
EP 0 235 975 B1 Description The present invention relates to cathode ray
tubes and color display systems including cathode-ray tubes. It is
particularly applicable to cathode ray tubes having inline electron guns. 5
Although present-day deflection yokes produce a self-convergence of the
three beams in a cathode- ray tube, the price paid for such
self-convergence is a deterioration of the individual electron beam spot
shapes. The yoke magnetic field is astigmatic, and it- both overfocse the
vericalplane electron beam rays, leading to deflected spots with
appreciable vertical flare, and underfocuses the horizotal rays, leading to
slightly enlarged spot width. To compensate, it has been the practice to
introduce an 10  astigmatIsm Into, the beam-forming region of the electron
gun to produce a defocusing of the vertical rays and a focusing of the
horizontal rays. Such astigmatic beam-formning regions have been construct-
ed by means of GI control grids or G2 screen grids having slot-shaped
apertures. These slot-shapeo ap- ertures produce non-axlally-symmetric
fields with quadrupolar components which act differenty upon rays In the
vertical and horizontal planes. Such slot-shaped apertures are shown in
U.S. Paent 15   4 234.814, Issued to Chen et al. on November 18, 1980.
These constructions are static; the quadupole field produces the same
compensatory astigmatism even when the beams are undeffected and experienc-
Ing no yoke astigmatism. To pvide Improved correction, U.S. Patent 4 319
163, issued to Chen on March 9, 1982, introduced an extra upstream screen
grid, G2a, with horizontally sloted apertures, and with a variable or
modulated 20   potent applied to It The downstream screen grid, G2b, has
round apertures and is at a fixed potentiaL The variable voltage on G2a
varies the strength of the quadrupole field, so that the astigmatism pro-
duced Is proportional to the scanned off-axis position. Although effective,
use of astigmatic bean-forming regions has several disaan     Fist beam-
forming regions have a high sensivity to construction tolerances because of
the small dimenions mi- 25  volved. Second, the effective length or
thickness of the G2 grid must be changed from the optinum val- ue it has In
the absence of slotted apertuire Third, beam current may vary with a
variable potential ap- pled to a bearm-forming region grid. Fourth, the
effectiveness of the quadrupole field varies with me po- sition of the beam
cross-over and, therefore, with beam current European Patent Application
EP-A 0 163 443 concerns a colour display system inclding a cathode- 30 ray
tube having a 3-beam, in-line electron gun and a self-convergent deflection
yoke, and addresses the problem of vertical overfocuing. The solution
disclosed is to insert three or five metal wafer eleo- trdes between the
two halves of the main focusing electrode. In the case of five electrodes,
these are dvidetd into two groups, each of which constitutes a lens element
which is oriented to provide a correc- tion to an associated electron beam
to at last partially compensate for the effect of the astigmatic mag- 35
netic deflection field. The combination of five electrodes forms a multpole
lens and this combination i,- dude. a first electrode and a second
electrode, the second electrode being connected to one of the e~trodes for
forming the main focusing lens and the first electrode being located
between the second electrode and the beam forming regin, and facing the
second electrode. British Patent S  o   GBA 1 567 807 discloses a
cathode-ray tube having an electron gun in 40   which one of the
cylindrical electrodes forming the main focusing lens is modified by the
provision of a pair of opposed apertures. A pair of additional electrodes
are situated opposite to, Le. facing, the re- specive apertures. The
additional electrodes are at the same potential. Considering only one of
the electron beams for simplicity, the pair of additional electrodes
interacts with the modified cylindrical el- trode to form a quadrupole lens
which compensates for the astigmatism of a self convergent deflection 45
coil. The main focusing lens is formed by the action of the unmodified
(i.e. cylindrical end portion of the cylindrical electrode and a further
cylindrical electrode while the quadrupole lens is formed by the action of
the apertured portion of the cylindrical electrode and the additional
electrodes. In one aspect, the present Invention provides a color display
system including a self-converging yoke that produces an astigmatic
magnetic deflection field and a cathode-ray tube having an electron gun for
50   generating and directing three electron beams along paths toward a
screen of said tube, said gun includ- ing electrodes comprising a
beam-forming region, electrodes for forming a main focusing lens, and elec-
trodes for forming a quadrupoi lens between the beam-forming region and the
main focusing ens in each of the electron beam paths, each quadrupole lens
being oriented to provide a correction to an asso- ciated electron beam to
at least partially compensate for the effect of the astigmatic magnetic
deflection 55  field on the associated beam, wherein said electrodes for
forming a quadrupole lens include a first quad- rupole lens electrode and a
