CATHCODE- RAY TUBE'HAVING AN | MPROVED SCREEN GRI D ELECTRODE OF AN | NLI NE
ELECTRON GUN - This invention relates to cathode-ray tubes, and 5
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pl ane and to direct the beansMpROVED COPNEEGCEERTPAL hs to a small spot on the
‘screen. In one type'of irEEEEEiEDEt@DgéguDNLEMEﬁEBBcTﬁEE thmn in US. 15
Patent No. 3,772,554, 1 th I n

Ienses ﬁb ?IBnFP8f§§%£nt$g%$E%§&% @Z§e gqga

el ectrostatic focusin ocUST N are-Tor ne
bet ween tw eﬂRﬁﬁ?%ﬁRiQF%ﬂe??e@°¥%ra§a gT¥aY %#k?%e@@nﬁhQCEEPeraseﬁgiand

Locusn ntghel SCEJ{IDQﬁﬁnef Tt@ﬁ@viaéwﬁr@el@éf ivérs ar!ri]@é’éiﬁot ! fV\@PﬁgpIDaﬁapisﬂdn’eabers
aving the bot{ong. 0 rs_facin ot her ree.apertures are
incl uded in eat rI‘E(s:fhp %%%?%%?elgrb nﬁ %E g% Qh?e}él@lle?:?%ﬂ)ﬁ €pRanms and
to formthree S gsnsi vty to fl%¢mmmn d#ﬁn¢wslm90hfethetebQCDeanl “In

such, el ectron pytgigs. Static 25 convergence of the outer beams w th respect
to the c the outer apertures

ter beamis usual]y. attai of fseftin
( in theSecond focusi ngAIeIJe‘é ﬂ‘n" T'F&es?}e%tlﬁf et FRedp_Ptures in
the first focmrre;aetl:aecat obhsastAntme |mmdqufenabmntmt®eelmemron i

ar gor main { GORRS oHE .s&ﬁ"écr?ﬁ%&%ﬁ“@ &6 St i Bl B e

485, 860, fil eFWVITILDBRITRS ko A sRALIFRIL 190 q@esscmﬁ@hat In one
appl i cation, tdypd Rf dirhihd lélécabmtqml,esﬁcfmreé hﬁxa:atémkenaiﬁ U.s.

ol ocl oA Bl W00 g ARl VA" Al shedraiar e
13, 1973, the main electrostatic focu51ng lenses for _
focusing the electron beams are formed between two
electrodes referred to as the first and second
accelerating and focusing electrodes. These electrodes
20 include two cup-shaped members having the bottoms of the
members facing each other. Three apertures are includead
in each cup bottom to permit passage of three electron
beams and -to form three separate main focus lenses, one
for each electron beam. In_such electron guns, static
25 convergence of the outer beams with respect to the center
& beam is usually attained by offsetting the outer~apertures (;
in the second focusing electrode with rosgect to the outer
apertures in the first focusing electrode. _ fﬁ
An inline. electron gun wherein two electrostatic -
30 focusing lenses are utilized to form an effectively larger .
main focus lens is described in U.S. Patent Application
Serial No. 485,860, filed by D.J. Bechis et al. on April
18, 1983. In that application, the third and fifth
. electrodes from the cathode are electrically
35 interconnected, and the fourth and sixth eiectrodes are
electrically interconnected. Facing portions of the fifth
and sixth electrodes each include a peripheral rim and

three separate inline apertures therein set back from the
rim.



and sixth el ectrodes each include a perlpheral rimand three separate
S5 |ne*aperfures therein set back fromthe rim -2- The peri pheral
are elongated in the inline direction of the.inline apertures and for
' LLgﬂBtIC focus field. This field may be tched to an astigmatic b
fo n1ng regi on forned by the first and second el ectrodes 5 : fronrthe
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thereof) for reducing thezthragcueeai rﬁﬁe‘&erﬂﬁ"tc‘i:h%e'h%'ﬁl'z\bhﬂloi)ehﬂﬁ inline.
electron un to, focus v cha : scr rid structyre utilizes a -
pai r rgconve ‘ﬁ’dég;f ﬁré’(r)%ga‘ez iﬂ 0, DEAMSy ot PN GOIRE .
focusr ng el ect rpmlrel:lsrejetuﬁes Hmmgee:hegrababvel—detsroxdbed EBlecteroangangence
srots are for negghas Ghye Qi dd W drie 8l BB 1RART FRITEM €5 bl NE

screen grid elecir cause a refracthn of t gstatic
path betwek® t HRLeCHERIN Fin% ol Hetthareinre ig,desicablesito;daprovs: ﬁH&hand

fécusing el ect Thebine ehsperattdurdorntd ka igfinste, refrr at leasy reidackehe main

the sensi tivi ty BT %%*f%ela' °§*2%3‘a$¥1§ Al #afc& 3"8% §gg%&ﬁa§d2§' s

duﬁplosed in LJQhaEEG%nt

15 - our -application no. 8402100 ' ,l .discllos.es ‘a screen .
grid structure (shown in FIGURE 3 thereof) for reducing
the horizontal convergence sensitivity of the inline
electron gun to focus voltage-changes, The screen grid
structure utilizes a pair of reconvergence slots formed in

