
EP 0 455 918 B1 Description This invention relates to a self converging
wide screen color picture tube system. To provide a more pleasing viewing
experience, there has recently been developed a family of picture tubes
having 5   an aspect ratio of 16x9, where 16 represents the screen
dimension in arbitrary units along the horizontal or X-direction, and 9
represents in the same units the distance along the vertical, or
Y-direction, FIGURE 1 schematically compares a widescreen, 16x9 aspect
ratio picture tube viewing screen VSW with a standard narrowscreen, 4x3
aspect ratio viewing screen VSN. For the same diagonal length D of e.g.
86.3cm (34V), the wide aspect ratioviewing screen is approximately 9% wider
in the X-direction and approximately 10% shorter in the Y-direction than
the corresponding narrow aspect ratio 10  viewing screen. In addition to
the wider aspect ratio, other pleasing viewer features include a picture
tube with a panel that is nearly rectangular in shape, and with the contour
of the panel faceplate as flat as practical, taking into account the
overall weight and implosion strength requirements of the picture tube.
FIGURE 2 illustrates a front view of a rectangular face- plate 1 8 of a
widescreen, 16x9 aspect ratio color picture tube. Located on the inner
surface of faceplate 18 is a line 15  stripe type of color phosphor screen
VSW. Associated with rectangular faceplate 18 is a major axis X, a minor
axis Y, and diagonals D. Two long sides, L, of faceplate 18 are
substantially parallel to the major axis X, and two short sides, S, are
substantially parallel to the minor axis Y. The inside surface of faceplate
18 of FIGURE 2 is shown in perspective in FIGURE 3 including curved lines
22-26 which follow the inner surface contour of faceplate 18 in directions
corresponding to those indicated in FIGURE 2. For 20   each one of curved
lines 22-26 there is associated an equivalent radius R which corresponds to
the radius of a circle that touches the center CW of faceplate 18 and the
corresponding extremes of the faceplate at the edges of the viewing screen.
The actual contour of the inner surface of faceplate 18 is more complex and
is more precisely defined by the equations to be discussed herein. In
FIGURE 3, the equivalent radius of curve 22, which follows the major axis,
is designated RX, and the equivalent 25  radius of curve 23 which follows
the minor axis is designated RY. The equivalent radius of curve 25, which
follows the long side of the faceplate, is designated RL, and the
equivalent radius of curve 26, which follows the short side, is designated
RS. The equivalent radius of curve 24, which follows a faceplate diagonal,
is designated RD. The contour of the inner surface of faceplate 18 is
defined by the following polynomial sum equation. [ERR] 30
i=1,2,3,... 7 ZW is defined as the distance of a point on the inner surface
of faceplate 18 from the sagittal plane tangent to the inner surface at
center point CW. Each of X and Y is defined as the distance from center CW
in a sagittal plane along a respective one of orthogonal axes having
directions corresponding to those of the major and minor axes. The ZW
equation defines a family of aspherical, faceplate contours which can be
made relatively flat by proper 35   parameter selection. For a flat
faceplate having a viewing screen diagonal distance DW = 86.3 centimeter in
the sagittal plane, the coefficients Ai and the exponents Ji, Ni, Mi are
given in the following table. TABLE I A(1)=+2.7548540  J(1) = -04  N(1) = 2
M(1) = 0 A(2)=+3.0213080  J(2) = -10  N(2) = 4  M(2) = 0 A(3)=+4.9051820
J(3) = -04  N(3) = 0  M(3) = 2 A(4)=-2.0299050  J(4) = -10  N(4) = 2  M(4)
= 2 45                               A(5)=-6.3074090  J(5) = -15  N(5) = 4
M(5) = 2 A(6)=+9.4301190  J(6) = -11  N(6) = 0  M(6) = 4 A(7)=+5.2725900
J(7) = -15  N(7) = 2  M(7) = 4 Heretofore, a deflection yoke for use in a
large screen, wide aspect ratio picture tube has been of the nonself 50
converging type, requiring auxiliary coils in the yoke to provide outer
beam convergence. The added cost of additional coils and the added
complexity of including convergence waveform generators and output stages
in the deflection cir- cuitry to drive the yoke, make it desirable to go to
a self converging system for deflection in a widescreen picture tube. A
natural inclination of the yoke designer is to use the previously developed
self converging yoke design arrange- ments for 4x3 aspect ratio picture
tubes,in order to design a self converging yoke for a wide aspect ratio
picture tube. 55   When doing so, however, problems may arise due to
inherent differences in critical parameters between a self converging
tube-yoke system of a narrow aspect ratio design, and those of a wide
aspect ratio design. These differences could readily be overlooked with
short product development cycles and under the heavy pressures of product
scheduling 2  



EP 0 455 918 B1 deadlines. If these parameters are not adequately taken
into account, an iterative design process may take place which at- tempts
to solve problems observed in adopting 4x3 yoke design to a 16x9 system by
means of various corrective actions. These corrective actions may introduce
still more problems, and so on, needlessly extending the design process. 5
Some of these corrective actions may involve deflection winding changes
such as changes in the horizontal coils. These coils may be of the saddle
wound type using winding arbors whose surface contour, pin location, wire
travel, etc., depend on parameter needed to generate a self converging
horizontal deflection field. To change the winding arbor configuration
during an iterative design process could substantially delay this process,
if the arbor changes were too severe. 10      It is therefore advantageous
to take into account differences between a wide aspect ratio self
converging system and a narrow aspect ratio one, when designing a self
converging deflection yoke for use in wide aspect ratio picture tube. A
self converging, widescreen color picture tube system, in accordance with
the invention is defined in claim 1. A self converging widescreen
deflection yoke for deflecting the electron beams in the wide aspect ratio
picture tube includes horizontal and vertical deflection-windings. The yoke
is located by an initial flare section of the funnel and 15  positioned
along the longitudinal axis of the picture tube to make the tube reference
line and the yoke deflection plane substantially coincident. To achieve
substantial horizontal astigmatism correction at the extremes of the major
axis of the wide viewing screen, the horizontal deflection winding is
constructed to have a generally pincushion-shaped horizontal deflection
field over the effective length of the field. The field is modified from
that required of the horizontal deflection field in a comparable 20  self
converging narrowscreen yoke. The modification is made in accordance with
the differences in centerecreen slope angles and S-spacing. This avoids a
misconvergence condition from existing at the extremes of the major axis of
the wide viewing screen that would otherwise have placed the crossover
point of the outer electron beams substantially removed from the surface of
the wide viewing screen. 25      FIGURE 1 schematically illustrates the
dimensions of a narrowscreen, 4x3 aspect ratio viewing screen and a wide-
screen, 16x9 aspect ratio viewing screen; FIGURE 2 illustrates in front
elevational view the panel faceplate of a 16x9, widescreen picture tube; 30
FIGURE 3 illustrates the inside surface contour of the faceplate of FIGURE
2; FIGURE 4 illustrates various partial, elevational views of an in-line
color picture tube of widescreen design having the faceplate of FIGURE 2;
35      FIGURE 5 illustrates in top elevational view a portion of the
widescreen picture tube of FIGURE 4 with details of a deflection yoke
assembly, embodying the invention; FIGURE 6 illustrates a cross-sectional
side elevation view of the deflection yoke of FIGURE 5; 40      FIGURE 7
illustrates a front elevation view of the deflection yoke of FIGURE 5;
FIGURES 8a and 8b illustrate in top elevational view two different silicon
steel tabs used in the deflection yoke of FIGURE 5; 46      FIGURE 8c
illustrates in isometric view a bar magnet used in the deflection yoke of
FIGURE 5; FIGURE 9 illustrates in perspective view a horizontal coil used
in the deflection yoke of FIGURE 5; FIGURE 10 illustrates in front
elevation view a vertical coil wound around a magnetic core piece for the
deflection 50      yoke of FIGURE 5; FIGURES 11a, 11b and 11c illustrate
geometrical relationships between various parameters for a widescreen and
comparable narrowscreen picture tube; 55      FIGURE 12 illustrates various
electron beam trajectory relationships between self-converging narrowscreen
and widescreen deflection systems; FIGURE 13 illustrates curves of outer
beam separation venus longitudinal axis location; 3    EP 0 455 918 B1
FIGURE 14 illustrates the HO and the effective-{HO} field distribution
functions associated with the deflection yoke of FIGURE 5; and FIGURE 15
illustrates curves of various otheraberration theoryfunctions associated
with the design of the deflection 5       yoke of FIGURE 5. 