second quadrupole lens electrode, said second quadrupole lens eectode being
mechanically and electrically connected to one of said electrodes for
forming a main focusing lens, and said first quadrupole lens electrode
being located between the second quadrupole lens electrode and the
beam-forming region and facing the second quadrupole lens electrode and
characterised in that 60  first and second quadrupole lens electrodes each
include a pair of opposed sector portions of a tubular member, the opposed
sector portions of each of the first and second quadrupole lens electrodes
being 



interdigitated with the opposed sector portions of the other. In another
aspect, the present invention provides a color cathode-ray tube having an
electron gun for generating and directi A three electron beams along paths
toward a screer. of said tube, said gun in- 65  cluding electrodes
comprising a beam-forming region electrodes for forming a main focusing
lens, and 2    EP 0 235 975 B1 electrodes for forming a quadrupole lens
between the bearm-forming region and the main focusing lens in each of the
electron beam paths, wherein said electrodes for forming a quadrupole lens
include a frst quadrupole lens electrode and a second quadrupole lens
electode, said second quadrupole lens eleo- trode being mechanically and
electrically connected to one of said electrodes for forming a main focus-
5   ing lens, and said first quadrupole lens electrode being located
between the second quadrupole  ns electrode and the beam-forming region and
facing the second quadrupole lens electrode, characteised in that the first
and second quadrupole lens electrodes each include a pair of opposed sector
portions of a tubular member, the opposed sector portions of each of the
first and second quadrupole lens eloe- trodes being Interdigitated with the
opposed sector portions of the other. 10    In the drawings: FIGURE 1 Is a
plan view, partly In axial section, of a color display system embodying the
invention. FIGURE 2 Is a partially cutaway axial section side view of the
electron gun shown in dashed kmes in FIGURE 1. 1S    FIGURE 3 Is an axial
section view of the electron gun, taken at line 3-3 of FIGURE 2. FIGURE 4
Is a broken-apart perspective view of quadrupole lens electrodes used in
the electron gunL FIGURES 5 and 6 are front and side views, respectively,
of a first set of quadrupole lens electrodes. FIGURE 7 Is an upper right
quadrant view of the quadrupole ens electrodes of FIGURES 5 and 6. showing
electrostatic potential ines. 20    FIGURES 8 and 9 are front and side
views, respectively, of another set of quadrupole ens elec- trodes. FIGURE
10 Is an upper right quadrant view of the quadrupole lens electrodes of
FIGURES 8 and 9. showing electrostatic potential nes.- FIGURE I lls a top
view, partially In section, of an other electron gun. 25    FIGURE 12 Is a
front view of the quadrupole lens electrodes of the other electron gun,
taken at line 12- 12 of FIGURE 11. FIGURE 1 shows a color display system 9
Including a rectangular color picture tube 10 having a gpass envelope 11
comprisIng a rectangular faceplate panel 12 and a tubular neck 14 connected
by a retangu- 30   lr funnel 15. The furnel 15 has an Internal conductive
coating (not shown) that extends from an anode button 16 to the neck 14.
The panel 12 comprises a viewing faceplate 18 and a perphal flange or
sidewall 20 which is sealed to the funnel 15 by a glass frt 17. A
three-color phosphor screen 22 is carrded by the Inner surface of the
faceplate 18. The screen 22 preferably is a line screen with the phosphor
kines a- ranged In triads, each  iad Including a phosphor line of each. of
the three colors. Alternatively, the 35  screen can be a dot screen. A
multiapertured color selection electrodeor shadow mask 24 is removably
mounted, by conventional means, In predetermined spaced relation to the
screen 22. An electron gun 26, shown schematically by dotted lines In
FIGURE 1, Is centrally mounted within the neck 14 to generate and direct
three electon beams 28 along convergent paths through the mask 24 to the
screen 22. The tube of FIGURE 1 Is designed to be used with an external
magnetic deflection yoke, such as the 40  yoke 30 shown In the neighborhood
of the funnel-to-neck junction. When activated, the yoke 30 sua- jects the
three beams 28 to magnetic fields which cause the beams to scan hoizotal
and verticaly in a recangular raster over the screen 22. The initial plane
of deflection (at zero deflection) is at about the middle of the yoke 30.
Because of fringe fields, the zone of deflection of the tube extends axialy
from the yoke 30 into the region of the gun 26. For simplicity, the actual
curvature of the deflection beam 45   paths in the deflection zone is not
shown in FIGURE 1. In the preferred embodiment, the yoke 30 produc- es a
self-convergence of the three electron beams at the tube screen. Such a
yoke forms an astigmatic rmagnetic field which overfocuses the
vertical-plane rays of the beams and underfocuses the horizontal- plane
rays of the beams. Compensation for this astigmatism is provided in the
electron gun 26. FIGURE 1 also shows a'portion of the electronics used for
exciting the tube 10 and yoke 30. These 50  electronics are described
below. The details of the electron gun 26 are shown in FIGURES 2, 3 and 4.