20 the first accelerating and-focusing'electrode side of the
' screen grid electrode. The reconvergence slots are formed
~ closely to and inwardly from the outer apertures in the
screen grid electrode, and cause a refraction of the
electrostatic beam path between the screen grid electrode
_ 25 and the first accelerating and focusing electrods to
W, compensate for the offset refraction within the main lens
of the electron gun. - ' ' |
An alternative screen gr1d structure for
reducing the sensitivity of the-lnllne electron gun to
oz 30 focus voltage changes is disclosed in U.S. Patent
' ' Application Serial No. 492,044, filed by H-Y. Chen on May
. 6, 1983. In the alternative screen grid structure,
asymmetric depressions are formed about the outer
apertures in the first accelerating and focusing electrode
35 'side of the screen grid electrode. In one embodiment, the
depressions are transverse slots which also reduce
vertical flare which appears on the screen of the tube as
an undesirable low intensity tail or smear extending from



.tlon Serial No. 492,044, filed by HY.. Chen on Nhy 6 1983 - I'n the
}lve screen grid structure, asynnetrlc depressions are fornmed about

NtiHr . apertures in the first accelerating and focu5|ng el ectrode 35

si de™of the screen grid electrode. In one enbodinent, the depressions are
jtransverse sl ot s which also reduce vegtical flare mhlch appears on.the
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enbody,ﬂg thert the cathodes, for focu51ng a plurality of electron

beams along beam paths onto a screen. The screen grld has
15 a functional grid area with a glven thickness. A recessed
portion is formed w1th1n the functlonal grld area. A
plurallty of apertures are formed within the . recessed
portlon -of the screen grid. The recessed portlon is
_ surrounded by a perlpheral rim which 1s in prox1m1ty to
20 the outer apertures, thereby ‘affecting the electrostatic
fleld in the v1c1n1ty of" the outer electron beam paths.
In the draw1ngs.
FIGURE 1 is a plan view, partly in axial
section, of a shadow mask cathode-ray tube embodylng the
25 present invention.

FIGURE 2 is a partial axial section-view of the
electron gun shown in dashed lines in FIGURE 1. _ .
- FIGURE 3 is an enlarged elevational v1ew of the ;j

novel G2 electrode of ‘the electron gun of FIGURE 2.

30 " FIGURE 4 is an enlarged sectional. Vlew of a
portlon of the G2 electrode of the electron gun, taken
along the line 4-4 of FIGURE 3.

FIGURE 5 is an enlarged sectlonal view of the
novel G2 electrode and G3 electrode of the electron gun of

35 FIGURE 2, 1llustrat1ng formatlon of the electron beam in a
horizontal plane.



25 present invention. FIGURE 2 is a partial axial section-view of the
el ectron gun shown in dashed lines in FIGURE 1. FIGURE 3 is an enLarg:z”>
el'evational view of -the novel & el ectrode of the el ectron gun of Fl GURE
30 . FIGURE 4 is an enlarged sectional view of a portion of
(e electrode of the electron gun, ‘takenglong-the line 4-4 of FIGURE 3.
FIGHRE 5 is an enl arged sectional view of the novel & el ectrode and G3
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faceplate 18 refer sCreéen phosphor .
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screen 22. d NP e rden RA 8l er SRoSPRotod 11§1Q9V‘@x%gnd1ﬁ§he”at ically by
' doL/ed ines '”Jﬂé%ﬁﬂilalffsﬁ%?ﬂﬁﬁ%xéﬁlar to the high frequency raster
lineé scan of the tube (normal to-the-plane of FIGURE 1).
15 Alternatively, the screen could be a dot screen as is
known in the art. A multiapertured color selection
electrode or shadow mask 24 is removably mounted, by
conventional means, in predetermined spaced relation to
: the screen 22. . An improved inline electron gun 26, shown
20 - schematically by dotted lines in FIGURE 1; is centrally
‘mounted within the~neck.14fto generate and direct three .
. electron beams 28 along Spaced'coplanar convergent paths
through the mask 24 to the screen 22.
h The tube of FIGURE 1l is designed to be ‘used with
" 25 an external magnetic deflection yoke; such as the yoke 30
| schematically shown surrounding the neck 14 and funnel 16
_ in the neighborhood of their junction. When activated,
fif\_ o the yoke 30 subjects the three beams 28 to vertical and
o horizontalimagnetic-flux:which;causé_the;béams.to-scan
30  horizontally and vertically, respectively, in a
rectangular raster over the screen 22. The initial plane
of deflection (at zero deflection) is shown by the line
. P-P in FIGURE 1 at about the middle of the yoke 30. For
- o simplicity, the actual curvature of the deflected beam
35 paths in the deflection zone is not shown in FIGURE 1. A
readjustment or change in focus voltagé-from-the optimum
focus voltage changes the focus voltage-to-ultor-voltage




