1 | NLI NE ELECTRON GUN HAVI NG | MPROVED

EXPANDED FOCUS LENS ELECTRODES The present invention relates to

i nl i pe_ ¢l ectron guns, such as - used in color picture tubes, and
particularly to such guns having 5 inproved structures in their main focus
| ens el ectrodes. An inline electron gun is one designed to
generate or initiate preferably thrge electron beans in a‘tohﬁnn p[ane

and to direct thosw aqi NE-0OF smal |
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~a gentle volhgge yHantd eilbng Sonveéigehit Paths to a point or small area of
convergence near the tube screen. In U.S. Patent 4,370,592,

10 issued to Hughes et al. on January 25, 1983, an electron gun is
described wherein @ main focusing lens is formed by two spaced
electrodes. Each main focusing lens electrode includes a plurality
of apertures therein, equal to the number of electron beams, and
also a peripheral rim, with the peripheral rims of the two main

15 focusing lens electrodes facing each other. The apertured portion
of each main focusing lens electrode is located within a recess set
back from the rim. The effect of this electrode structure on the
main focusing lens is a gentle voltage gradient, for reducing
spherical aberration.

20 U.S. Patent 4,388,552, issued to Greninger on June 14, 1983,
discloses a modification in the shape of one of the peripheral rims
of the above-described electron gun. In this modification, the
recess in at least one of the electrodes is wider at the side beam
paths than at the center beam path, measured perpendicular to

25 the plane containing the inline electron beams. This modification
redistributes the electrostatic field lines of the main focusing lens,
“so that the focus voltages for the three beams are unitized.

U.S. Patent 4,626,738, issued to Gerlach on
December 2, 1986, discloses a main focusing lens formed by two

30 electrodes, each of which includes an outer oval-shaped part with
a peripheral rim. The rims of each electrode face each.other.
Telescoped within each oval-shaped part is an apertured plate
that has a corrésponding oval-shaped periphery. In this type of
main lens construction, it has been found that the distance

35 between the apertured plates and peripheral rims may vary
unless extreme care is taken during fabrication of the electron




spherical aberration. 20 U S. Patent 4,388,552, issued to G eninger

on June 14, 1983, di scl oses a nodification in the shape of one of the
periphefal rins of the above-described electron gun. In this
nodi fication, the recess in at |least one of the electrodes is w der at

t he side beam pat hs than at the center beam path, neasured perpend| cul ar
to 25 the plane containing the inline2lectron beans. This modifi€ati en
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apertured pl at es 1o IRBFYed ARG QIEcRBF diFlor' B nBeRHGR dpaudey'ary ' "
t aken duri nplurality cof ielacodescspacedt from three cathodes. The electrodes
form at least a beam forming region and a main focus lens in the
paths of three electron beams, a center beam and two side beams.
10 The main focus lens is formed by the facing portions of two
electrodes. The improvement comprises the facing portions of the
main focus electrodes including a first part, and a second part
positioned within the first part. The first part includes a single
aperture therein. The second part includes three inline apertures
15 therein. The first part includes four spaced ledges, and the second
part is attached to the four ledges.
In the drawings:
FIGURE 1 is a side view of an electron gun incorporating an
embodiment of the present invention.
20 FIGURE 2 is a front view of a first part of the G5 electrode of
FIGURE 1 that includes a rim. _
FIGURE 3 is a cross-sectional top view of the first part of the
G5 electrode that includes a rim, taken at line 3-3 in
FIGURE 2.
25 FIGURE 4 is a cross-sectional side view of the first
part of the G5 electrode that includes a rim, taken at line 4-4 in
FIGURE 2.
FIGURE 5 is a front view of a second part of the G5 electrode
that includes three apertures.
30 FIGURE 6 is a top view of the second part of the G5 electrode
of FIGURE 5.
FIGURE 7 is a side view of the second part of the G5
electrode of FIGURE 5.
FIGURE 8 is a perspective view of the second part of the G5
35 electrode that includes three apertures.




