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The_.present invention relates to cofor pigture tubes and to inline electron
guns. '5 - An inline electron guimrTs one designed to generate or
initivste preferably three el @ODOFR HECTURE ITUBE ANDIINLINE and direct those
bears al ong convergent paths to a R ey Nsﬁﬁil area Of convergence near
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enbodi ment , t!la:ca/qs@ixhtotbﬁrmSIJ.Oiréaeofleeﬁveﬁﬁaﬁceuﬁehi thehtubat the
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passage of three electron beams and to form three separate
main focusihg lenées, one for each electron beam. 1In a
preferred embodiment, the overall diameter of the electron

20 gun is such that the gun will fit into a 29mm tube neck.

Because of this size requirement, the three focusing
lenses are very closely spaced from each other, thereby
providing a severe limitation on focusing lens design. It
is known in the art that the larger the focusing lens

25 diameter, the less will be the spherical aberration which

restricts the focusing quality. ,

\ In addition to the focusing lens diameter, the
spacing between focusing lens electrode surfaces is
important, because greater spacing provides a more gentle

30 voltage gradient in the lens, which also reduces spherical
aberration. Unfortunatély,.greater spacing between
electrodes beyond.a_particulér limit (typically 1.27mm) .
generally is not permissible because of beam bending from
electrostatic charges on the neck glass penetrating into

35 the space between the electrodes, which causes electron
beam misconvergence. | |




-2-_In US. Patent No. 4,370,592,
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whereat the focusing geometry is bounded, in part, by a
circular arc. This is because the field penetrates the
slot more eas1ly than an inscribed circular boundary
the vertical direction. Likewise, the horlzontal focusing
component at the outer electron beams may be more active
than at the center beam, because the field in the
horizontal direction falls away more rapidly at the sides
of the peripheral rims than within the center of the
recessed cavity. A focusing electrode as disclosed in the
cited U.S. Patent No. 4,370,592 is shown in FIGURE 5
hereof and discussed with respect thereto below.

Two other patents disclose modified shapes of
the peripheral rims and recesses to at least partially
compensate for the difference between horizontal and
Yertical focusing strengths caused by the elongated shape
of the'rims and recesses. One of these patents is U.S.
Patent No. 4,388,552, issued to P. T. Greninger on
June 14, 1982. A focusing electrode as disclosed therein
is shown in FIGURE 6 hereof and described with respect
thereto. The second patent is U.S. Patent No. 4,400,649,
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issued to H.-Y. Chen on August 23, 1983.
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in



35 June 14, 1982. A focusing el ectrode as disclosed therein is shown in
FI GURE 6 hereof and described with respect thereto. The second patent is

U. S. -Patent No. 4,400,649, issued to H -Y. Chen on August 23, 1983. A .
focus“ng -3- electrode as disclosed i this latter patent is shown in

FI QURE 7 hereof and described with respect thereto. Although the
above-cited patents disclose el ectron gun desi gns having deci dedly inproved
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of The '”"“ﬁsEPSEt!&Eslaagkhslgb%EB%bog ‘?oéé’&f“béé%#”e direction
of the inline apertures , the recéSses have | esser dinensions al ong
di agonal s angl ed at IB@®CCORATCE Wik s 238Gl G ctle RFRTPNtLHERLIMy t he
inline 15 a color picture tube has an inline electron gun for

generating and directing three electron beams, a center
beam and two side beams, along coplanar paths toward a
screen of the tube. The gun includes a main focusing lens
for focusing the electron beams. The main focusing lens
20 is formed by two spaced electrodes, each haviqg three
separate inline apertures therein. Each electrode also
includes a pefipheral rim. The peripheral rims of the two
electrodes face each other. The apertured_portion of each
_ electrode is within a recess set back from the rim. The
\— 25 recesses -0of the electrodes have substantiaily the same
dimension perpendicular to. the inline direction of the
inline apertures as the dimension:parallel_to the inline
-direction of the inline aperttres. However, the recesses
have lesser dimensions along diagonals angled at
30 approximately 45 degrees with respect to the inline
direction of the inline apertures.

In a preferred embodiment, the electrodes are
connected by four support rods that are peripherally
attached to the electrodes along the diagonals.