"mounted within the neck 14 to generate and direct three. el ectron beans 28
d copl anar convergent paths through the nask 24 to the screen
e of FIGURE 1 is designed to be used with 25 an external
Te—defl ection yoke, such as the yoke 30 schenatically shown
~surrounding the neck.14 and funnel 16 in tlg nei ghborhood of their
~junction. Wien activated, the yoke 30 subjects the three beanms 287to
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15 comprising a main lens assembly, spaced along the glass
rods 32 in the order named. A shield. cup 48 is attached
to the G6 electrode 46. All of the electrodes past the

- cathodes have three inline apertures in them to permit
passage of three coplanar.-electron beams. The Gl grid 36

20 and the G2 grid 38 are parallel plate members that can -

 include embossings therein which add strength to the '
members and can influence the behavior of the electron
beams. In addition to three inline apertures 50, the Gl
grid 36 may also  include three slots 52. superposed on the

25 apertures, on the side of the grid 36 facing the G2 grid

K{r

38. The purpose of the slots 52 is disclosed below. The N
elongated dimension of the slots 52 extends in a direction _
perpendicular to the inline direction of the apertures. Qj

The construction of the main lens assembly is disclosed in - -

30 the above-referenced U.S. Patent. Appllcatlon Serlal No.

485, 860. o

: The facing closed ends of the G5 electrode 44 _
and the G6 electrode 46, s shown in FIGURE 2, haveé large
recesses 54 and 56, reSpectively, therein. The recesses.

35 54 and 56 set back the portion of the closed end of the G5 -
electrode 44 that contains three apertures 58 from. the
portion of the closed end-of'the G6 électrode 46 that
contains three apertures 60. The remaining3portions-of



tothe & electrode 46.. Al of the electrodes past the cathodes have three'f
inline- apertures in then1to permt passage of three copl anar el ectron
beans. 'The Gl grid 36 20 ‘and the G grid 38 are parallel plate nerfte

t hat, can .i ncl ude enbossings, therein which add strength to the menber d
-caR_{ nfluence the behavior of the electron Béans. ‘In addition to three

i nl"ne apertures 50, the GL grid 36 may. also include three slots 52 -
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.Serial No. 485, %@@tfgggsfgglggdG%gEeg gﬁg %hépe G5 el ectrode 44 and the -

G6 el-ect r ode 48 as shown in arge recesses 54 and 56 '
respectively, therein. The Fécedsesrade 4341§n615€t§b?a%%2k¢?¢Rﬁ$ﬁﬁ4|Qm of -
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- Electrical excitation of the [e13 electrode 46 is cLtained
1S by a contact between the shleld cup 48 and an internal
' conductive coating in the tube which is connected to an
anode button (not shown) extending through the fumnel 16.
. FIGURES 2, 3, 4 and 5 illustrate in detail a
portion of the beam formlng»reglon of the electron gun 26.
20 The G2 electrode 38 has a functional grid area 70 with.

. three apertures 72 formed therethrough and aligned with
the apertures 50 in the Gl electrode 36. A pair of
securing members 74 extend from opposite sides of the’
functional grid area 70 to attach the electrode 38 to the

25 glass support rods 32. The functional grid area 70
includes a transversely disposed recessed portion 76
through which the apertures 72 ere formed.. A peripheral

SN . rim 78 surrounds the;apertures 72 and extends. between the

- . recessed portion 76 and the functional grid area 70 of the-

30 G2 electrode 38. The recessed portion 76 and the _
peripheral rim 78 are symmetric with respect to the center
aperture 72 but asymmetric_with_respect to the two outer
apertures 72. R :

, In the preferred embodlment, the apertures 72

35  have. a diameter of 0.64 mm (25 mils) and are 1aterally
spaced apart a dlstance of 5.08 mm (200 mils)
center-tq-center - The recessed portion 76 has an overall