2 .gun. Furthernore, it is also possible to insert the apertured plates
at an angle that is slightly out of alignnment with the peri pheral rins.
The present invention provides an-inproved construction for the main
focusing lens electrodes in the type of electron gun 5 that utilizes such
apertured pl ates. The inproved inline electron gun of the

I nvention includes a plurality of electrodes spaced from.t.hree

cathodes. The el SRATRGES, jn  bRULBLOORE o T B QR ArRPERD 20 2
si de beans.el¢cftodés: ofethe &lecuon gun of FIGURE by the faC| ng portions of two
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Irst part in es faur s aced | edges, art” Is attathed
to the fourcat B@%% 14 (one OW;'B! h‘g" %!Wgﬁ’é'se ecirode 16 (QI&J@ES?Q@ a side
vi ew of an gridcélectrogenl 8 n(G2)) o4 aﬁrfsmqawﬁocus Wm& (GB)} faesemmant
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cr oss- sect i anshIfinst pmaine foous telectrode 124 G5)oandha secondsmuincfocsse t hat
incl udey @ ¢leftrolde 26 @6), §Pacdd3aldhg the glass rods 12 in the order
named. Each of the G1 through G6 electrodes has three inline
~ apertures therein, or at each end thereof, to permit passage of
three coplanar electron beams. The main electrostatic focusing
lens in the gun 10 is formed between the G5 electrode 24 and the
15 G6 electrode 26. The GS electrode 24 also may be referred to as
the focus electrode, because a focus voltage is applied to it, and
the G6 electrode 26 may be referred to as the anode electrode,
because an anode voltage is applied to it. The G5 electrode 24 is
formed with two cup-shaped elements, 28 and 30, that are .
20 connected at their open ends. The G6 electrode 26 is formed with
two cup-shaped elements, 32 and 34, that also are connected at
their open ends. A shield cup 36 is attached to the element 34 at
the exit of the electron gun.
All of the electrodes of the electron gun 10 are either
235 directly or indirectly connected to the two insulative support rods
12. The rods may extend to and support the G1 electrode 16 and
the G2 electrode 18, or these two electrodes may be attached to
the G3 electrode 20 by some other insulative means. Preferably,
the support rods are of glass which has been heated and pressed
30 onto claws extending from the electrodes, to embed the claws in
the rods.
The facing portions, elements 30 and 32, of the G5 electrode
24 and the G6 electrode 26, respectively, are identical. Therefore,
only the element 30 is described in detail, as follows. The
35 element 30 includes two parts, 38 and 40. As shown in FIGURES
2, 3 and 4, the part 38 is somewhat cup-shaped, with a large



FI GURE 2. 25 FIGURE 4 is a cross-sectional side view of the first
part of the Gb electrode that includes a rim taken at line 4-4 in

FI GURE 2. FIGURE 5 is a front view of a second part of the Gb

el ectrode that includes three apertures. 3 0 - FIGURE 6 is a top
view of the second part of the G el ectrode of FI GURE 5.

FIGURE 7 is a side view of the second gart of the Gb el ectrode:of
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5 the aperture 42 is known as a "dogbone” shape. At the side beam -
paths, the aperture 42 is circularly shaped with a diameter "D".
At the center beam path, the aperture 42 has straight sides
separated by a width "W". The length "L" of the aperture 42
extends through the beam paths from one end of the aperture to
10 the other.

The aperture 42 is peripherally surrounded by a rim 435.
The four corners of the part 38 are counter-stamped, to form a
shelf or ledge 44 at each corner in the inside of the part. The
height of the ledges 44 can be varied, during the counter-

15 stamping step, to adjust the spacing in the electron gun between
the two facing parts 40. |

As shown in FIGURES 5, 6, 7 and 8, the part 40 is generally a
flat plate with an offset at each of its four corners 46. The amount
of offset of the four corners 46 also can be varied to adjust the

20 spacing in the electron gun between the two facing parts 40. The
part 40 has three inline apertures, 48, 50 and 52. The center
aperture 50 has an elliptical shape, and the two side apertures 48
and 52 have more complex shapes, with the inside portions of the
side apertures being circular and the outside portions being

25 elliptical. _

The G5 electrode 24 is completed by placing the four offset
corners 46 of the part 40 into contact with the four ledges 44 of
the part 38 and welding the corners 46 to the shelves 44, as
indicated in FIGURE 9, which show the electrode structure forming

30 the main focusing lens.