35 The present invention provides focusing
electrodes that improve on the focusing electrodes:



direction of the inline apertures. In a preferred enbodi nent, the

el ectrodes are connected by four support rods that are peripherally
attached to the el ectrodes along the diagonals. 35 . The present -
i nvention provides focusing el ectrodes that inprove on the focusing (J
el ectrodes -4- disclosed in the abqyg:cited patents by enlarging the ™
recesses therein and by naking the horizontal and vertical focusing fields °
nore equal. In the drawings: 5 : FIGURE 1 (Sheet 1) is a plan

view, partlgidd) gpeddlir 4Hd Ubovii-ci éﬁlﬁﬁﬂ’é etﬁé’be

enbodyi ng the |nvent|on F GU §§€ a% (@Peel'h are part a,g}]

section toFeARFSaIdDA (MYARY IR o c2hown in
dashed |i negbdm;:.lﬂﬁﬁlé]:lds lﬁdid?h'e@a(ﬂleet 2) is a front view of a focusing
| ens el ectrode of th edgpt é%ﬂ?éﬁ FIGURES 2 and 3. FIGURES 5, 6 and 7

(Sheet 3) are front di fferent prior art focusing, el ectrodes.
15 5 FI GURFIGURdet (Sheet k) cidsz-Bhan i GieW, Wwartly 0t ube neck.

FI GURES 9 0 dedisfdn 2o ft'€ q@ﬁk%@j_oylﬁ@t@fetm necks havi ng
prior art e egé?on guns néﬁntedﬁﬁ erei FI GURE 11 (Sheet 2)

is a cross-emkadywing thednientione neck haV|ng an el ectron gun nDunted
therein that i s constploUREs 7 a8 @ deSkeetil) dhe pa:e‘s:eanl axiaht i on,

envel ope 1GXTHHT Sty ShoFidd Wdie i ebndbbiihy, 8 é‘ﬂe%t%?ubm ar
neck 14 comnecrtshbwyy in rdashed)ul ines utmdFIGJQRETl\e panel 12- conprises a
vi ewi ng facepl ate 18 wdngerd Picle 2 7n08 8" rebie el bw20£ i gbcusingal ed
to the funnel 16. A nosalc
lens electrode of the electron gun of FIGURES 2 and 3. W/
FIGURES 5, 6 and 7 (Sheet 3) are front views of
three different prior art chdsing_electrodes.
15 FIGURE 8 (Sheet 2) is a cross-sectional view of
a tube neck. ' " '
FIGURES 9 and 10 (Sheet 2) are cross-sectional
views of tube necks having prior art electron guns mounted
therein.
20 . FIGURE 11 (Sheet 2) is a cross-sectlonal view of
a tube neck having an electron gun mounted therein that is
constructed in accordance with the present invention.
In detail, FIGURE 1 shows a rectangular color
picture tube having a glass envelope 10 comprising a o
25 rectangular faceplate panel 12 and a tubular neck 14 -/
connected by a rectangular funnel 16. The panel 12
comprises a viewing faceplate 18 and peripheral flange or
sidewall 20 which is sealed to the funnel 16. A mosaic
three-color phosphor screen 22 is carr1ed by the inner
30 surface of the faceplate 18. The screen preferably is a
line screen with the phosphor lines extending S
substantially perpendicular to the high frequency raster
line scan of the tube (normal to the plane of FIGURE:.l).
Alternatively, the screen could be a dot screen. A
35 multiapertured color selection electrode or shadow mask 24
is removably mounted, by conventional means, in
predetermined spaced relation to the screen 22. An



t hree-col or phosphor screen 22 is carried by the inner 30 surface of the
faceplate 18. The screen preferably is-a line screen with the phosphor

| i nes extending substantially perpendicular to the high frequency raster

| i nexscan of the tube (normal to the plane of FIGURE-1). Alternatively, the
scr.een could be a dot screen. A 35 mul t irapertured col or sel ection :
el ectrode or shadow mask 24 is renovabl y"nounted, by conventional neans, in
predet erm ned spaced relation to the screen 22. An  -5- inproved inline
el ectron guny
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the yoke 30. Because of frindge fields, the zone of -

15 deflection of the tube extends axially from the yoke 30
into the region of the qun 26. For simplicity, the actual
curvature of the deflection beam paths in the deflection
zone is not shown in FIGURE 1.

