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main deflection region, a length of a major axis of the spot produced at,
for example, the 3 o'clock hour point The invention relates to a display
apparatus with de-  tends to be elongated in the horizontal direction by
ap- flection means in which a field nonuniformity provides an  proximately
1.5 times the spot major axis at the screen electron beam lensing action to
control the shape and  5  center, as shown in FIGURE 1. In this case, the
spot also size of a spot formed by an electron beam landing on,  tends to
be elongated at various locations on the display for example, a display
screen of a cathode ray tube  screen in the direction of the deflection
such that the ma- (CRT).                                           jor axis
of the elliptic spot coincides with the direction of Spot enlargement and
distortions are due to, for ex-  the deflection. The direction of the
deflection with respect ample, the obliquity of the screen and space-charge
re-  10 to a given spot is the direction formed between the spot pulsion.
Reducing the enlargement and distortion of the  and the center of the
display screen. As shown in FIG- spot as the electron beam is deflected by
the deflection  URE 1, the ratio between the length of the major axis of
yoke may be required in, for example, high definition tel-    the spot to
the length of the minor axis of the spot tends evision (HDTV).
to increase as the beam spot is deflected away from the In a display
apparatus described in Japan Display  15 center toward the edges of the
screen. For example, 89, pages 458-61 "A New Picture Tube System with Ho-
such ratio at the screen center is equal to 1 since the mogeneous Spot
Performance", J. Gerritsen, A.A.S.  spot is round; whereas, at the 3
o'clock point it is Sluyterman, Philips Technology Centre Display Compo-
1.48/0.86 or about 1.7. Such ratio defines the ellipticity nents,
Eindhoven, The Netherlands that uses a self-con-  of the spot. The larger
is the value of such ratio, the great- verged yoke, dynamic focus and
stigmators have been  20 er is the ellipticity of the spot. The difference
in such ra- developed to eliminate overfocusing and "flare" that de-  tios
is indicative of the extent of the aforementioned spot grade
high-resolution images. Such system, however,    shape distortion. produces
distorted spots at the extreme side edges of  A display apparatus according
to the invention is de- the horizontal axis of the screen. For example, at
the 3  scribed in claim 1. The dependent claims describe par- o'clock hour
point at the end of the horizontal axis of the  25 ticular embodiments of
the invention. display screen, the spot is elliptic and elongated in the
In accordance with an aspect of the invention, a first horizontal
direction, about twice the spot width at screen  nonuniform field is
produced in a first region of a path of center. Such distortion may be
unacceptable for    the electron beam. The first nonuniform field forms an
high-resolution displays.                          electron beam lensing
action that tends to converge the In an anastigmatic deflection yoke, each
of a hori- 30 beam spot at the display screen in the direction of spot
zontal deflection coil and a vertical deflection coil pro-  elongation. A
second nonuniform field is produced in a duces a corresponding so-called
uniform-field, namely,  second region of the electron beam path that is
further without significant flux density gradient. A deflection field  away
from the display screen than the first region. The that is close to being a
uniform-field is produced in a de-  second nonuniform field forms an
electron beam lensing flection coil in which the winding distribution, or
angular 35 action that tends todiverge the beam spot in the direction
density of the winding conductors contains only a f unda-  of spot
elongation. The nonuniformity of each of the fields mental, or first
harmonic component, in accordance to  causes different portions of a given
cross section or pro- the Fourier series expansion.
file of such electron beam to be deflected by slightly dif- In the Fourier
series, expansion, the n-th harmonic    ferent amounts in a manner that
tends to reduce the may refer to the Fourier component of the n-th order of
40 aforementioned tendency of the major axis of the spot to the winding
distribution, or winding-current product dis-  become elongated, and of the
ellipticity to increase. tribution. Such winding distribution, or
winding-current  Therefore, spot shape distortion is reduced. product
distribution is periodic as a function of an angle  In carrying out another
aspect of the invention, the measured from, for example, the horizontal
axis of the  nonuniformity of the first nonuniform deflection field is
yoke. The term winding-current product, typically depict- 45 produced in a
first quadrupole arrangement and the sec- ed by the notation, N - I, refers
to a value obtained when  ond nonuniform field is produced in a second
quadrupole multiplying the number of winding turns by the current in
arrangement such that both arrangements operate in a a given winding turn.
Such term is measured by the units  manner analogous to that of a
quadrupole doublet. ampere-turns. Thetermwinding-currentproductor wind-
In carrying out a feature of the invention, the first ing-current product
distribution may be associated with  50 nonuniform field is established
between an exit and an a current component that flows in such winding turns
at,  entrance region of a deflection yoke for rendering a ben- for example,
the horizontal rate or at the vertical rate.  eficial electron beam lensing
action that, advantageous- A variation in the beam landing location that is
ly, reduces the ellipticity of the spot. The nonuniformity caused by a
corresponding change of the fundamental  of or flux density gradient of a
deflection field that is re- Fourier component of the winding-current
product distri- 55 quired to, for example, converge the beam spot, may be
bution, alone, tends to produce an elongation in the  different in
accordance with the spot position on the beam spot. For example, in one
prior art deflection sys-  screen. For example, at the corners of a display
screen tem that employs only the uniform deflection field in a  with a 4:3
aspect ratio, the type of nonuniform deflection 2    
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is required can be formed by a com-  arrangement of the arrangement of
FIGURE 13; bination of pincushion shaped, horizontal and vertical  FIGURE
15 illustrates a diagram illustrating the deflection fields; whereas, when
the spot is at each of  operation of a quadrupole doublet formed by a pair
the vertical and horizontal axes of the screen, barrel  of double
quadrupoles of the arrangement of FIG- shaped, horizontal and vertical
deflection fields may be  5  URE 13; and required. The terms barrel and
pincushion are used   FIGURE 16 illustrates a shape of a beam spot at cor-
herein primarily to indicate the type or sense of deflection  responding
beam landing locations in a main deflec- field gradient. For example, a
barrel shaped horizontal  tion field that is similar to that produced in a
prior art, deflection field refers to a horizontal deflection field  static
self-converged deflection yoke. formed in and around the beam at a given
location in the  10 yoke that decreases along the horizontal axis of the
yoke  FIGURE 2 illustrates a deflection system 100, em- as a function of
the distance from the center of the yoke.  bodying an aspect of the
invention, in which an electron beam lensing action that tends to converge
the beam FIGURE 1 illustrates a shape of a beam spot at cor-    spot in the
direction of the deflection is produced in a responding beam landing
locations obtained in a  15 main deflection region of a yoke 55. Deflection
system prior art deflection apparatus that utilizes a uniform,  100 of
FIGURE 2 may be used in, for example, a televi- main deflection field;
sion receiver. Deflection system 100 includes a CRT 110 FIGURE 2
illustrates a block diagram of a deflection  of the 25V110 type having, for
example, 110 degree max- apparatus embodying an aspect of the invention,
imum deflection angle. CRT 110 has a longitudinal axis that includes a
quadrupole coil arrangement;  20 Z that is perpendicular to a display
screen 22. Display FIGURE 3 illustrates a diagram of aquadrupolefield
screen 22 is of, for example, the 25-inch viewing screen that is produced
in the arrangement of FIGURE 2  type having, for example, a 4:3 aspect
ratio. and its effect on a cross section of an electron beam;  A neck end
33 of CRT 110 contains an electron gun FIGURE 4 is a diagram showing a
winding-current  44 that produces three electron beams. The electron
product distribution in one quadrant of a quadrupole  25 beams produced by
gun 44 are modulated in accordance coil of FIGURE 2;
with video signals R, B, and G, respectively, for produc- FIGURES 5a-5d
illustrate waveforms useful for    ing an image on display screen 22. A
given one of the explaining the operation of the arrangement of FIG-  beams
produces a spot 999 that, when scanned, forms URE 2;
a raster on display screen 22 at a corresponding color. FIGURES 6a and 6b
illustrate a double quadrupole  30  Deflection yoke 55, embodying an aspect
of the in- arrangement having eight magnetic poles that is    vention, is,
for example, of a saddle-saddle-saddle type included in the arrangement of
FIGURE 2;      and is mounted on CRT 110. Deflection yoke 55, shown FIGURES
7a-7e illustrate additional waveforms  in a partial cross sectional view,
includes a line or hori- useful for explaining the operation of the
arrange-  zontal deflection yoke assembly 77 formed by a pair of ment of
FIGURE 2;                          35 saddle coils 10 that surround a
portion of neck 33 and a FIGURE 8 illustrates the shape of a beam spot at
portion of a conical or flared part of CRT 110. Deflection corresponding
beam landing locations when a main  yoke 55 further includes a vertical or
field deflection coil deflection field is of the type produced in the
assembly 88 formed by a pair of saddle coils 99 that sur- arrangement of
FIGURE 2;                       round coils 10. Deflection yoke 55 further
includes a FIGURE 9 illustrates a block diagram of a deflection  40
quadrupole coil assembly 28 formed by a pair of saddle system embodying
another aspect of the invention;  coils 11 that surround coils 99.
Deflection yoke 55 further FIGURE 10 illustrates the shape of a beam spot
at    includes a core 66 having a conically shaped body that corresponding
beam landing locations in a main    is made of a ferrite magnetic material
and that surrounds deflection field produced in the arrangement of FIG-
coils 11. The main deflection region of yoke 55 is formed URE 9;
45 between a beam entrance end and a beam exit end of FIGURE 11 illustrates
deflection field functions, as  core 66. Horizontal axis X and vertical
axis Y of screen a function of the position in axis Z, in the deflection
22 are such that when coils 99 are not energized, the yoke of the
arrangement of FIGURE 9;          spot is positioned along axis X and when
coils 10 are not FIGURE 12a-12d illustrate winding-current product
energized the spot is positioned along axis Y. distributions in a given
quadrant of corresponding  50  A vertical deflection circuit 177 that may
be conven- deflection windings of the arrangement of FIGURE  tional
produces a vertical sawtooth current [err] that is cou- 9 that provide
corresponding harmonic ratios   pled to field deflection coil assembly 88
and also produc- required for reducing beam spot elongation;    es a
vertical rate parabolic signal [err]. Current [err] and sig- FIGURE 13
illustrates a block diagram of a deflec-  nal [err] are synchronized to a
vertical synchronization tion system embodying a further aspect of the
inven- 55 signal VH, produced in a well known manner. A horizon- tion;
tal deflection circuit 178 that may be conventional pro- FIGURE 14
illustrates a diagram useful for explain-  duces a horizontal sawtooth
current [err] that is coupled to ing the operation of each double
quadrupole    line deflection coil assembly 77 and also produces a hor- 3
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signal [err]. Current [err] and signal  plane Z=Z1 is selected to obtain a
negative second ratio Vph are synchronized to a horizontal synchronization
sig-  of about -60% between a magnitude of a negative third nal [err],
produced in a well known manner.           harmonic component and that of a
fundamental harmon- In accordance with a feature of the invention, yoke  ic
component, indicating also a pincushion shaped field. 55 operates as an
electron beam lens, as well as a beam   5  By convention with respect to
vertical deflection coils, a deflector. The electron beam lensing action of
yoke 55,  negative sign indicates a pincushion field and a positive that is
similar to each of the three beams, is explained  sign indicates a barrel
field. herein with respect to only one of the electron beams.  The
aforementioned values of the first and second The electron beam lensing
action reduces spot elonga-  ratios are selected primarily for obtaining
spot 999 that tion. The electron beam lensing action is obtained by pro-
10 is, for example, round. Convergence and geometry er- ducing a deflection
field having a field nonuniformity. The  rors may be corrected by other
arrangements, not in nonuniformity of the deflection field causes different
por-  yoke 55, as described later on. The sign of each ratio is tions of
the beam at a given cross section or profile in  selected to obtain the
desired type of field nonuniformity, the electron beam path in deflection
yoke 55 to be de-  namely pincushion shaped horizontal deflection field and
flected by slightly different amounts in a manner that 15 pincushion shaped
vertical deflection field at the corner. tends to reduce spot elongation
and also tends to reduce  When focused by the operation of focus electrode
volt- the tendency of the ellipticity of the spot to increase, thus  age F
of CRT 110 and made anastigmatic by the opera- providing lensing action. A
more detailed explanation of    tion of stigmator 24, spot 999, at a given
corner of screen how a nonuniformity in the deflection fields reduces the
22, will obtain a shape with optimal ellipticity. For a typical ellipticity
in the spot is provided later on.  20 CRT, optimal ellipticity is obtained
when spot 999 has, A stigmator 24, described in more detail later on, is
for example, a round shape. Thus, the first and second positioned to
surround neck 33 behind yoke 55. Stigma-  ratios establish a desired first
electron beam lensing ac- tor 24 is interposed between gun 44 and yoke 55.
