
EP 0 366 245 B1 Description This Invention relates to a color display
system including a cathode-ray tube (CRT) having an inline three- beam
electron gun, and particularly to such a system and tube wherein the spot
size of the electron beams 5   is controlled by at least two different
dynamic voltages applied to two of the electrodes of the gun. With recent
utilization of large screen Inline color CRT's for both CAD/CAM and
entertainment applications, a reduced electron beam spot size over the
entire screen is required for the high resolution requirements of such
applications. The color display system includes the inline color CRT and a
self-converging yoke, for pro- viding magnetic fields which cause the beams
to scan horizontally and vertically in a rectangular raster over 10  the
screen of the tube. Because of fringe fields, the self-converging yoke
introduces into the tube strong as- tigmatism and deflection defocusing
caused, primarily, by vertical overfocusing and, secondarily, by horizontal
underfocusing of the beams during deflection. To compensate, it has been
the practice to introduce an astigmatism into the beam-forming region of
the electron gun, to produce a defocusing of the vertical rays and an
enhanced focusing of the horizontal rays. 15  Such astigmatic beam-forming
regions have been constructed by means of G1 control grids or G2 screen
grids having slot-shaped apertures. These slot-shaped apertures produce
non-axially-symmetric fields with quad- rupolar components which act
differently upon rays in the vertical and horizontal planes. Such
slot-shaped apertures are shown in U.S. Pat. No. 4,234,814, issued to Chen
et al. on Nov. 18, 1980. These constructions are static; the quadrupole
field produces compensatory astigmatism even when the beams are undeflected
20  and experiencing no yoke astigmatism. To provide improved dynamic
correction, U.S. Pat. No. 4,319,163, issued to Chen on March 9, 1982, in-
troduces an extra upstream screen grid, G2a, with horizontally slotted
apertures, and with a variable or modu- lated voltage applied to It. The
downstream screen grid, G2b, has round apertures and is at a fixed voltage.
The variable voltage on G2a varies the strength of the quadrupole field, so
that the astigmatism produced is 25  proportional to the scanned off-axis
position. Although effective, use of astigmatic beam-forming regions has
several disadvantages. First, beam- forming regions have a high sensitivity
to construction tolerances because of the small dimensions involved.
Second, the effective length or thickness of the G2 grid must be changed
from the optimum value It has in the absence of slotted apertures. Third,
beam current may vary when a variable voltage is applied to a beam- 30
forming region grid. Fourth, the effectiveness of the quadrupole field
varies with the position of the beam cross- over and, thus, with beam
current. U.S. Pat. No. 4,731,563, issued to Bloom et al. on March 15, 1988,
discloses an astigmatism correction for an electron gun which is not
subject to the enumerated disadvantages. The gun includes beam-forming re-
gion electrodes, main focusing lens electrodes, and two interdigitated
electrodes for forming a multipole lens 35  between the beam-forming region
and the main focusing lens, in each of the electron beam paths. Each mul-
tipole lens is oriented to provide a correction to an associated electron
beam, to at least partially compensate forthe effect of the astigmatic
magnetic deflection field on that beam. A first multipole lens electrode is
located between the beam-forming region electrodes and the main focusing
lens electrodes. A second multipole elec- trode is connected to a main
focusing lens electrode and located between the first multipole lens
electrode 40  and the main focusing lens, adjacent to the first multipole
lens electrode. Means are included for applying a fixed focus voltage to
the second multipole lens electrode and a dynamic voltage signal, related
to the deflec- tion of the electron beams, to the first multipole lens
electrode. Each multipole lens is located sufficiently close to the main
focusing lens to cause the strength of the main focusing lens to vary as a
function of voltage va- riation of the dynamic voltage signal. The dynamic
voltage signal modulates the first multipole lens electrode 45  at the
horizontal scan rate, to correct the distortion of the electron beams at
the 3:00 and 9:00 o'clock (here- inafter, the 3D and 9D) screen locations
with a single waveform. However, because of the penetration of the fringe
fields into the electron gun, the beams are caused to pass off-axis through
a stronger part of the main focusing lens. The off-axis paths of the beams
and the vertical overfocusing action caused by the vertical de- flection
windings of the self-converging yoke require a higher vertical focus
voltage at the top of the screen 50  than at the center of the screen, and
dynamic correction of this focus voltage difference must be achieved at the
vertical scan rate. This can be achieved using the interdigital structure
within the main focusing lens; how- ever, because of the low vertical rate
frequency (60 Hz), it is difficult to economically capacitively couple the
required waveform into the focus supply without degrading the tracking
characteristics of the focus supply with respect to the anode supply. 55
U.S. Pat. No.4,764,704, issued to New etal. onAug.18, 1988, utilizes the
dynamically modulated multipole lens of U.S. Pat. No. 4,731,563, in
combination with an additional lens located between the beam-forming re- 



gion of the electron gun and the multipole lens. The additional lens
provides a static correction and refraction of the electron beams emerging
off axis from the lens of the beam-forming region, and asymmetrically
focuses 2    EP 0 366 245 B1 the beams to provide asymmetrically-shaped
beams to the main focus lens. A drawback of the additional lens is that the
rectangularly-shaped apertures that are utilized to provide static
correction to the beams are difficult to align accurately on the
cylindrical mount pins used during electron gun fabrication. Kateuma et
al., in an article entitled DYNAMIC ASTIGMATISM CONTROL QUADRA POTENTIAL
FOCUS 5   GUN FOR 21-IN. FLAT SQUARE COLOR DISPLAY TUBE, SID DIGEST, 136
(1988), describe a Quadra Po- tential Focus gun having six electrodes, with
the fourth (G4) electrode comprising three discrete elements G41, G42, and
G43. A dynamic voltage with a parabolic wave form is applied to the G2
electrode and to the G41 and G43 elements of the G4 electrode. The G42
element has vertically oriented oval apertures which, in con- junction with
the horizontal blades located above and belowthe round apertures of the G41
and G43 elements, 10  facing the G42 element, form a quadrupole lens that
provides adequate compensation for astigmatism and deflection defocusing.