The details of the gun 26 are shown in FIGURES 2

20 and 3. The gun 26 comprises three equally spaced coplanar
cathodes 34 (one for each beam), a control grid electrode
36 (Gl1), a screen grid electrode 38 (G2), a first
accelerating and focusing electrode 40 (G3), and a second

\_ accelerating and focusing electrode 42 (G4), spaced in the

25 order named. Each of the Gl through G4 electrodes has
three inline apertures therein to permit passage of three
coplanar electron beams. The main electrostatic focusing
lens in the.gun 26 is formed between the G3 electrode 40
and the G4 electrode 42. The G3 electrode 40 is formed

30 with four cup-shaped elements 44, 46, 48 and 50. The open
ends of two of these elements, 44 and 46, are attached to
each other, and the open ends of ‘the other two elements,

48 and 50, are also attached to each other. The apertured
closed end of the third element 48 is attached to the

35 apertured closed end of the second element 46. Although
the G3 electrode 40 is shown as a four-piece structure, it
could be fabricated from any number of elements to attain
the same length. The G4 electrode 42 also is cup-shaped
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three inline apertures therein to permt passage of three copl anar electron
"beans. The main electrostatic focusing- “T®hs in the gun 26.is formed between
the G3 electrode 40 and the 4 el ectrode 42. The G3 el ectrode 40 is forned -
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support rods 74, 76, 78 and 80. The support rods are
symmetrically positioned at about 90° intervals around the
electron gqun 26. The rods may extend to and support the

20 Gl and G2 grid electrodes, 36 and 38, or these grid
electrodes may be attached to the G3 electrode 40 by some
other means. In a preferred embodiment, the support rods
are of glass, which was heated and pressed onto claws
extending from the electrodes, to embed the claws in the

25 rods. .

Utilization of the four support rods 74, 76, 78

and 80 permits considerable enlargement of the recesses 54 /
and 56 in the focusing field electrodes 40 and 42,
respectively, over that taught by the prior art. FIGURE 4

30 shows a front view of the G3 electrode 40. The G4
electrode 42 may be identical or may vary to some extent
to meet particular design requirements. For example, the
width of the recess 56 in the G4'é1ectrbde 42, as viewed

- in FIGURE 2, may be slightly wider than the width of the

35 recess 54 in the G3 electrode 40 to aid in convergence of
the electron beams. The radii of the sides of the.
recess 56 in the inline direction also may differ from the
corresponding radii in the recess 54 to ensure stigmatic



ot’her neans. In a preferred enbodi nent, the support rods are of gl ass,

whi ct;yvas heat ed .and- pressed onto cl aws*ext ending fromthe el ectrodes, to
enbetd the claws in the 25 rods. Uilization of the four support r ods 74,
76, ~%8 and 80 permts considerable enlargenent of the recesses 54 and 56 in
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enlarged electrostatic focus lens which has less
aberrations than do the lenses formed by the more
elongated rims of the prior art designs.

20 Some typical'dimensions for an electron gun,
such as the electron gun 26 of FIGURES 2 and 3, are
presented in the following table.




el ongated rins of the prior art desigﬁs. 20 Some typica
di mensions for an el ectron gun, such as* the-electron gun 26 of FlIGURES 2

and 3, are presented in the foll ow ng table. T ABL E External diangter.
of tube neck 29. 00mm I nternal _dirameter of tube neck ST
24.00m M nimum (i.e., rimto-rim 5 Sﬁﬁcing between G3 and 4 el ectrod®
40 and 42 ) 1.27mm Center-tofcenter spacing "
bet ween adj acent apertures in G3 eleciégggﬁégg 5.1 mm I nner dianeter of
apertures 58, 60 10 and 62 in G3 el 0 4.1 mm

Maxi mum di nensi on of recess 54 in G3 electrode'40

19.0 nm Di agopal i easkROLoF 6ECEEHe SHeER 3 el ect rogdeqgfymm
12.7 mm 15 Deﬁ?ﬁéof recess 54 in G3 e?ectrode 40 and of recess 56 in 4

el ectrode 42pternal ZaPzmer &F QREE Be RedRd 7 show t pae@ommi Or art focusing
el ectrode desi gns di scussed above (in the Background of the Invention). A

first el ect Mmideifite Ehoen, | rim+€dREiR) 20 is disclosed in above-cited

U. S. Pat®ent Spacingetidden T6® ahécG4oeke®frodesudes a peripheral rim 92,
and an el ongkl exhd e¥2ss 94 which sets back an apertur2d2pmmti on 96 fromthe
peripheral rim92. The recess 94 includes two straight parallel portions
and two cur\Gentexrtororentex. spacingsbetweensed in that patent, the design
of the el ect3dIRCENE pertures| ik GItelaetredet 48t nudelb®Mcorrected by

other nmeans jn the_electron gun. A second prior art electrode 98, shown in
FI GURE iéﬁg;?;aQﬁﬂggggzéﬁﬁgv%9$¥¥ %.28: Ffafent 30 gb. 4,388,552.  The
el ectrdde 9 i T echredenE?al rim 100 and af-&IBMgated recess
102. However :