Stig-  tion of yoke 55 for obtaining, for example, a round spot mator 24
produces a magnetic field having a field nonu-  at the corners of display
screen 22. Advantageously, niformity in neck 33 outside yoke 55 for
eliminating an  25 yoke 55 significantly reduces a ratio between a length
of astigmatism produced by the lensing action of yoke 55  a major axis of
spot 999 at the corner of display screen so as to make spot 999
anastigmatic. Spot 999 is con-  22 and a major axis of spot 999 at the
center of display sidered anastigmatic if the entire area of the electron
screen 999 relative to such ratio of FIGURE 1. Gun 44 beam spot can be
focused at a single level of a focus  and stigmator 24 form an additional
electron beam lens- voltage F applied to a focus electrode 333 of CRT 110.
30 ing action that makes spot 999 anastigmatic. Coils 11 are driven by a
current iq that produces a  When the spot is on the horizontal axis X of
the negligible magnetic field when spot 999 is positioned at  screen, a
barrel shaped horizontal deflection field, alone, the corners at, for
example, the 2 o'clock hour point and  can produce the required field
gradient in the beam path substantially anywhere on the diagonals of
display  for reducing spot elongation, thus establishing the first screen
22, as described later on. Therefore, the electron  35 electron beam
lensing action. Similarly, when the spot is beam lensing action of yoke 55,
when spot 999 is at the  along the vertical axis Y, a barrel shaped
vertical deflec- corners of display screen 22, is substantially unaffected
tion field, alone, can produce the required field gradient by quadrupole
coil assembly 28.                   in the beam path for reducing spot
elongation. A winding distribution in horizontal deflection coils  In a
barrel shaped vertical deflection field, the flux 10 in a given plane that
is perpendicular to axis Z having  40 density along axis Y generally
decreases as the distance a coordinate Z=Z1 is representative of the
winding dis-    from the screen center increases when the spot is locat-
tribution in a main deflection region of yoke 55. To obtain  ed on axis Y;
in a pincushion shaped vertical deflection the deflection field
nonuniformity that produces, for ex-  field, the field gradient is
generally opposite. ample, a round spot at the corners of display 22, a
pre-  The field or flux density gradient in yoke 55 that is determined
winding distribution of each of horizontal de- 45 required for reducing
spot elongation on axes X and Y is flection coils 10 and vertical coils 99
is established. Wind-  established mainly by quadrupole coil assembly 28
ing distribution parameters may be established empiri-    formed by saddle
coils 11 having quadrupole symmetry. cally for obtaining a round spot at
each of the corners of  The quadrupole deflection field component produced
by display screen 22, such as, for example, at the 2 o'clock  coils 11
corrects the elliptical distortion of the spot when hour point. The winding
distribution of coils 10 in such  50 the spot lies on each of axis X or Y
of display screen 22 plane is selected to obtain a positive, first ratio of
about  and reduces the elongation of the major axis of spot 999 +10%
between a positive third harmonic component and  relative to such length at
the center of screen 22. Coils a fundamental harmonic component. Such
positive first    11 do not significantly affect the nonuniformity of the
ratio indicates a pincushion shaped horizontal deflection  magnetic fields
when spot 999 is at each of the corners, field. By convention, with respect
to horizontal coils, a  55 as explained later on. positive sign of the
third harmonic indicates a pincushion  FIGURE 3 illustrates, schematically,
the flux or field field and a negative sign indicates a barrel field.
Similarly,  produced by coils 11 of quadrupole 28 having a wind- a winding
distribution in vertical deflection coils 99 in    ing-current product
distribution that contains mainly a 4    
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component. The flux shown is repre-  Consequently, the aforementioned
tendency of the sentative of the fl ux in the plane or beam path region
hav-  shape of the spot to become distorted or elliptic relative ing the
coordinate Z=Z1 depicted by a rectangle 112.    to its round shape at the
screen center is, advantageous- Similar symbols and numerals in FIGURES 1,
2 and 3  ly, reduced. The nonuniformity in the flux density, or flux
indicate similar items or functions. Arrow Hq in FIGURE  5  density
gradient produced by, for example, the resulting 3 represents the direction
of flux density of the field or  barrel shaped horizontal deflection field
causes, for ex- flux component produced only by coils 11 in yoke 55  ample,
an end portion 108 of cross section 999a of the when spot 999 is at the 3
o'clock hour point at the end  electron beam of FIGURE 3 that is closer to
center point of axis.                                          C of
rectangle 112 to be deflected away from center point When spot 999 of
FIGURE 2 is at the 3 o'clock hour  10 C in the direction of the deflection
X a longer distance, point of screen 22 of FIGURE 2, the field represented
by  or more strongly than a second end portion 109 that is arrow Hq of
FIGURE 3, produced by coils 11 of FIGURE  further away from center point C.
This situation that is 2, has a direction that is generally opposite to the
direc-  depicted schematically by straight arrows 1 08a and 1 09a tion of
the pincushion shaped horizontal deflection field    is equivalent to
having magnetic forces applied at oppo- component, not shown, produced by
horizontal deflec- 15 site directions to end portions 108 and 109,
respectively, tion coils 10. The strength of the field produced by coils
as a result of the field nonuniformity or flux density gra- 11 increases in
the direction of the deflection. The com-  dient. The result is that yoke
55 of FIGURE 2, in addition bined effect of the two fields produces a net
or total de-    to performing scanning or deflection action, operates as
flection field that is obtained by a vectorial summation of  an electron
beam lens that converges spot 999 in the the field components.
20 direction of its elongation. In the case of FIGURE 3, the The magnitude
of current iq of FIGURE 2 that ener-  direction of elongation is also the
direction of the deflec- gizes coils 11 is made sufficiently large to
change the  tion, X. deflection field nonuniformity in the beam path at
each  Assume that spot 999 is already focused in the ab- end of the
horizontal axis X of rectangle 112 of FIGURE  sence of the magnetic forces
represented by arrows 3, when spot 999 is at the corresponding 3 and 9
o'clock 25 1 08a and 1 09a. The result of the beam converging mag- hour
points. The deflection field nonuniformity is  netic forces represented by
arrows 108a and 109a is that changed by current iq from being pincushion
shaped to  extreme left and right end portions of spot 999 along its a
deflection field that can be produced in the beam path  major axis in the
direction of horizontal axis X become by a barrel shaped horizontal
deflection field, alone.  overconverged. Thus, the left and right end
portions tend Thus, a net deflection field [err], closer to a center point
30 to converge at a plane that is located between display C of rectangle
112, is stronger than a net deflection field  screen 22 of FIGURE 2 and
yoke 55, instead of on [err], that is further from the center C. Similarly,
coils 11  screen 22. The result is that a flare portion, not shown, of
FIGURE 2 produce a netfield in the beam path at each  is produced in the
vicinity of the left end portion of spot end of the vertical axis Y of
rectangle 112 when spot 999  999 of FIGURE 2 and a flare portion, not
shown, is pro- is at the 6 and 12 o'clock hour points, respectively, of 35
duced in the vicinity of the right end portion of spot 999, FIGURE 3 having
a deflection field nonuniformity that  along axis X. Such pair of flare
portions make spot 999 can be produced in the beam path by a barrel shaped
astigmatic. The flares in spot 999 produced by the de- vertical deflection
field, alone.                 flection field in yoke 55 can be eliminated
such that spot For explanation purpose, a highly elliptic beam pro-  999
becomes again anastigmatic by the use of stigmator file or cross section
999a of FIGURE 3 shows how the  40 24 of FIGURE 2 and/or gun 44. cross
section of the beam, in rectangle 112 of yoke 55  Stigmator 24 that is
located further from screen 22 of FIGURE 3, might have looked like when
spot 999 of    than yoke 55, produces a field nonuniformity that tends
FIGURE 2 is at the 3 o'clock hour point of screen 22 of    to diverge cross
section 999a of FIGURE 3 in the direc- FIGURE 2 had the horizontal
deflection field been en-    tion of axis X. This is in contrast with the
beam converg- tirely a uniform field. The particular ellipticity of cross
sec- 45 ing operation of yoke 55 in the direction of axis X. The tion 999a
has been selected for explanation purposes,  result is that spot 999 is
maintained anastigmatic. By per- only. Also, for explanation purposes, the
field nonuni-    forming the beam converging operation closer to screen
formity caused by coils 10 and 99 has been neglected  22 and the beam
diverging operation furtherfrom screen since the field nonuniformity
produced there by coils 11  22, the length of the major axis of spot 999 is
reduced, dominates.                                    50 as shown by the
circle in broken lines of FIGURE 3. Sim- The field nonuniformity or flux
density gradient pro-    ilar electron beam lensing action that converges
spot 999 duced by coils 11 together with the field nonuniformity    in the
direction of the deflection or elongation occurs, by produced by stigmator
24 tends to make spot 999 of FIG-  the operation of coils 11, when spot 999
is at each of the URE 2 anastigmatic and close to being round such that
12, 9 and 6 o'clock hour points. the ratio between the major axis of spot
999 at the end  55  For a given direction of the deflection, 0, the net de-
of the horizontal axis and that at the center of screen 22  flection field
in the electron beam path has an azimuthal is substantially smaller than if
the electron beam were to    field component [err] such as shown in FIGURE
3 in a travel entirely in a uniform horizontal deflection field.  direction
that is generally perpendicular to the direction 5    
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reduce elongation of the major axis    trolled when the spot is at axis X
or Y by the selected of spot 999, the component [err] in yoke 55 in the
vicinity  winding distribution of coils 11 and not of coils 10 and 99. of
the electron beam decreases as the distance from the  The dynamic variation
is used for obtaining the required center point C in the direction of the
deflection increases.  magnetic field nonuniformity as a function of the
beam Thus, to obtain such field gradient of field component [err]  5
landings of spot 999 location on screen 22. when spot 999 is located at any
of axes Xand Y of screen  To produce current iq that dynamically varies the
22, such field gradient requires a field nonuniformity that  quadrupole
magnetic field produced by coils 11, a wave- can be formed by a horizontal
or a vertical, respectively,    form generator 101 produces a signal v101.