Adrawbackof the described gun is that the number of parts has been
increased, adding to the cost of the gun, and the oval apertures in the G42
element pose the same difficulty in alignment as do the rectangular
apertures of U.S. Pat. No. 4,764,704. A variation of the gun of Katsuma et
al. is described in an article by Shirai et al., entitled QUADRUPOLE 15
LENS FOR DYNAMIC FOCUS AND ASTIGMATISM CONTROL IN AN ELLIPTICAL APERTURE
LENS GUN, SID DIGEST, 162 (1987). The quadrupole lens of the gun, also
comprising a three-element G4 electrode, Is formed by rotationally
asymmetrical through-holes in the G42 element and horizontal slots around
the circular apertures of the G41 and G43 elements of the G4 electrode. A
dynamic voltage is applied to the G41 and G43 elements. Adisclosed drawback
of the gun Is that the astigmatism correction ability of the quadrupole
lens is 20  limited by the aberration of the main lens. When an electrode
is modulated, the modulation signal has two components: a horizontal rate
(15.75 KHz) component, and a vertical rate (60 Hz) component. EP-A-0 275
191 suggests applying such a two-component signal to either an electrode of
an asymmetric second lens or to an electrode of a main focusing third lens,
to provide an astigmatic correction to the electron beams and compensate
for astigmatisms occurring In either 25  the electron gun or in the
deflection yoke. However, applicant has found that applying a two-component
(hor- izontal rate plus vertical rate) signal to an electrode of the second
lens provides less than total compensation. DE-A-3 741 202 teaches that
applying a two-component (horizontal rate plus vertical rate) signal to an
elec- trode of the main focusing lens presents very practical difficulties.
DE-A-3 741 202 discloses a three-element G4 electrode; and that a
two-component (horizontal rate plus 30  vertical rate) signal be applied
preferably to the two outer elements of the three-element G4 electrode.
Fur- thermore, each G4 electrode element to which the two-component signal
is applied may have three rotationally symmetrical inline apertures
therethrough, elongated in the Inline direction and including a
substantially cir- cular center portion. In the embodiment of Figure 8 of
DE-A-3 741 202 each aperture includes two arcuate circular outer portions
concentric with the circular center portion and therefore non-intersecting
with the cir- 35  cumference of the circular center portion. Thus, there is
an unsmooth (sharp) blending of the outer portions with the center portion,
which presents difficulties in manufacture and handling. According to the
present invention, there is provided a color display system Including a
cathode-ray tube having an envelope with an inline electron gun therein for
generating and directing three Inline electron beams along initially
coplanar paths towards a screen on an interior portion of said envelope,
said gun including a 40  plurality of spaced electrodes which provide
afirstlens, a second lens and a third lensforfocusing said electron beams,
said first lens including a beamforming region for providing substantially
symmetrical beams to said second lens, said second lens Including a first
modulation electrode of said second lens, and said system in- cluding a
self-converging yoke that produces an astigmatic magnetic field for said
beams; said second lens Including means for applying a first vertical rate
modulation voltage signal to said first modulation electrode 45  thereof,
and asymmetric beam-focusing means for providing asymmetrically-shaped
beams to said third lens, and said third lens including means for applying
a first horizontal rate modulation voltage signal to a second modulation
electrode thereof which is electrically separate from said first modulation
electrode, said first vert- ical and horizontal rate modulation signals
being related to deflection of the electron beams, said second and third
lenses being, in operation, separately modulated by use of the electrically
separated firstand second mod- 



50  ulation electrodes. In the drawings: FIGURE 1 (Sheet 1) is a plan view,
partially in axial section, of a conventional color cathode-ray tube.
FIGURE 2 (Sheet 2) is a schematic sectional view showing an overall
construction of a conventional bi- potential four-grid electron gun. 55
FIGURE 3 (Sheet 1) is a representation showing the shapes of electron beam
spots on the screen of a conventional color cathode-ray tube. FIGURE 4a
(Sheet 2) shows the electron beam current density contour at the center of
the screen for the electron gun of FIGURE 2, FIGURE 4b (Sheet 2) shows the
electron beam current density contour within the 3    i EP 0 366 245 B1
main lens of the electron gun of FIGURE 2, and FIGURE 4c (Sheet 2) shows
the current density contour for the electron beam of the electron gun of
FIGURE 2 deflected to the upper right hand corner of the screen in FIGURE
3. FIGURES 5 and 6 (Sheet 3) are axial front and side views, respectively,
of an electron gun according to 5   the present invention. FIGURES 7 (Sheet
4), 8 (Sheet 5), 9 (Sheet 5) and 10 (Sheet 6) are sectional views of the
electron gun shown in FIGURE 5, taken along lines 7-7, 8-8, 9-9 and 10-10,
respectively. FIGURE 11 (Sheet6) shows the electron beam
currentdensitycontourfrom the beam-forming region (first lens) of the
present electron gun. 10     FIGURE 12 (Sheet 6) shows the electron beam
current density contour within the main lens produced by the second lens of
the present electron gun. FIGURE 13 (Sheet 7) shows two curves which
represent the horizontal rate modulation voltage that must be superimposed
on a 7kV focus voltage applied to the G5' electrode, to focus the vertical
component of the electron beams along the major tube axis and along the top
of the screen, respectively. 15     FIGURE 14 (Sheet 8) shows a curve which
represents the vertical rate modulation voltage that must be superimposed
on the preferred lowfocusvoltage applied tothe G4 electrode, tofocus the
electron beams along the minor axis of the tube. FIGURE 15 (Sheet 9) shows
a curve which represents a second horizontal rate modulation voltage that
must be superimposed on the preferred low focus voltage applied to the G4
electrode, to apply an additional 20  focus correction factor to the
deflection electron beams. FIGURE 18 (Sheet 10) shows a pair of curves
which relate the electron beam spot size on the screen, along the major
tube axis, at the 3D and 9D positions, as a function of the horizontal rate
modulation voltage applied to the G4 electrode. FIGURE 17 (Sheet 11) shows
a pair of curves which relate the electron beam spot size on the screen, 25
along the minor tube axis, at the 6D and 12D positions, as a function of
the vertical rate modulation voltage applied to the G4 electrode. FIGURE 1
shows a conventional rectangular color picture tube 10 having a glass
envelope 11 comprising a rectangular faceplate panel 12 and a tubular neck
14 connected by a rectangular funnel 16. The panel 12 comprises a viewing
faceplate 18 and a peripheral flange or sidewall 20, which is sealed to the
funnel 16 by 30  a frit seal 21. A mosaic three-color phosphor screen 22 is
located on the interior surface of the faceplate 18. The screen preferably
is a line screen, with the phosphorlines extending substantially
perpendicularto the high frequency raster line scan of the tube (normal to
the plane of the FIGURE 1). Alternatively, the screen could be a dot
screen. A multi-apertured color selection electrode or shadow mask 24 is
removably mounted, by con- ventional means, in predetermined spaced
relation to the screen 22. An inline electron gun 26, shown sche- 35
matically by dashed lines In FIGURE 1, is centrally mounted within the neck
14, to generate and direct three electron beams 28 along initially coplanar
beam paths through the mask 24 and toward the screen 22. One type of
electron gun that is conventional is a four-grid bipotential electron gun,
such as that shown in FIGURE 2 herein and described In U.S. Pat. No.