FIGURES 16 to 24 illustrate an exemplary embodiment. In FIGURE 4, three
partial views are shown. A first partial view to the right side of the
longitudinal Z axis of picture tube 30 Is a top elevational view, as
indicated 10   bythe orientation of the ZX axes. A second partial view, to
the left side of the Z axis, and closest to it, is a side elevational view,
as indicated by the orientation of the YZ axes. The third partial view to
the left side of the Z axis, and the most remote therefrom, is an elevation
view that is normal to diagonal DW of faceplate 18. In FIGURE 4, a panel
27as shown in Fig. 2 includes a stripe color phosphor viewing screen VSW
deposited on the inner surface of faceplate 1 8 and a shadow mask 31
secured to panel 27 at a predetermined distance f rom screen VSW. 15
Picture tube 30 incorporates a funnel 29 that includes a neck 31 and a
bell-shaped flare 33. An anode connection 34 is provided at the top of
picture tube 30. An in-line electron gun assembly, not shown in FIGURE 4,
is located inside neck 31 with rearwardly exiting electrical connector pins
inserted into a socket base 38. A deflection assembly 35 is located on
picture tube 30 around the forward portion of neck 31 and around the
initial flare section 32 of bell-shaped flare 33. Deflection assembly 35 is
shown schematically in FIGURE 4 by the dashed line box outline. 20
FIGURE 5 illustrates a portion of picture tube 30 of FIGURE 4 that includes
deflection assembly 35 and the rear section of the picturetube. As
illustrated in FIGURE 5, deflection assembly 35 includes a plastic housing
36 for mounting a deflection yoke 40 on the picture tube. A sheath beam
bender 37 is located to the rear of housing 36 for providing static
convergence and purity adjustment The beam bender is located over a part of
an in-line electron gun assembly 28, shown schematically by the dotted line
box outline. 25      In FIGURE 4, a tube reference line location 39 may be
identified along the longitudinal Z axis. To avoid color purity errors, the
in-line electron beams generated by electron gun assembly 28 must be
deflected by deflection assembly 35 toward the phosphor viewing screen VSW
so as to appear to have been deflected from deflection centers located on
the tube reference line. To achieve this result, the longitudinal position
of deflection yoke 40 is adjusted to locate tube reference line 39 in the
deflection plane of deflection yoke 40. 30      FIGURES 6-10 illustrate
various views of deflection yoke 40 of FIGURE 5 or components thereof.
Deflection yoke 40 includes a horizontal deflection winding 41 comprising
upperand lowersaddle-shaped coils 41a and 41 b, and includes a vertical
deflection winding 42, comprising twovertical coils 42a and 42b toroidally
wound around respective upper and lower pieces of a magnetic core 50. The
saddle-shaped horizontal coils 41a, b are located against the inner surface
of the plastic separator of housing 36, and magnetic core 50 with the
toroidally wound vertical coils 42a,b is located around 35  the outside of
the plastic separator. As illustrated in FIOURES 6, 7 and 9, each of
horizontal saddle coils 41 a and 41 b has conductor wires wound to produce
side members 53, a front end of turn section 51, and a rear end turn
section 49, thereby defining a window 46. The conductor wires of side
members 53 are directed generally along the longitudinal Z axis of picture
tube 30 of FIGURE 4, but are shaped to follow the contour of the initial
flare section 32 of the picture tube. Front end turn section 51 is bent 40
outwardly, away from the Z axis in a direction generally transverse
thereto. Rear end turn section 49 is a straight section that extends
generally parallel to the Z axis, with its contour curved in the X and Y
directions to follow the shape of neck 31. Spaces or gaps are formed at
various points in the conductor wire placement of horizontal coils 41 a and
41 b to modify the magnetic field distribution to correct convergence
errors and raster distortions as will be described below. Various views of
toroidally wound vertical deflection coils 42a and 42b are illustrated in
FIGURES 5, 6 and 10. The 45   conductor wires of vertical coils 42ab are
wound with a wire distribution that produces the desired magnetic field
har- monic distribution needed for self convergence in an in-line color
picture tube. The inside portions of the wire turns for vertical deflection
coils 42a and 42b are placed tight against the inside of core 50 and
closely follow its contour. Magnetically permeable tabs are affixed to the
outside of the plastic separator which separates the vertical and
horizontal deflection windings, as illustrated in FIGURES 6 and 7, with a
representative tab being shown in perspective 50   view in FIGURES 8a and
8b. The tabs are angularly and longitudinally located to modify the
vertical magnetic field produced by vertical deflection winding 41 to
correct for residual convergence errors and raster distortions, as will
also be described below. To provide good deflection sensitivity, the shape
of the inside surface of core 50 and the shape of the horizontal saddle
coils 41a and 41 b closely follow the contour of the initial flare section
32 of picture tube 30. 55      The contour of the initial flare section
exhibits a circular cross-section with respect to the longitudinal axis of
the picture tube. The radius r of a given cross-section increases with
increasing longitudinal axis position z toward the picture tube screen in
accordance with the following polynominal equation for the inside glass
surface contour: 4    EP 0 455 918 B1 [ERR] 



where 5   aO =  +10.8948 al =  +6.46181 x [err] a2 =  +1.09119 X [err] 10
a3 =   +5.70691 x [err] a4 =  -2.28845 x 10-7 16   , r and z being measured
in millimeters. The point z=0 on the longitudinal axis is located at a
point that is gun-side and very close to thefunnel-necksplice point. The
outside glass surface contour is similartothe inside glass surface contour,
but offset by the thickness of the glass, which, to provide added strength,
becomes thicker with increasing z-distance. To provide the self converging
capability for deflection yoke 40, the magnetic field intensity produced by
horizontal deflection winding 41 Is made generally pincushion-shaped in the
main deflection region, i.e. the region intermediate 20  the entrance
region of the deflection field, near the gun-side, rear end turn section,
and the exit region, near the screen-side front end turn section. A
pincushion field is a nonuniform field that increases in strength in the
direction of deflection. Such a field nonuniformity, when designed into the
horizontal deflection field, differentially acts in a divergent manner on
the outer blue and red electron beams to produce convergence forces that
correct for misconvergence along the major axis of viewing screen VSN of
FIOURES 2 and 4, including at the extreme right and left edges of the
screen 25   at the 3 o'clock and 9 o'clock positions, XW, respectively. To
provide convergence of the outer electron beams along the minor axis, the
magnetic field intensity produced by vertical deflection winding 42 is made
generally barrel-shaped in the main deflection region of deflection unit
40. A barrel-shaped magnetic field isa nonuniform field which decreases in
strength in the direction of deflection. The curvature of the barrel-shaped
vertical deflection field generates forces on the outer electron beams to
correct for misconvergence 30  along the minor axis, including
misconvergence at the extreme top and bottom edges, at the 6 o'clock and 12
o'clock positions, YW, respectively. As a consequence of the effects
produced by the pincushion-shaped horizontal and barrel-shaped vertical
deflection fields, substantial convergence is achieved at all points on the
viewing screen, including along diagonal D and at the corner positions, at
the 2, 4, 8 and 10 o'clock positions. 35      By proper design of the
horizontal and vertical magnetic field harmonic distribution, deflection
yoke 40 may also provide correction for other convergence errors and for
various types of raster distortions. For example, by providing a generally
pincushion horizontal deflection field in the exit region, north-south
pincushion distortion correction forces are generated. To further enhance
the N-S correcting pincushion field at the exit region of the deflection
field, magnets 43a and 43b are angularly located along the minor axis just
above the front end turns 51. An isometric view of a magnet 40   used for
each of the two magnets 43a,b is shown in FIGURE 8c. Fourtabs 45a-45d
madeof silicon steel are located atthefrontof core 50 nearthe exit region
of thevertical magnetic deflection field, with the angular positioning
shown in FIGURE 7 (oriented approximately 40 from the major axis). The tabs
act mainly as vertical field shunts to modify the harmonic field
distribution to correct corner trap convergence errors and A-zone trap
convergence errors. This correction is achieved, in part, by modifying the
seventh harmonic of the 45   vertical field distribution. A pair of silicon
steel tabs 44a and 44b, angularly located along the minor axis in the main
deflection region inside windows 46, act as vertical field shunts to modify
the vertical deflection harmonic field distribution. The tabs enhance the
overall barrel shape of the vertical deflection field for improving
convergence and for providing trilemma correction. Residual north-south
pincushion distortion of a second harmonic nature, known as gullwing
distortion, is corrected so   by modifying the horizontal deflection
harmonic field distribution near the exit region of the deflection field by
straightening the curvature of the horizontal portions 51a of front end
turns 51. A further technique may be used to provide additional convergence
and raster distortion correction. This technique involves introducing
localized spaces, or gaps, in the winding distribution for the horizontal
deflection winding 41. For example, spaces 47a and 47b are positioned in
the front end turn region in a manner that enhances the pincushion 55
shape of the horizontal deflection field in the exit region of the
deflection field. This provides additional north-south pincushion
correction. Spaces 48a and 48b are positioned in the rear end turn region
and make the horizontal deflection field in the entrance region less
barrel-shaped to provide for a measure of horizontal coma error correction.
Spaces 56 are introduced into aide members 53, and are located in the main
deflection region with the angular positioning shown    EP 0 455 918 B1 in
FIGURE 7 (oriented approximately 25 with the major axis). These spaces
correct for convergence errors at the 



