
1                          GB2076219. B    1 SPECIFICATION
A mathematical analysis, using third-order aberration theory to determine
the nature of Color TV display system                        the
electron-beam deflection, shows that the deflection field at different
locations along its 5 This invention relates generally to self-con-  70
longitudinal axis has a more pronounced ef- verging deflection yokes and in
particular to a  fect on certain convergence or distortion char- novel
self-converging yoke arrangement exhib-  acterisitics than on others. It is
known that iting substantial freedom from coma errors.    pincushion
distortion is most greatly effected A colour television receiver forms a
picture  by the deflection field at the screen end of the 10 on a phosphor
display screen of a multi-beam  75 yoke, while coma errors (size
differences be- color picture tube by scanning three electron  tween the
center-beam raster and the rasters beams horizontally and vertically across
the   produced by the outer beams) are more sensi- screen in a
predetermined pattern by a mag-    tive to the field at the gun-end of the
yoke. By netic deflection yoke. Each electron beam      winding the yoke to
have different field non- 1 5 strikes particular color-producing phosphors,
80 uniformities at successive locations along its so that the individual
beams may be desig-     longitudinal axis, it is possible to achieve self-
nated the red, green and blue beam. The        convergence and correction
of coma and beams are constrained to strike only particular  raster
distortion errors, as explained in greater phosphors by a shadow mask or an
aperture      detail in U.S. Patent Application Serial No. 20 grill mounted
between the electron gun as-   85 070,31 1 filed August 27, 1979
(Correspond- sembly and the screen. The extent to which     ing to British
Application No. 2058446, pub- this shadowing occurs determines the purity
lished 8th April 1981). With a deflection yoke of the raster scanned by
each beam. It is      having saddle-type horizontal deflection coils
desirable that the three electron beams land   and tordially-wound vertical
coils, it is rela- 25 on the screen in close proximity to each other    90
tively easy to configure the horizontal wind- in order to provide proper
color reproduction  ings to give the desired field nonuniformity and
prevent color fringing in the picture. The  function that results in
top-and-bottom pin- proximity of beam landing determines the       cushion
correction and coma-free convergence convergence of the beams on the
screen.        at the ends of the horizontal axis of the raster. 30   With
a kinescope having the three electron  95 The vertical coils, however, are
more difficult guns positioned in a horizontal line, it is    to configure
to give the desired nonuniformity possible to manufacture a deflection yoke
function that results in side-pincushion correc- which substantially
converges the beams at all  tion and coma-free convergence at the ends of
points on the screen without the need for      the vertical axis of the
raster, and it is often 35 dynamic convergence circuits. Such yokes    100
necessary to provide additional means of verti- however may produce coma
errors and raster     cal coma and side-pincushion correction to
distortion. Because the screen is relatively flat,  produce and acceptable
picture display. the beams traverse a greater distance in         The
magnetic field generated by the yoke reaching the corners of the screen
than in     extends over an internal and an external re- 40 reaching its
center. This results, in the ab-  105 gion. The two regions are bounded by
a sence of compensation therefor, in a pincush-  surface defined by the
inside contour of the ion-shaped raster, with the middle of the top  yoke
core. This boundary extends beyond the and bottom and side edges bowed
inward.        front and rear of the yoke at a distance from Nonuniform
deflection fields with a pincush-   the tube substantially equal to that
inside the 45 ion-shaped traverse pattern are appropriate for  1 10 yoke.
The internal field is comprised of the correction of top-and-bottom and
side pin-     main deflection field bounded by the coils of cushion
distortion.                            the yoke, and of the entrance and
exit fringe In design of a yoke for substantial self-    fields that also
contribute to deflection. The convergence, it is desired that the
horizontal  external stray field does not contribute to 50 deflection coils
produce a field having a net    11 5 deflection of the beams and represents
waste- negative isotropic astigmatism, such as is     ful power consumption
by the yoke. caused by a pincushion-shaped deflection         It is known
that bias-wound vertical deflec- field, while it is desired that the
vertical coils  tion coils can produce a vertical deflection produce a
field having a net positive isotropic  field having an extended
pincushion-shaped 55 astigmatism, such as is caused by a barrel-  120
nonuniformity near the entrance region of the shaped deflection field. The
pincushion-       yoke that will act to correct vertical coma of shaped
field produced by the horizontal        the type where the height of the
uncorrected deflection coils in such a yoke therefore tends  centre beam
raster is less than that of the to correct pincushion distortion, while the
bar-  rasters of the outer beams. However, the 60 rel-shaped vertical
deflection fields tends to  125 vertical field nonuniformity must be
predomi- aggravate it. It is therefore easier in self-  nantly
barrel-shaped to provide proper beam converging yokes to design horizontal
deflec-  convergence. An increase in main field barrell- tion coils which
correct top-and-bottom pin-   ing must occur to compensate for the ex-
cushion distortion than to correct side pin-   tended coma-correcting
pincushion field at the 65 cushion distortion with the vertical coils.  130
entrance of the yoke. This aggrevates the side    2
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pincushion distortion of the raster.           yoke and adjacent the neck
portion of the U.K. Published Patent Application             kinescope.