4,620,133, issued to Morrell et al. on October 28, 1986. The tube of FIGURE
1 is designed to be used with an external magnetic deflection yoke, such as
yoke 40  30, located in the region of the funnel-to-neck junction. When
activated, the yoke 30 subjects the three beams 28 to magnetic fields which
cause the beams to scan horizontally and vertically in a rectangular raster
over 



the screen 22. The initial plane of deflection (at zero deflection) is
shown by the line P-P in FIGURE 1 at about the middle of the yoke 30.
Because of fringe fields, the zone of deflection of the tube extends
axially from the yoke 30 into the region of the gun 26. For simplicity, the
actual curvature of the deflected beam paths in the 45  deflection zone is
not shown in FIGURE 1. The yoke 30 provides an inhomogeneous magnetic field
that has a strong pincushion-like vertical deflection magnetic field and a
strong barrel-like horizontal deflection mag- netic field, to converge the
electron beams at the peripheral part of the screen 22. When the electron
beams pass through such an inhomogeneous magnetic field, the beams are
subject to distortions and defocusing. As a result, at the peripheral
portions of the screen 22, the shape of the electron beam spot is greatly
distorted. 50  FIGURE 3 represents an electron beam spot for a single beam,
which is circular at the center of the screen and undergoesvarious types of
distortions at the periphery of the screen 22. As shown in FIGURE 3, the
beam spot becomes horizontally elongated when deflected along the
horizontal axis. The beam spot at the four cor- ners of the screen
comprises a combination of horizontally elongated portions and vertically
elongated portions that form elliptically-shaped spots with halo-shaped
elongations thereabout The resolution Is degraded as the 55  electron beam
is deflected, and the non-uniform focusing, which cannot be neglected,
presents a problem which must be addressed. The above-cited U.S. Pat
4,620,133 addresses the beam focus problem by providing a color imaging
dis- play system that includes a deflection yoke and an electron gun that
has both a beam-forming region, com- 4    EP 0 366 245 B1 prising a first
grid, G1, a second grid, G2, and a third grid, G3, and a main focusing
lens, G3-G4, which works in conjunction with the deflection yoke and the
beam-forming region to provide a beam spot at the screen 22. FIGURE 4a
herein shows an electron beam current density contour, at the center of the
screen 22, for an elec- tron beam produced by the beam-forming region and
the main lens of the electron gun shown in FIGURE 2. 5   The beam current
of the electron gun Is 4 milliamperes. The electron beam current density
contour of FIGURE 4a comprises a relatively large center portion, having a
substantially constant beam current of about 50% of the average beam
current, and peripheral portions, where the beam current drops to about 5%
of the average beam current and finally to about 1% of the average beam
current. The beam is elliptically-shaped along the vertical axis, to reduce
the overfocusing action of the yoke when the beam is deflected. FIGURE 4b
shows 10  the beam currentdensity contourwithin the main lens, L2, that is
between the G3 and G4 electrodes of FIGURE 2. The electron beam at this
location is horizontally elongated; however, the 50% beam current density
portion is contained within the small elliptical center section of the
beam, which is circumscribed by the larger elliptical portions which
represent the 5% and 1% beam current density contour of the electron beam
deflected into the upper right hand corner of the screen. Same haloing
occurs above and below the central portion of the beam. 15  The beamspots
produced on the screen by the conventional bipotential electron gun are
unacceptable forlarge screen television sets and CAD/CAM applications. The
details of an electron gun 40, according to the present invention, are
shown in FIGURES 5 and 6. The gun 40 comprises three equally-spaced,
coplanar cathodes 42 (one for each beam), a control grid 44 (G1), a screen
grid 46 (G2), a third electrode 48 (G3), a fourth electrode 50 (G4), a
fifth electrode 52 (G5), the G5 20  electrode including a G5' portion 54
and a G5" portion 55, and a sixth electrode 56 (GO). The electrodes are
spaced in the order named from the cathodes and are attached to a pair of
glass support rods (not shown). The cathodes 42, the G1 electrode 44, the
G2 electrode 46 and a portion of the G3 electrode 48 facing the G2
electrode 46 comprise a beam-forming region of the electron gun 40. Another
portion of the G3 elec- trode 48, the G4 electrode 50 and the G5" portion
55 of the G5 electrode 52 comprise a first asymmetric lens. 25  The G5'
portion 54 of the G5 electrode 52 and the G6 electrode 56 comprise a main
focusing (or second asym- metric) lens. Each cathode 42 comprises a cathode
sleeve 58 closed at Its forward end by a cap 60 having an end coat- ing 62
of an electron-emissive material thereon, as is known in the art. Each
cathode 42 is indirectly heated by a heater coil (not shown) positioned
within the sleeve 58. 30     The G1 and G2 electrodes, 44 and 46, are two
closely-spaced, substantially-flat plates each having three pairs of inline
apertures 64 and 66, respectively, therethrough. The apertures 64 and 66
are centered with the cathode coatings 62, to initiate three equally-spaced
coplanar electron beams 28 (as shown In FIGURE 1) di- rected towards the
screen 22. Preferably, the initial electron beam paths are substantially
parallel, with the middle path coinciding with the central axis A-A of the
electron gun. 