half-hour points of the viewing screen, i.e. at the 2:30, 3;30, 8:30 and
9:30 half-hour screen points. Deflection yoke 40 need not correct for all
types of convergence errors and raster distortions. For example, vertical
deflection coils 42a and 42b may be radially wound and thus provide no
significant east-west pincushion distortion 5   correction such as would
have been provided by bias wound vertical deflection coils. Vertical coma
correction may be provided by field shunts designed into the structure of
electron gun assembly 28 of picture tube 30. Widescreen picture tube 30 is
designed to have a relatively wide deflection angle. This point is
illustrated in FIGURE 11a by the schematically drawn perspective view of
viewing screen VSW, which screen is deposited on the inner surface of
faceplate 18 of FIGURES 2 and 4. As illustrated, widescreen picture tube 30
has a deflection angle of 2[err]DW, with 10  2[err]DW being defined as the
angle between extreme points (PDW1, PDW2) on the diagonal D of viewing
screen VSW, where the vertex of angle 20DW is the intersection point Z0 of
the longitudinal Z axis with tube reference line/deflection plane 39. For
the 16x9 widescreen picture tube 30, deflection angle 2[err]DW=[err]. The
deflection angle of [err] is close to the large deflection angle of 110
that is common for a narrowscreen 4x3 aspect ratio picture tube. This keeps
the overall 15  length of picture tube 30 relatively short. Furthermore,
when the diagonals of the viewing screens for both the [err] and [err]
picture tubes are the same length, then the maximum horizontal deflection
angle 2[err]H for both tubes has the same value, 2[err]H=[err], as
illustrated in FIGURE 11 b by the schematically represented top elevation
view. This feature has a special advantage in deflection yoke design. When
deflected to the extremes of the major axis 20   over a horizontal
deflection angle 2[err]H=[err], the electron beams land at the extremes
(PXW1,PXW2) of wide viewing screen VSW, between the major axis screen
points XW. In contrast, when deflected over the same horizontal deflection
angle 2[err]H, the electron beams ofa [err], 4x3 aspect ratio picture tube
land at the extremes (PXN1, PXN2) of 4x3 viewing screen VSN, at the major
axis screen points XN. As a result of maintaining the same horizontal
deflection angle 2[err]H, the centerscreen throw distance TW for the 25
wide aspect ratio picture tube is greater than the centerscreen throw
distance TN for the narrow aspect ratio picture tube, when the diagonals of
the two picture tube are of equal length. Centerscreen throw distance is
defined as the separation along the longitudinal Z axis of the deflection
plane and a sagittal plane tangent to the center point of the picture tube
viewing screen. In FIGURE 11 b, the throw distance TW is the length of line
segment (ZO,CW), and the throw distance TN is the length of line segment
(ZO,CN). Thus, the 4x3 viewing screen VSN is located closer to the 30
deflection plane than is thel 6x9 viewing screen VSW, assuming a commonly
located deflection plane for both tubes. The stored energy in a horizontal
deflection winding depends upon the maximum horizontal deflection angle. By
keeping this horizontal deflection angle the same for the [err], 4x3 aspect
ratio picture tube and the [err], 1 6x9 aspect ratio picture tube, the
stored energy requirements of a deflection yoke for the wide aspect ratio
picture tube may be kept reasonably close to the stored energy requirements
of a deflection yoke for the 4x3 aspect ratio picture tube. 35      A
further advantage that a widescreen picture tube has over a comparable
narrowscreen picture tube is that the maximum vertical deflection current
required by a widescreen deflection winding is substantially less than that
required by a narrowscreen vertical deflection winding, assuming both
windings are designed to have about the same deflection sensitivity. This
advantage comes about because of the narrower maximum vertical deflection
angle 2[err]YW=[err] for the [err], 16x9 aspect ratio picture tube 30, as
compared to the substantially larger maximum vertical deflection angle 40
2[err]YN=[err] for the corresponding [err], 4x3 aspect ratio picture tube.
As illustrated in FIGURE 11c, asmallervertical deflection angle 2[err]YW is
needed to provide deflection tothe extremes (PYW1, PYW2) of viewing screen
VSW, between the minor axis screen points YW. In contrast, to deflect to
the sub- stantially greater extremes (PYN1, PYN2) of narrow aspect ratio
viewing screen VSN, between the minor axis screen points YN, a
substantially greater maximum vertical deflection angle 2[err]YN=[err] is
required. 45      In accordance with an inventive aspect, widescreen
picture tube 30 is provided with a deflection yoke 40 that is self
converged. The design of the deflection yoke takes advantage of the fact
that the maximum horizontal deflection angle, 2[err]H, is the same as that
of a [err], 4x3 aspect ratio picture tube. FIGURE 12 illustrates,
schematically, the deflection of the three in-line electron beams R,G,B
along the major axis of screen VSW of widescreen picture tube 30, and also
along the major axis of a conventional 4x3 narrow aspect ratio 50   viewing
screen VSN of a conventional [err] picture tube having the same screen
contour and screen diagonal as that of widescreen VSW. As mentioned
previously, the center throw distance TW for the widescreen picture tube is
greater than the center throw distance TN for the narrowscreen picture
tube. This permits the two picture tubes to have the same maximum
horizontal deflection angle 2[err]H. 55      For simplifying purposes, the
two viewing screens VSW and VSN are shown in FIGURE 12 by their common,
rel- atively large equivalent radius RX. For deflection winding design
analysis, it shall be assumed that the tube reference line/deflection plane
39for both the conventional and widescreen picture tubes coincide atthe
point Z0 on the longitudinal 



axis, and that both picture tubes have electron gun assemblies with
coincident gun exit planes 56 for the R,G,B electron 6    EP 0 455 918 B1
beams. The separation of the gun exit plane from the deflection plane along
the longitudinal axis equals the distance EL. Consider the outer B and R
electron beam convergence situation for convergence along the major axis of
the narrow aspect ratio viewing screen VSN. For beam landing at the screen
center CN, the electron beams remain undeflected at the deflection plane.
Convergence structure in the electron gun assembly provides static
convergence of the B and R 5   electron beams at center CN. To achieve this
result, each of the outer electron beams emerges from the gun exit plane at
an angle to the longitudinal axis of [err]CN. In a Gaussian horizontal
deflection field, i.e a uniform field, convergence will be maintained at
all points on a Gaussian surface, i.e. a spherical surface, that is tangent
to the center of the screen and that has a radius of curvature equal to the
centerscreen throw distance of the picture tube. Once center convergence
has been achieved at point CN, conver- 10  gence will be maintained at all
points on circular arc GSN, when horizontally deflecting in the ZX plane.
Thus, at one extreme of horizontal deflection, at a deflection angle OH, a
uniform deflection field should produce convergence of the outer electron
beams at point PGN. Because viewing screen VSN is of much flatter
curvature, the outer electron beams will cross over before reaching screen
point PXN, the 3 o'clock screen point at maximum horizontal deflection
along the major axis of the screen. The 15  crossover of the outer electron
beams in front of screen VSN produces overconvergence or positive
convergence error along the majoraxis, i.e, the blue beam landing position
on screen VSN being tothe right of the red beam landing position. To
achieve convergence along the major axis of viewing screen VSN, a self
converging deflection system generates a nonuniform, horizontal deflection
field of a generally pincushion nature. A pincushion horizontal deflection
field corre- sponds to a deflection field with a positive third harmonic
component. The positive third harmonic produces differential 20
horizontal motion of the outer B and R electron beams that is of a
divergent nature. By correctly choosing the amplitude of the third harmonic
component relative tothe fundamental component of the horizontal deflection
field, divergentforces produced on the outer electron beams by the third
harmonic will move the crossover point of the electron beams to a point
located on viewing screen VSN, thereby producing convergence of the outer
electron beams. As illustrated in FIGURE 12, when the green electron beam
is deflected to the maximum horizontal deflection angle 25   OH, its
trajectory is the longitudinal, straight line segment G0, from the electron
gun exit plane to the point O in the deflection plane. At the deflection
plane, the trajectory shifts to the trajectory GX, until the beam landing
point PXN is reached. The outer B and R electron beams have initial, sloped
trajectories BN0 and RN0, respectively, from the gun exit plane to the
deflection plane. At the deflection plane, the outer electron beams are
deflected by the pincushion-shaped 30   horizontal deflection field into
trajectories BNX and RNX which intersect on viewing screen VSN at point
PXN. The divergent action produced by the pincushion field is revealed in
FIGURE 12 by the underconvergence of the outer electron beam at the
intersection of their respective trajectories with the Gaussian surface
GSN. The influence of a self converging horizontal deflection field on the
separation of the outer electron beams is further illustrated by the curves
shown in FIGURE 13. The axis of abscissa defines distance along the picture
tube longitudinal 35  axis, and the axis of ordinate defines horizontal
separation of the outer beams, [err]XBR, in a ZX plane normal to the
longitudinal axis at a given point Z along the longitudinal axis. A
negative value for [err]XBR represents a blue electron beam position that
is to the right of the red electron beam position. In FIGURE 13, solid line
curve 54 illustrates outer beam separation for a conventional [err]
deflection, 4x3 aspect ratio picture tube having a self-converging
deflection yoke. At the electron gun exit plane, at longitudinal location
ZE, 40  the outer beam separation is -[err]XBRE = -2sE, where sE is the
S-spacing between the green center electron beam and either of the red and
blue outer electron beams, as referenced beam-center to beam-center.
Illustrative of a typical gun S-spacing magnitude is the S-spacing fora
COTY-M electron gun, scaled for use in a 34V 110, 4x3 aspect ratio picture
tube. Forthis gun, the S-spacing is sE = 6.5 millimeter, resulting in an
outer beam separation of -[err]XBRE = -13 millimeter. Due to the initial
slope angle 2[err]CN between the trajectories of the outer electron beams
required for centerscreen 45  convergence, the separation of the outer
electron beams decreases as the electron beams travel toward the screen,
away from the electron gun exit plane. As illustrated by curve segment 54a
of FIGURE 13, the outer beam separation AXBR linearly decreases in
magnitude in the predeflection region, from longitudinal axis point ZE to
longitudinal axis point ZD1, Near longitudinal axis point ZD1, the electron
beams enter into the entrance region of the horizontal deflection field
which begins deflecting the electron beams toward the 3 o'clock position on
the major axis of the picture tube 50   viewing screen. 