Maximum dimension of recess 54 in ' : \_j
G3 electrode 40 , 19.0 mm

Diagonal dimension of recess 54
in G3 electrode 40 mm 12.7 mm

15 Depth of recess 54 in G3 electrode 40
and of recess 56 in G4 electrode 42 2.92mm
FIGURES 5, 6 and 7 show three prior art focusing
electrode designs discussed above (in the Background of
the Invention). A first_elebt:ode 90, shown in FIGURE 5,
20 is disclosed in above-cited U.S. Patent No. 4,370,592.
The electrode 90 includes a peripheral rim 92, and an
elongated recess 94 which sets back an apertured portion
96 from the peripheral rim 92. The recess 94 includes two
straight parallel portions and two curved side portions. Y,
25 As discussed in that patent, the design of the electrode
90 causes a slot astigmatism that must be corrected by
other means in the electron gun.
A second prior art electrode 98, showm in
FIGURE 6, is disclosed in above-cited U.S. Patent
30 No. 4,388,552.' The electrode 98 also includes a
peripheral rim 100 and an elongated recess 102. However,
in this design, the recess 102 is formed wider at side
beam paths than at the center beam path, to at least
partially compensate for the above-mentioned slot
35 astigmatism. , ‘
A third prior art electrode 104, shown in
FIGURE 7, is disclosed in above-cited U.S. Patent
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in this.design, the recess 102 is forned mnder at side beam paths than at
the~center beam path, to at | east partlﬁpry conpensate for the ¢
above ment i oned sl ot 35 astigmatism A third prlor art el ectrode 104,

¥00,. EZQFIQHEE %f4b 2C28 alsgegggﬁﬁaegbgdﬁgf ;PQFFn9106 and an

eIongated rdE%%%Ph@Ballnlmhlgﬁeaadtaudolaagaged rbeessdﬂbSof Hhethﬁeess 108
is wder at éI@cﬁﬁaaerdEE%FaﬁﬁeWﬁa to!fhghél QEcQSém.lB%t Y wl.%g@rg

center beam erturg?ls snal l er than t beam aperturés, er to

minimze a hottZoRR rahﬁaQeP?FEthFBCGE FBFtEQ@edPFﬁ@rEﬁFhEL andsshepy the
el ongat &8l stmxet bémmrapessuﬁ881sAkhalhégethﬁntﬂﬁeaBQaé geaf' i bed prior

art 10 d ongat ed.reces urroundi ng

t hose reces?@% orn1% i# $ gg{ #8c@§?ﬁ51?8n§ ﬁﬂﬁ%zPQtBhaEPacXFrﬁiFPﬂz|ng
the two suppéRqus owbtamtméﬁemntﬁel pcausedrby the elgnghtednshape the

i mproved el egf 1 Pece s§ti ture can. be appreciated by conparing Fl GURES
8, 9, 10 and-11. FI'GURE 8 shows a_cross-section of a tube neck 14'. The
circul ar dashed |ine BB\ Fa¥ee eficthecabave-degcribed priorcartry linit on

the di amaterexécﬂ‘b@éeciﬂ@luwrmﬁoelgmﬁéﬁéa ﬁe&éQs”U”THH”riﬂs' nner Wﬁ' '14
spacing to ci ng_t her ebet ows the npec '
with the foc?:élglsrre?qg%qf’g% éb ?‘l TS The ?ﬁ"mtﬁtée ?BgeﬁFt eFUsingnlenfs 112

i nserted tm§h§ﬁ1lsﬂnriﬂnndaliutmllzmngtnhestpoosuppoﬁt tdd stgudtreEl GURE

10 shows a”‘aﬂ"%éit&% ctron gun 118 25 inserted into the neck 14'.
This el ectron gun 184%;§%€the type disclosed in Japanese Uility Model

| No. SHO 51-52668 e Bignl Hiktree tof e i tmpreyedtebectnoderil 21,
1976. H&Ch eftrdetdr Wbl be! fPradestdd Byecohssting PHEuRasS gnchudes a