35     The G3 electrode 48 Includes a substantially flat outer plate 68
having three inline apertures 70 there- through, which are aligned with the
apertures 66 and 64 In the G2 and G1 electrodes 46 and 44, respectively.
The G3 electrode 48 also includes a pairof cup-shaped first and second
portions 72 and 74, respectively, which are joined together at their open
ends. The first portion 72 has three inline apertures 76 formed through the
bottom of the cup, which are aligned with the apertures 70 in the plate 68.
The second portion 74 of the G3 40  electrode has three apertures 78 formed
through its bottom, which are aligned with the apertures 76 in the first
portion 72. Extrusions 79 surround the apertures 78. Alternatively, the
plate 68 with Its inline apertures 70 may be formed as an integral part of
the first portion 72. The novel G4 modulation electrode 50 comprises a
substantially flat plate having three rotationally-asym- metrical Inline
apertures 80 formed therethrough, which are aligned with the apertures 78
In the G3 electrode. 45  The shape of the apertures 80 is shown In FIGURE
7. As shown in FIGURE 7, the rotationally-asymmetrical apertures 80 are
elongated in the horizontal direc- tion, i.e., in the direction of the
inline apertures. Each of the apertures 80 includes a substantially
circular center portion comprising a primaryopening 120 having a radius,
[err] of 0.079 inch (2.007 mm) and a pairof oppositely disposed arcuate
portions 122 formed by secondary openings located on each side of the
primary opening. 50  The secondary openings partially overlie the primary
opening 120, and each has a radius, [err] of 0.020 inch (0.511 mm) and is
located on the horizontal axis B-B a distance of 0.067 inch (2.302 mm) from
the center of the opening 120, so thatthe overall horizontal dimension, H,
of the aperture 80 is 0.174 inch (4.420 mm). The secondary openings 122 are
blended smoothly into the primary openings 120. The maximum vertical dimen-
sion, V, of the aperture 80 is 0.158 inch (4.013 mm) and Is equal to the
diameter of the primary opening 120. 55   The circular primary openings
facilitate assembly of the electron gun components on cylindrical mount
pins. The rotationally-asymmetrical apertures 80 provide a quadrupole
focusing effect on the beams passing there- through, which effect is
enhanced by the application of application of a dynamic voltage thereto
which varies with the deflection of the electron beams. The application of
dynamic voltages to a relatively low voltage ele-    EP 0 366 245 B1 ment
of an electron gun is disclosed in the above-cited U.S. Pat. No. 4,319,163.
The G5" electrode portion 52 comprises a first deep-drawn, cup-shaped
member having three apertures 82, surrounded by extrusions 83, formed in
the bottom end thereof. Asubstantially flat plate member 84 having three
apertures 86, aligned with the apertures 82, Is attached to and closes the
open end of the first cup-shaped 5   member. Afirst plate portion 88,
having a plurality of openings 90 therein, is attached to the opposite
surface of the plate member 84. The G5' electrode portion 54 comprises a
second deep-drawn, cup-shaped member having a recess 92 formed in the
bottom end, with three Inline apertures 94 formed In the bottom surface
thereof. Extrusions 95 surround the apertures 94. The opposite open end of
the G5' electrode portion 54 is closed by a second plate 10  portion 96
having three openings 98 formed therethrough, which are aligned and
cooperate with the openings 90 in the first plate portion 88 in a manner
described below. The G6 electrode 56 is a cup-shaped, deep-drawn member
having a large opening 100 atone end, through which all three electron
beams pass, and an open end, which is attached to and closed by a plate
member 102 that has three apertures 104 therethrough which are aligned with
the apertures 94 In the G5' electrode 15  portion 54. Extrusions 105
surround the apertures 104. The shape of the recess 92 in the G5' electrode
portion 54 is shown in FIGURE 8. The recess 92 has a uniform vertical width
at each of the electron beam paths, with rounded ends. Such a shape has
been referred to as the "racetrack" shape. The shape of the large opening
100 in the G6 electrode 56 is shown in FIGURE 9. The aperture 100 Is 20
vertically higher at the side electron beam paths than It is at the center
beam path. Such a shape has been referred to as the dogbone" or "barbell"
shape. The first plate portion 88 of the G5" electrode portion 52 faces the
second plate portion 96 of the G5' elec- trode portion 54. The openings 90
in the first plate portion 88 have extrusions, extending from the plate
portion, that have been divided into two segments 106 and 108 for each
opening. The openings 98 in the second plate 25  portion 96 also have
extrusions, extending from the plate portion 96, that have been divided
into two segments 110 and 112 for each opening. As shown In FIGURE 10, the
segments 106 and 108 are interleaved with the segments 110 and 112. These
segments are used to create multipole (e.g., quadrupole) lenses in the
paths of each electron beam when different potentials are applied to the
G5" and G5' electrode portions 52 and 54, 



respectively. By proper application of a dynamic voltage signal to the G5'
electrode portion 54, it is possible 30  to use the quadrupole lenses
established by the segments 106, 108, 110 and 112 to provide an astigmatic
cor- rection to the electron beams, to compensate for astigmatisms
occurring in either the electron gun or in the deflection yoke. Such a
quadrupole lens structure is described in the above-cited U.S. Pat. No.