Each of the members channels a 2.1 03,972A of N.V. Philips Gloeilampenfa-
portion of the external field to its second end. brieken illustrates an
arrangement comprising   Each of the second ends is shaped in such a 5
field formers disposed at the rear of the yoke  70 manner as to form a
pincushion shaped field to distort a portion of the vertical deflection
within the neck portion in the vicinity of the field into a pincushion
shape. The field for-   entrance end of the deflection yoke. Such a mers
illustrated, however, are located so as to  pincushion shaped field is of
such a magni- shunt a portion of the main deflection field   tude and
extent as to substantially correct 10 and hence they reduce the overall
barrelling  75 coma errors otherwise introduced by the of the vertical
deflection field. A compensating  deflection field. increase in the barrel
component of the field    In the accompanying drawing: must be provided in
order to maintain correct     Figure 1 is a graph of the vertical
deflection beam convergence. The field formers as          field
nonuniformity function for two different 15 shown in the Philips reference
also may cause    80 windings, as an aid in explaining the prin- horizontal
coma.                                ciples of the present invention; In
accordance with the present invention,       Figure 2 is a top
cross-sectional view of a there is provided a means for collecting exter-
yoke and kinescope combination embodying nal stray flux from a deflection
coil and chan-  the principles of the present invention; 20 nelling that
flux to the rear of the yoke to  85   Figure 3 is a side elevational view
of the form a localized pincushion-shaped field there  yoke and kinescope
combination of Fig. 2, for correcting coma errors that are introduced
illustrating the location of field formers of the by the deflection field
of the deflection coil.  present invention relative to additional neck
These field formers can be used to correct      components; 25 vertical
coma caused by the deflection field of   90   Figure 4 is a cross-sectional
view of the the vertical deflection coil. They can be used  yoke and
kinescope combination of Fig. 3 with a yoke having easily-wound vertical
coils.  taken along line 4-4; The coma-correcting field is not formed at
the    Figure 5 is a graph of the vertical deflection expense of the main
deflection field and does   field nonuniformity function for two different
30 not aggravate side pincushion distortion or  95 yokes illustrating the
effect of the field for- cause horizontal coma errors. In one illustra-
mers shown in Fig. 4; tive embodiment, the coma-correcting means
Figure 6 is a side elevational view of a are coupled to a self-converging
yoke having    deflection yoke having front and rear field- coma and top
and bottom-pincushion-cor-        forming assemblies, pursuant to a
particular 35 rected saddle-type horizontal windings and  100 embodiment of
the present invention; and nonradial toroidally-wound vertical windings
Figure 7 is a side elevational view of a for providing side pincushion
correction. The   deflection yoke having a rear field-forming resulting
yoke is self-converging, its conver-  assembly and nonradial winding
distribution gence is insensitive to transverse positioning  of the
vertical coil, pursuant to an additional 40 on the tube neck, and it
requires no additional  105 embodiment of the present invention. pincushion
or coma correction. Another illus-     As previously stated, in order to
provide the trative embodiment achieves similar results     necessary
positive isotropic astigmatism for through the use of radial or
planar-wound       electron beam convergence, the vertical vertical
windings is associated with side pin-  deflection coils must be configured
so as to 45 cushion-correcting front crossarms and the  1 10 produce a
predominately barrel field. The coma-correcting field formers.
shape of the deflection field is determined by In accordance with a
preferred embodiment    the field nonuniformity function, or H2. Curve of
the invention, a television display system   10 in Fig. 1 illustrates the
nonuniformity having a kinescope including a neck portion     function for
a set of planar-wound vertical 50 and an electron gun assembly therein pro-
115 deflection coils. A negative nonuniformity duces three electron beams.