Segment 54b of curve 54 illustrates the outer beam separation as the
electron beams interact with the horizontal deflection field - a field
which has an entrance region near longitudinal axis point ZD1 and an exit
region near longitudinal axis point ZD2. The deflection plane of the
self-converging deflection unit is located at a point intermediate the
entrance and exit regions of the horizontal deflection field, at a
longitudinal axis point Z0, typically positioned within the main 55
deflection region. Due to the pincushion nature of the horizontal
deflection field, a differential horizontal force of a diverging nature is
impressed upon the outer electron beams. This results in the outer beam
separation [err]XBR changing less rapidly within the deflection region (ZD1
,ZD2), when compared to the change in outer beam separation for a uniform
deflection field. 7    EP 0 455 918 B1 Thus, in FIGURE 13, the slope of
curve segment 54b in the deflection field is shallower than the slope of
curve segment 54a. After exiting the horizontal deflection region near
longitudinal axis point ZD2, the underconverged condition of the outer
electron beams has been reduced to the point where the electron beam
crossover, i.e. the point where AXBR = 5   0, has been moved away from the
Gaussian surface to the viewing screen longitudinal axis location ZNX This
is illus- trated in FIGURE 13 by linear curve segment 54c, in the
post-deflection region, decreasing in magnitude from a mag- nitude AXBR2 at
location ZD2 to 0 at viewing screen location ZNX. A problem arises should
one attempt to adapt the design of a self converging deflection yoke of a
4x3 aspect ratio picture tube for use in a comparable widescreen picture
tube having the same horizontal deflection angle. To maintain 10  the same
horizontal deflection angle [err]H as measuredfrom the longitudinal axis,
the centerthrow distance TW in FIGURE 12 must be made greater than the
center throw distance TN for the 4x3 aspect ratio picture tube, given that
both tubes have the same diagonal length. Viewing screen VSW for the
widescreen picture tube is therefore longitudinally located at a point
farther away from the deflection plane. To achieve convergence at the
center CW of wide viewing screen VSW, the center convergence angle imparted
15  onto each of the outer electron beams at the gun exit plane of FIGURE
12 is an angle [err]CW. Because of the longerthrow distance TW, this angle
is smaller than the center convergence angle OCN for the comparable
narrowscreen picture tube. For a uniform horizontal deflection field,
convergence of the outer electron beams in the widescreen picture tube will
be maintained at points on the Gaussian surface GSW of FIGURE 12.
Ordinarily, one would expect that the positive horizontal third harmonic
content of a yoke designed for a 4x3 aspect 20  ratio picture tube would
provide sufficient divergent forces on the outer beams to provide a
crossover point reasonably close to point PXW on viewing screen VSW,
provided the yoke were used on a comparable widescreen picture tube, i.e. a
picture tube having the same horizontal deflection angle, diagonal length
and screen contour. What actually happens, however, when such a deflection
yoke is used on a widescreen picture tube is that a sub- stantial
underconvergence condition is created moving the outer beam crossover point
to point PU, well-behind screen 25   VSW. This relatively large
underconvergence is due to the fact that the strength of the positive
horizontal third harmonic of a deflection yoke designed for a 4x3 aspect
ratio picture tube is greater than required for use in a comparable 16x9
aspect ratio picture tube. The result is an excessive divergent force on
the outer electron beams, producing an under- convergence condition at the
3 o'clock position XW on the major axis of viewing screen VSW. 30      As
illustrated in FIGURE 12, the initial trajectories RW0 and BW0 of the outer
electron beams for the widescreen picturetube become the trajectories
RNXand BNXwhen the electron beams are deflected in the deflection plane
toward the 3 o'clock point XW, Because of the excessive differential,
divergent force introduced by the nonuniform horizontal deflection field,
the crossover point for the outer electron beams is substantially behind
screen VSW at point PU. This results in an underconvergence condition at
point PXW, the beam landing point for the trajectory GX of the center green
35   beam. The amount of underconvergence -AXBRW can be substantial for
large screen, wide aspect ratio picture tubes, up to 2 millimeters or more
of underconvergence. From the above discussion, one notes that a
self-converged deflection yoke designed for a 4x3 aspect ratio picture
tube, when used in a comparable 16x9 wide aspect ratio picture tube,
produces an underconvergence condition on the wide viewing screen rather
than an anticipated nearly converged condition. 40      A major contributor
to the underconvergence of the electron beams at viewing screen VSW of
FIGURE 12 is the greater S-spacing sW of the electron beams in the
deflection plane. The greater S-spacing is a result of the shallower
initial slope or smaller centerscreen convergence angle of the outer beam
trajectories BW0 and RW0 for the widescreen picture tube. 



Because the S-spacing in the deflection plane is greater, the outer
electron beams enter the horizontal deflection 45  field at points farther
away from the longitudinal axis. Fora given pincushion horizontal field,
this results in a substantially greater differential between the strength
of the horizontal field encountered by one outer beam and the strength
encoun- tered by the other outer beam. Thus, in FIGURE 12, when the outer
electron beams are deflected by an angle OH to the point PXW, the red beam
R interacts with a significantly stronger horizontal deflection field than
the blue beam B, as they travel through the horizontal deflection field.
The resultant increase in the divergent forces on the outer electron 50
beams establishes a crossover point PU that is behind, rather than in
front, of viewing screen VSW Curve 55 of FIGURE 13 illustrates why the
smaller centerscreen convergence angle [err]CW in a widescreen picture tube
contributes tothe underconvergence condition on viewing screen VSW. Atthe
electron gun exit plane, at longitudinal location ZE, the separation of the
outer beams is the same value, -[err]XBRE, as that for the comparable
narrowscreen picture tube. This separation is equal to twice the S-spacing,
or -2sE. 55      Because of the shallower initial slope of the electron
beam trajectories in the widescreen picture tube, the outer beam separation
decreases in magnitude at a lesser rate, producing curve segment 55a of
FIGURE 13. As the electron beams travel from the gun exit plane to the
entrance region of the horizontal deflection field near longitudinal
location ZD1, the outer beam separation at the entrance region, -[err]XBR3,
is greater in magnitude than the outer beam separation, 8    EP 0 455 918
B1 -[err]XBR1, for the narrowscreen picture tube. As a result, a stronger
divergent force acts on the outer electron beams, causing the outer beam
separation to decrease more slowly as the electron beams travel through the
deflection region from the entrance region point ZD1 to the exit region
point ZD2, This is indicated by the more shallow curve segment 55b. Nearthe
exit region of the deflection field, at point ZD2, the outer beam
separation, -AXBR4, is substantially greater 5   in magnitude than the
outer beam separation, -AXBR2, for the narrowscreen picture tube. As a
result, after exiting the deflection yoke region, the outer electron beams
have not been differentially deflected sufficiently to converge the beams
on screen VSW. As shown in FIGURE 13, the outer beam separation after the
electron beams emerge from the exit region of the deflection field, as
represented by curve segment 55c, results in an under- convergence of
-[err]XBRW when the electron beams have reached viewing screen VSW at
longitudinal location ZWX. 10     In accordance with an inventive
arrangement, deflection yoke 40 of FIGURE 5 is designed to provide self
conver- gence of the electron beams in conjunction with their deflection in
widescreen picture tube 30 of FIGURE 4. The design takes into account
differences in S-spacing at the tube reference line/deflection plane and
differences in centerscreen convergence angle between the 1 6x9, wide
aspect ratio picture tube and a comparable 4x3, narrow aspect ratio picture
tube having the same maximum horizontal deflection angle, diagonal length,
and screen contour. 15      Furthermore, in accordance with an aspect of
the invention, to eliminate what would otherwise have been a large
misconvergence condition at the extremes of the major axis of the 1 6x9,
wide aspect ratio viewing screen, the harmonic distribution of the
horizontal deflection field is modified. The modification is accomplished
mainly via changes in the amplitude of the third harmonic relative to the f
undamental, based upon the previosly mentioned differences in S-spacing at
the tube reference line/deflection plane and centerscreen convergence
angle. 20      Although modification to the higher harmonics may be
attempted in order to correct for the above-described mis- convergence
condition, changes in these higher harmonic components tend to undesirably
introduce other types of convergence errors and raster distortions. The
amount of change in the third harmonic needed to eliminate the
underconvergence condition may be ascer- tained by using aberration theory
to analyze electron-optical performance of a deflection yoke. The notation
used below 25  is an adaptation of the notation used in aberration theory
where H0(z) and H2(z) are the field distribution function rep- resenting
the Gaussian deflection field and the x2 transverse non-uniformity of the
horizontal deflection field, as gener- ated in a power series expansion of
the horizontal deflection field. This theory is expounded in such papers as
the article by J. Kaashoek, in "Philips Research Reports Supplements".
Number 11, 1968, and in such patents as U.S. 4329671,
"Alignment-insensitive Self-Converging In-Line Color Display, by J. Gross
and W.H. Barkow, issued May 11, 1982. 30      As noted previously, self
convergence along the major axis of the viewing screen requires a generally
pincush- ion-shaped horizontal deflection field. A pincushion-shaped
deflection field is characterized by a positive H2 field distri- bution
function. According to an inventive feature, the third harmonic content of
the horizontal deflection field in a wide- screen picture tube should be
reduced relative to the third harmonic in a comparable narrowscreen picture
tube in accordance with the following nonuniformity ratio: [ERR] , where h2
= {H2} + {HO}, and where TW and TN are defined as the centerscreen throw
distances for the widescreen 