4,731,563. Specific dimensions of the computer-modeled electron gun for use
in a 27V110 tube are presented in the following 35 40 45 50 55 6    EP 0
366 245 B1 TABLE 5                                          Inches      m m
K-G1 spacing                       0.003       0.08 Thickness of G1
electrode 44       0.0025      0.06 10      Thickness of G2 electrode 46
0.024       0.61 01 and G2 aperture diameter        0.025       0.64 G1 and
G2 spacing                  0.010       0.25 G2 and G3 spacing
0.030       0.76 15      Thickness of G3 plate portion 68   0.010
0.25 G3 aperture diameter               0.040       1.02 Length of G3
electrode             0.200       5.08 20      Thickness of G4 electrode 50
0.035       0.89 G4 electrode aperture size         0.158V x   4.01V x 0.
174H    4.42H G3 and G4 spacing                  0.050       1.27 Overall
length of G5" and G5' electrode portions 52 and 54              0.890
22.61 G4 and G5 spacing                  0.050       1.27 30      Spacing
between plate portions 88 and 96                       0.040       1.02
Length of recess 92                0.715       18.16 35      Vertical
height of recess 92       0.315       8.00 Depth of recess 92
0.115       2.92 Length of G6 electrode             0.130       3.30 G5 to
G6 spacing                   0.050       1.27 40     Diameter of apertures
78, 82, 94 and 104 and openings 90 and 98     0.160      4.06
Center-to-center aperture spacing    0.200     5.08 45     Length of
opening 100               0.698       17.73 Vertical height of opening 100
at center beam                    0.267       6.78 50 55 7    EP 0 366 245
B1 Vertical height of opening 100 at outer beams
0.280          7.11 



Depth of opening 100                           0.115          2.92 Length
of 53 extrusions 79                     0.035          0.89 Length of G5
extrusions 83                     0.029          0.74 Length of G5'
extrusions 95                    0.034          0.86 10          Length of
G6 extrusions 105                    0.045           1.14 In the embodiment
presented in the TABLE, the electron gun 40 is electrically connected as
shown in FIG- URE 6. Typically, the cathode operates at about 15OV, the GI
electrode is at ground potential, the G2 electrode 15 operates within the
range of about 300V to 1000V, the G3 electrode and G5" electrode portion
are electrically Interconnected and operate at about 7kV, and the G6
electrode operates at an anode potential of about 25kV. At least one
dynamic voltage signal is applied to the G4 electrode and anotherdynamic
voltage signal is applied to the G5' electrode portion. In the present
electron gun 40, the first lens, L1, (FIGURE 6) comprising the GI electrode
44, the G2 elec- 20  trode 46 and the adjacent portion of the 63 electrode
48, provides a symmetrically-shaped high quality electron beam ratherthan
an asymmetrically-shaped electron beam into the second lens, L2. The beam
current density contour of one of the beams of L1 is shown in FIGURE 11. It
can be seen that the present beam-forming region does not introduce any
appreciable asymmetry into the electron beam. The second lens, L2,
comprising the G4 modulation electrode 50 and the adjacent portions of the
G3 eleo- 25  trode 48 and the G5 electrode 52 (i.e., the G5" electrode
portion), constitutes an asymmetric lens which pro- vides a
horizontally-elongated electron beam which, within the third or main focus
lens, L3, has the beam spot contour shown in FIGURE 12. The substantially
oval shape of the electron beam is produced by the combin- ation of the
rotationally asymmetrical apertures 80 formed through the G4 electrode 50
and the dynamic vol- tage applied thereto. 30      The main, or third,
focus lens, L3, formed between the G5' electrode portion 54 and the G6
electrode 56 also is a low aberration lens, which is optimized, as
described below, for zero astigmatism at the center of the screen, with the
main lens modulation electrode portion 54 and the focus electrode 52 at the
same potential (about 7KV) and the G4 electrode 50 at the same potential
(about 350 V) as the G2 electrode 46. In the present electron gun 40, the
G4 modulation electrode 50 is effective for both horizontal rate mod- 35
ulation (15.75 KHz) along the majortube (inline) axis fromthe 3D to the 9D
screen locations, and forthevertical rate modulation (60 Hz) along the
minor tube axis (normal to the inline axis) from the 6D to the 12D screen
locations. However, because the G4 electrode is too close to the electron
beam crossover position at high cur- rents, it cannottotally compensate
fordeflection defocusing in the 2D and 10D tube corners (and also, bysym-
metry, in the 4D and 8D corners). Because of the difficulties of
capacitively coupling at the vertical scan rate 40 in the high voltage
focus supply (7kV), and because of the ineffectiveness of horizontal rate
modulation at the tube corners (2D - IOD and 4D - 8D) using only the low
voltage G4 electrode 50, the present invention utilizes dual modulation
electrodes. The horizontal rate modulation is accomplished by superimposing
a substantially parabolic voltage signal which Increases with deflection
angle, onto the focus supply voltage which is coupled to the G5' electrode
portion 54. Vertical rate modulation is achieved by applying a different
parabolic voltage 45  signal, which also increases with deflection angle,
onto the low focus voltage applied to the G4 electrode 50. FIGURE 13 shows
afirstcurve 124 thatdepicts the horizontal rate modulation voltage signal,
with respect to the (screen center) focus voltage (7kV) that is required on
the G5' electrode portion 54, to focus the electron beams along the
majortube axis from 3D to 9D. Curve 126 shows the higher horizontal rate
modulation voltage necessary on the G5' electrode portion 54, to focus the
electron beams across the top (or bottom) of the screen 50  from 2D to 10D
(or4D to 8D), when a suitable vertical rate modulation voltage signal is
applied to the G4 elec- trode 50 for correcting the electron beam focus
along the minor axis of the tube from 6D to 12D. The vertical rate
modulation voltage signal curve 128 is shown in FIGURE 14. It is seen, in
FIGURE 13, that a disadvantage of the dual electrode dynamic modulation
signal voltages suggested by the waveforms of FIGURES 13 and 14 is that the
horizontal rate modulation voltage signal re- 55   quired to properly focus
electron beams along the top of the screen and in the 2D and 10D corners
(curve 126) is greater than that required for proper electron beam focus
along the major axis frorn 3D to 9D (curve 124). That is, simultaneous
focus along the major/minor axes and in the corner locations cannot be
achieved completely with horizontal rate modulation of the G5' main lens
electrode portion 54 and vertical rate modu- 8    EP 0 366 245 B1 



lation of the G4 electrode 50. While adequate, the simple dual electrode
dynamic modulation described above does not maximize the performance of the
system. System performance is maximized by introducing a "compound" dual
grid modulation which forces the total horizontal rate modulation voltages
along the major axis (3D-9D) and In the corners (2D-10D) to be the same. 5
This can be accomplished by applying an additional horizontal rate
modulation voltage signal to the G4 mod- ulation electrode 50 because,
while the G4 electrode 50 is effective for horizontal rate modulation at
the 3D and 9D screen locations, it has no effect on the 2D and 10D corners.