The gun 26 comprises three spaced Inline cathodes 34 (one for each beam,
only one being shown), a control grid electrode 36 (G3), a screen grid
electrode 38 (G2), an accelerating eectrode 40 (G3), a first quadrupole
electrode 42 (G4). a combined second quadrupole electrode and first main
focusing lens electrode 44 (G5). and a second 



55   main focusing lens electrode 46 (G6), spaced in the order named. Each
of the GI through G6 electrodes has three inline apertures located therein
to permit passage of three electron beams. The electrostatic main focusing
lens In the gun 26 is formed by the facing portions of the G5 electrode 44
and the G6 elec- trode 46. The G3 electrode 40 is formed with three
cup-shaped elements 48, 50 and 52. The open ends of two of these elements,
48 and 50, are attached to each other, and the apertured dosed end of the
60  third element 52 is attached to the apertured dosed end of the second
element 50. Although the G3 elec- trode 40 is shown as a three-piece
structure, it could be fabricated from any number of elements to at- tain
the same or any other desired length. The first quadrupole electrode 42
comprises a flat plate 54 having three inline apertures 56 therein and
castled cylinders 5E extending therefrom in alignment with the apertures
56. Each cylinder 58 in- 65   dudes a cylindrical portion 60 in contact
with the plate 54 and two sector portions 62 extending from the 3    EP 0
235 975 B1 cylindrical portion 60. The two sector portions 62 are located
opposite each other, and each sector por- ion 62 encompasses approximately
85 degrees of the cylinder circumference. The portion of the 65 electrode
44 that comprises the second quadrupole lens electrode includes a flat
plate 64 having three Inline apertures 66 therein and csted cylinders 68
extending therefrom in 5   alIgnment with the apertures 66. Each cylinder
68 Includes a cylindrical portion 70 In contact with te plate 64 and two
sector portions 72 extending from the cylindrical portion 70. The two
sector portions we located opposite-each other, and each sector portion 72
encompasses approximately 85 degrees of te cylinder drumf . The positions
of the sector portions 72 are rotated 90 from the positions of the or
portons 62, and the sector portions are assembled In non-touching,
Interdfitated fashion. Al- 10  thugh th  ctorpons 62 and 72 are shown with
square corners, such comers may be rounded. The portion of the G5 eectrode
44 ithat comprises the first main focusing electrode includes a some- what
acupshaped element 74 which has Its open end dosed by the plate 84. The GO
eletrode 46 Is snr- hr hI shae  to the eement 74,-but has it8 open; end
dosed by an apertured shield cup 76. The facing a ertued dosed ends of t
electode 44 and theGG electrode 48 have. large recesses 78 and 80, re- 15
spectvely, thin. Th recess  78 and 80 set bak    n  of the bwed end of the
G5 electrode 44 that cnas thee Inilne apertures 82 frm fte porton of tha
coid end ofte G6 electrde   46 th contains threeinline apertures 84. The
remaining potons of the dosed ends of the G5 electrode 44 and th GOB
lectrod 46 foml rims 86 and 88, respectvely, that extend peripherally
around the recesses 78 and 0The ris 86 and 88 are.the doestportins o the
two electrodes 44 and 48 to each other. -20    AM of fth plectde of the gun
28 are eiter directly or indirectiy connected to two Insuladve support rods
OQ The rods 90 may extend b and   t  the    electrode 36 and the 62
electrode 38, or fteme tNOede may be attached t the 63 electrode 40 by some
other inswlae mean  In a preferred _  embodientth support rods are of
glass, whiCh has been heated and pressed onto claws extendin from t
Ielectode to embed the daws In t  rods.. 25     FGURES. 5 and B show the
sector portions 62 and 72 of the cylinders 58 and 68, respectively. The ft
sor portions are of equal dimensions, being curved on a radius ma and havng
an overlapped 1~l  t. A Voltage V4 * Vo. + Vm Is applied to tie sector
portions 62, and avoitage Vs - Voa + Vn is appled to th sector portions 72.
Subscript.do" indicates a D.C. voltage, and subscript  in Indicates a
modulatedvotge This structure prodices a quadrupolar poni, 30 * m4 + VV)12
(V4 -VS)x2 Y-y2a2 I+*- and atansverse fW, 35   Ea-x(VIa)- (-xOy) Ey * .
v  V4-Vs. 40 This fildu dueflect an Incoming ray through an angle,. e  LE
2V6o, U5  where the effective length of the Interaction region is L - .4a ,
t, and where the mean potential Is VD (V4 + Vm)/2. Thus, the paraxial
f'ecal length of this quadrupole lens is SS f,  xt8 - [2a2/(.4a + t)J(V0oV)
- 4Py An additional degree of control Is obtainable by using a different
lens radius, a, and/or length, t, for the quadrupoles around the two outer
beams, as compared to those for the quadrupole around the center 



beam. The electrostatic potential lines established by the equal sector
portions 62 and 72 are shown in FK; URE 7 for one quadrant Nominal voltages
of 1.0 and -1.0 are shown applied to the sector portions 72 and 62,
respetvely. The electrostatic field forms a quadrupole lens which has a net
effect on an electron beamn of compressing it In ene direction and
expanding it In an orthogonal direction. Although the above-described
embodiment has been shown having equal quadrant and circular sector 4    EP
0 235 975 Bi portions, noncircular and/or unequal sector portions also can
be used to attain other order multipoles. An example is shown In FIGURES 8
and 9. In this example, two sector portions 62' encompass each ap
proximately 145 degrees of the circumference, and two smaller sector
portions 72' encompass each ap- proximately 25 degrees of the
circumference. The electrostatic field lines formed by these sector por- 5
tons 62' and 72', with nominal voltages applied, are shown In FIGURE 10.
The net effect of this electro- static fied is to compress an electron beam
more in one direction than to expand it in an orthogonal direction.