Signal v101 barrel-shaped deflection field producing positive isotrop-  is
coupled to current driver 104 that may operate as a ic astigmatism. For
example, field component [err] of FIG-  10 linear amplifier for producing
current iq that may be lin- URE 3 decreases as the distance from the center
point  early proportional to signal 101. Signalv101 is represent- C
increases in the direction of the deflection along axis  ed by the sum of
product terms stated in an equation X. On the other hand, to obtain such
field gradient when  form, (k1 * vpv)+(k2 * vph). The terms vpv and vph
rep- spot 999 is located at the corner of a display screen, hav-  resent
the instantaneous values of signals [err] and Vph, ing a 4:3 aspect ratio,
such field nonuniformity is formed  15 respectively, and k1 and k2 are
predetermined constants by a combination of the pincushion-shaped
horizontal  selected for obtaining the desired waveform, as ex- deflection
field and the pincushion-shaped vertical de-  plained later on. flection
field. It should be understood that an aspect ratio  Signal [err] that is
produced in deflection circuit 177 different from 4:3 may require a
different type of field  is zero when spot 999 is positioned at the center
of ver- shape to achieve such field nonuniformity at the corners. 20 tical
trace and has a positive peak when spot 999 is po- The required
winding-current product distribution in  sitioned at the top or bottom.
Signal Vph that is produced the first quadrant of coils 11 of FIGURE 2 is
shown in    in deflection circuit 178 is zero when spot 999 is posi- FIGURE
4 as a function of an angle a. Angle a is meas-    tioned at the centerof
horizontal trace and hasanegative ured from axis X. Similar symbols and
numerals in FIG-  peak when spot 999 is positioned at the left or right
side URES 1, 2, 3 and 4 indicate similar items or functions. 25 of screen
22, as shown by the waveforms in FIGURE 2. Each vertical bar in FIGURE 4
represents a winding slot  Thus, current iq contains the sum of a
parabola-shaped of the first quadrant of coils 11 having a gross angular
current component in accordance with signal Vph and a width of 6 degrees.
In each slot, a bundle of conductor  parabola-shaped current component in
accordance with windings of the respective coil portion are placed. Thus,
signal [err]. A waveform generator that is capable of pro- fifteen slots
span a total of 90 degrees of the first quad- 30 ducing such waveform is
described in detail in United rant. The bar height and position relative to
the axis rep-  States Patent No. 4,683,405, entitled PARABOLIC resents the
magnitude and sign of the winding-current  VOLTAGE GENERATING APPARATUS FOR
TELEVI- product, N * I, that is produced by the respective bundle  SION, in
the names of Truskalo et al., (the Truskalo pat- in the slot. The
winding-current product distribution of  ent) that is incorporated by
reference herein. coils 11 of FIGURE 2 contains substantially only a sec-
35  FIGURES 5a-5d illustrate waveforms useful for ex- ond harmonic
component, defined by the Fourier series  plaining the operation of the
arrangement of FIGURE 2. expansion.
Similar symbols and numerals in FIGURES 1, 2,3,4 and To obtain one of the
polarities of the harmonic com-  5a-5d indicate similar items or functions.
ponent at the second harmonic of the winding-current   Constants k1 and k2
of generator 101 of FIGURE 2 product, current iq of FIGURE 2 that energizes
coils 11  40 are selected atvaluesthat, for example, are substantially is
arranged to flow in a predetermined direction in a cor-  equal, such that
the sum of the parabola shaped current responding bundle of conductor
windings of coils 11 be-  components produces a magnitude of current iq
that is tween the entrance region and the exit region of the yoke.  small
or substantially zero, as shown in FIGURE 5c, On the other hand, to obtain,
simultaneously, the other  when spot 999 is positioned in the vicinity of
the corners one of the polarities of such harmonic component, cur- 45 of
screen 22 of FIGURE 2. Therefore, the quadrupole rent iq is arranged to
flow simultaneously in the opposite  field produced by coils 11 will be,
for example, negligible direction, in a second bundle of conductor windings
of  so as not to affect the shape of spot 999 when spot 999 coils 11.
is in the vicinity of the corners or of the diagonals of It may be
desirable to vary the strength and provide  screen 22, as indicated before.
Thus, the shape of spot the proper flux direction of the quadrupole
magnetic field  50 999 at the corners of screen 22 is mainly determined by
produced by coils 11, dynamically, as a function of the  the harmonic
components at the negative third harmonic position of spot 999 on screen 22
such that the magnetic  produced by the vertical deflection coils and by
the pos- field in yoke 55 at the corners of display 22 remains sub-  itive
third harmonic produced by the horizontal deflection stantially unaffected
by quadrupole assembly 28. In this  coils. The values of constants k1 and
k2 of generator 101 way, advantageously, controlling the spot size at the
cor- 55 that determine the peak magnitude of current iq of FIG- ners is
obtained by the winding distribution selected for  URE 5c are selected to
produce the required magnitude coils 10 and for coils 99 and not by the
winding distribu-  and polarity of the quadrupole field of coils 11 when
spot tion selected for coils 11; whereas, the spot size is con-  999 is
located at the 3 and 9 o'clock hour points. 6    
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FIGURE 2, for a given value  sponsible for convergence coma of three beams.
For ex- of constants k1 and k2, the magnitude of the quadrupole  ample,
spot coma may occur due to the nonuniformity of field when spot 999 is at
the 6 or 12 o'clock hour point is    the magnetic field at, for example,
the intermediate re- also fixed. If desired, a different waveform generator
may  gion. The entrance region has the greatest effect on spot be used,
instead of generator 101, for varying the nonu-  5  coma. To eliminate spot
coma, the winding distribution niformity of the field produced by
quadrupole coils 11, in    is made in such a way that the resulting sign of
the third a manner not shown in the figures, such that the strength
harmonic component of the winding distribution at the of the field produced
by coils 11 at, for example, the 12  entrance region of each of coils 10
and 99 of yoke 55 is o'clock hour point may be established independently of
opposite to the sign of the third harmonic component of the strength of the
field at the 3 o'clock hour point.  10 the winding distribution associated
with the intermediate In a self-converged yoke, a spot on axis Y at a given
deflection region of yoke 55. distance from the screen center is less
elliptic or more  As explained before, in the intermediate or main de-
round than a spot produced at the same distance on axis    flection region
of yoke 55, each of the fields produced by X. This is so because, in the
self-converged yoke, the  coils 10 and 99 is generally pincushion shaped
for pro- field nonuniformity of the vertical deflection field is al- 15
ducing round corner spots. On the other hand, when the ready barrel shaped
for obtaining convergence. Howev-  spot lies on the horizontal or vertical
screen axis, X or Y, er, in the self-converged yoke, the degree of field
nonu-  a pincushion shaped deflection field may be undesirable niformity,
unlike in the arrangement of FIGURE 2, is, dis-  because it causes the spot
to be elongated in the direc- advantageously, not optimized for obtaining
round spot.    tion of the deflection to an unacceptable degree. In the
arrangement of FIGURE 2, a corresponding  20    In accordance with another
aspect of the invention, winding-current product distribution at a given
beam  stigmator 24 of FIGURE 2, in cooperation with yoke 55, landing
location can be selected with respectto each one  produces an anastigmatic
spot. Stigmator 24 includes a of the three coils, 10, 99 and 11. The
ability to select it  double-quadrupole coil arrangement forming an
electro- with respect to each of the three deflection coils provides
magnet having eight poles. The double-quadrupole coil a high degree of
freedom for establishing the required  25 arrangement of stigmator 24 of
FIGURE 2 is shown field nonuniformity. The high degree of freedom enables
schematically in each of FIGURES 6a and 6h. Similar an overall improvement
in reducing spot elongation than,  symbols and numerals in FIGURES 1, 2,
3,4, 5a-5d and for example, if the winding-current product distribution
6a-6b indicate similar items or functions. A quadrupole could be selected
with respect to only one of the coils.  coil 24a of FIGURE 6b that forms
four magnetic poles When, for example, spot 999 lies on axis X, the net 30
224 is energized by a current ia. A quadrupole coil 24b effect of the
magnetic field in the beam path in yoke 55  of FIGURE 6a that forms the
alternate magnetic poles that is determined mainly by coils 11 is similar
to that pro-  124 is energized by a current ib. Quadrupole coil 24a of
duced by a barrel shaped horizontal deflection field,  FIGURE 6b corrects
astigmatism generally in the direc- alone. In contrast, the horizontal
deflection coils of a  tion of axes X and Y. Quadrupole coil 24b is rotated
by self-converged yoke produce field nonuniformity that re- 35 45 degrees
relative to quadrupole coil 24a. Coil 24b cor- sults in an undesirable
electron beam lensing action.  rects astigmatism generally in a direction
that forms, for This is so because, in the self-converged yoke, such field
example, an angle of +45 degrees with axis X by apply- nonuniformity,
unlike that of the arrangement of FIGURE  ing a magnetic force generally in
a direction that forms 2, is pincushion shaped. The pincushion shape
vertical  an angle, in such example, of +45 degrees with axis X deflection
field tends to produce a significant positive  40 or Y. The magnitudes and
waveforms of currents ia and trap convergence and positive anisotropic
astigmatism  ib in stigmator 24 and of current iq in coils 11 of yoke 55
error that may be corrected by another arrangement and  are selected for
obtaining a beam spot that is anastig- not in yoke 55, as explained later
on. In comparison, in  matic when located at the corners and along the axes
of a self-converged yoke in which the vertical deflection  screen 22. The
use of the double quadrupole coil ar- field required for convergence
purposes is bar- 45 rangement of stigmator 24 provides a way to
electrically rel-shaped, the trap error is minimized in the yoke. When
rotate a total quadrupole field produced by stigmator 24 spot 999 lies on
axis Y, the net effect of the magnetic field  by a predetermined angle
relative to axis X in a dynamic in the beam path that is determined mainly
by coils 11 is  manner as a function of the spot landing location. similar
to that produced by a barrel shaped vertical de-  To produce current ia
that is required for correcting flection field.