Thus, by applying a second horizontal rate modulation voltage signal 130
ranging from 0 to -300 volts (relative to G2) to the G4 electrode 50, to
over- focus the electron beam atthe 3D and 9D locations, the amplitude of
the first horizontal rate modulation voltage 10  signal applied to the G5'
electrode portion 54 can be Increased to the values shown in curve 126, to
focus the corners 2D and 1OD while retaining the focus along the major axis
at 3D and 9D. The second horizontal mod- ulation rate voltage signal 130 is
shown in FIGURE 15. FIGURES 16 and 17, respectively, showthe effective of
horizontal rate and vertical rate modulation voltage signals, applied to
the G4 electrode 50, on beam spot size along the major axis at 3D-9D and
the minor axis 15  at 6D-12D. FIGURE 16 shows that, along the major axis,
the electron beam spot size on the screen is hori- zontally elongated by
about 1.6:1 at the desired operating point of about 300 volts below the G2
potential of 350V. FIGURE 17 shows that, along the minor axis at the 6D and
12D positions, the electron beam spot size on the screen is vertically
elongated by about 1.7:1 at the desired operating point of about 300 volts
above G2 potential. The modulation described above affects the vertical
spot size without substantially effecting the hor- 20  izontal spot size.
In conclusion, the improved electron gun 40 comprises three lenses, the
second and third of which can be separately modulated to correct
astigmatism introduced into the electron gun from a self-converging yoke
surrounding the tube in the junction of the funnel and the neck of the tube
envelope. The third lens includes a G5' electrode portion that can be
modulated by a first voltage signal, at the horizontal scan rate, to
provide 25  a focusing correction of the electron beams on the screen along
the direction of the major tube axis. A second voltage signal, at the
vertical scan rate, can be applied to the G4 electrode of the second lens
to provide a focusing correction of the electron beams on the screen along
the direction of the minor tube axis. By utilizing a compound dual
modulation technique including, in addition to the above described
modulation voltages, an additional horizontal rate modulation voltage
signal applied to the G4 electrode, and by increasing the hori- 30  zontal
rate modulation voltage applied to the G5' electrode portion, the electron
beams can be focused in the corners in addition to being optimized along
the major and minor axes. While the present embodiment Is described with
respect to a 27V110 tube, the invention is not limited to that size tube
and may be utilized in larger or smaller tubes. 35 Claims 1. A color
display system including a cathode-ray tube (10) having an envelope with an
inline electron gun (26) therein for generating and directing three inline
electron beams along initially coplanar paths towards 40      a screen (22)
on an interior portion of said envelope, said gun (26) including a
plurality of spaced elec- trodes (G1,G2,G3; G3,G4,G5,G5',G6) which provide
a first lens (L1), a second lens (12) and a third lens (L3) for focusing
said electron beams, said first lens (L1) Including a beamforming region
(G1,G2,G3) for providing substantially symmetrical beams to said second
lens (L2), said second lens (L2) including a first modulation electrode
(G4) of said second lens, and said system including a self-converging yoke
(30) that 45      produces an astigmatic magnetic field for said beams;
said second lens (L2) including means for applying a first vertical rate
modulation voltage signal (128) to said first modulation electrode (50)
thereof, and asymmetric beam-focusing means for providing
asymmetrically-shaped beams to said third lens (L3), and said third lens
(L3) including means for applying a first horizontal rate modulation
voltage signal 50      (126) to a second modulation electrode (54) thereof
which is electrically separate from said first modu- lation electrode (50),
said first vertical and horizontal rate modulation signals being related to
deflection of the electron beams (28), said second and third lenses being,
in operation, separately modulated by use of the electrically separated
first (50) and second (54) modulation electrodes. 55 2. Asystem according
to claim 1, wherein the said first modulation electrode (G4) is disposed
between two other electrodes (G3,G5) of said second lens. 9 



EP 0 366 245 B1 lation of the G4 electrode 50. While adequate, the "simple"
dual electrode dynamic modulation described above does not maximize the
performance of the system. System performance is maximized by introducing a
"compound" dual grid modulation which forces the total horizontal rate
modulation voltages along the major axis (3D-9D) and In the corners
(2D-10D) to be the same. 5   This can be accomplished by applying an
additional horizontal rate modulation voltage signal to the G4 mod- ulation
electrode 50 because, while the G4 electrode 50 is effective for horizontal
rate modulation at the 3D and 9D screen locations, it has no effect on the
2D and IOD corners. Thus, by applying a second horizontal rate modulation
voltage signal 130 ranging from 0 to -300 volts (relative to G2) to the G4
electrode 50, to over- focusthe electron beam atthe 3D and 9D locations,