and narrowscreen picture tubes, respectively. {HO} and {H2} are the
effective Gaussian and x2-nonuniformity field dis- tributions functions, as
will be described below. 40      From the above equations one notes that h2
is the field distribution function normalized to Gaussian deflection. One
also notes that h2, {HO} and {H2} arc functions of the throw distance
parameters TW and TN. In aberration theory, the effective field
distribution functions {H0} and {H2} are defined in terms of the effective
length [err] of the horizontal deflection field. The effective length [err]
is defined as the width of a rectangle having the same area as the area
underneath the Gaussian field distribution function H0 and a height equal
to the maximum value H0(max) 45   of the function H0. The rectangle is
centered around point Z0 on the longitudinal axis, where the deflection
plane is located. FIGURE 14 shows a curve 57 of H0 as a function of z for
an exemplary embodiment of a self converged wide screen deflection yoke 40
of FIGURE 5 that provides deflection of the three in-line electron beams in
widescreen picture tube 30 of FIGURE 4. The axis of ordinate is graduated
in arbitrary units and the zero point of the axis of abscissa is referenced
50  to the entrance end of magnetic core 50. As shown in FIGURE 14, curve
H0 reaches a maximum value H0(max) in the main deflection region at a
Z-axis point ZM, gun-side of the deflection plane. The rectangle 58 is
constructed having the same area as that of the H0 curve 57 and having a
width equal to the effective length and a height equal to H0(max). Based
upon some simplifying assumptions in aberration theory, the effective
Gaussian field distribution function 55  {H0} may be defined as equal to
the constant H0(max) over the effective length and equal to zero elsewhere.
{HO} may then be used instead of H0 to calculate the Gaussian trajectory
beam landing location at the viewing screen after the electron beams have
interacted with the horizontal deflection field. A similar simplifying
procedure may be used to derive the effective nonuniformity field
distribution function {H2}. 9    EP 0 455 918 B1 {H2} may then be used
instead of the actual field distribution function H2 when analyzing the
effect of H2 on horizontal astigmatism, i.e. on convergence. FIGURE 15
shows a solid-line curve 59 of H2 as a function of z for the previously
discussed widescreen deflection yoke 40. The H2 curve 59 is negative in the
entrance region of the deflection field, gun-side of the core entrance
point. 5   A negative value indicates a barrel-shaped field, produced in
part by the straight rear end turn section of horizontal deflection coils
41 a,b. The barrel-shaped field provides horizontal coma correction. The H2
curve is almost entirely positive in the main deflection region, extending
to either side of the deflection plane. A positive H2 value indicates a
pincushion-shaped deflection field for providing horizontal astigmatism
correction. The H2 curve stays mainly positive after exiting the main
deflection region screen-side of the core, thereby providing 10  correction
of N-S pincushion distortion. The effective H2 function, {H2}, equals
H2(max) over the effective length [err] of the deflection field, i.e.
between points (ZL1, ZL2), and equals zero elsewhere. In FIGURE 15,
rectangle 60, centered around the deflection plane, is the curve of the
function {H2}. {H2} is used in aberration theory as a simplified
substitution for the actual H2 function in various integral equations 15
used in developing general aberration expressions describing the
differences Ax and Ay at the viewing screen between the Gaussian beam
landing location and the beam landing location computed by third or
fifth-order aberration theory. As an example, for horizontal astigmatism,
the S2 integral is a major Influence on convergence viathe A4 coefficient,
where: [ERR] where [err] is the x-coordinate of Gaussian deflection point
on the viewing screen when the screen is located at z-axis point [err];
where X is the x-coordinate of the electron beam Gaussian trajectory, the
trajectory being a function of z-axis location; and where the A4
coefficient is used in the horizontal astigmatism equation: [ERR] , where
[err] is the horizontal separation of the blue and red outer electron beams
at the screen x-coordinate [err], where [err] is the slope of the electron
beam trajectory at screen coordinate [err], and where: [ERR] 30   , T0
being the centerscreen throw distance. From the above equation for the S2
integral one notes that the argument of the S2 integral is the weighted H2
expression [err]. Thin argument is shown in FIGURE 15 as the dashed line
curve 61. Curve 61 is predominantly composed of a large positive lobe 61 a,
peaking near the deflection plane. The S2 integral, being proportional to
the area 



under curve 61, is therefore positive due to the large positive lobe 61 a.
35      By proper horizontal deflection winding design, the S2 integral is
made positive to a point where the A4 coefficient, as defined above,
becomes zero, thereby eliminating horizontal astigmatism, i.e. [err] = 0.
As previously mentioned, the argument of the S2 integral is the weighted H2
expression [err]. By using the effective H2 function, {H2}, the S2 integral
equation simplifies to: [ERR] S2 thus becomes proportional to the integral
of the Gaussian trajectory weighted by the square of the z-axis distance of
the electron beam from the viewing screen, where the integration is
performed only over the effective length [err]. When an analysis is made of
the self convergence parameters needed for a deflection yoke in a
widescreen picture tube, using the effective field distribution functions
{H0} and {H2} as part of the analysis, the required nonuniformity ratio 45
H2R, previously defined, becomes: where
[ERR] 50 d= TW+TN [err] =  [err]+TN. 55      From the above equations, one
notes that d is the ratio of the widescreen to narrowscreen center throw
distances, and [err] is the ratio of effective length of the horizontal
deflection field to the narrowscreen center throw distance. A further
simplification can be made based upon the fact that the ratio [err] = [err]
+ TN is small compared to the ratio d = TW + TN. The expression for the
nonuniformity ratio H2R becomes: 10    EP 0 4   918 B1 H2R = 1/d. A similar
analysis may be performed with respect to the requirements of reducing the
horizontal third harmonic in a widescreen deflection yoke to make a ratio
of S2 integrals such as to compensate for the more severe underconver-
gence geometry condition existing in a widescreen picture tube due to
center screen throw distance differences from a 5   comparable narrowscreen
picture tube. An S2 ratio S2R may be defined as: S2R = S2 (TW) + S2(TN)
,where the S2 integral equations previously provided become parameters of
the respective center throw distances TW and TN. Based upon aberration
theory, a widescreen deflection yoke design should satisfy the following S2
ratio equation 10   when modifying the third harmonic content of the
widescreen deflection yoke relative to the third harmonic of a compa- rable
narrowscreen deflection yoke design. [ERR] 15      When the value of the
ratio [err] is substantially smaller than the value of the ratio d, the S2
ratio simplifies to S2R = 1/d. This is the same requirement as for the
simplified H2 ratio, H2R, stated above. One notes from FIGURE 15 that both
the S2 curve 61 and the H2 curve 59 show similar positive lobes, 61a and
59a respectively, overthe effective length [err] of the horizontal
deflection field. These positive lobes are the main influences 20   on
horizontal astigmatism correction. Thus, the identity of the two ratios:
S2R = H2R = 1/d can be explained on this basis. In accordance with an
aspect of the invention, the third harmonic content of the horizontal
deflection field for a widescreen picture tube should be reduced relative
to the third harmonic content in a comparable narrowscreen picture 25  tube
by an amount that provides for the nonuniformity ratio or, alternatively
the S2 ratio, to be equal to 1/d, the reciprocal of the center throw
distance ratio for the two tubes. Since both the widescreen and
narrowscreen picture tubes have the same horizontal deflection angle
2[err]H and the same diagonal length, then the following geometric
relationship exists between center screen throw distances TW and TN and
picture tube viewing screen aspect ratios [err] and [err]: 30 [ERR] where
[err] and [err] equal the aspect ratios of the viewing screens for the wide
and narrow aspect ratio picture tubes, respectively. In view of the above
relationship between throw distance and aspect ratio, the nonuniformity
ratio H2R may be 



35   expressed as follows: H2R = 1/d = [err] As an example, for a
narrowscreen aspect ratio of 4x3, [err] = 1.33, and for a widescreen aspect
ratio of [err] = 1.78, the H2 ratio becomes: H2R = 0.92. 40      From the
above relationships, one notes that to maintain convergence at the extremes
of the major axis of the viewing screen of a wide aspect ratio picture
tube, it is advantageous to reduce the third harmonic of the horizontal
deflection field in a self converging widescreen deflection yoke design
relative to the third harmonic in a comparably designed narrowscreen
deflection yoke. The third harmonic is reduced by an amount that enables
the nonuniformity ratio H2R, or alternatively the S2 ratio S2R, to be equal
to the throw distance ratio for the two picture tubes. In this way, 45
horizontal astigmatism at the extremes of the major axis of the viewing
screen may be substantially corrected, e.g., the amount of misconvergence
being reduced to approximately 1.5 millimeter or less. The importance of
the above-described relationships increases as the horizontal deflection
angle, centerscreen throw distance, and diagonal length increase, and as
the aspect ratio gets wider; e.g. for diagonal lengths between 66
centimeter (26V) and 96.5 centimeter (38V), aspect ratios between 1.67
(5x3) and 2.0 (2x1), and a large deflection angle 50   near 960. The
horizontal third harmonic advantageously may be reduced by providing an
increased number of conductor wires for each of horizontal coils 41a and 41
b of FIGURES 6, 7 and 9 in side members 53 at angular positions remote from
the horizontal axis. Locating wires in these positions narrows window 46
making the horizontal deflection field less pincushion-shaped, thereby
reducing the amplitude of the positive third harmonic, and thus reducing
the amplitude of 55  the positive H2 field distribution function. To
provide self-convergence along the major axis of the 16x9 aspect ratio
picture tube, the change in the number of wires and their angular placement
are such as to satisfy the condition that the nonuniformity ratio H2R or
the S2 ratio S2R equal the reciprocal of the throw distance ratio d.
Although higher harmonics may also be modified to remove the
underconvergence condition, such a change could 11    EP 0 455 918 B1
undesirably introduce other errors. For example, the horizontal 5th
harmonic can be modified so as to counteract the effects of a too strong
positive 3rd harmonic. Undesireably, however, an accompanying result would
be to aggrevate N-S gullwing errors and introduce corner convergence
errors. Therefore, in accordance with an aspect of the invention, the third
harmonic is the principal mechanism, via the H2 or S2 ratio, by which self
convergence is reachieved. 5       TABLE II lists various parameters
associated with self-convergence in an exemplary inventive embodiment of a
deflection yoke 40 for a widescreen picture tube 30. TABLE II DW = 86.3 cm
tan([err]CN) =0.0143203 tan([err]CW) = 0.013391 2XW = 75.2 cm 2YW = 42.2 cm
2sN = 10.102 mm 15                                                   2sW =
10.290 mm 2[err]DW = 106 2[err]DN = [err] 20    Length of horizontal coil =
82.5 mm            2[err]H = 96 2[err]YW = 60 Length of magnetic core =
43.1 mm                   2[err]YN = [err] Height from sagittal plane at
XW = 42 mm     [err] = 69.1 mm 25    Height from sagittal plane at  XY = 20
mm     [err] = 1.78 Height from sagittal plane at screen corners =59 mm
[err] = 1.33 TN = 352.7 mm                                  z-separation of
deflection plane from core enterance = 31.4 mm 30    TW= 384.2 mm
z-separation of deflection plane from rear of horizontal coil = 54.3 mm 35
The angular distribution of the wires forthevertical deflection coils of
the exemplary embodiment, when decomposed harmonically, have the following
coefficients, normalized to the fundemental AO: A3/AO = -0.25   A5/A0 =
+0.08    A7/A0 = 0    A9/A0 = -0.55 