A dlsadvantage of using only one dogbone-shaped recess in
the electrode that is connected to anode voltage (anode electrode),
as shown in the above-referenced U.S. Patent 4,388,552, is the
high sensitivity of the electrode to dimensional changes. The

35 following TABLE 1 gives examples of modifications of the dogbone



5 mounted. These el ectrodes include three equally spaced copl anar

cat hodes 14 (one shown), a control grid electrode 16 (Gl), a screen grid
el ectrode 18 (&), a first prefocus electrode 20 (G3), a second pr ef ocus
el ectrode 22 (4), a conbined third prefocus el ectrode and first main
focus electrode 24 (&) and a second main focus 10 el ectrode 26 (G5),

spaced along the glass rods 12 in the grder naned. Each of.-t he Gl '
t hr ough GG e h end
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el ect rostatland oireei heam landiag adjussment GRBI&' formed between the G5

el ectrode 24 and the 15 & el ectrode 26. The .G el ectrode 24 al so may be
referred to as the focus el ectrodeléﬁgﬁe a focus voltage is applied
toit, and the G5 el ectrode 26 may rred to as the anode

el ectrode, 5 becAuAst.an anAadAstoltage is applied to it. The G5 el ectrode
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either 25 directl ;10(9 [ nd| re9t |y connec¥ed to t ré-@ggt ive~ ort

r ods 1P0 The rp09 nay extOnd to an@.284pport (6251 eL@e,ossode 10.028d
the & electrode 18, or these two el ectrodes may be attached to the G3
el ectrode 20 by sone other insulative neans. Preferably, t he support
rods are of gl assAshcam beaseeredn TABLE Bnthepstructural changes in the

anode electrode that are necessary to correct for astigmatism and
free beam landing are relatively small, ranging from 0.013 mm to
15 0.064 mm. The achievement of such small dimensional changes
requires a high level of precision in tooling and manufacturing.
Therefore, it is very desirable to modify the structure of the
electron gun, to decrease this high sensitivity to structural
changes. The embodiment of the invention described herein
20 solves this problem of high sensitivity by making the facing
portions of the focus electrode and the anode electrode with
identical features. The focus electrode is located in the converging
portion of the main focus lens, and the anode electrode is locating
in the diverging portion of the main focus lens. Because of these
25 locations, identical changes made on both the focus electrode and
the anode electrode produce opposite effects in each of these
electrodes. For example, consider the three sets of astigmatism
and free beam landing conditions given in TABLE I. If the focus
electrode is changed to a dogbone shape, the dimensional changes
30 that would be required in the focus electrode dogbone to provide
the sanie correction as did the changes in the anode electrode
dogbone are as shown in TABLE Il




30 onto claws extending fromthe electrodes, to enbed the claws in t he

r ods. The facing portions, elenments 30 and 32, of the G5 el ectrode
24 and the G5 el ectrode 26, respectively, are identical. Therefore, only
the element 30 is described in detail, as follows. The 3 5 elenent 30 -

‘includes two parts, 38 and 40. As shown in'Fl GURES 2, 3 and 4 the part
38 is somewhat cup-shaped, with a large T TR

4 aperture 42 in its closed end. i@(ﬁ%qiture 42 is el ongat ed in the

inline direction of the inline elect and is slightly w der

perpendicular to the inline direction of the |nI|ne el ectron beans at
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100 0 0254 0025 0.025 0.013
10 By comparing the dimensional changes required in TABLE 1

and TABLE 1I, it can be seen that the changes are of
approximately equal magnitude, but of different sign. TABLE III
gives the dogbone dimensional changes required to provide the
same astigmatism corrections as in TABLE I and TABLE II, for an

15 electron gun having identical dogbone shapes in both the focus
and anode -electrodes.