. lateral dimension, or length, of about 12.50 mm (492 mils)



Gl grid electrbde 36,

“Wwed’/15 by a. contact between the shield cup 48 and an internal

“conductive coating in the tube which is co
shown) ext endi.ng t hrough the funnel.
- detail

' ‘support

| the cathodes 34 and the cathode heaters to a base 100
'FIGURE 1) of the tube 10, so-that these conmponents.can be
@1y excited. Electrical excitation of the G6 electrode 46 is

cted to an anode butt.on (not\,
16. FIGURES 2, 3, 4 and 5 illustrate in
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~ As shown 1n FIGURE 5, electrostatlc
equipotential fleld lines 80 extend between the G2
electrode 38 and the G3 electrode 40 of the electron gun
26. The asymmetric ‘shape and the depth of the recessed
portion 76 of electrode 38, as well as the proximity of
the perlpheral rim 78 to the outer apertures 72, affect
the electrostatic field in the vicinity of outer electron
beams by t11t1ng the field lines 80 within the recessed
portion 76, thereby causing the outer electron beams to
horizontally converge toward the center electron beam
passing through the center aperture (not shown). - The
three electron beams are unperturbed in the vertical

e.
ly

f

es: of

direction because of the vertical symmetry of the recessed

portion 76 and the substantially greater spacing between

the apertures 72 and the peripheral rim 78 in the vertical
direction. Thus, the recessed portion 76 affects only the

horizontal &onvergence of the outer electron beams for
changes in focus voltage. The strength of the
‘aforementioned: effect is governed by the depth of the
recess and the radlus of the trlangular ‘end parts thereof.

The greater the radius, the farther removed from the outer

apertures 72 is the peripheral rim 78; and the deeper the
recess must be to affect the paths of the electron beams.

76 \J



,fThe ends of the recessed portion 76 forman angle, {err], of about 30[err]
wi th tHe hori zontal and are thus substantlally trlangularly shaped WA-'"
t he -apex of each of the triangul arly-shaped end parts being smoothly
and-10  having-a radius of about 1.168 mm (46 nils) measured fromt
cea;ers of the outer apertures The & el ec®=ode 38 has a.thickness 0
abogt® 0.71 mm (28 nmls ), and the recessed portion 76 has a depth of about
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- 20 three 1n11ne apertures in them to permit passage of three
coplanar electron beams. The main electrostatic focusing.
lens in the gun 126 is formed between the G3 electrode 140
‘and the G4 electrode 142. The G3 electrode 140 is formed
with two cup-shaped elements 144 and 146, the open ends of

25 which are attached to each other. The G4 electrode 142

- also is cup-shaped, but has its open end closed with a
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attachment of the yoke (not shown). The side of the G3
- electrode'140 facing the G2 electrode 138 includes three
. apertures 154 which are aligned with apertures 156 in the
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correspondi ng ‘apertures 152 in the G3 el ectrode 140. The purpose of this )
T offset is to cause the outer electron beans to converge with the center
. electron beam However, mi sconvergence can occur if the focus voltage on
- the G3 el ectrode 140 is changed significantly 35 fromthe opti mumfocus -
voltage utilized during the o o
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the & -el ect’rode | 'l“mree apértures 154 which are aligned with = ..
apertures 156 i“l \ rode 136 and with apertures 158 in t .
el ectrode 138. I e alstefnati ve enbodi nent of el ectron gun 126/ (% -
apgrfures 158 of the G2 el ectrode 138 have = dianeter of about -
(:25-m'1s) and are laterally spaced'apartéﬁgggﬁiance of 6.60 mm (260 M%)
center-to-center. The & electrode 138 i ar to the. above-described
@ el ectrodel 38, except that Aheathedp+rathd-uliedidonprisiag ededgadeportion
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CLAIMB 1. A caPhBH -’rél} Phpel ROMRT FERPS ARG P n@E? Sidche
el ectron gun foscpeenecsaind gqumplcomprigimf el ectron beans al ong beam pat hs
onto said scfeen, said gu P@P i 8i r - R f. at hodes
for .genera.t-ics;]g sai d el ect?o% e%jr'r%&g%g caa_%l,%)orﬂer-solfogrr ?Jgﬂealya?glrn%r?%d'rdlcd and
el ectron | ens nehPStEPRPYAWS s . @RDssively in alignnent with said cathodes
for focusing said el ectroa &sgtFol Sqitill cantgcreetd grdid,d adidd ed@icd roint Lleh@n
I ens means havi ertures di ed.in a plane for ssi:ng sai.d el ectron
beans, and saidﬂgéﬁgeéég?ﬁieﬁa€§§§%§§*Xﬁé§i%ﬂuﬁi%ﬂﬂqgj '&gﬁhjﬁ?#%'given -
thickness, and ¢athedes fourfocusing siet takestron beams, said control
o 10 grid and said electron lens means having apertures
disposed in a plane for passing said electron beams, and
. _ ~ said screen grid having a functional grid area with a
‘given thickness, and having a plurality. of apertures
formed within said functional grid area and aligned with
15 said apertures in said control grid, wherein
_ said screen grid includes a recessed portion
within said functional grid area, said recessed_portion
having said plurality of apertures therein and being
| surrounded by a peripheral rim which is in proximity to
20 certain of these apertures, thereby affecting the electrostatic
field in the vicinity of the corresponding electron beam paths.

