture-to-aperture
spacing (from €.60mm to 6.69mm) to eliminate the
misconvergence of the outer electron beams with changes in
focus valtage. The present device achieves comparable
performance by controlling elther the horizontal width of
the race-track-shaped recesses within the prefocusing
lens, L2, in embodiments 1 and 3, or the slot-to-slot
spacing of the rectangular slots formed within
prefocusing lens, L2, in aembodiments 2 and 4. In each of

- the four embodiments, the aperture~to-aperture spacing from
the cathode 42 to the bottom of the G5 electrode 52 is
maintained at a constant value of &.60mm, thereby
simplifying the assembly and alignment of the gun
components.

-
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aberration lens; characterized in that said second portion of said third

el ectrode (148; 248) and said first portion of said fifth el ectrode (152;
252) have substantially identical, asymretric beam focusing recesses (149,
153; 249, 253) forned in the active s aces thereof, three separate inline
circul ar 8Be[tures (178, 182; 278, 282) being disposed within each of said

recesses, -raims :g s descrihed ign claim®6,  characterized in
that a singl e fecest gg@g é%%%f%ﬂ??’f gﬁ%ﬁ“&h‘dgﬁl‘? ;gr}svz%t%p%&%vﬁ’agpo_rt i on of
said thi rg“f‘é'le&t?r(‘)d‘@“ saglection ouing fet Qanesgting oAngr disarling | thraeeiniine ode
(252).  electr® bearns, aubentyy bead iapsdtwe eutdrnbeamshaalaogeinitially i n t hat

coplanar beam paths toward a screefn on an interior portion of said

envelope, said gun having six electrodes which form a beam-forming

region, a prefocusing lens and a main focusing lens, said prefocusing

lens including four active surfaces, at least one of which has one or

more recesses formed therein; characterized in that said active

surfaces provide quadrupole fields which provide astigmatic

prefocusing, and said one or more recesses (51a, 51b; 149, 153; 248,

253; 350a, 350b) provide a preconverging action on said outer electron

beams, three circular apertures (80; 178, 182; 278, 282; 380) being

provided within said one or more recesses.

2. The tube as described in claim 1, wherein said beam-
forming region includes a first electrode, a second electrode and a first
portion of a third .electrode for providing substantially symmetrically-
shaped beams to said prefocusing lens, sald prefocusing lens comprises
a second portion of said third electrode, a fourth electrode and a first
portion of a fifth electrode and provides asymmetrically-shaped beams
to said main focusing lens, and said main focusing lens comprises a
second portion of said fifth electrode and a sixth electrode and is a low
aberration lens; characterized in that said fourth electrode (50; 350)
has substantially identical asymmetric beam-focusing recesses (Sia,
51b; 350a, 350b) formed in the oppositely disposed active surfaces

thereof, three separate inline circular apertures (80; 380) being
disposed within each of said recesses.

3. The tube as described in claim 2, characterized in that a
single recess (51a, 51b) is formed in each active surface of said fourth
electrode (50).

4. The tube as described in claim 2, characterized in that
three separate, substantially rectangular recesses (350a, 350b),
comprising two outer recesses and a center recess, are formed in each
active surface of said fourth electrode (350).
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three separate, substantially rectangul ar recesses (149, 153), conprising
two outer recesses and a center recess, are formed in said active surfaces
of said second portion of said third electrode (148) and of said first
portion of said fifth electrode (152). 22 9. The tube as described in
claim8, characterized in that each of said outer recesses (149, 153) has a
circular aperture (178, 182) therethrough, said outer recesses being
di spl aced out war-dl y 8 duPgeas Fascabgd: Br cift ¢ aghafseterized in that each

of said outer recesses (350a, 350b) has an auter aperture (380)

therethrough and is displaced outwardly relative to said outer aperture.'

6. The tube as described in claim 1, wherein said beam-
forming region includes a first electrode, a second electrode and a first
portion of a third electrade for 'providing substantially symmetrically-
shaped beams to said prefocusing lens, said prefocusing lens comprises
a second portion of said third electrode, a fourth electrode and a first
portion of a fifth electrade and provides asymmeétrically-shaped beams
to said main focusing lens, and said main focusing lens comprises a

- second portion of said fifth electrode and a sixth electrode and is a low
aberration lens; characterized in that said second portion of said third
electrode (148; 248) and said first portion of said-fifth electrode (152;
252) have substantially identical, asymmetric beam-focusing recesses
(149, 153; 249, 253) formed in the active surfaces thereof, three
separate inline circular apertures (178, 182; 278, 282) being disposed
within each of said recesses.

7. The tube as described in claim 6, characterized in that a
single recess (249, 253) is formed in each of said second portion of
said third electrode (248) and said first portion of said fifth electrade
(252).

8. The tube as described in claim 6, characterized in that
three separate, substantially rectangular recesses (149, 153),
comprising two outer recesses and a center recess, are formed in said
active surfaces of said second portion of said third electrode (148) and
of said first portion of sald fifth electrode (152).

9. The tube as described in claim 8, characterized in that each
of said outer recesses (148, 153) has a circular aperture (178, 182)
therethrough, said outer recesses being displaced outwardly relative to
the outer circular apertures.

) R i b e ey v
* c L M S *

o = 1 JUL 1998



10

23
COLOR PICTURE TUBE HAVING AN INLINE ELECTRON GUN WITH AN

" ASTIGMATIC PREFOCUSING LENS

ABSTRACT

An improved color picture tube includes an inline
electron gun (26) for generating and directing three inline
electron beams (28) along coplanar beam paths toward a screen
(22). The gun includes a plurality of electrodes (44,46,
48,50,52,56) which form a beam-forming region (L1), a -
prefocusing lens (L2), and a main focusing lens (L3) for the
electron beams. The improvement resides within the prefocusing
lens, which includes four active surfaces. At least one of the
active surfaces has asymmetric prefocusmg recesses formed
therein. (Figure 4)
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