TABLE III
A Ast. A Ast.
20 Green Red AFBL AL AW AD
(Volts) (Volts) (mm) (mm) (mm) {mm)
100 100 0 0.000 0.152  0.229
100 0 0 0.025 0.152 0.000
100 0 0.254 0.102 0.152 0.102

25
In TABLE III, it can be seen that the dimensional

changes that are required for astigmatism and free beam landing
correction when both the focus electrode and anode electrode
have identical shapes, are substantially larger than those required

30 when only one of the electrodes is modified. Because larger
dimensional changes are required, the sensitivity to dimensional
changes, of the electron gun having two identical dogbones, is
much less than in an electron gun having only one dogbone.



1 0 the other. The aperture 42 is peripherally surrounded by a rim
45, The four corners of the part 38 are counter-stanped, to forma

shelf ¢r | edge 44 at each corner in the inside of the part. The hei ght
of the | edges 44 can be varied, during the counter- mo
adj ust the spacing in the el ectron gun between the ' 40.
As shown in FIGURES 5, 6, 7 and 8, thf part 40 is gene mmmmn ﬂ%ﬂiﬁl ate
with an offset at each of its four c 46. The anount ¢ of
the four corners 46 also can be vari dj ust the 20 spacing in the
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U.S. Pajgn éll:ﬁ S aﬁﬁz?hhécéﬂf part '{4%) ﬁﬁ?ﬁi&deﬂ' Within 's4fd eﬂu%?tf)me to

di nensi onal
said second part including three inline apertures (48, 50, 52)

therein, and
-said first part including four spaced ledges (44), and said
second part being attached to said four ledges.
15

2.  The inline electron gun as defined in Claim 1, wherein
said first part (38) is an apertured cup-shaped part and said
second part (40) is an apertured plate.

20 3.  The electron gun as defined in Claim 2, including the
single aperture (42) in said cup-shaped part (38) of at least one of
said two main focus lens electrodes (24, 26) having greater width
(W) at the side beam paths, measured in a direction that is
perpendicular to the inline direction of said inline electron beams,

25 than at the center beam path. |

4.  The electron gun as defined in Claims 2 or 3, wherein
said three inline apertures (48, 50, 52) in said apertured plate
(40) are noncircular in shape.

30

5." The electron gun as defined in Claims 2, 3 or 4,
wherein said apertured plate (40) has four corners (46) and
includes an offset (46) at each corner, said apertured plate being
attached to said four ledges (44) at the offsets. |



35 followi ng TABLE | gives exanples of nodifications of the dogbone
5 di nensions that are required for various sets of astigmatism (Ast.)
and .free beam | andi ng adj ustnent (FBL).
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“requires a high level of precision in tooling and manufacturing.
Therefore,.it is very desirable to nodify the structure of the el ectron
gun,-to-.decrease this high sensitivity to structural - changes. The

enbodi nent of the invention described herein 20 solves this. problemof high
sensitivity by making the facing portions of the focus electrode and the
anode el ectrode with i dentical featur¥®s. The focus electrode is |ocated
in the converging ortion of the main focus | ens, and the anode

el ectrode is |ocat i[ng%E ELEQTRON: G \FRW BNG GMBRGVED JRXPANDEDh BOGHS HERS FLECTRODES
Because of these 25 locations, identicqbsgfagpges made on both the focus

el ectrode and 'tg%.anode el ectrode, produce O?ﬁ@fk%e effects.in each of

P
t hese el ect rode&™ EEPTRYVE ne; glecton, sofe the; In¥eNtiQR | orpti sm
and free beaninduden@ phumality oofS elfctrodes n(16ABLE, 20, 22, t2 26§ uspaced
el ectrode is Ihded & MQPQ.SWHE’eli@&BHéMﬂhOQ@'lc aﬁgﬁéﬂﬁﬂ t hat
woul d be reguired 1n the tocys el‘ectrode dogbgne, to provi de t he same

correction As'YMYNELECHAHN 3 maige fogysy ens) é%ttpﬁdﬁatils dhEsse are as
shown in TABL&ekctron beams, a center beam and two side beams. The main

focus lens is formed by the facing portions of the two electrodes
(24, 26). The improvement comprises the facing portions of the
main focus electrodes including a first part (38), and a second part

10 (40) positioned within the first part. The first part includes a
single larger aperture (42) therein. The second part includes
three inline apertures (48, 50, 52) therein. The first part includes
four spaced ledges (44), and the second part is attached to the
four ledges.