The horizontal field distribution functions HO,H2,H4 and the vertical field
distribution functions VO,V2,V4 for the exemplary embodiment are
illustrated in FIGURES 16-21. 40      An alternative way of describing the
magnetic field of the exemplary embodiment is by curves of the harmonics of
the scalar potential [err] of the magnetic field intensity H . The
harmonics of the scalar potential are directly related to the harmonics of
the magnetic field intensity, and only odd harmonics are generated. FIGURES
22 and 23 illustrate the first five harmonics of the horizontal and
vertical scalar potentials. These potentials were computed from flux
plotter data measured over a surface of revolution that is defined and
encompassed by the inner surface contour of the initial flair 45  section
of the widescreen picture tube, but separated therefrom by 2.5. millimeter.
The surface of revolution over which the data was taken is shown in FIGURE
24. Claims 50 1. A self converging widescreen color picture tube system,
comprising: a widescreen, in-line color picture tube having a funnel (29),
an electron gun assembly (28) for three in-line electron beams located in a
neck (31) at one end of said picture tube, and a faceplate with a wide
viewing 55         screen at the other end, said viewing screen having a
wide aspect ratio, against a comparable narrowscreen, in-line color picture
tube having a narrow viewing screen with an aspect ratio of approximately
1.33, where the two picture tubes have the same diagonal length, the same
screen contour, and the same horizontal deflection 12    EP0455918B1
undesirably introduce other errors. For example, the horizontal 5th
harmonic can be modified so as to counteract the effects of a too strong
positive 3rd harmonic. Undesireably, however, an accompanying result would
be to aggrevate N-S gullwing errors and introduce corner convergence
errors. Therefore, in accordance with an aspect of the invention, the third
harmonic is the principal mechanism, via the H2 or S2 ratio, by which self
convergence is reachieved. 5       TABLE II lists various parameters
associated with self-convergence in an exemplary inventive embodiment of a
deflection yoke 40 for a widescreen picture tube 30. TABLE II DW = 86.3 cm
tan([err]CN) = 0.0143203 10 tan([err]CW) = 0.013391 2XW = 75.2 cm 2YW =
42.2 cm                                  2sN = 10.102 mm 2sW = 10.290 mm
2[err]DW= 106 2[err]DN = [err] 20    Length of horizontal coil = 82.5 mm
2[err]H = 96 20YW = 60 Length of magnetic core = 43.1 mm
2[err]YN =  80 Height from sagittal plane at  XW = 42 mm     [err] = 69.1
mm 25    Height from sagittal plane at [err] XY = 20 mm     [err] =.1.78
Height from sagittal plane at screen corners = 59 mm    [err] = 1.33 TN =
352.7 mm                                  z-separation of deflection plane
from core enterance = 31.4 mm TW =384.2 mm z-separation of deflection plane
from rear of horizontal coil = 54.3 mm 35      The angulardistribution of
the wires forthevertical deflection coils of the exemplary embodiment, when
decomposed harmonically, have the following coefficients, normalized to the
fundemental AO: A3/A0 = -0.25   A5/A0 = +0.08    A7/A0 = 0    A9/A0 = -0.55
The horizontal field distribution functions HO,H2,H4 and the vertical field
distribution functions VO,V2,V4 for the exemplary embodiment are
illustrated in FIGURES 16-21. An alternative way of describing the magnetic
field of the exemplary embodiment is by curves of the harmonics of the
scalar potential [err] of the magnetic field intensity H . The harmonics of
the scalar potential are directly related to the harmonics of the magnetic
field intensity, and only odd harmonics are generated. FIGURES 22 and 23
illustrate the first 



five harmonics of the horizontal and vertical scalar potentials. These
potentials were computed from flux plotter data measured over a surface of
revolution that is defined and encompassed by the inner surface contour of
the initial flair 45  section of the widescreen picture tube, but separated
therefrom by 2.5. millimeter. The surface of revolution over which the data
was taken is shown in FIGURE 24. Claims 50 1. A self converging widescreen
color picture tube system, comprising: a widescreen, in-line color picture
tube having a funnel (29), an electron gun assembly (28) for three in-line
electron beams located in a neck (31) at one end of said picture tube, and
a faceplate with a wide viewing 55         screen at the other end, said
viewing screen having a wide aspect ratio, against a comparable
narrowscreen, in-line color picture tube having a narrow viewing screen
with an aspect ratio of approximately 1.33, where the two picture tubes
have the same diagonal length, the same screen contour, and the same
horizontal deflection    EP 0 455 918 B1 angle as measured from their
respective tube reference lines (39) between extremes of their respective
major axes, but different spacings between the electron beams and different
centerscreen slope angles; a self converging widescreen deflection yoke
(40) including horizontal and vertical deflection windings (41,42), 5
said yoke being located by an initial flare section (33) of said funnel and
positioned along the longitudinal axis of said widescreen picture tube to
make the tube reference line thereof and the yoke deflection plane substan-
tially coincident; characterized in that 10 to achieve substantial
horizontal astigmatism correction at the extremes of the major axis of said
wide viewing screen, said horizontal deflection winding is constructed to
produce a horizontal deflection field having a pin- cushion shape which is
modified from that required by the horizontal deflection field of said
narrowscreen tube, the modification being in accordance width the
differences in centerscreen slope angle and different spacings 15
between the electron beams, said horizontal field exhibiting a third
harmonic component that results in an effec- tive H2 field distribution
function for said yoke which satisfies a requirement that a nonuniformity
ratio H2R be substantially equal to the reciprocal of the throw distance
ratio, the throw distance ratio being defined as d=TW/TN, where TW is the
throw distance for said widescreen picture tube, TN is the throw distance
for said comparable narrowscreen picture tube, and where the nonuniformity
ratio H2R is the ratio of the effective H2 20          field distribution
function of the horizontal- deflection field for said widescreen yoke to
the effective H2 field distribution function of the horizontal deflection
field for a comparable narrowscreen self converging yoke asso- ciated with
said narrowscreen picture tube, said vertical deflection winding being
constructed to produce a vertical deflection field having a barrel shape.
25 2. A system according to Claim 1 wherein said widescreen yoke has a
pincushion-shaped horizontal deflection field that is significantly weaker
than that of said narrowscreen yoke in accordance with said nonuniformity
ratio, to avoid an underconvergence condition from existing at the extremes
of the wide viewing screen major axis, that would otherwise have placed the
crossoverpoint of the outer electron beams substantially behind said wide
viewingscreen. 30 3. A system according to Claim 2 wherein the S-spacing of
the outer electron beams at the deflection plane in said widescreen picture
tube is greater then that of said narrowscreen picture tube, thereby
subjecting said outer electron beams to greater differential forces of a
diverging nature produced by the electron beams passing through the
pincushion-shaped horizontal deflection field of the widescreen yoke, as
compared to the differential forces produced 35      by the horizontal
deflection field of the narrowscreen yoke. 4. A system according to Claim 3
wherein the centerscreen convergence angle for said widescreen picture tube
is smaller than that of said narrowscreen picture tube, thereby subjecting
said outer electron beams to greater differ- ential forces of a diverging
nature produced by the electron beams passing through the pincushion-shaped
horizontal 40      deflection field of the widescreen yoke, as compared to
the differential forces produced by the horizontal deflection field of the
narrowscreen yoke. 5. A system according to Claim 1 where said wide viewing
screen has a large diagonal length between 66 centimeter and 96.5
centimeter. 46 