50 the astigmatism of spot 999 in the direction of axis X and The winding
distribution in each of coils 10 and 99  Y, a waveform generator 102 that
may be similar to that at an electron beam entrance region of yoke 55 is
select-    shown in the Truskalo patent produces a signal v1 02 that ed to
eliminate a distortion in the spot that may be re-    is coupled to a
current driver 105. Current driver 105 may ferred to as "spot coma". Spot
coma is the difference in  operate as a linear amplifier. Signal v1 02 may
be repre- distance, as the beam is deflected, between a center por- 55
sented, for example, by the equation, tion of the beam and a point located
at a point midway  (k3 * vpv)+(k4 * vph)+(k5 * vpv * vph)+k6. between two
extreme end portions of the beam. Spot  Theterms k3, K4, k5and k6 are
predeterminedconstants coma occurs because of factors analogous to those
re-  selected for obtaining the desired waveform. Constant 7    
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producing current ia at a level shown  izontal or vertical deflection field
that can make a round in FIGURE 5d for reducing the astigmatism in the spot
spot at each corresponding hour point is also shown when the spot is
positioned at the 12 o'clock hour point    there. Similar symbols and
numerals in FIGURES 1, 2, of display screen 22 of FIGURE 2. Constant k4 is
select-  3,4, 5a-5d, 6a-6b and 7a-7e and 8 indicate similar items ed for
producing current ia of FIGURE 5d at a level that  5  orfunctions.
Advantageously, variations in the size of the reduces the astigmatism in
the spot at the 3 o'clock hour  spot produced by the arrangement of FIGURE
2, as a point. Constant k5 is selected for producing current ia at
function of the spot position, as shown in FIGURE 8, are a level that
reduces the astigmatism in the spot at the 2  substantially smaller from
those shown in FIGURE 1. As o'clock hour point. Constant k6, indicating a
DC current,    explained before, the spots shown in FIGURE 1 are pro- is
selected for producing current ia at a level that reduces  10 duced by a
yoke that produces uniform fields. Thus, in the astigmatism in the spot
atthe center of display screen  FIGURE 1, when the spot is at the end of
the horizontal 22.                                               axis, the
length of the major axis of the elliptical spot is Current ib is applied to
quadrupole 24b, for correct-  1.48 times the diameter of the spot at the
center of the ing the astigmatism of spot 999 in the direction that forms
display screen that is approximately round at the center. an angle of 45
degrees with axis X or Y. To produce cur-  15 Whereas, in FIGURE 8, the
maximum increase is only rent ib, a waveform generator 114 produces a
signal  1.18 times. Advantageously, variations in the ellipticity of V114.
Signal V114 is represented by the equation, (k7 *  the spot produced by the
arrangement in FIGURE 2, as vpv * vph)+k8. The terms k7 and k8 are
predetermined  a function of the spot position, as shown in FIGURE 8,
constants selected for obtaining the desired waveform  are
substantiallysmallerfromthoseshown in FIGURE 1. for correcting the
astigmatism of spot 999 at the corners 20  FIGURE 9 illustrates a
deflection system 100', em- of display screen 22. Generator 114 may be
similar to  bodying a further aspect of the invention, in which an that
described in United States Patent No. 4,318,032 in  electron beam lensing
action is produced in a yoke 55'. the name of Kureha, entitled, CONVERGENCE
CIR-    Similar symbols and numerals in FIGURES 1, 2, 3, 4, CUIT INCLUDING
A QUADRANT SEPARATOR.              5a-5d, 6a-6b and 7a-7e, 8 and 9 indicate
similar items FIGURES 7a-7e illustrate waveforms useful for ex- 25
orfunctions. Deflection system 100' includes a CRT 110' plaining the
operation of the generator 114 of FIGURE  that may be similar to CRT 110 of
FIGURE 2. Deflection 2. Similar symbols and numerals in FIGURES 1, 2, 3,4,
yoke 55', embodying an inventive feature, is mounted on 5a-5d ,6a-6b and
7a-7e indicate similar items or func-  CRT 110'. Deflection yoke 55', shown
in a partial cross tions. Current ib of FIGURE 7a has a peak value each
sectional view, includes a line deflection yoke assembly time spot 999 of
FIGURE 2 is in the vicinity of the comers 30 77' formed by a pair of saddle
coils 1 Oa that surround a of display screen 22. Current ib of FIGURE 7a is
zero  portion of a neck 33' of CRT 110' and a pair of saddle when spot 999
is at the center of display screen 22, as  coils 1 Ob that surround saddle
coils 1 Oa. Deflection yoke shown in FIGURES 7a, 7b and 7c, and is also
zero at  55' also includes a field deflection coil assembly 88' the
vicinity of axes X and Y of display screen 22, as  formed by a pair of
saddle coils 99a that surrounds coils shown in FIGURE 7a. The phase of
current ib changes 35 10b anda pairof saddle coils 99bthatsurround coils
99a. polarity each time spot 999 of FIGURE 2 crosses hori-  The winding
distribution in each of coils 10a, 1Ob 99a zontal axis X at the vertical
center of screen 22.  and 99b at an electron beam entrance region of yoke
55' To focus the anastigmatic spot that is produced by  is selected to
eliminate the distortion in the spot that was yoke 55 and stigmator 24,
dynamic focus voltage F is    referred to before as spot coma. A core 66'
forming a applied to focus electrode 333 of CRT 110. A waveform  40 portion
of a conical shaped body and made of a ferrite generator 103 that may be
similar to that described in  magnetic material surrounds coils 99b. A
stigmator 24' the Truskalo patent produces a signal v1 03 that is equal
that may be similar to that of FIGURE 2 performs the to (k9 * vpv)+(kl 0 *
vph)+(kl 1 *vpv * vph). Constants k9,  analogous function. k10 and k11 are
selected for obtaining the required fo-  In the intermediate and exit
regions of yoke 55' of cusing action. Signal v103 Is coupled to a focus
voltage  45 FIGURE 9, the winding-current product distribution or generator
and modulator circuit 106 for producing focus  angular density of the
windings that form coils 10a is voltage F. Voltage F is dynamically
modulated in propor-  made to vary in accordance with a sum of a
fundamental tion to signal v103.                             harmonic
component and of a harmonic component at Advantageously, the round spot
associated with the  the positive third harmonic, as defined by the Fourier
se- given electron beam can be produced in CRT 110 of FIG- 50 ries
expansion. The ratio between a magnitude of the URE 2 with a very large
beam current of, for example, 3  harmonic component at the third harmonic
and that of milliamperes. Also, advantageously, by dynamically var-    the
fundamental harmonic component of the wind- ying the nonuniformity or
astigmatism of each of the de-    ing-current product distribution of coils
1 Oa is established flection fields in yoke 55, the beam spot becomes fo-
to be about +90%. cused, anastigmatic, and close to being round, as shown
55  On the other hand, the winding distribution or angu- in FIGURE 8. Such
beneficial electron beam lensing ac-  lar density of the windings that form
coils 1 Ob is made to tion may be utilized also in conjunction with a mono-
vary in accordance with a sum of a fundamental harmon- chrome CRT. The type
of field nonuniformity of the hor-    ic component and of a harmonic
component at a nega-    15                EP 0 539 524 B1
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tive third harmonic, as defined by the Fourier series ex-  spot in a manner
analogous to that explained with re- pansion. The ratio between a magnitude
of the harmonic  spect to the circuit of FIGURE 2. component at the third
harmonic and that of the funda-  Variation of the ratio between the
magnitudes of cur- mental harmonic component of the winding-current  rents
iya and iyb of FIGURE 9 is accomplished by mod- product distribution of
coils 10b is established at about  5  ulation circuits of horizontal
deflection circuit 178', not -110%.
shown in detail. Circuit 178' amplitude modulates, at a A horizontal
deflection circuit 178' produces a hori-    vertical rate, each of currents
iya and iyb, in accordance zontal deflection current iya in coils 1 Oa and
a horizontal  with corresponding waveforms 1 78a and 1 78b, respec- current
iyb flows in coils 10b. Current iya causes the  tively. Each of currents
iya and iyb may be modulated in winding-current product distribution of
coils 1 Oa to con-  10 a manner similar to that accomplished in a
conventional tain aharmoniccomponentatthethirdharmonicata pre-  side
pincushion distortion correction circuit. The modu- determined polarity and
also a harmonic fundamental  lating waveforms, 178a and 178b, may be
waveforms at component. Similarly, current iyb causes a harmonic    the
vertical rate. Such modulation dynamically varies, as content produced by
coils 10b to contain a harmonic  a function of the spot position, the
magnitude and sign component at the third harmonic at the opposite polarity
15 of the third ratio. Such modulation provides the beneficial and also a
fundamental harmonic component.        lensing action that controls the
shape of the beam spot. A ratio between the magnitudes of currents iya and
Similarly, in the intermediate and exit regions of yoke iyb is controlled
and varies as a function of the position  55', the winding distribution or
angular density of the of the spot on screen 22. Variation of such ratio
varies  windings that form coils 99a is made to vary in accord- the flux
density gradient or nonuniformity of the horizon- 20 ance with a sum of a
fundamental harmonic component tal deflection field produced by the
combined arrange-  and of a positive harmonic component at the third har-
ment of coils 1 Oa and 1 Ob as a function of the position  monic, as
defined by the Fourier series expansion. For of the spot. The particular
ratio selected between the  example, the ratio between a magnitude of a
third har- magnitudes of currents iya and iyb determines whether  monic
component and that of a fundamental harmonic the combined arrangement of
coils 1 Oa and 1 Ob produc- 25 component of the winding distribution of
coils 99a is es- es a total pincushion or a total barrel shaped horizontal
tablished to be about +200%. deflection field. Such current ratio
determines the mag-  On the other hand, the winding distribution or angu-
nitude and sign of a first sum that is the sum of the third    lar density
of the windings that form coils 99b is made to harmonic components of the
combined arrangement of  vary in accordance with a sum of a fundamental
harmon- coils 10a and 10b.                            30 ic component and
of a harmonic component at a nega- The ratio between the magnitudes of
currents iya  tive third harmonic, as defined by the Fourier series ex- and
iyb also determines a second sum that is the sum of  pansion. For example,
the ratio between a magnitude of the fundamental harmonic components of the
combined  the harmonic component at the third harmonic and that arrangement
of coils 10a and 1 Ob. A third ratio is defined  of the fundamental
harmonic component of the winding as the ratio between the first and second
sums. Thus, 35 distribution of coils 99b is established to be about -200%.
the third ratio is defined between the sum total of the har-  A vertical
deflection circuit 177' produces a vertical de- monic components at the
third harmonic and the sum  flection current iva in coils 99a and a
vertical deflection total of the harmonic fundamental component of the hor-
current ivb in coils 99b. In accordance with an inventive izontal rate
deflection field. The third ratio is indicative of    feature, a ratio
between the magnitudes of currents iva the type and degree of field
nonuniformity produced by  40 and ivb that varies as a function of the
position of the coils 1 Oa and 1 Ob. For example, when current iya be-
spot on screen 22 determines whether the combined ar- comes larger and
current iyb becomes smaller, then the  rangement of coils 99a and 99b
produces a total pin- third ratio becomes more positive and the resulting
hor-  cushion or a total barrel shaped vertical deflection field izontal
deflection field becomes more pincushion  and also the flux density
gradient or the degree of field shaped.