circul ar r'n]%?qJﬁndf%EURE 8 shows a cross-section of a tube neck
14'. The circular dashed line 110 within the neck 14
indicates a necessary limit on the diameter of an electron
gun to maintain a minimum gun-to-inner wall spacing to
20 prevent arcing therebetween. FIGURE 9 shows the neck 14'
with the focus electrode portion of one of the prior art
electron guns 112 inserted therein. The gun 112 includes
two support rods 114 and 116.
FIGURE 10 shows another type of electron gun 118
25 inserted into the neck 14'. This electron gun 118 is of
the type disclosed in Japanese Utility Model OPI |
\_/ No. SHO 51-52668 which was opened to public inspection on
April 21, 1976. Each of the focusing electrodes of the
electron gun 118 includes a circular rim 120 ahd an
30 apertured portion 122 set back from the rim 120. The
major portion of the main focusing lens is formed by the
rims 120. Although it may be thought that the circular
configuration would provide the largest possible main
lens, FIGURE 10 shows that, because -of the need for
35 support rods 124 and 126, the dlameter of the rim 120 must
be limited.
FIGURE 11 shows a focus electrode portion of the
electron gun 26, constructed in accordance with the
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above: ent | A6se ILAE1 Bhba 851 085 artgbbegflel o kfdeRkABRkAzabaVe,  Lhe ) of

portion of ocusi ng forme faci n% /70 _and 72 that
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19 rmfromthe 19
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15 focusing actions of the focusing lens become more nearly

equal.
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mai n focusi ng lens for focusing said eI ec.tI;p.n beams t he mai nR&gcggl gg3l ens
bei ng.formed by two *spaced el ectrodes each havi ng three separate iInl'ine
apértures therein, each electrode also including a peripheral rim the
perdpheral 10 rims of the tvvo el ect r oELAIMS i Ng each other, and the

apertured portion of eaq h e WI ﬁ ss_set,back fromthe
rim wherein the recesses o sal gﬂglg#&kﬁ J‘a% aﬂh%ﬁqﬁ Bhe sane

di mensi on per BdRGtEORagUNs for: genenating and dirgcting thiee éfectron
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15 apertures as the dimension parallel to the inline
direction of the inline apertures and have lesser
dimensions along diagonals angled at approximately 45
degrees with respect to the inline direction of the inline
apertures.

20 2. A tube as defined in Claim 1, 1nclud1ng
four support rods peripherally attached to said electrodes
along said diagonals.

25 3. A color picture tube as claimed in Claim 1

U or 2, wherein said electrodes have a substantially
-cruciform shape and support rods are attached to said
electrodes at the indentations formed by the cruc1form
shape. :
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10 rims of ‘the two el ectrodes facth§=each other, and the BF& 88633
portion of each electrode being within & recess set back fromthe rim

wherein the recesses of said el ectrodes have substantially the sanme .
di mensi on perpendi cif-ar Ar@nllide @lietran qun FPHUSH D | felaes

apertures a | ForPYeHdr@ltiiny (41 idiidee did ection of the |nI|né~’
%éfcjﬁr@ Fape Y r% g

apertures and have | esser di nensions ong di agonal s angl ed at
appr oxi mat e®pres d@CATP™ith respect to the inljne direction of the inline
apertures. heams.Aag@enteridieamand tveside beamsi alongucoplapen rods

perl phesal | pAHARAYP é%&é&%f@@faatw saaﬂddgaaoaﬁbiudai a
. An inline electron gun as c I n, Cla|n14 wher-el n sald
electrodes main £ {i QF ¢¥ﬁ¥9% dﬁLeggﬁﬁﬁr beanss the

T s g ont et e o b s
refgrence t(?aﬁ?'gg‘raggﬁ'? 3-‘%1&? %bﬁ ’f?ﬁé Ié%”ﬁﬁ %§ ures Eﬁerel 8 &)I or
pi cture tubeliectroden@lso dmrludingux pemhetahl rimasther peurhptml
descrihgd wlibe SECRHA T &l EbEfSads facing Wadtt SEnbRS dnA"ieads:
apertured portion of each electrode being within a recess
set back from the rim, wherein the recesses of said
electrodes have substantially the same dimension
perpendicular to the inline direction of the inline
15 apertures as the dimension parallel to the inline O
direction of the inline apertures and have lesser
dimensions along diagonals angied at approximately 45
degrees with respect to the inline direction of the inline
_ apertures.
20
5. & gun as defined in claim 4 including
four support rods peripherally attached to said electrodes
along said diagonals.

25 6. An inline electron gun as claimed in Claim
4 or 5, wherein said electrodes have é substantially
cruciform shape and support rods are attached to said
electrodes at the indentations formed by the cruciform
shape.

30

7. An electron gun substantially as
herelnbefore described with reference to Figures 2,3
and 4 of the drawings.

35 B. A color picture tube including an
electron gun substantially as hereinbefore described
with reference to:Figures 1,2,3,4 and 11 of the
drawings. '
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