15

FIGURE 9



6 TTABLE I o, [err] Ast. A Ast.

G een Red [err] FBL " Ter fffig*.:[gfr] W [err] D 5
‘(Volt s),” (Vol ts) (m) . () ce(am) - (M 100
100 0 : 0. 013 0. 025 0.051 -~ 100 0
0 0.0 0.025 0.0 174 100 0 0. 254
0. 025 0. 025 0.013 10 By conparing the di nensional changes
required in TABLE | and TABLE I'l, it can be seen that the changes are of
approxi mately equal magnitude, but of different sign. TABLE |11 gi ves
t he dogbone di mensi onal changes required to provide the same astigmati sm
corrections as in TABLE | and TABLE II, for an 1 5 el ectron gun havi ng
i denti cal dogbone shapes in{both the focus J and anode el ectrodes.
TABLE 11| [err] Ast]. [err] Ast. 30 G een Red
[err] FBL [err] L [lerr] W [err]|3_36 (Vol ts) (Vol ts)
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25 In TABLE |11, sisiescsfrsbé=sean that the di mensional
changes that are required for aSilgﬁHFTSWTHHd free beam | andi ng

correction when both the focus-electrode ang.anode el ectrode have

i dent'i cal shapes, are substantlally | arger thHan those required 30 when only
one of the electrodes is nodified. :ﬁg ause | arger di mensi onal changes
are required, the sensitivity to dinensional changes, - of the el ectron
gun having two identical dogbones, is much less than in an el ectron gun
havi ng only one dogbone. 1. In an inline electron
gun, including a plurality of el ectrodes spaced fromthree cat hodes,
said el ectrodes form ng at | east a beam form ng region and a mai n focus

bei ng f or med by the f

ti ons of

lens in the paths of 5 three, elegéron beans, a center 3gﬁk§ wo side

beans, and sai d mai n foc |gen
t wo of sai d

38




el ectr.odes, the inprovenment conprising” = =—--. _said facing portions of the
two main focus | ens el ectrodes. ..eacg,lncluding -a-first part (38) having a

single aperture (42) 1 0 theran, and'a;seCOH&:parfsﬁAO) positioned within
said first part, sai d second part=#ncl udi ng:tthree inline apertures (48,

50, 52) therein, and sai-d f/r st part including four spaced

| edges (44), and said second part being attached to said four |edges. 15
2. The inline electron gun as defined in Claim 1, wherein ‘said first
“part (38) is an apertured cup- shaped part and said second part (40) is
an apertured plate. . The el ectron gun def ped in Caim 2,

i ncl udi ng the S|ngle agg S} 42) in said cup- s Pt (38) of at

| east one of said two ToCus lens electrodes (24, 26) having greater

width - (W at the side beam paths, neaggred in a direction that is
per pendi cular to the inline directiog(ﬁ? said inline electron s, 25
than at the center beam 4, The el ecym gﬁ%,as defined in
f \ Ne: rtures q —~50, 52) in said
%@ge. 30 [, 465, The
[}




mhereln said apertured plate (40) has four corners (46) and I ncl udes an
of fSét (46) at each corner, said Qpentured'plate bei ng attached to said
‘four | edges (44) at the offsets I -6..»x _The el ectron gun as
defined in Claim 5, wherein said-first. pant (38)’§hd said second part (40)
of each of said facing portions of* ‘sai-d two-main focus |ens el ectrodes (24,
26) are identical in size and shape.4/4

28
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