45 nonuniformity of such vertical deflection field. The ratio In accordance
with an inventive feature, the ratio  between currents iva and ivb varies
dynamically to pro- currents iya and iyb is controlled to vary dynamically
as  vide dynamic electron beam lensing action. Afourth ratio a function of
the position of the spot on the screen for    is defined in a way analogous
to the third ratio, as ex- varying the magnitude and sense of the third
ratio. Var-  plained before with respect to coils 1 Oa and 1 Ob. The ying
the third ratio changes the degree and type, of the  50 fourth ratio is
defined as the ratio between the sum of the nonuniformity or astigmatism of
the total horizontal rate    third harmonic components and the sum of the
funda- deflection field produced by coils 10a and 10b. By vary-  mental
harmonic components associated with 99a and ing the third ratio, the
horizontal deflection field can be  99b. Dynamic electron beam lensing
action is further ac- made more or less pincushion shaped or more or less
complished by varying the fourth ratio associated with barrel shaped as a
function of the spot position, in a man- 55 coils 99a and 99b in a way
analogous to that explained ner to provide dynamic, electron beam lensing
action.  before with respect to coils 1 Oa and 1 Ob. The modulation of
currents iya and iyb provides the ben-  In accordance with another
inventive feature, the ra- eficial lensing action that controls the shape
of the beam  tio between currents iva and ivb varies dynamically by 9    17
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modulation circuits, not shown in detail, that modulate    the arrangement
of FIGURE 2. the amplitude of each of currents iva and ivb, in accord-
FIGURE 11 illustrates the field distribution function ance with
corresponding waveforms 177a and 177b, re-  H2 and V2 at the main
deflection region of yoke 55' that spectively. Each of currents iva and ivb
may be modulat-    are mainly barrel shaped in the arrangement of FIGURE ed
inaway similartothat accomplished in aconventional  5  9 required for
obtaining an optimal spot when the spot is top/bottom pincushion distortion
correction circuit. The  located at the end of the corresponding axis, X or
. Sim- modulating waveforms 177a and 177b may contain    ilar symbols and
numerals in FIGURES 1-4, 5a-5d, waveform components at the vertical and the
horizontal  6a-6b, 7a-7e, and 8-11 indicate similar items or func- rates.
tions. Note thatatthe entrance region of yoke 55' of FIG- Advantageously,
by dynamically varying the nonu-  10 URE 9 both fields are pincushion
shaped to provide spot niformity of each of the horizontal and vertical
deflection  coma correction. fields in yoke 55', bydynamicallyvaryingthe
nonuniform-  FIGURE 12a illustrates the winding-current product ity of the
magnetic field produced by astigmator 24' and  distribution of the pair of
coils 1 Oa and 10b in the main by dynamically varying the focus voltage,
the beam spot  deflection region of yoke 55' of FIGURE 9 required for
becomes focused, anastigmatic, and round, as shown in  15 producing the
third ratio at a value of +10% when the FIGURE 10. Similar symbols and
numerals in FIGURES  spot is at 2 o'clock hour point of FIGURE 10. FIGURE
1, 2,3,4, 5a-5d, 6a-6b and 7a-7e, and8-10 indicatesim-  12b illustrates
winding-current product distribution of ilar items or functions.
coils 1 Oa and 10b required for producing the third ratio Advantageously,
as a result of the beneficial lensing  at a value of -30% when the spot is
at 3 o'clock hour action of yoke 55', variations in the size and in the
ellip- 20 point. FIGURE 12c illustrates the winding-current prod- ticity of
the spot produced by the arrangement of FIG-  uct distribution of the
pairofcoils 99aand 99b inthe main URE 9, as a function of the spot
position, as shown in  deflection region of yoke 55' of FIGURE 9 in a
hypothet- FIGURE 10, are substantiallysmallerfromthat shown in    ical
example in which the fourth ratio is +60% be re- FIGURE 1. As explained
before, the spots shown in FIG-  quired. As indicated before, when the spot
is at 12 o'clock URE 1 are produced by a yoke that produces uniform  25
hour point the fourth ratio required is only +40%. FIG- fields. The ratio
between the length of the major axis of  URE 12d illustrates such
winding-current product distri- the spot at, for example, the 3 o'clock
hour point of FIG-  bution of coils 99a and 99b required for producing the
URE 1 to that at the center of the screen is 1.48, indicat-    fourth ratio
at a value of -60% when the spot is at the 2 ing a significant increase in
the length dimension. In con-  o'clock hour point. Similar symbols and
numerals in FIG- trast, such ratio in FIGURE 10 is only 1.2. The corre- 30
URES 1, 2, 3,4, 5a-5d, 6a-6b, 7a-7e, 8-11 and 12a-12d sponding ratios in
FIGURE 10 at the 12 and 2 o'clock  indicate similar items of functions. The
winding-current hour points are 1.15 and 1.22, respectively.      product
distribution that is provided in the other three In FIGURE 10, at each of,
for example, the 12,2 and  quadrants is similar to that in the first
quadrant. 3 o'clock hour points, the ratio between the length of the  The
winding-current product distribution is shown in major axis of the spot to
the minor axis of the spot is 1.0, 35 FIGURES 12a-1 2d as a function of
angle [err]. Each vertical 1.07 and 0.98, respectively. Such ratio is close
to unity,  bar in each of FIGURES 12a-12d represents a winding indicating a
round spot. Whereas, such ratio is equal to  slot of the respective coil
having a gross width of 6 de- or greaterthan 1.5, in FIGURE 1, indicating a
highly elon-  grees in which a bundle of conductor windings of the re-
gated or distorted spot.                          spective coil are placed.
Thus, fifteen slots span a total FIGURE 10 shows, at each corresponding
hour 40 of 90 degrees of the quadrant. The height of such bar point, the
shape of the spot obtained in the arrangement  represents the value of
winding-current product that is of FIGURE 9 and the type of field
nonuniformity required  contributed by the respective bundle in the slot of
such for obtaining such round spot. Thus, as in the arrange-  coil. A black
bar represents the winding-current product ment of FIGURE 2, when the spot
is located along axis  of a bundle associated with a deflection coil of the
pair X or Y of the display screen, the horizontal and vertical 45
containing a positive third harmonic; whereas, a white deflection fields,
respectively, that are required for ob-  bar represents the winding-current
product of a bundle taining such round spot, are each barrel shaped. On the
associated with a deflection coil of the pair containing a other hand, at
the corners of the display screen having  negative third harmonic. a 4:3
aspect ratio, the horizontal and vertical deflection  Horizontal and
vertical convergence, and geometry fields that are required for obtaining a
round spot, are  50 distortion such as East-West or North-South pincushion
each pincushion shaped.                           distortion may be
corrected in the arrangements of FIG- The deflection field nonuniformity in
the electron  URES 2 and 9 by well known methods that, for example, beam
path at the main deflection region of yoke 55' of  do not require the
utilization of the harmonic content or FIGURE 9 when the spot is at each of
the 2, 3 and 12  field nonuniformity in the deflection yoke for such pur-
o'clock hour points that is required for obtaining a spot 55 pose. For
example, in the arrangement of FIGURE 2, a that is close to being round
with only small increase in  video signal processor 222 produces signals R,
G and the major axis of the beam spot upon deflection in the  B. Each of
signals R, G and B in a given picture frame arrangement of FIGURE 9 is
similar to that required in  may be divided into pixel signals that are
stored sepa- 10    19                EP0539524B1                    20 



rately in a memory. The time when each individual pixel  netic poles qb
lies on an axis W that is perpendicular to signal of each of signals R, G
and B is read out and ap-  axis V. plied to the respective cathode of CRT
110 may vary as  The quadrupole field produced by magnetic poles a function
of the spot position in such a manner to elim-  qa of double quadrupole
arrangement 424 of FIGURE inate the aforementioned convergence or geometry
dis-  5  13 is dynamically controlled by a current [err] that is anal-
tortion. An example of a circuit that corrects similar errors  ogous to
current ib of FIGURE 6a. The quadrupole field by means of varying timings
of pixel signals is described  produced by magnetic poles qb of FIGURE 14
of double in United States Patent No. 4,730,216, in the names of
quadrupole arrangement 424 of FIGURE 13 is dynami- Caseyet al., entitled,
RASTER DISTORTION CORREC-  cally controlled by a current [err] that is
analogousto current TION CIRCUIT, that is incorporated by reference herein.
10 ia of FIGURE 6b. FIGURE 13 illustrates a deflection system 100", em-
Currents [err] and i2 that control double quadrupole ar- bodying yet
another aspect of the invention. Similar sym-  rangement 424 of FIGURE 13
determine a total quadru- bols and numerals in FIGURE 13 and in FIGURES
1-4,  pole field that is produced by arrangement 424. Such to- 5a-5d,
6a-6b, 7a-7e, 8-11 and 12a-12d indicate similar    tal quadrupole field is
the superposition of the pair of items or functions. Deflection system 100"
of FIGURE  15 quadrupolefields produced by polesqaandqb. The total 13
includes a deflection yoke 55" that, unlike, for exam-  quadrupole field of
each of arrangements 424 and 324 pie, deflection yoke 55 of FIGURE 2, may
produce uni-    of FIGURE 13 can be represented as formed by four form
horizontal and vertical deflection fields. An electron  magnetic poles Q of
FIGURE 14 that define axes M and beam lensing action is produced in the
arrangement of  N. The strength, polarity and orientation of the total
quad- FIGURE 13 by a pair of quadrupole arrangements 424 20 rupole field
that is produced by, for example, arrange- and 324 operating in an
analogous manner to that of a  ment 424 are determined by the magnitudes
and polar- quadrupole doublet. Each of quadrupole arrangements  ities of
currents [err] and [err]. Thus, an angle [err] between axis 424 and 324 may
be constructed as a double quadrupole  M of poles Q and axis X and also the
polarity and strength in a similar manner to that of stigmator 24 of FIGURE
2.  of the total quadrupole field vary as a function of currents
Arrangement 324 of FIGURE 13 is placed coaxially 25 [err] and [err] that,
in turn, vary as a function of the beam spot with arrangement 424 along
axis Z such that arrange-    landing location. Currents [err] and 4
dynamically control ment 324 is closer to display screen 22" than arrange-
double quadrupole arrangement 324 in an analogous ment 424. Arrangement 324
may be placed closerto dis-  manner to currents [err] and [err],
respectively. play screen 22' than deflection yoke 55"; alternatively,  The
total quadrupole field of each of arrangements instead of arrangement 324,
an arrangement 324a that 30 424 and 324 can be represented by corresponding
four is similar to arrangement 324 may be placed between  magnetic poles Q
of FIGURE 14 having a corresponding arrangement 424 and yoke 55", as shown
in broken  diverging axis D at 45 degrees relative to axis N and a lines.