2. A cathode-ray tube comprising an.imagé
screen and an inline electron gun for projecting three

/. _ 25' electron beams along beam paths onto said screen, said gun
comprising ' ' | ' . -
: A{' three cathodes for generating said electron
. beams, and : - . _
- o - ~a control grid, a screen grid, and a main

30 elgctrqn lens arranged successively in'alignment_with said
cathodes for'fbcusing said electron beams, said control
grid and said main electron lens having three apertures
disposed in a plane for paSsing'said electron beams, and
said screen grid having a functional grid area with a

35 given thickness, and having three épértures formed within
said functional grid area and aligned with said apertures
in said control grid, wherein '



) mnthrn sai d grrd area and alrgned mnth 15 sard apertures
i 2/ cont m\!“m said screen grid includes.a recessed-portion
© Wi - sai d f ngrPd area sai d recessed portion having said _ .
- pIuraIrty of apertures t herein and bei-ng surrounded. by a peripheral rim - )
“which is in proxrnrty to 20 certain of th _apertures, thereby. affectrnﬁ;;

. thAe electrostatic field in the vicinity of The corresponding el ectron bea
-'pat hs. - 2. A calamezr@antub@e@prrprl sing an |rrage screen and an inline

~ electron gun for projecti three 25 . electyon beans al-ong beam pat hs onto
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o apertures, thereby affectlng the electrostatlc fleld in : \J
the v1c1n1ty of the outer beam paths. N |

3. The tube as deflned in Claim 2, whereln said
recessed portlon has a length of .about. 12.50 mm and a
width of about 3.81 mm at the widest part. :

4. The tube as def:.ned in Claim 3 whereln the
smoothly curved end parts of said recessed portlon have a
radius of about 1.168 mm measured from the centers of the
- outer apertures. '

5. The tube as defined in Clalm 4, whereln said
recessed portion has a depth of about 0. 15 mm

6. An astigmatic grid for a cathode-ray tube
inline electron gun, comprlslng a functlonal grid area
'hav1ng a g1ven thlckness and a- transversely disposed B _
_recessed portion formed in said functional grid area, said
recessed portion having therein three apertures lying in a
plane and being surrounded by a peripheral rim which is in-
proximity to the outer apertures but remote from the
- central aperture.
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rect angul arly-shaped central part of the rim bei—ﬁg—rﬁmte—f—rcmrrhe central . .
aperture, and the triangul arly-shaped ‘end part _
in.proximty to the outer apertures, thereby af IU@““@“ rostati
field inthe vicinity of the outer beam paths. eflned [
Clgbrm 2, wherein said. recessed portion has a Iength of about. 12 50 mm and
dth of about 3.81 mmat the wi des{p,part. 4.. The tube as defined.in -
Claim 3, wherein the smoothly curved end parts of .said recessed portion
have a radi us of about 1.168 im neasured fromthe cénters of the outer
apertures. 53 The tube.ag dehi pedraD-béanm dchoderein Qo Hae;cze@sed g
por.tion has a depth o6f "ahqu iC :
cat hode- r ay tubécFﬁFPngrégeEPPﬁﬁaﬁﬁﬁalg%r’r?ﬁ ﬂ%?ﬂ%‘jl%ma{] i g{)ensa rl%reld(’; area
havi ng a gi ven whithkpessarandeatbdrRidgse?2s®l 9f dilseozezbwraresisw iings -
fornmed in said functional grid area, said recessed portion having therein
three apertures lying in a plane and being surrounded by a peripheral rim
which is inJroxinty to t he outer apertures but renote fromthe central
aperture. -12- 1 7. A plural -beam cat hode ray tube having a
screen grid substantiallyas hereinhefore described with reference to Figs-
2-5 of the acconpanying draw ngs. ' ' -
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