the amplitudeof thefirst horizontal rate modulation voltage 10  signal
applied to the G5' electrode portion 54 can be increased to the values
shown in curve 126, to focus the corners 2D and 10D while retaining the
focus along the major axis at 3D and 9D. The second horizontal mod- ulation
rate voltage signal 130 is shown in FIGURE 15. FIGURES 16 and 17,
respectively, showthe effective of horizontal rate and vertical rate
modulation voltage signals, applied to the G4 electrode 50, on beam spot
size along the major axis at 3D-9D and the minor axis 15  at 6D-12D. FIGURE
16 shows that, along the major axis, the electron beam spot size on the
screen is hori- zontally elongated by about 1.6:1 at the desired operating
point of about 300 volts below the G2 potential of 350V. FIGURE 17 shows
that, along the minor axis at the 6D and 12D positions, the electron beam
spot size on the screen is vertically elongated by about 1.7:1 at the
desired operating point of about 300 volts above G2 potential. The
modulation described above affects the vertical spot size without
substantially effecting the hor- 20  izontal spot size. In conclusion, the
improved electron gun 40 comprises three lenses, the second and third of
which can be separately modulated to correct astigmatism introduied into
the electron gun from a self-converging yoke surrounding the tube in the
junction of the funnel and the neck of the tube envelope. The third lens
includes a G51 electrode portion that can be modulated by a first voltage
signal, at the horizontal scan rate, to provide 25  a focusing correction
of the electron beams on the screen along the direction of the major tube
axis. A second voltage signal, at the vertical scan rate, can be applied to
the G4 electrode of the second lens to provide a focusing correction of the
electron beams on the screen along the direction of the minor tube axis. By
utilizing a compound dual modulation technique including, in addition to
the above described modulation voltages, an additional horizontal rate
modulation voltage signal applied to the G4 electrode, and by increasing
the hori- so  zontal rate modulation voltage applied to the G5' electrode
portion, the electron beams can be focused in the corners in addition to
being optimized along the major and minor axes. While the present
embodiment is described with respect to a 27V110 tube, the invention is not
limited to that size tube and may be utilized in larger or smaller tubes.
35 Claims 1. A color display system including a cathode-ray tube (10)
having an envelope with an inline electron gun (26) therein for generating
and directing three inline electron beams along initially coplanar paths
towards 40      a screen (22) on an interior portion of said envelope, said
gun (26) including a plurality of spaced elec- trodes (G1 ,G2,G3;
G3,G4,G5,G5',G6) which provide a first lens (L1), a second lens (12) and a
third lens (L3) for focusing said electron beams, said first lens (L1)
Including a beanforming region (G1 ,G2,G3) for providing substantially
symmetrical beams to said second lens (L2), said second lens (L2) including
a first modulation electrode (G4) of said second lens, and said system
Including a self-converging yoke (30) that 45      produces an astigmatic
magnetic field for said beams; said second lens (L2) including means for
applying a first vertical rate modulation voltage signal (128) to said
first modulation electrode (50) thereof, and asymmetric beam-focusing means
for providing asymmetrically-shaped beams to said third lens (L3), and said
third lens (L3) including means for applying a first horizontal rate
modulation voltage signal so      (126) to a second modulation electrode
(54) thereof which Is electrically separate from said first modu- lation
electrode (50), said first vertical and horizontal rate modulation signals
being related to deflection of the electron beams (28), said second and
third lenses being, in operation, separately modulated by use of the
electrically separated first (50) and second (54) modulation electrodes. 



55 2. Asystem according to claim 1, wherein the said first modulation
electrode (G4) is disposed between two other electrodes (G3,G5) of said
second lens. 9    EP 0 366 245 B1 3. A color display system according to
claim 1, wherein said second lens (L2) includes rotationally asym- metrical
beam-focusing means for providing asymmetrically-shaped beams to said third
lens, said third lens being a low aberration main focusing lens, said
rotationallyasymmetrical beam-focusing meansforsaid second lens (L2)
including a firstmod- 5       ulation electrode (50) with three
rotationally asymmetrical inline apertures (80) therethrough, each of said
apertures being elongated in the inline direction and including a
substantially circular center portion (120) and two oppositely disposed
arcuate portions (122) intersecting the circumference of said circular
center portion. 10  4. The display system of claim 1,2 or 3, further
comprising means for applying a second horizontal rate mod- ulation voltage
signal (130) to said first modulation electrode (50) of said second lens
(L2), said second horizontal rate modulation voltage signal also being
related to deflection of the electron beams (28). 15   PatentansprOche 1.