corresponding converging axis 0 that is perpendicular to In another
embodiment of the invention, double  axis D. Axis 0 of FIGURE 14 represents
the direction in quadrupole arrangement 324 may be included in yoke 35
which the corresponding total quadrupole field tends to 55". Thus, each
quadrupole of the double quadrupole  converge a cross section or profile of
the electron beam. may be constructed in a similar way that was discussed
An example of how a quadrupole field converges the before with respect to
the quadrupole windings in coils    electron beam profile has been
previously explained with 11 of FIGURE 2. The axes of the pair of
quadrupoles that    respect to FIGURE 3. In FIGURE 3, axis X, for example,
form the double quadrupole form an angle of +45.    40 represents such beam
converging direction when the In an embodiment of the invention in which
each of  beam spot lies on axis X that is analogous to axis 0 of
arrangement 424 and 324 is constructed as a double  FIGURE 14. Axis D of
FIGURE 14 represents the direc- quadrupole, each of the pair of double
quadrupole ar-    tion in which the total quadrupole field produced by ar-
rangements 424 and 324 produces a pair of quadrupole    rangement 424 of
FIGURE 13 tends to diverge a profile deflection fields. One of the pair of
quadrupole fields of 45 of the electron beam. each of double quadrupole
arrangements 424 and 324  FIGURE 15 illustrates, schematically, the
orientation can be represented as formed by four magnetic poles,    of
converging axis 0(1) and of diverging axis D(1) of dou- qa, shown in FIGURE
14. Similar symbols and numerals    ble quadrupole arrangement 424 relative
to the direction In FIGURE 14 and in each of the preceding FIGURES  of spot
elongation. As explained before with respect to indicate similar items or
functions. Poles qa of FIGURE  50 FIGURE 1, when uniform deflection fields
are utilized, 14 are similar to magnetic poles 124 of FIGURE 6a. The  the
direction of spot elongation and the direction of the other one of the pair
of quadrupole fields can be repre-  deflection are the same. Similarly, the
orientation of con- sented as formed by four magnetic poles qb of FIGURE
verging axis 0(2) and of diverging axis D(2) of double 14 that are similar
to magnetic poles 224 of FIGURE 6a.  quadrupole arrangement 324 is also
shown. Thus, FIG- One pair of magnetic poles qa of FIGURE 14 lies on axis
55 URE 15 represents the fields produced by the doublet X. The other pair
of magnetic poles qa lies on axis Y. One  that is formed by arrangements
424 and 324 of FIGURE pair of magnetic poles qb lies on an axis V that
forms an  13. Similar symbols and numerals in FIGURE 15 and in angle of +45
degrees with axis X. The other pair of mag-  each of the preceding FIGURES
indicate similar items 11    21                EP 0 539 524 B1
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or functions.                                        Quadrupole coil
assembly 28 of FIGURE 2 may in- Axes D(1) and 0(1) of FIGURE 15 of double
quad-  clude an additional pair of saddle coils, not specifically rupole
arrangement 424 of FIGURE 13 may be rotated  identified in FIGURE 2, having
an axis that forms a cor- dynamically as a function of the beam spot
landing loca-  responding angle of, for example, 90 with the analo- tion by
varying currents [err] and [err]. Similarly, axes D(2) and  5  gous axis of
coils 11 such that assembly 28 forms, for 0(2) of FIGURE 15 of double
quadrupole arrangement  example, a double quadrupole having eight magnetic
324 of FIGURE 13 may be rotated dynamically as afunc-  poles. Such assembly
28 operates similarly to arrange- tion of the beam spot landing location by
varying currents  ment 324 of FIGURE 13. [err] and [err].
Assume that yoke 55" of FIGURE 13 is a self-con- In accordance with a
feature of the invention, cur-  10 verged yoke. Such self-converged yoke,
without the op- rents i3 and [err] of FIGURE 13 are controlled in such a
eration of arrangements 324 and 424, would operate manner so as to
dynamically rotate the total quadrupole  similarly to a conventional prior
art self-converged sys- deflection field relative to axis Z of arrangement
324 of    tem that produces spot elongation mainly in the horizon- FIGURE
13 such that converging axis 0(2) of FIGURE  tal direction, as shown in
FIGURE 16. Similar symbols 15 is maintained dynamically aligned in parallel
with the  15 and numerals in FIGURE 16 and in each of the preceding
direction of the spot elongation as the direction of the  FIGURES indicate
similar items or functions. To reduce deflection varies. In this way,
arrangement 324 of FIG-  spot elongation that is mainly in the horizontal
direction, URE 13 causes a reduction in spot elongation. The way  each of
arrangements 324 and 424 may be constructed a profile of the beam spot is
converged in the direction  as a single quadrupole. Converging axis 0(2) of
such sin- of its elongation so as to reduce the spot elongation is 20 gle
quadrupole arrangement 324 is in the direction of similar to that explained
before with respect to FIGURE  horizontal axis X. Similarly, diverging axis
D(1) of single 3.                                                quadrupole
arrangement 424 is also in the direction of A result of such convergence
action in the direction  axis X. The magnetic poles of each such single
quadru- of axis 0(2) is that double quadrupole arrangement 324  pole 324
and 424 are oriented relative to axes X and Y of FIGURE 13 also diverges
the beam spot in the direc- 25 inasimilarmannertothe magnetic poles224 of
FIGURE tion D(2) of FIGURE 15 that is perpendicular to axis 0  6b. The beam
converging-diverging actions of quadru- (2). The converging-diverging
effects of the total quad-  pole arrangements 324 and 424 of FIGURE 13,
each be- rupole deflection field produced by arrangement 324 of    ing a
single quadrupole, reduces spot elongation in the FIGURE 13,
advantageously, tends to change beam   horizontal direction, for similar
reasons that were ex- spot 999 from being significantly elliptic to being
substan- 30 plained before. tially less elliptic or closer to being round.
The conver-  Arrangements 324 and 424 have opposite effects on gence
lensing action of arrangement 324 produces spot  convergence of the beams.
Therefore, advantageously, astigmatism as a result of overconvergence in
the direc-  reduction in spot elongation is obtained without signifi- tion
of spot elongation.                          cant degradation in 3-beam
convergence. The result is In accordance with another feature of the
invention, 35 that a compromise can be stricken among 3-beam con- currents
[err] and [err] of FIGURE 13 are controlled in such a  vergence, spot
elongation and astigmatism such that manner so as to dynamically align
diverging axis D(1) of  spot elongation is reduced relative to the spot
elongation FIGURE 15 of arrangement 424 of FIGURE 13 in parallel  obtained
in prior art self-converged yoke without signifi- with the direction of
spot elongation such that the spot  cantly sacrificing the selfconvergence
property of the de- astigmatism caused by, for example, arrangement 324  40
flection system. Another advantage is that since ar- is reduced. In this
way, arrangement 424 produces an  rangement 324 and 424 operate in opposite
directions increase in the beam aperture angle in the region be-  on a
given electron beam, similar waveform generators tween arrangements 424 and
324 relative to the beam  may be used for energizing quadrupole
arrangements aperture angle in the region between arrangement 324  324 and
424. and the screen.                               45 The spot diverging
operation produced by arrange- ment 424 of FIGURE 13 further from the
display screen,  Claims in cooperation with the spot converging operation
pro- duced by arrangement 324 closer to the display screen,  1. A display
apparatus, comprising: both occurring in the direction of spot elongation,
are ca- 50 pable of reducing the spot elongation. This can be ex-   a
cathode ray tube (110, Fig. 2) including an plained by a well known theorem
derived from the Helm-   evacuated glass envelope, a display screen holtz
Lagrange law stating that the product of beam ap-  (22, Fig. 2) disposed at
one end of said enve- erture angle and spot size is constant. Thus, as ex-
lope and an electron gun assembly (44, Fig. 2) plained before, the beam
spot diverging action of ar- 55  disposed at a second end of said envelope,
said rangement 424 produces an increase in the beam aper-     electron gun
assembly producing an electron ture angle that results in a reduction of
the spot size on  beam that forms a beam spot (999, Fig. 2) at screen 22".
each of electron beam landing locations on said 12    21
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or functions.                                         Quadrupole coil
assembly 28 of FIGURE 2 may in- Axes D(1) and 0(1) of FIGURE 15 of double
quad-  clude an additional pair of saddle coils, not specifically rupole
arrangement 424 of FIGURE 13 may be rotated  identified in FIGURE 2, having
an axis that forms a cor- dynamically as a function of the beam spot
landing loca-  responding angle of, for example, 90 with the analo- tion by
varying currents [err] and [err]. Similarly, axes D(2) and  5  gous axis of
coils 11 such that assembly 28 forms, for 0(2) of FIGURE 15 of double
quadrupole arrangement  example, a double quadrupole having eight magnetic
324 of FIGURE 13 may be rotated dynamically as afunc-  poles. Such assembly
28 operates similarly to arrange- tion of the beam spot landing location by
varying currents  ment 324 of FIGURE 13. [err] and [err].
Assume that yoke 55" of FIGURE 13 is a self-con- In accordance with a
feature of the invention, cur-  10 verged yoke. Such self-converged yoke,
without the op- rents [err] and [err] of FIGURE 13 are controlled in such a
eration of arrangements 324 and 424, would operate manner so as to
dynamically rotate the total quadrupole  similarly to a conventional prior
art self-converged sys- deflection field relative to axis Z of arrangement
324 of    tem that produces spot elongation mainly in the horizon- FIGURE
13 such that converging axis 0(2) of FIGURE  tal direction, as shown in
FIGURE 16. Similar symbols 15 is maintained dynamically aligned in parallel
with the  15 and numerals in FIGURE 16 and in each of the preceding
direction of the spot elongation as the direction of the  FIGURES indicate
similar items or functions. To reduce deflection varies. In this way,
arrangement 324 of FIG-  spot elongation that is mainly in the horizontal
direction, URE 13 causes a reduction in spot elongation. The way  each of
arrangements 324 and 424 may be constructed a profile of the beam spot is
converged in the direction  as a single quadrupole. Converging axis 0(2) of
such sin- of its elongation so as to reduce the spot elongation is 20 gle
quadrupole arrangement 324 is in the direction of similar to that explained
before with respect to FIGURE  horizontal axis X. Similarly, diverging axis
D(1) of single 3.                                                quadrupole
arrangement 424 is also in the direction of A result of such convergence
action in the direction  axis X. The magnetic poles of each such single
quadru- of axis 0(2) is that double quadrupole arrangement 324  pole 324
and 424 are oriented relative to axes X and Y of FIGURE 13 also diverges
the beam spot in the direc- 25 inasimilarmannertothemagneticpoles224of
FIGURE tion D(2) of FIGURE 15 that is perpendicular to axis 0  6b. The beam
converging-diverging actions of quadru- (2). The converging-diverging
effects of the total quad-  polearrangements 324and424of FIGURE 13, each
be- rupole deflection field produced by arrangement 324 of    ing a single
quadrupole, reduces spot elongation in the FIGURE 13, advantageously, tends
to change beam   horizontal direction, for similar reasons that were ex-
spot 999 from being significantly elliptic to being substan- 30 plained
before. tially less elliptic or closer to being round. The conver-
Arrangements 324and 424 have opposite effects on gence lensing action of
arrangement 324 produces spot  convergence of the beams. Therefore,
advantageously, astigmatism as a result of overconvergence in the direc-
reduction in spot elongation is obtained without signifi- tion of spot
elongation.                          cant degradation in 3-beam
convergence. The result is In accordance with another feature of the
invention, 35 that a compromise can be stricken among 3-beam con- currents
[err] and [err] of FIGURE 13 are controlled in such a  vergence, spot
elongation and astigmatism such that manner so as to dynamically align
diverging axis D(1) of  spot elongation is reduced relative to the spot
elongation FIGURE 15 of arrangement 424 of FIGURE 13 in parallel  obtained
in prior art self-converged yoke without signifi- with the direction of
spot elongation such that the spot  cantly sacrificing the selfconvergence
property of the de- astigmatism caused by, for example, arrangement 324  40
flection system. Another advantage is that since ar- is reduced. In this
way, arrangement 424 produces an  rangement 324 and 424 operate in opposite
directions increase in the beam aperture angle in the region be-  on a
given electron beam, similar waveform generators tween arrangements 424 and
324 relative to the beam  may be used for energizing quadrupole
arrangements aperture angle in the region between arrangement 324  324 and
424. and the screen.                               45 The spot diverging
operation produced by arrange- ment 424 of FIGURE 13 further from the
display screen,  Claims in cooperation with the spot converging operation
pro- duced by arrangement 324 closer to the display screen,  1. A display
apparatus, comprising: both occurring in the direction of spot elongation,
are ca- 50 pable of reducing the spot elongation. This can be ex-   a
cathode ray tube (110, Fig. 2) including an plained by a well known theorem
derived from the Helm-   evacuated glass envelope, a display screen holtz
Lagrange law stating that the product of beam ap-  (22, Fig. 2) disposed at
one end of said enve- erture angle and spot size is constant. Thus, as ex-
lope and an electron gun assembly (44, Fig. 2) plained before, the beam
spot diverging action of ar- 55  disposed at a second end of said envelope,
said rangement 424 produces an increase in the beam aper-     electron gun
assembly producing an electron ture angle that results in a reduction of
the spot size on  beam that forms a beam spot (999, Fig. 2) at screen 22".