6. A system according to Claim 1 where said wide aspect ratio is
substantantially between the range of 1.67 and 2.0. 7. A system according
to Claim 1 where said wide aspect ratio is about 1.78, and where said
horizontal defection angle is about 96, resulting thereby in a widescreen
tube deflection angle of about [err], as measured from the tube 50
reference line between extremes of the viewing screen diagonal. 8. A system
according to Claim 7 where said wide viewing screen has a large diagonal
length substantially between 66 centimeter and 96.5 centimeter. 55   9. A
system according to Claim 8 where the length of the diagonal of said wide
viewing screen is approximately 86.3 centimeter. 10. A system according to
Claim 9 where said reciprocal of the throw distance ratio is substantially
0.92. 13    EP 0 455 918 B1 11. A system according to Claim 1 wherein, for
said widescreen picture tube, the centerscreen convergence angle is smaller
than that of said narrowscreen picture tube, and the S-spacing of the outer
electron beams at the tube reference line is greater than that of said
narrowscreen picture tube. 5   12. A system according to Claim 1 wherein
said widescreen yoke has a pincushion-shaped horizontal deflection field
that is significantly weaker than that of said narrowscreen yoke in
accordance with said nonuniformity ratio, to avoid an underconvergence
condition from existing at the extremes of the wide viewing screen major
axis, that would otherwise have placed the crossover point of the outer
electron beams substantially behind said wide viewing screen. 10  13. A
system according to Claim 12 wherein the S-spacing of the outer electron
beams at the deflection plane in said widescreen picture tube is greater
then that of said narrowscreen picture tube, thereby subjecting said outer
electron beams to greater differential forces of a diverging nature
produced by the electron beams passing through the pincushion-shaped
horizontal deflectionfield of the widescreen yoke, as compared tothe
differentialforces produced by the horizontal deflection field of the
narrowscreen yoke. 15 14. A system according to Claim 13 wherein the
centerscreen convergence angle for said widescreen picture tube is smaller
than that of said narrowscreen picture tube, thereby subjecting said outer
electron beams to greater differ- entialforcesof a diverging nature
produced by the electron beams passing through the pincushion-shaped
horizontal deflection field of the widescreen yoke, as compared to the
differential forces produced by the horizontal deflection 20      field of
the narrowscreen yoke. Patentansprfche 25   1. Ein selbstkonvergierendes
GroB- oder Breitbild-Farbbildr6hrsn-System, enthaltend: -  sine GroB- oder
Breitschirm-ln-Line-Farbbildrohre mit einem Trichter (29), einem
Elektronenkanonen-Aufbau (23) f Or drei In-Line-Elsktronenstrahlen, die in
einem Hals (31) an sinem Ende der Bildrohre angeordnet sind, und mit einem
Schirmtrager mit einem GroB- oder Breitbildschirm an dem anderen Ends,
wobei der Sichtschirm 30          sin groBes oder breites
Bildseitenverhaltnis (wide aspect ratio) gegeniber einer vergleichbaren
Klein- oder Schmalschirm-ln-Line-Farbbildrohre mit einem kieinen oder
schmalen Sichtechirm mit sinem Bildseitenverhalt- nis von etwa 1,33 hat,
wobei die beiden Bildrohren dieselbe diagonals Lange, dieselbe Schirmkontur
und den- selben Horizontal-Ablenkwinkel, wie er von ihren jeweiligen
Rohren-Referenzlinien (39) zwischen den Extrema ihrer jeweiligen
Hauptachsen gemessen wird, jedoch unterschiedliche Raume oder Abstande
zwischen den 35          Elektronenstrahlen und verschiedene
Mittenschirm-Neigungswinkel haben; e sin selbstkonvergierendes GroB- oder
Breitschirm-Ablenkjoch (40), beinhaltend Horizontal- und Vertikal-Ab-
lenkwicklungen (41,42), wobei das Joch an einem anfanglichen
Aufwsitungsabschnitt (33) des Trichters posi- tioniert let und in
Langsachsen-Richtung der GroB- oder Breitschirm-Bildrohre so angeordnet
ist, daB ihre Roh- 40          ren-Referenzlinie und die Joch-Ablenksbene
im wesentlichen aufeinanderfallen; dadurch gokennzelchnet, daB zum Erhalt
wesentlicher Horizontal-Astigmatismus-Korrektur an den Extrema der
Hauptachse des GroB- oder Breitbild-Schirms die Horlzontal-Ablenkwicklung
so ausgebildet let, daB sie sin Horizontal-Ablenkfeld mit einer
Nadelkissen-Form erzeugt, das gegenfiber dem modifiziert ist, das von dem
Horizontal-Ablenkfeld der Klein- oder Schmalschirm-Rohre benotigt wird,
wobei die Modifikation in Obereinstimmung mit den Differenzen 46
oder Unterschieden im Mittenschirm-Neigungswinkel und unterschiedlichen
AbstAnden oder Raumen zwischen den Elektronenstrahlen let, wobei das
Horizontal-Feld sine dritte harmonische Komponente enthalt, die in einer
effektiven H2-Feldverteilungs-Funktion fOr das Joch resuitiert, was das
Erfordemis erfOllt, daB sin nicht einheit- liches oder gleichformiges
Verhaltnis H2R im wesentlichen gleich dem Kehrwert des
Projektionsabstands-Ver- haltnisses (throw distance ratio) ist, wobei das
Projektionsentfemungs-Verhaltnis definiert ist als d=TW/TN, 



50          wobei TW der Projsktionsabstand fOr die GroB- oder
Breitschirm-Bildrohre, TN der Projektionsabstand fOr die vergleichbare
Schmalschirm-Bildrohre ist und wobei das nicht einheitliche oder
gleichformige Verhaltnis H2R das Verhaltnis der effektiven
H2-Feldvertsilungs-Funktion des Horizontal-Ablenkfeldes fOrdas Grol- oder
Breit- schirm-Joch zu der effektiven H2-Feldverteilungs-Funktion des
Horizontal-Ablenkfeldes for sin vergleichbares selbetkonvergisrendes Klein-
oder Schmalschirm-Joch ist, das der Schmalschirm-Blldrdhre zugeordnet ist,
55 -  wobei die Vertikal-Ablenkwicklung so gebildet ist, daB sie sin
Vertikal-Ablenkfeld mit einer Tonnenform (barrel shape) bildet. 1 4
11111!lilil 1lIil 1li 1111  ll 11 111l    EP 0 456 918 B1 2. System nach
Anspruch 1, bei dem das GroB- oder Breitschirm-Joch ein
Nadelkissen-Form-Horizontal-Ablenkfeld hat, das signifikant weicher als das
des Schmalschirm-Jochs in Obereinstimmung mit dem nicht gleichformigem odor
nicht einheitlichem Verh&ltnis ist, um einen Unterkonvergenz-Zustand an den
Extrema der GroB- oder Breit- bild-Schirm-Hauptachsen zu vermeiden, der
anderenfalls den Oberkreuzungspunkt (crossover point) der auBeren 5
Elektronenstrahlen wesentlich hinter den GroB- oder Breitbild-Schirm gelegt
hatte. 3. System nach Anspruch 2, bei dem das S-Beabstanden der auBeren
Elektronenstrahlen an der Ablenkebene in der GroB- oder
Breitschirm-Bildrohre grBl3er ist ale das der Schmalschirm-Bildrohre,
wodurch die auBeren Elektronen- strahlen groBeren Differenz- odor
Differential-Krafen divergenzer Natur unterworfen werden, die von den
Elektro- 10      nenstrahlen beim Durchlaufen des nadelkissonformig
geformten Horizontal-Ablenkfeldes des GroB- odor Breit- bild-Jochs erzeugt
werden, verglichen mit den Differential-Kriften, die von dem
Horizontal-Ablenkfold des Schmal- schirm-Feldes erzougt worden. 4. System
nach Anspruch 3, bei dem der Mittenschirm-Konvergenzwinkel fOr die GroB-
odor Breitschirm-Bildrohre 15      kleiner istals der der
Schmalschirm-Bildrohre, wodurch die auBeren Elektronenstrahlen groBeren
Differentialkriften divergenter Natur unterworfen werden, die von den
Elektronenstrahlen beim Passieren des nadelkisseonformig geformten
Horizontal-Ablenkfoldes des GroB- oder Breitschirm-Jochs erzeugt werden,
verglichen mit den Differen- tialkriften, die von dem Horizontal-Ablenkfeld
des Schmalschirm-Jochs erzeugt werden. 20   S. System nach Anspruch 1, bei
dem der GroB- oder Breitbild-Schirm eine groBe Diagonallange zwischen 66 cm
und 96,5 cm hat. 6. System nach Anspruch 1, bei dem das
Bildseitenverhaltnis (wide aspect ratio) im wesentlichen im Bereich
zwischen 1,67 und 2,0 st. 25 7. System nach Anspruch 1, bei dem das
Wide-Aspect-Ratio etwa 1,78 ist und bei dem der Horizontal-Ablenkwinkel
etwa 96 ist, wobei ein GroB- odor Bretschinm-Bildr6hren-Ablenkwinkel von
etwa 106D erhalten wird, gemessen von der Rbhren-Reterenzlinie zwischen den
Extrema der Bildschirm-Diagonale. 30   8. System nach Anspruch 7, bei dem
der GroB- odor Breitbild-Schirm eine grofle diagonale Lfnge, im
wesontlichen zwischen 66 cm und 96,5 cm hat. 9. System nach Anspruch 8, bei
dem die Linge der Diagonale des GroB- odor Breitbild-Schirmes etwa 86,3 cm
lst. 35   10. System nach Anspruch 9, bet dem der Kehrwert des
Projektionsabstands-Verhfiltnisses (d) im wesentlichen 0,92 lst. 11. System
nach Anspruch 1, bei dem fOr die GroB- odor Breitechirm-Bildr6hre der
Mittenechirm-Konvergenzwinkel kleiner als der der Schmalschirm-Bildrohre
ist und der S-Abstand der auBeren Elektronenstrahlen an der Roh-
ren-Referenzlinis groBer ale der der Schmalschirm-Bildrbhre ist. 40 12.
System nach Anspruch 1, bei dem das Grol- odor Breitschirm-Joch sin
nadelkissen-geformtes Horizontal-Ablenk- feld hat, das signifikant wsicher
ist ale das des Schmalschirm-Jochs, in Obereinstimmung mit einem nicht
einhent- lichen odor nicht gleichfdrmigen Verhaltnis, um olne
Unterkonvergenz-Bedingung an den Extrema der GroB- odor
Bretbild-Schirm-Hauptachsen zu verhindem oder zu vermeiden, die
anderenfalls den Kreuzungspunkt derauBeren 45      Elektronenstrahlen
wesentlich hinter den GroB odor Broitbild-Schirm gologt hitte. 13. System
nach Anspruch 12, bei dem der S-Abstand der aufsren Elektronenstrahlon an
der Ablenkebene in der GroB- oder Breitschirm-Bildrdhre gro~er als der der
Schmalschirm-Bildrdhre ist, wodurch die auBeren Elektronen- strahlen
grfoeren Differenzkraften odor Differentlalkraften divergierender Natur
unterworfen werden, die von den 50      Elektronenstrahlen beim Durchlaufen
des nadelkissenformig geformten Horizontal-Ablenkfeldes des Grol- odor
Brsitschirm-Jochs gebildet worden, verglichen mit den DifferentialkrAften,
die von dem Horizontal-Ablenkfeld dos Schmalschirm-Jochs orzeugt werden. 