Although th above-described embodiments have been shown with castled
Interdigitated cylinders used to form a mulipole lens, other construction
techniques also may be used. FIGURES 11 and 12 show 10  another electon gun
embodiment In this embodiment, a main, lens focus electrode 130, having
extrusions at its apertures, Is sectioned by cutting out four pieces 132,
134, 138 and 138 from a dosed end of the electrode. The sectioning Is done
through the apertures, as shown In FIGURE 12, dividing each extsion Int
four segments of a cylinder. These four sectioned pieces are then attached
back to the main portion of the electrode 130 with an Insulative ceramic
cement 140 and are electrically interconnected to each 15  other by a fie
wie 142- The remaIning parts of the electron gun that form the main
focusing lens are a buffer plate 144 and a final eleqotde 148. The buffer
plate 144 isolates the main lens from the quadru- pole em both electrically
and physically. The elecon gun 26 Includes a dynamic quadrupole lens which
is located differerdly and constructed dIfferently than prior uses of
quadrupole lenses in electron guns. The new quadrupole lens inludes 20
cured plates hI  surfaces that lie parallel to the electron beam paths and
form electrostatic fW lines at ae normal to te beam paths. The quadrupole
lens is located between the beam-forming region anid th main foi    len,
but closer to the main focusing lens. The advantages of this location are:
1) a bw senslty to construton tolences, 2) the effective G2 length need not
be changed from the opt mum value, 3) the doieness of the quadrupole to the
main focusing lens produces beam bundles which 225   are cose circular In
the main lens and less likely to be Intercepted by the main focusing lenWm
4) the beam curmWt Is not modulated by the variable quadrupole voltage, 5)
the effective quadrupole lens strength Is greater the doser the quadrupole
lens is to the main lens, and 6) the quadrupole lens, being seAratem the
main fous lM, does not adversely affect the main lens. The advantages of
the new c u           ar: 1) the juaupole's transverse fields are produced
directly and are stronger than the 30 trnsverse fields which arise
Indirectly In the prior tube of above-died U.S. Patent 4 319 163, as only
an ac   ipinitto the differential penetration of G2b volges into the slot
of the G2a. 2) the absence of spheial aberaon caused by the higher
multipoles produced additionally by the slotted-aperture type of grid es,
and 3) self-contalnmentM making the constructlon Independent of adjacent
electrodes. Referring beck to FIGURE 1, there is shown a portion of the
electronics 100 that may operate the sys- 35  Uen as a tlevision receiver
and as a computer monitor. The electronics 1 00 is responsive to broadcast
sig   receied via an antenna 102, and to direct red, green and blue (RGB)
video signals via input ter- finals 104. The broadcast signal is applied to
tuner and Irtehnedlate frequency (IF) drcuitry 106, the out- put   Awhich
Is applied to a video detector 10& The output of the video detector 108 is
a composite video signal that s applied to a synchronizing signal (sync)
separator 110 and a chromninance and luminance sig- 40  nal procssor 112.
The sync separator 110 generates horizontal and vertical synchronizing
pulses that x respecIv, applIed to horizontal and vertical deflection
circuits 114 and 116. The horizontal defleco tion circuit 114 produces a
horizontal deflection current in a horizontal deflection winding of the
yoke 30, wile the vecal deflection drcuit 118 produces a vertical
deflection current in a vertical deflection wii of the yoke 30. 45    In
addition to removing the composite video signal from the video detector
108, the chrominance and luxnnanoe signal processing circuit 112
alternatively may receive Individual red, green and blue video sig- nals
from a computer, via the terminals 104. Synchronizing pulses may be
supplied to the sync separator 110 via a separate conductor or, as shown in
FIGURE 1, association with the green video signal. The out- put of te
chrominance and luminance processing circuitry 112 comprises the red, green
and blue color 50   drive slgnals that are applied to the electron gun 2B
of the cathode ray tube 10 via conductors RD, GD 



and BD, respectively. Power for the system Is provided by a voltage supply
118, which is connected to an AC voltage source. The voltage supply 118
produces a regulated DC voltage level +VI that may, illustratively, be used
to power the hormontal deflection circuit 114. The voltage supply 1 18 also
produces DC voltage t.V2 55  that may be used to power the various circuits
of the electronics, such as the vertical deflection circuit 118. The
voltage supply further produces a high voltage Vu that is applied to ultor
terminal or anode but- ton 16. Circuits and components for the tuner 106,
video detector 108, sync separator 110, processor 112, hor- izontal
deflection circuit 114, vertical deflection circuit 116 and voltage supply
118 are well known in the art 60  and, therefore, are not specifically
described herein. In addition to the foregoing elements, the electronics
100 includes either one or two dynamic circuits and a focus voltage,
waveform generator 122, with or without a spot shape waveform generator
120. The spot shape waveform generator 120 provides the dynamically varied
voltage Vr4 to the sector portions 62 of the electron gun 26. Th - focus
voltage waveform generator 122 is similar in design to the generator 5
EP 0 235 975 B1 120, but provides a dynamically varied focus voltage Vms to
the electrodes 42 and 44. Use of these two generators permits optimization
of both electron beam spot focus and spot shape at any point on the be
screen. Both of the generators 120 and 122 receive the horizontal and
vertical scan signals from the horhion- 5   tal deflection circuit 114 and
the vertical deflection cIrcuit 116. respectively. The circuitry for t
wave- form generators 120 and 122 can be that as is known In the art.