each of electron beam landing locations on said    23                 EP 0
539 524 B1                   24 screen;
accordance with beam landing location in a manner 



a first horizontal deflection coil (10, Fig. 2) for  to reduce the tendency
of said major axis of said producing a first horizontal deflection field
and  beam spot to become elongated at said fourth beam a first vertical
deflection coil (99, Fig. 2) for pro-  landing location. ducing a first
vertical deflection field in a main  5 deflection region (main deflection
region, Fig. 2)  3. An apparatus according to claim 2 wherein said of a
beam path of said electron beam that varies  cross section of said electron
beam (999a, Fig. 3) is in a manner to vary the electron beam landing
converged in said first region in a direction (x axis, location of said
beam spot suchthat a majoraxis  Fig. 3) that is maintained in parallel with
a direction (major axis, Fig. 1) of said beam spot tends to  10  of a
straight line between the current beam landing become elongated when said
beam spot is          location (x axis, diagonal, y axis, Fig. 1) and a
center deflected to a first beam landing location (3    (center, Fig. 1) of
said display screen when said o'clock, Fig. 1) along one of a horizontal
axis  beam spot is at each of said first, second and fourth and a vertical
axis (x axis) of said display screen  beam landing locations (3 o'clock, 2
o'clock, 12 and to a second beam landing location (2  15     o'clock,
respectively, Fig. 1). o'clock, Fig. 1) along a diagonal axis of said dis-
play screen relative to when said beam spot is  4. An apparatus according
to claim 2 wherein said first deflected to a third beam landing location
(3 o'clock, Fig. 1), fourth (12 o'clock, Fig. 1) and sec- (center, Fig. 1);
ond (2 o'clock, Fig. 1) beam landing locations are at characterized In that
the display apparatus  20  an end of said horizontal axis of said display
screen comprises further                                (22, Fig. 2) at an
end of said vertical axis of said dis- means (11, Fig. 2) for producing in
a first region  play screen and at a corner of said display screen, of said
beam path (21, Fig. 2) a first nonuniform  respectively. field containing a
time varying field portion (Fig. 3) producing an electron beam lensing
action  25 5. An apparatus according to claim 2 wherein said hor- with
respect to a cross section (999a, Fig. 3) of  izontal (10, Fig. 2) and
vertical (99, Fig. 2) deflection said electron beam in said first region in
a man-  coils are included in a deflection yoke that further ner that
varies in accordance with beam landing  includes a magnetic core (66),
wherein said horizon- location, which substantially reduces the ten-   tal
and vertical deflection coils are magnetically cou- dency of said major
axis of said beam spot to  30  pled to said magnetic core, and wherein said
first become elongated at each of said first and sec-  nonuniform field is
produced in a third deflection coil ond beam landing locations; and
(11, Fig. 2) of said deflection yoke that is also mag- a beam spot
stigmator (24, Fig. 2) for producing  netically coupled to said magnetic
core. a time varying, second nonuniform field (flux lines, Fig. 6b) that
varies in accordance with  35  6.
Anapparatusaccordingtoclaim5whereinsaidthird beam landing location in a
second region of said  deflection coil comprises a second horizontal
deflec- beam path that is at a different distance from  tion coil (IOa,
Fig. 9) and a second vertical deflection said display screen than said
first region, for  coil (99a, Fig. 9). producing an electron beam lensing
action with respect to a corresponding cross section of said  40 7. An
apparatus according to claim 5 wherein wind- electron beam (999a, Figs. 6a,
6b) in said sec-  ing-current product distributions of said first (IOb, ond
region in a manner that varies in accord-    Fig. 9) and second horizontal
(IOa, Fig. 9) deflection ance with beam landing location to reduce aten-
coils include harmonic Fourier components, respec- dency of said beam spot
to become astigmatic     tively, at opposite signs and the same harmonic
when said beam spot is at each of said first and  45  order (third
harmonics, Fig. 12a, 12b). second beam landing locations. 8.  An apparatus
according to claim 5 wherein said third 2. An apparatus according to claim
1 wherein, as a      deflection coil (11, Fig. 2) forms a quadrupole result
of a geometrical shape of sad display screen,  arrangement that produces a
quadrupole deflection said major axis (major axis, Fig. 1) of said beam
spot 50  field (11, Fig. 3). (999, Fig. 2) tends to become elongated when
said beam spot is deflected to afourth beam landing loca-  9. An apparatus
according to Claim 1 wherein, when tion (12 o'clock, Fig. 1) along the
other one of said  said beam spot is deflected to a corner of said dis-
vertical and horizontal axes (Y axis) of said display  play screen (2
o'clock, Fig. 8), said first nonuniform screen, relative to when said beam
spot is at said  55  field is of a type that can be produced in a vicinity
of third beam landing location (center, Fig. 1) and     the path of said
electron beam in said main deflec- wherein said first nonuniform field
producing means  tion region (21, Fig. 2) by a pincushion shaped hor- (11,
Fig. 2) varies said first nonuniform field in  izontal deflection field
combined only with a pincush-    25                 EP 0 539 524 B1
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Linsenwirkung auf den Elektronenstrahl in bezug auf einen entsprechenden
Querschnitt 



des Elsktronenstrahis (999a, Fig. 6a, 6b) in dem PatentansprOche
zweiten Bereich in einer Weise zu erzeugen, die 5         sich mit dem
Strahl-Landeort andert, urn eine 1. Anzeigevorrichtung umfassend:
Neigung des Strahl-Leuchtflecks, astigmatisch zu werden, zu vermindem, wenn
sich der eine Kathodenstrahlr6hre (110, Fig. 2) mit einer
Strahl-Leuchtfleck an dem ersten und zweiten evakuierten GlashOlle, einem
Anzeigeschirm         Landeort befindet. (22, Fig. 2), der an einem Ende
der HOlle ange-  10 ordnet !st, und einer Elektronenkanonen-Anord-  2.
Anzeigevorrichtung nach Anspruch 1, bei der als nung (44, Fig. 2), die an
einem zweiten Ends    Folge einer geometrischen Form des Anzeige- der HOlle
angeordnet ist, wobei die Elektronen-  schirms die Hauptachse (Hauptachse,
Fig. 1) des kanonen-Anordnung einen Elektronenstrahl
Strahl-Leuchtflecks (999, Fig. 2) bestrebt ist, ausge- erzeugt, der einen
Strahlen-Leuchtfleck (999, 15  dehnt zu werden, wenn der Strahl-Leuchtfleck
zu Fig. 2) an jedem Elektronenstrahl-Landeort auf  einem vierten
Strahl-Landeort (12 Uhr, Fig. 1) ent- dem  Schirm  bildet; eine erste
Horizon-       lang der anderen von der horizontalen Achse und
tal-Ablenkspule (10, Fig. 2) zur Erzeugung      dervertikalen Achse
(Y-Achse) des Anzeigeschirms eines ersten Horizontal-Ablenkfeldes, und sine
abgelenkt wird, relativ dazu, wenn sich der Strah- erste
Vertikal-Ablenkspule (99, Fig. 2) zur 20  lsn-Leuchtfleck am dritten
Strahl-Landeort (Mitts, Erzeugung eines ersten Vertikal-Ablenkfeldes
Fig. 1) befindet, und wobei die das erste inhomo- in einem
Haupt-Ablenkbereich (Haupt-Ablenk-     gene Feld erzeugenden Mittel (11,
Fig. 2) das erste bereich, Fig. 2) eines Strahlenweges des Elek-
inhomogene Feld mit der Strahl-Landeposition in tronenstrahis, das sich in
einer Weise Andert,  einer Weise Andern, daB die Neigung der Haupt- daB der
Elektronenstrahl-Landeort des Strah- 25  achse des Strahl-Landeortes
ausgedehnt zu wer- len-Leuchtflecks so verAndert wird, daB esin    den, an
dem vierten Strahl-Landeort vermindert Hauptachse (Hauptachee, Fig. 1) des
Strah-      wird. Ien-Leuchtflecks dazu neigt, ausgedehnt zu werden, wenn
der Strahlen-Leuchffleck zu    3. Vorrichtung nach Anspruch 2, bei der der
Quer- einem ersten Strahl-Landeort (3 Uhr, Fig. 1) ent- 30  schnitt des
Elektronenstrahis (999a, Fig. 3) in dem lang der einen von einer
horizontalen Achse     ersten Bereich in einer Richtung (X-Achse, Fig. 3)
und einer vertikalen Achse (X-Achse) des        konvergiert, die parallel
mit der Richtung einer gera- Anzeigeschirms  und  zu  einem  zweiten
den Linie zwischen dem laufenden Strahl-Landeort Strahl-Landeort (2 Uhr,
Fig. 1) entlang einerdia-  (X-Achse, Diagonals, Y-Achse, Fig. 1) und einer
gonalen Achse des Anzeigeschirms abgelenkt 35   Mitte (Mitte, Fig. 1) des
Anzeigeschirms gehalten wird, relativ zu einer Ablenkung des Strah-
wird, wenn sich der Strahl-Leuchtfleck an dem len-Leuchtflecks zu einem
dritten Strahl-Lande-  ersten, zweiten und vierten Strahl-Landeort (3 Uhr,
ort (Mitte, Fig. 1), dadurch cokennzeichnet,    2 Uhr bzw. 12 Uhr, Fig. 1)
befindet. daB die Anzeigevorrichtung ferner umfalt: Mittel (11, Fig. 2), um
in einem ersten Bereich  40 4. Vorrichtung nach Anspruch 2, bei der der
erste (3 des Strahlenweges (21, Fig. 2) ein erstes inho-  Uhr, Fig. 1),
dervierte (12 Uhr, Fig. 1) undderzwsite mogenes Feld zu erzsugen, das einen
sich mit   (2 Uhr, Fig. 1) Strahl-Landeort sich an einem Ends derZeit
andemden Feldteil hat (Fig. 3), der sine  der horizontalen Achse des
Anzeigeschirms, an Linsenwirkung auf den Elektronenstrahl in       einem
Endo der vertikalen Achse des Anzeige- bezug auf einen Querschnitt (999a,
Fig. 3) des  45  schirms bzw. an einer Ecke des Anzeigeschirms
Elektronenstrahls in dem ersten Bereich in einer  befinden. Weise erzeugt,
die sich mit dem Strahl-Lande- ort andert, die weitgehend die Neigung der
S. Vorrichtung nach Anspruch 2, bei der die Horizontal- Hauptachse des
Strahlen-Leuchfflecks, ausge-   (10, Fig. 2)- und die Vertikal-(99, Fig.