14. System nach Anspruch 13, be! dem der Mittenschirm-Konvergenzwinkel fOr
die GroB- odor Breitschirm-Bildrohre 55      kleiner als der der
Schmalschirm-Bildr6hre ist, wodurch die auoeren Elektronenstrahlen groBersn
Dill erentialkr&ften divergenter Natur unterworfen werden, die von den
Elektronenstrahten beim Durchlaufon des nadelkissenformig
(pincushion-shaped) Horizontal-Ablenkfeldes des GroB-oder Breitschirm-Jochs
erzeugt werden, verglichen mit den DifferentialkrAften, die von dem
Horizontal-Ablenkfeld des Schmalechirm-Jochs orzougt werden. 15
\ i *    EP 0 455 918 B1 Revendleatlons 1. Systbme de tube-image couleur
grand ecran a auto-convergence integrant: un tube image couleur en ligne
grand ecran possedant un entonnoir (29), un ensemble canon a electron (23)
pour trois faisceaux d'6lectrons en ligne 5       situes dans un col (31) a
une extremite dcudit tube image et un fond avec un grand ecran de
visualisation & l'autre extr6mite, ledit ecran de visualisation etant
caract6rise par un rapport d'aspect (hauteur/largeur) significatif par
rapport a un tube image d'ecran 6troit comparable possadant un ecran &
angle de visualisation etroit avec un rapport d'aspect denviron 1. .3 les
deux tubes-images poss6dant la mime diagonals, le mime contour d'6cran et
le mime angle de deviation horizontal, lesdits parambtres etant mesures a
partir des lignes de reference respectives des 10     tubes (37) entre les
extrdmites de leurs axes majours respectifs, mais suivant dime~rents
espacements entre les faisceaux d'6lectrons ainsi que difflrents angles
d'inclinaison au centre de l'ecran; un collier de deviation grand ecran &
auto-convergence (40) integrant des enroulements de deviation horizon- taux
et verticaux (41, 42), ledit collier etant situe a proximite d'une section
initiale evasee (33) dudit entonnoir t5         et positionnee le long de
laxe longitudinal dudit tube image grand ecran pour faire coincider
substantiellement la ligne de reference du tube dudit axe longitudinal et
le plan de deviation du collier; caracterise en ce que, 20          pour
obtenir une correction horizontale substantielle de lastigmatisme aux
extremitis de laxe majour dudit grand ecran de visualisation, ledit
enroulement de deviation horizontal est conqu de maniure a generer un champ
de deviation horizontal on forme de coussin modifiee par rapport & cello
requise par le champ de devia- tion horizontal dudit tube d'icran etroit,
la modification itant conforms aux difflrences d'angle d'inclinaison au
centre de l'ecran et aux difflrents espacements entre les faisceaux
d'electrons, ledit champ horizontal prisen- 25         tant une troisibme
composante harmonique donnant une fonction efficace de distribution du
champ H2 dudit collier qui satisfait I'exigence selon laquelle un rapport
de non-uniformiti H2R doit etre substantiellemant egal A la reciproque du
rapport de la distance de projection, ledit rapport de distance de
projection etant d = TW/TN, ou TW est la distance de projection dudit tube
image grand ecran, TN la distance de projection dudit tube image d'ecran
etroit comparable at ob le rapport de non-uniformite H2R eat le rapport de
la fonction efficace de dis- 30         tribution de champ H2 de diviation
horizontale dudit collier grand ecran par rapport a la fonction efficace de
distribution H2 du champ de diviation horizontal d'un collier a
auto-convergence d'ecran etroit comparable, associe audit tube image
d'ecran itroit, ledit enroulement de diviation vertical etant conqu de
manibre a genirer un champ de diviation vertical on 35         forme de
fOt. 2. Systbme conformo a la Revendication 1 caracterisi en ce quo ledit
collier grand ecran possbde un champ de deviation horizontal en forme de
coussin nottement plus faible quo celui dudit collier d'icran itroit
conformement audit rapport de non-uniformMi, afin d'ivier toute condition
do sous-convergence par rapport aux extrimntis de 40      I'axe majour du
grand ecran, qui entrainerait un posiionnement du point de croisement des
faisceaux d'electrons externes largement en retrait dudit grand ecran. 3.
Systbme conforme a la Revendication 2 caracterisi en ce quo l'espacement S
des faisceaux d'electrons extemes au droit du plan de diviation dans ledit
tube image grand ecran eat supirieur A celul dudit tube image d'ecran
etroit, 45      soumettant ainsi lesdits faisceaux d'electrons extemes &
des forces diffirentielles supirieures de nature divergente, genireos par
le passage des faisceaux d'ilectrons dans le champ de diviation horizontal
on formo de coussin du collier grand ecran, par rapport aux forces
diffirentielles genirees par le champ de diviation horizontal du collier
d'ecran etroit. 50   4. Systbme conforme a la Revendication 3 caracterise
en ce quo l'angle de convergence au centre de l'ecran dudit tube image
grand ecran est inferieur A celui dudHt tube Image d'ecran etroit,
soumettant ainsi lesdits faisceaux d'electrons externes a des forces
differentielles supirioures de nature divergente, geniries par le passage
des faisceaux d'electrons dans le champ de diviation horizontal en forme de
coussin du collier grand icran, par rapport aux forces diffirentiolles
generies par le champ de deviation horizontal du collier d'ecran etroit. 



65 5. Systeme conforme ala Revendication 1 caracterisi once que ledi grand
ecran prisente une diagonale signmicative variant de 66 a 96,5 centimetres.
16    EP 0 455 918 B1 6 Systeme conforms a la Revendication 1 caracteris6
en ce quo ledit rapport d'aspect 6Ieve varie substantiellement de 1,67 a
2.0. 7. Systeme conforme A la Revendication 1 caracteris6 en co quo edit
rapport d'aspect 61eve est d'environ 1,78 et en 5       ce quo ledit angle
de d6viation horizontal est d'environ 96, d'ob un angle de deviation du
tube grand ecran d'environ 1060, mesure deputs la ligne de reference du
tube entre lee extr6mites de la diagonals de I'ecran de visualisation. 8
Systeme conforme & la Revendication 7 caractrise on ce que ledit grand
ecran presente une diagonals significative variant substantiellement de 66
a 96,5 centimbtres. 10 9. Systeme conforms a la Revendication 8 caracterise
en ce quo la diagonals du grand ecran mesure environ 86,3 m. 10. Systeme
conforme A la Revendication 9 caract6rise en co quo ladito reciproque du
rapport de la distance de pro- jection est substantiellement de 0,92. 15
11. Systbme conforms a la Revendication 1 caracterie6 en co quo, pour ledit
tube image grand ecran, l'angle de con- vergence au centre de l'ecran est
inf6rieur a celui dudit tube image d'6cran etroit, et en ce que
l'espacement S des faisceaux d'6lectrons oxtemes sur la ligne de r6fdrence
du tube est superieur a cslui dudit tube image d'6cran 6troit. 20   12.
Systeme conforms A la Revendication 1 caract6rise6 en ce que lodit collier
grand 4cran possbde un champ de deviation horizontale en forms de coussin
largement plus faible quo celui dudit collier d'cran 6troit conformement
audit rapport de non-uniformiti, afin d'6viter toute condition de
sous-convergence au droit des sxtremits de l'axe majeur du grand ecran, qui
entratnerait un positionnement du point de croisement des
faisceauxd'6lectrons externes largement en retrait dudit grand ecran. 25
13. Systeme conforms A la Revendication 12 caracteris6 on ce quo
lespacement S des faisceaux d'6lectrons externes, au droit du plan de
deviation dans ledit tube image grand dcran, est sup6riour A colui dudit
tube image d'ecran etroit, soumettant ainsi lesdits faisceaux d'6lectrons A
des forces diff6rentiolles sup6rieures, d'une nature divergente, gene- rees
par le passage des faisceaux d'electrons dans le champ de deviation
horizontal en forms de coussin du collier 30      grand ecran, par rapport
aux forces diff6rentielles generees par le champ de deviation horizontal du
collier d'ecran dtroit. 14. Systeme conforms a la Revendication 13
caracterise en co que rangle de oonvergence au centre de l'cran dudit tube
image grand ecran set inferieur A celui dudit tube image d'dcran 6troit,
soumettant ainsi lesdits faisceaux 35      d'lectrons extemes a des forces
difflrentielles superioures, de nature divergente, gner6ees par le passage
des faisceaux d'electrons dans le champ de deviation horizontal en forms de
coussin du collier grand ecran, par rapport aux forces difflrentielles
generees par le champ de deviation horizontal du collier d'ecran etroit. 40
45 55 17    