Examples of such known cruit may be found In: U.S.-Patent-4 214 188. Issued
to Bafaro et al. on July 22, 1980, U.S. Patent 4 258 298. issued to Hilburn
et al. on March 24, 1981; and U.S. Patent 4 316128. Issued to Shlratsuch on
February 16. 1982. Tables I and 11 below give experimental results of the
center and comer beam spot sizes for an eleo- 10   ron gu, such as gun 26,
In a 26V110 color picture tube with a 25KV ultor voltage applied and a bean
current of 2.0mA. Table I presents the voltages applied to the first
quadrupole electrode 42, -VG.O coblned second quadrupole electrode and
first main focusing- electrode 44, Vmsthe voltage &er- ence between these
electrodes, aV, and the horizontal H and vertical V spot sizes, in mis (and
equiva- lent millimeters), at the center and morner of the screen when no
bias Is appid Table I *  VaS     VG4        TV          HXV 20
-mm                 (mis) Center     6550       6550        0          1;
80x3.3 5 71 x132) Corner    6W0         6G0         0          &73x218
(147x86) 2S    Table II presents similar Information, but for the situation
where a bias Is applied. Table II 30                        Vas         VG4
AVY        HXV mm         (mils) Center     6000       5800       -200
1.55x1.93  (61x76) Corner     6750       7D00         250       2-31 x 1.30
(91 x51) 35 As can be seen by comparing the tables above, considerable
reduction in the vertical dimension of the elecon bean spot Is achieved by
proper application of voltages to the quadrupole stnrcture. 40   c-aims 1.
A color display system including a self-converging yoke (30) that produces
an ast ic magnetic deflection field and a cathode-ray tube (10) having an
electron gun (26) for generalt and drecting tfree electron beams along
paths toward a screen (22) of said tube, sadi gun Including electrodes (34,
36. 38, 40) comprising a beam-forming region, electrodes (44, 48) for
forming a main focusing lens, and electrodes for forming a quadrupole lens
between the beam-forming region and the main focusing ens in each of the
electron beam paths, each quadrupole lens being oriented to provide a
correction to provide a correction to an associated electron beam (28) to
at least partially compensate for the effect of the as- so  tgmatic
magnetic deflection field on the associated beam, wherein said electrodes
for forning a quadru- pole lens Include a first quadrupole lens electrode
(42) and a second quadrupole lens electrode (44), said second quadrupole
lens electrode being mechanically and electrically connected to one of said
eleo- trades (4) for forming a main focusing lens, and said first
quadrupole lens electrode being located be- tween the second nuadrupole
Iens electrode and the beam-forming region and facing the second quadru- 55
pole lens electrode and characterised in that first and second quadrupole
lens electrodes (42, 44) each 



In5dude a pair of opposed sector portions (62, 72: 62', 72) of a tubular
member (60, 70), the opposed sector portions of each of the first and
second quadrupole lens electrodes being interdigitated with the opposed
sector portions of the other. 2. A color cathode-ray tube (10) having an
electron gun (26) for generating and directing three elec- tron beams along
paths toward a screen (22) of said tube, said gun including electrodes (34.
36, 38, 40) comprising a beam-forming region electrodes (44, 46) for
forming a main focusing lens, and electrodes for forming a quadrupole lens
between the beam-forming region and the main focusing lens in each of the
electron beam paths, wherein said electrodes for forming a quadrupole lens
include a first quadnuiole lens electrode (42) and a -econd quadrupole lens
electrode (44), said second quadrupole lens electrode 65  being
mechanically and %slectrically connected to one of said electrodes (44) fOr
forming a main focusing 6    EPOMOSEd 0 23 B1I IlIIj 111111 IlijI 11111
111111 *C  LM          * 120, but provides a dynamically varied focus
voltage Vas to the electrodes 42 and 44. Use of these two generators
permits optimization of both elcton beam spot focus and spot shape at any
point on the tube screen. Both of the generators 120 and 122 receive the
horizontal and vertical scan sigals from the hormon- 5   tal deflection
circuit 114 and the vertical deflection circuit 116, respectively. The
circuitry for the wave- form generators 120 and 122 can be that as is known
In the art. Examples of such known circults may be found In: U.S.-Patent'4
214 188, Issued to Bafaro at al. on July 22, 1980; U.S. Patent 4 258 298
issued to Hilbum etal. on March 24, 1981; and U.S. Patent4 318128, issued
to Shiratsuchl on February 16, 1982. Tables I and 11 below gve experimental
results of the center and corner beam spot sizes for an elso- 10  Iron gun,
such as gun 26, In a 26V110 color picture tube with a 25KV ultor voltage
applied and a beam current of 2.0mA. Table I presents the voltages applied
to the first quadrupole electode 42, -Vothe combIned second quadrupole
electrode and first main focusing electrode 44, VGs(fthe voltage  a*er-
once between these electrodes, AV, and the horzontal H and vertical V spot
szes, In mis (and euma- lent millimeters), at the center and comer of the
screen when no bias Is applied Table I VeS        VG4        AV
HXV 20                                                         nmm
(mlls) Center     6650       6550       0           180x335  (71 x132)
Comer      6650       6550       0          9.73x2.18  (147x8e) 25    Table
II presents similar Information, but for the situation where a bias is
applied. Table II 30                        Ves         VG4        HV -XV
mm        (mis) Center     6000       5800       -00         1.55x1.93  (61
x76) Corner     6750       7000       4250       2.31 x1.30  (91 x51) 35 As
can be seen by comparing the tables above, considerable reduction in the
vertia dimension of the electron beam spot Is achieved by proper
application of voltages to the quadrupole shtcture. 40C111m 1. A color
display system Including a self-converging yoke (30) that produces an
astigmatic magnetic defiecton field and a cahode-ry tube (10) having an
electron gun (28) for generating and directing te electron beams along
paths toward a screen (22) of said tube, said gun Including electrodes (34.