Farbanzeigesystm mit einer Kathodenstrahlrhre (10), die eine Hille mit
elnerdarin befindlichen Inline- Elektronenkanone (28) aufweist, um drel
Inline-Ele-tronenstrahlen zu erzeugen und entlang von zu- nachst koplanaren
Wegen auf einen Schirm (22) auf elnem inneren Tell der HOlle zu rlchten,
wobel die 20      Kanone (26) eine Vielzahl von im Abstand voneinander
angeordneten Eleitroden (GI, G2, G3; G3, G4, G5, G5', G6) enthilt, die elne
erste Linse (LI) und eine zwelte Unse (12) und elne dritte Linse (13) zur
Fokusslerung derESektronenstrahlen vorsehen, wobel die erste Linse (LI)
elnen strahIformenden Berelch (G1, G2, G3) enthalt, um imwesentlichen
symmetrische Strahlen an diezwelte Linse (12) zu liefern, wobei die zweite
Llnse L2 elne erste Modulationselektrode (G4) der zweiten Linse, und das
System ein selbst- 25      konvergierendes Joch (30) enthalt, das ein
astigmatisches Feld fOr die Strahlen erzeugt; wobel die zweite Linso (L2)
Mittel enthilt, urn ein erstos Modulatlons-Spannungssignal (128) mit einer
Vertikal-Rate der ersten Modulatbonselektrode 50 zuzufthren, sowie Mittel
zur asymmetrischen Strahifokussierung, um der dritten Linse (L3)
asymmetrisch geformte Strahlen zuzufflhren; und wobei die dritte Linse (L3)
Mittel enthalt, umr en erstes Modulations-Spannungssignal (126) mit ei- 30
ner horizontalen Rate elner zwelten Modulationselektrode (54) zuzufuhren,
die eleidrisch von der ersten Modulationseletrode (50) getrennt Ist, wobel
die ersten Modulationssignale mit der vertilkalen und hori- zontalen Rate
auf die Ablenkung der Elektronenstrahlen (28) bezogen sind; wobel die
zweite und dritte Linse im Betrieb getrennt durch Verwendung der ele-trisch
getrenntbn ersten (50) und zweiten (54) Modulationselektroden modullert
werden. 35 2.  Farbanzelgesystem nach Anspruch 1, be! dem die erste
Modulatlonselektrode (G4) zwischen zwei ando- ren Elektroden (G3, G5) der
zwelten Linse angeordnet let. 3.  Farbanzeigesystem nach Anspruch 1, bel
dem die zweite LInse (12) rotationsasymmetrische Strahlfokus- 40
sierungsmittel enthilt, um asymmetrisch geformte Strahlen an die dritto
Linse zu liefern, wobei die dritte Linse elne Haupt-Fokussiorungslinse mit
geringer Aberration Ist; wobel die rotationssymmetrischen
Strahlfokussierungsmittel fOr die zweite Linse (L2) elne erste
Modulatlonselektrode (50) mit drei durch sle hindurch verlaufenden
rotationsasymmetrischen Inline-Aus- nehmungen (80) enthalt, von denen jade
linglich in der lnline-Richtung verlauft und einen im wesentli- 45
chen krelsformigen mittleren Teil (120) sowie zwei elnander
gogenfiberliegende gekrfrmmte Teile (122) enthalt, die den Umfang des
kreisfrmigen mittleren Tells schneiden. 4.  Farbanzeigesystem nach Anspruch
1,2 oder 3, das ferner Mittel enthalt, urn der ersten Modulationsdlek-
trode (50) der zweiten Linse (12) ain zweites Modulations-Spannungssignal
(130) mit horizontaler Rate zuzuflhren, wobei das zwelte
Modulations-Spannungssignal mit horizontaler Rate auch auf die Ablen- kung
der Elektronenstrahlen (28) bezogen lst. Revendicatlons 1.  Systeme
d'affichage couleur comprenant un tube a rayons cathodiques (10) comportant
une enveloppe poss6danta l'int6rieurun canon a6lectronsenligne (26)
pourg6n6reretdirigertroisfaisceauxd'61ectrons 



align6s le long des trajectoires initialement coplanalres vers un 6cran
(22) sur une partie int6rieure de 10    EP 0 366 245 B1                  1l
ladite enveloppe, ledit canon (26) comprenant une pluralite d'hlectrodes
espac6es (G2, G2, G3; G3, G4, G6, G6,. GO) qui fournissent une premiere
lentille (LI), une seconde lentille (12) et une troisieme lentille (L3) en
vue de focaliser les faisceaux d'electrons, ladite premlire lentille (LI)
Incluant une rhgion de for- mation de faisceaux (GI,G2, G3) pourfournirdes
faisceaux sensiblementsymbtriques a ladite seconds 5       lentille (12),
ladite seconds lentille (12) comprenant une premibre electrode de
modulation (G4) de ladite seconds lentille , et le dit systeme comprenant
un collier auto-convergent (30) qul prodult un champ ma- gnhtique
astigmatique pour lesdits faisceaux; ladite seconds lentille (12)
incluantdes moyens d'applicatlon d'un premier signal de tension de mo-
dulation de frequence vertIcale (128) A sa dite premiere 6lectrode de
modulation (50) , et des moyens de 10     ffocallsathon de falsceau
asymetrique a ladite troisieme lentille (L3), et ladite trolsleme lentille
(13) compronant des moyens d'applbcation d'un premier signal de tension de
modulation defr6quence horizontale (126) a sa seconds 6lectrode de
modulation (54) qui ests6pario electriquementde ladite electrode de
modulation (50), lesdits premierssignaux de modulation defrequen- co
verticale et horizontale concernant la diviation des faisceaux d61lectrons
(28), 15           lesdites seconds et troisibme lentille etant, en
fonctionnement, modulees s6par6ment en utilisant les premibre (50) et
seconds (54) blectrodes de modulation s6parees 6lectriquement. 2.  Systeme
solon la revendication 1, dans loquel ladite premiere 6ioctrode de
modulation (G4) eat disposdo entre deux autres electrodes (G3, G5) de
ladite second. lentille. 20 3.  Systele d'affichage en couleur solon la
revendication 1, dans loquel ladite seconds lentille (12) comprend des
moyens defocalisation du faisceau asymetrique en revolution
pourfournlrdesfalsceauxformes asy- metriquement A ladite troislime
lentille, ladit trobsieme lentille etent une lentille de focalisation de
fais- coau A falble aberration, 25            lesdits moyens de
focallsation de faisceau asymetrique en rivolutlon pour ladite seconds
lentille (12) comprenant A travers elle une premiere electrode de
modulatIon (50) avec trois ouvertures aligndes asymetriques en revolutlon
(80), chacune desdites ouvertures etant allongqe dans la direction
d'aligne- ment et Incluant une partle centrals sensiblement circulaire
(120) et deux parties en arc disposees de fa- gon opposee (122) coupant la
circonference de ladite partie centrals circulalrs. 4.  Systeme d'affichage
solon la revendlcation 1, 2 ou 3, comprenant de plus des moyens pour
appliquer un second signal de tenslon de modulation de friquence
horizontale (130) a ladite premibre electrode de modulation (50) de ladite
seconds lentille (12), ledit second signal de tension de modulation de
frequence horizontale concernant 6galement une ddviation des faisceaux
d6eectrons (28). 35 40 45 50 55    