2)-Ablenkspule dehnt zu werden, an jedem der ersten und, 50    in sinem
Ablenkjoch enthaften sind, das ferner einen zuzweiten Strahl-Landeorte
vermindert; und      magnetischen Kem (66) enthait, wobei die Horizon-
oenen Strahl-Leuchtfleck-Stigmator (24, Fig. 2)  tal- und
Vertikal-Ablenkspulen magnetisch mit dem zur Erzeugung sines sich mit der
Zeit andem-    magnetischen Kem gekoppeit sind, und wobei das den zweiten
inhomogenen Feldes (FluBlinien,     erste inhomogene Feld in einer dritten
Ablenkspule Fig. 6b), das sich mit dem Strahl-Landeort in  55  (11, Fig. 2)
des Ablenkjochs erzeugt wird, die eben- einem zweiten Bereich des
Strahlenweges        falls magnetisch mit dem  magnetischen Kern andert,
der einen anderen Abstand von dem       gekoppeit ist. Anzeigeschirm hat
als der erste Bersich, urn    27                EP 0 639 524 B1
28 6. Vorrichtung nach Anspruch 5, be! der die dritte        d'un axe
diagonal dudit ecran par rapport a la Ablenkspule eine zwelte
Horizontal-Ablenkspule        deviation dudit spot en fonction dun
troisiame (1 Oa, Fig. 9) und sine zweite Vertikal-Ablenkspule   point
d'incidence du faisceau (centre, Fig. 1); 



(99a, Fig. 9) umfaf3t.                                caraoterle6  n ce quo
l'appareil d'affichage 5         intbgre des moyene compl6mentaires (11,
Fig. 7. Vorrichtung nach Anspruch 5, bei der die Verteilun-    2) de
gen6ration, dans une premibre zone, de gen des Wicklung-Stromprodukts der
ersten (1Ob,       ladite trajectoire du faisceau (21, Fig. 2), d'un Fig.
9) und der zweiten Horizontal-(1Oa, Fig. 9)      premier champ non uniforme
contenant une -Ablenkepule jeweils harmonische FOURIER-Kom-         partie
de champ variant en fonction du temps ponenten mit entgogengesetztem
Vorzeichen und  10     (Fig. 3) et generant laction de mise au point du
derselben harmonischen Ordnung (dritte Harmoni-       faisceau d'6lectrons
par rapport a une section sche, Fig. 12a, 12b), haben.
transversale (999a, Fig. 3) dudit faiscoeau dans ladite premibre zone
suivant une manibre qui 8  Vorrichtung nach Anspruch 5, bei der die dritte
varie en fonction du point d'incidence du fais- Ablenkspule (11, Fig. 2)
eine Vierpol-Anordnung bil- 15  ceau, ce qui reduit substantiellement la
ten- det, die ein Vierpol-Ablenkfeld (11, fig. 3) erzeugt.  dance dudit axe
majour dudit spot explorateur a s'allonger au niveau de chacun desdits pre-
9. Vorrichtung nach Anspruch  1, bei der der              miers et seconds
points d'incidence du Strahl-Louchtfleck zu einer Ecke des Anzeige-
faisceau; et schirms (2 Uhr, Fig. 8) abgelenkt wird, wobei das 20  un
stigmateur de spot explorateur (24, Fig. 2) erste inhomogene Fold von einer
Art ist, die in der   gen6rant un second champ non unifomse Nahe  des
Elektronenstrahlweges  in  dem             (lignes de flux, Fig. 6b), qui
varie en fonction du Haupt-Ablenkbereich (21, Fig. 2) durch ein kissen-
point d'incidence du faisceau dans une seconde f6rmiges
Horizontal-Ablenkfeld in Kombination nur     zone  de ladite trajectoire du
faisceau, mit einem  kissenformigen  Vertikal-Ablenkfeld  25
c'est-a-dire a une distance differente dudit erzeugt werden kann.
ecran que celle de ladite premibre zone, afin de gen6rer raction de mise au
point du faisceau d'6lectrons par rapport a une section transver-
Revendleatlons                                            sale
correspondante dudit faisceau d'electrons 30        (999a, Figs. 6a, 6b)
dans ladite seconde zone 1. Appareil d'affichage intdgrant:
suivant une maniere qui varne en fonction du point d'incidence du faisceau
afin de reduire la un tube a rayons cathodiques (110, Fig. 2) corn-
tendance dudit spot explorateuradevenirastig- prenant une enveloppe sous
vide en verre, un       matique lorsque ledit spot se trouve au niveau
6cran (22, Fig. 2) place a une extremite de ladite  35  de chacun desdits
premiers et seconds points enveloppe at un ensemble canon & electrons
d'incidence du faisceau. (44, Fig. 2) placd a une seconde extremite de
ladite enveloppe, ledit ensemble canon & elec-  2. Appareil confomme a la
Revendication 1 caracteris6 trons generant un faisceau d'6lectrons qui
en ce quo, en resultat d'une forme g6ometrique forme un spot (999, Fig. 2),
au niveau de chacun  40  dudit ecran, ledit axe majour (axe majour, Fig. 1)
des points d'incidence du faisceau d'electrons  dudit spot explorateur
(999, Fig. 2) tend & s'allonger sur ledit ecran;
lorsque ledit spot se deforme jusqu'a un quatribme une premibre bobine
d6flectrico horizontale (10,  point d'incidence du faisceau (12 heures,
Fig. 1) la Fig. 2) gen6rant un premier champ de deviation  long de l'autre
desdits axes verticaux et horizontaux horizontale et une premibre bobine
deflectrice  45    (axe Y) dudit ecran, par rapport & la position du spot
verticale (99, Fig. 2) g6nerant un premier champ  explorateur au niveau
dudit troisibme point d'inci- de deviation verticale dans une zone de
d6via-  dence du faisceau (centre, Fig. 1), et en ce quo ledit tion
principale (zone de deviation principale,  premier moyen de g6neration d'un
champ non uni- Fig. 2) de la trajectoire dudit faisceau d'6lec-  forme (11,
Fig. 2) fait varier ledit premier champ uni- trons qui varie de manribre &
faire varier le point 50    fomme en fonction du point d'incidence du
faisceau d'incidence dudit spot explorateur du faisceau  de manibre &
reduire la tendance dudit axe majour de sorta qu'un axe majour (axe majour,
Fig. 1)  dudit spot explorateur A sallonger au niveau dudit dudit spot a
tendance 3 s'allonger loreque ledit  quatribme point d'incidence du
faisceau. spot est devi6 jusqu'& un premier point d'inci- dence du faisceau
(3 heures, Fig. 1) le long d'un  55 3. Appareil conforme & la Revendication
2, caracterise axe horizontal et d'un axe vertical (axe x) dudit  en ce quo
ladite section transversale dudit faisceau ecran d'affichage, et jusqu'& un
second point  d'electrons (999a, Fig. 3) converge dans ladite pre-
d'incidence du faisceau (2 heures, Fig. 1) le long  mibre zone, dans un
sons (axe x, Fig. 3) maintenu 15                     I IIIII lIII jIi 11111
111111l I~~,,cse    29                EP 0 539 524 B1                  30
en parallble avec le sens d'une ligne droite chemi- nant entre le point
d'incidence en cours du faisceau 



(axe x, diagonals, axe y, Fig. 1) et le centre (centre, Fig. 1) dudit 6cran
loreque ledit spot explorateur se trouve au niveau de chacun desdits
premier, second  5 et quatribme points d'incidence du faisceau (3 heu- res,
2 heures, 12 heures respectivement, Fig. 1). 4. Appareil conforme a la
Revendication 2, caracterise en ce qus lesdits premier (3 heures, Fig. 1),
qua-  10 trieme (12 heures, Fig. 1) et second (2 heures, Fig. 1) points
d'incidence du faisceau se situent & l'extr6- mit6 dudit axe horizontal
dudi ecran (22, Fig. 2) a une extremite dudit axe vertical dudit ecran, et
dans un angle dudit ecran, respectivement.       is S. Appareil conforme a
la Revendication 2, caracteris6 en ce quo lesdites bobines d6flectrices
horizontales (10, Fig. 2) at verticales (99, Fig. 2) sont int6gr6es dans un
collier de deviation qui comprend egale- 20 ment un noyau magn6tique (66),
et en ce quo lesdi- tee bobines defIectrices horizontales at verticales
sont magnetiquement couplees audit noyau magne- tique, et en ce quo ledit
premier champ non uniforme est g6ner6 dans une troisibme bobine d6flectrice
25 (11, Fig. 2) dudit collier de d6viation qui est egale- ment
magn6tiquement coupl6 audit noyau magne- tique. 6. Appareil conforme & la
Revendication 5, caract6rise  30 en ce que ladite troisibme bobine
deflectrice intbgre une seconds bobine deflectrice horizontale (lOa, Fig.
9) et une seconde bobine deflectrice verticale (99a, Fig. 9). 35 7.
Appareil conforme a la Revendication 5, caracterise en ce que les
repartitions du produit paquet d'enrou- lement/intensite desdites premibres
(1Ob, Fig. 9) et secondes (lOa, Fig. 9) bobines d6flectrices horizon- tales
intbgrent des composantes Fourier harmoni- 40 ques, respectivement, aux
signes inverses et le mime ordre harmonique (troisibme harmonique, Fig.
12a, 12b). 8. Appareil conforme & la Revendication 5, caract6rise  45 en ce
que ladite troisibme bobine d6flectrice forms une configuration
quadripolaire qui genbre un champ de deviation quadripolaire (11, Fig. 3).
9. Appareil conforme a la Revendication 1, caracterise  50 en ce quo ledit
spot explorateur est deforme jusqu'a un angle dudHt ecran (2 heures, Fig.
8), ledit premier champ non uniforme etant d'un type pouvant etre gen6r6 a
proximit6 de la trajectoire dudit faisceau d'6lectrons dans ladite
principals zone de deviation  55 (21, Fig. 2) par un champ de d6viation
horizontale en forms de coussin, uniquement combine avec un champ de
deviation vertical en forms de coussin.    