38, 38, 40) comprising a bean-forming region, electrodes (44, 48) for
forming a main focusing les, and --electdes foforming a quadrupole lens
between the beam-fornming region and the main focusing lens In each of the
electron beam paths, each quadrupole lens being oriented to provide a
correction to provide a correction to an associated electron beam (28) to
at least partiafly compensate for the effect of the as- so  tgmatic
magnetic deflection field on the associated beam, wherein said electrodes
for forming a quadru- pole lens Include a first quadrupole lens electrode
(42) and a second quadrupole lens electrode (44), said second quadrupole
lens electrode being mechanically and electrically connected to one of said
eleo- trodes (44) for forming a main focusing lens, and said first
quadrupole lens electrode being located be- tween the second quadrupole
Iens electrode and the beam-forming region and facing the second quadru- 55
pole lens electrode and charactersed In that first and second quadrupole
ens electrodes (42, 44) each Include a pair of opposed sector portions (62,
729 6Z, 72') of a tubulir member (60, 70). the opposed sector portions of
each of the first and second quadrupole lens electrodes being interdiitated
with the opposed sector portions of the other. 



2. A color cathode-ray tube (10) having an electron gun (26) for generating
and directing three elec- tron beams along paths toward a screen (22) of
said tube, said gun including electrodes (34, 36, 38,40) comprising a
bean-forming region electrodes (44, 46) for forming a main focusing lens,
and electrodes for forming a quadrupole lens between the beam-forming
region and the main focusing lens in each of the electron beam paths,
wherein said electrodes for forming a quadrupole lens include a first
quadrupole lens electrode (42) and P -econd quadrupole lens electrode (44),
said second quadrupole lens electrode 65  being mechanically and
ulectrically connected to one of said electrodes (44) fur forming a main
focusing 6    *C  L  M  S* lens, and said first quadrupole Iens electrode
being located between the second quadrupole ens elo- trode and the
beam-forming region and fadng the second quadrupole lens electrode
characteuised in that the first and second quadrupole iens electrodes (42,
44) each incude a pair o opposed sector por- tions (62, 72; 62, 721 of a
tubular member (60, 70), the opposed sector portions of each of the first
and 5   second quadrupole lens electrodes being Interdigitated with the
opposed sector porions of the other. 3. A color display system according to
claim I or a color caode-ay tube according to claim 2, whe in said tubular
member (60, 70) has the shape of a circular cylinder. 4. A color display
system or a color cathode-a tube according to claim 3, in which each sector
por- tion (62,72) encompasses approximately 85 deigrees angle of a cylinder
(60,70) c 10    5. A color display system or a color cathode-my tube
according to claim 3, in which the sector por- tions (82') on one electrode
forming a particular quadrupole lens encompass a greater angle of a cyln-
der than do the sector porions (72) on the other electrode forming the
particular quabpole ln 8 A color display system or a color cathode-my tube
according to claim 5, h whicd the sectr por- Ions (6) on one electrode each
encompass approximately 145 degrees angle of a cylinder, and the seo- 15
tor portions (   on the other electrode encompass     25 degrees angle of a
cylinder. 7. A color display system or a color c  tube accor  to ary one of
the precedig can which conprises means (120) for applying aynam  signal
(Vm4) to at least one (42) of said mst and second quadrupole lens elecrodes
(42, 44), said dynamic signal being related to deflection af the elctron
beams (28). 20     &.A color display system or a-color catode-ray tube
according to claim 7, which comprises means (122) for applying a second
dynamic signal (Vm5) to at east the other (44) of said firt and second -lud
rupole lens electrodes (42, 44), said second dynamic signal being related
to deflection of the electron beams (28)..        - 9. A oolor dispy system
or a color cathode-my tube according to any one of the pre  clims, in 25
which sald quadrupoie lns is locatd closerto sad main focusi  lens than to
said beam fbn*mg region. 30     1. F 11     _eg en mit einem
selbafknvergisrenden Joch (30), das ein            Ab- b       dianagid
Orzeugt und elner Kaoerahre (10), die ein      _ _ n   2  ad was  um dre
Eleroniestrahien zu erzeugen und entlan zueordneteir Wege lf emn  Scldrm
(22) der Rlhre Du rlchten, wobei das Strahisystem  einen O      Bereich u
_fmende Ektroden (34, 36, 38, 40), Eektroden (44, 46) zur BlNdung einer
und Bektden zur Bi 35   dung ehner Quadrupolinse zwbchen dem strahformenden
Bereich und der 1              h edin der    t              enilt, mit
elier derartgen Orlendierung einer j;eden   O oinse, daB sine  r-f r  een z
n     E b _  (28) bewirlt wird, urn pi         teiweise den   luB des a
iaue Aln tes auf den zugenrdneten Stahl zu kW bel dci beaagtn Ebleodnzur
Bildn einer Oua dupon  en-erste                       (42) 40   und del
zwelts Oua    e ltode (44) enaiten, die zweite           W             medh
ndsoh und ellech mit einer der besagten Eekiden (44) zur Bfidung ebner
vedbunden let und die erste Quadrupollinsen-Eletode zwIschen der zweiten
oektro- de und dem strahilormenden Be-ich liegt und der zweiten
Quadrupolinsen-Eleldrode zugewandt Kt da- duch gelnnzelchnet, daB die erste
und die zweite Quadrupollinsen-Elelkrode (42, 44) jewels ein Paar 45
gegenOberlegender Sektortefle (62, 72; 62, 72) eines rohrfOrmigen Glledes
(60, 70) enthalten und die gegenOberllegenden Sektorteile elner jeden der
ersten und zweiten Quadrupollinser-Ektroden mit den gegenOberilegenden
Sektorfllen der Jeweils anderen ineinandergreifen 2. Farb-Kathodnstrahlrtre
(10) mit einem ESektronenstrahlsystem  (26), urn drei Eletronenstrahlen zu
erzeugen und entang zugeordneter Wege auf einen Schirm (22) der R6hre zu
richten, wobei das 50   Stahsysteminen strahiformenden Bereich umfassende
Elektroden (34. 36, 38, 40), Eleklroden (44. 46) zur Bildung einer
Hauptfolwssierungslinse und Elektroden zur Bildung einer Quadrupollinse
zwi- schen dem strahiformenden Bereich urki der Hauptoiwssierungslinse in
jedem der Elek esWraOe g enthWlt, wobel die besagten Elektroden zur Bildung
einer Quadrupollinse eine erste Osen 



Elektrode (42) und eine zweite Quadrupollinsen-Beektrode (44) enthaiten,
die zwelte   a 55   Elktrode mechanisch und elektrisch mit einer der
besagten Elektroden (44) zur Bildung einer Haupto- kusslerungslinse
verbunden. ist und die erste Quadrupollinsen-Bektrode zwischen der zweiten
Quadru- polflnsen-Elektrode und dem strahiformenden Bereich liegt und der
zweiten  luaupollinsen-Eleldrode z-gwandt ist, dadurch gekennzeichnet, daB
die erste und die zweite Quadrupollinsen-Elektrode (42, 44) Jeweils ein
Paar gegenOberiiegender Sektorteile (62, 72; 62, 72') eines rohrfbrmigen
Gliedes (60, 60  70) enthalten und die gogenOberilegenden Sektorteile einer
jeden der ersten und zweiten Quadrupoln- sen-Elektroden mit den
gegenfberliegenden Sektorteilen der anderen ineinandergreifen. 3.
Farbbildwiedergabesystem nach Anspruch 1 oder Farbbildkathodenstrahlrbhre
nach Anspruch 2. worin das rohrffrrmige Glied (60, 70) die Gestalt eines
Kreiszylinders hat 4. Farbbildwiedergabesystk .n oder
Farb-Kathodenstrahlr6hre nach Anspruch _, worin jeder Sektor- 65  tell (62,
72) ungefAhr 85 Winkelgrade eines Umfangs eines Zylinders (60, 70) umfaBt 7
EP   35 975 B1           1     11110 11111 11111 111111 *  C  L  M  S  * 5.
Farbblldwiedergabesystem oder Farb-Kathodenstrahirfhre nach Anspruch 3.
worn die Selcvleis (62') an einer Elektrode, die sine Quadrupollinse
bildet, einen grbBeren Winkel eines Zylinders unfsen als die Sektorteile
(72) an der anderen Elekbrode, welche dieselbe Quadrupoilinso bidet S.
Farbbildwiedergabosystem odor Farb-Kathodenstrahlrfhre nach Anspruch S.
worin die Selcortlei 5   (62) an einer Elestrode jeweils ungeflhr 145
Wrnkelgrade sines Zylinders umfassen und die Sekiorlile (72') an der
anderen Elektrode ungef~hr 25 Winkelgrade eines Zylinders umfassen. 7.
Farbbildwiedergabesystem oder Farb-Kahodenstrahlr!hr- nach einem der    ohe
An- sprOche mit einer Elnrchtung (120) zum Anlegen elnes dynamischon Signal
(Vm4) an mindestens eim (42) der ersten und zwelten
Quadrupollinsen-Eleoktroden (42, 44), wobei dieses dynanmiche Sial mit 10
der Ablenkung der Eleldronenstahlen (28) In Beziohung stehL 8. Farbbil
dw  odor Farb-Kathodenstrahlrihre nach Anspnrch 7 mit einer Einchlun (142)
zum Anlegon sines zweltsn dynamischen Signals (VmS) an mindestens die
andere (44) der ersin und zweiten QuadrupalllnsenEbetoden (42, 44), wobei
das zweite dynische Signal mit der Aben- kurlg der Elertronenstahen (28) In
Beziehung stoht. 15 .   9. . Farbbi       ld  odor Farb-   ostr        hre
nach einern der ohegenden An- sprOche, worin die Quadrupollinse nAher an
der besagten Ha            als am besaglen staiformenden iBerelch lieg. 20
1. Un systhme de visualisation en couleurs cpmprenant un bb
auto-convergent (30) qAi prdt un champ de d6vilaion magntique astgmatque et
un tube A rayons cathodiques (10) ayant un canon a diso- trons (26) pour
produfre et diriger troi falsceaux rddlectrons Is long du taet vers Lin
6cran (22) duti tube. Wdit canon conlprenant des lectrodos (34, 36, 38, 40)
comprenant une rcgion de formation drun 25  -falsoeu, des le9ctrdes (44, 48
pour former une lentiile de focalisation princpals, et des 1eiclrdes pour
former une lenil. A quatre *leS entre la rdglon de formation du faisceau et
la lensls de focalsa- Vion principals dans chacun des tajets du falsceau
d'eiectrons, chaque lenis & quate pbles 6tai oriensle pour produire une
correcdon a un faisceau id'lecIrons associe (28) pour au mains compenser
prelemet efet du champ de dviawon magnedtque astigmaraique sur leabu  assoc
o  ss 30   dlecirodes pour former une lentil!e a quatre piles comprennent
une premibre 6lsctrode de lentile a qua- tre p~les (42) et une seconds
1eactrode de lentil!. a quatre poles (44), ladite seconds 6loerode de bn-
tins a quatre pies, etant micaniquem ent et 6iectriquement reliee & rune
dodess dctdes (44) pour frmer une lenile do focalsalon prindpale, et ldite
preilrn 1ierctrode do lentils& qire ple etant si- tuee entre la seconds
ectrods de lentile & quatre piles et la rgion de formation du fausoa et
bisant 35  face A la seconds isedrocde do lentile a quatre pbles et carac*s
en co quo les prenibre et seconds - occrmdes do lentilbe & qualre pbles
(42, 44) cmiprennent chacune uns pairs de porllions do secteus opposes;
(62, 72; 62', 72) drun element tubulaire (60. 70), les portions de secdeus
oppoedes pre- mire et seconds 6ectrodes de lentille a quatre pdles etant
entrelacdes avec les portions de secte oppoades de rautre. 40     2. Un
tube a rayons cathodqus couleur (10) ayant un carnn a 6iecrons (26) pour
produse et diiger trots faiscoaux drlectrons le kong de trajets vers un
bcran (22) dudit tube, lock caon tcomprenant des lectrodes (34, 36, 38, 40)
comprenant des electrodes A rdglon de formation de faisceat (44, 46) pour
forner une lentil!. de focalisation principals, et des 6lectrodes pour
former une lentil!e A qualre poles en- tre la rdglon de formation de
falsceau et la lentille de focalisation principals dans chacun des trajtsl
de 45  faisceaux dl6lecIrons.ob leadibes electrodes pour former une lentils
a qualre pbles coaprennent uns 



premibre 6lecirode de lenfilse  quatre pbles (42) et une seconds lsecbrode
de lentils A quate pbles (45). iadite seconds lerctrde de lentil!. a quatre
poles etant mrcaniquement et 6leclriqumernt r1,e a rune desdites lectrodes
(44) pour former une lentille de focalisation principals, et ia presrWre
6lectrode de lentile a quatre poles etant situee entre la seconds 61ectrode
d lentile a quatre pbles et la rdgion de for- 50   mation de faiscoau et
falsant face a la seconds electrode de- ntlle a- quatre pOles, caractdns6
en co quo les premiere et seconde 6lectrodes de lentil!e a quatre poles
(42, 44) comprennent chacune une pai- re de portions de secteurs opposees
(62, 72; 62', 72') d'un element tubulaire (60, 70), les portions de
secteurs opposees de chacune des premiere et secondse lectrodes d lentille
a quatre poles etant en- trelacees avec les portions de secteur opposees de
l'autre. 55     3. Un systame de visualisation on couleurs salon la
rovoncication 1 ou un tube a rayons cahoqs couleur salon la revendication
2, ob l'element tubulaire precit6 (60, 70) a la forms crun cylindre
circulais. 4. Un systbme de visualisation on couleurs ou un tube a rayons
cathodiquoes couleur salon la revenl- cation 3, dans lequel chaque portion
de secteur (62, 72) entoure approximativement 85 degres d'angle - d'une
circonf6rence d'un cylindre (60, 70). so    5. Un systeme de visuaiisation
en couleurs ou un tube & rayons cathodilues couleur solon la reveni- cation
3, dans lequel les porfions de secteurs (621 sur une 6lectrode fornant une
lentile a quatre poles particuliere entourent un angle plus grand d'un
cylindre quo les portions de secteurs (72) sur rautre Mlectrode formant la
lentille A quatre.poles.particuliere. 6. Un systeme de visu ..asation en
couleurs ou un tube A rayons cathodxquee coulour solon la reveni- s5
cation 5, dans lequel les portions de secteurs (62) sur une 6lectrode
entourent chacune approxinatve- 8    *C  L  M  S* ment 145 degr6s d'angle
d'un cylindre, et ies portions de secteurs (72) sur l'autre 61ectode
entouent approximatoement 25 dogres d'anghl d'un cylindre. 7. Un systeme de
vlsuallsation on coulours ou un tube & rayons cathodiques couleur selon
rune des revendications pdentes. qui comprend un moyen (120) pour appliquer
un signal dynamique (Vm4) a 5   au moins l'une (42) des premibre et seconde
61ectrodes de lontiile & quatre poles pr6cfes (42. 44), dit signal
dynamique 6tant on rapport avoc la devlation des hisceaux d'6lectrons (28).
& Un systkno do vsualsalon on couleurs ou un tube a rayons catiodlques
couleur selon la revonci- cation 7, qui comprend un moyen (122).pour
appiquor un second sgnal dynaique (Vm5) A au mois rautre (44) deA promer-
et seconds  loctdods do lontl &-quatre p~les prcities (42. 44), l second 10
signal dnamu  rdct6 itant on rpport avoc a d6viation des isceaux
d'6lectrons (28). 9. Un systbmo do visuaiisation on couleurs ou un tube a
mayons 6atdxqos couleur selon rune des rovondications pr~c~dss, dans 'equel
ia lentillh A quatr p'Wes priclt6d   est sihue plus pros de a n- tills do
hocaisatlon prncipale pr6cte quo la rdglon pr6cft6o de fofmation de
falscoaL 15 20 25 30 35 40 45 50 55 60 *65 9    