A deflection yoke  function indicates a barrel-shaped field while a
comprises a deflection coil torroidally wound   positive nonuniformity
function represents a about a magnetically permeable core which
pincushion-shaped field. The horizontal axis of encircles the paths of the
beams departing      Fig. 1 represents the distance along the longi- 55
from the electron gun assembly. A coil pro-  120 tudinal axis of the tube,
with positions EN and duces a deflection field in the region within   EX
representing the entrance and exit planes the interior of the core, and
produces an.      of the deflection yoke, respectively. As seen in external
field in a region outside of the core.  Fig. 1, planar-wound vertical coils
provide a A magnetic field influencing apparatus com-  deflection field
that is barrel-shaped every- 60 prises first and second magnetically
permea-    125 where. Such a yoke would indeed provide the ble members
which are respectively disposed     necessary nonuniformity required for
beam at opposite sides of the yoke. Each of the      self convergence, but
would also cause sub- members has a first end disposed within the
stantial vertical coma and side-pincushion dis- external field and a second
end disposed at    tortion. Therefore, planar or radially-wound 65 the rear
of the entrance end of the deflection    130 deflection coils require
additional correction    3
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ble television picture.                       on the core 25. A magnetic
beam bender 32, Curve 11 of Fig. 1 illustrates the field    which comprises
a number of magnetic rings nonuniformity function for vertical deflection
for providing static convergence of the elec- 5  coils having a biased or
nonradial winding  70 trom beams, is shown positioned on the ki-
configuration. The biased winding produces a  nescope neck portion 14. The
end of field pincushion field in the exit region of the yoke,  former 31
remote from core 25 extends to- which provides side-pincushion correction.
-  ward tube neck portion 14 between the insu- The bias-wound vertical
coils, like the planar-  lator 28 of yoke 13 and beam bender 32. The 10
wound coils, cause vertical coma.           75 field formers 30 and 31 are
located so as to It is possible to wind the vertical coils with  collect a
portion of the external stray flux a nonradial winding configuration to
provide a  generated by the vertical deflection coils 26. pincushion field
at the entrance region of the  By their nature, toroidally-wound coils pro-
yoke so as to correct for vertical coma, but  duce a large amount of stray
leakage flux at 1 5 this requires biasing opposite to that needed  80 the
sides and back of the yoke. Positioning for side-pincushion correction. A
yoke bias   the field formers 30 and 31 within this stray wound for
vertical coma correction, therefore,  flux causes a portion of this flux to
be chan- exhibits substantial side-pincushion distortion.  neled through
field formers 30 and 31. A Winding of vertical coils in a manner effecting
portion of the entrance-fringe flux is also 20 both coma and
side-pincushion correction is  85 channeled into field formers 30 and 31. A
difficult in that wide variations in the nonuni-  portion of the flux
present in permeable core formity function are necessary. This can result
25 may also be channeled in field formers 30 in excessive nonuniformity
magnitudes,        and 31. The field formers conduct this chan- thereby
making beam convergence sensitive      neled flux to the rear of the yoke
to enhance 25 to transverse motion of the yoke on the tube  90 and shape
the deflection field there. neck.
The flux collected by field formers 30 and Fig. 2 illustrates a kinescope
12 on which is  31 from the external stray field and from core mounted a
deflection yoke 13. The kinescope   25 is channeled through field formers
30 and 12 comprises a neck portion 14 and a funnel   31 to the ends of
field-former arms 33 and 30 region 1 5 which expands to form the bulb of
95 34 (shown in Fig. 4). A magnetic field is the tube. A tube cap (not
shown) incorporat-  formed between corresponding arms 33 of ing the display
screen is mounted to the bulb  field former 30 and corresponding arms 34 of
to form the completed tube. The yoke 13 is    field former 31, represented
by field lines 35 mounted on the kinescope 12 in the area       and 36 in
Fig. 4. Both field lines 35 and 36 35 where the neck portion 14 joins the
funnel  1 00 appear to collect at the ends of arms 33 and region 15. An
electron gun assembly 16,       34 and expand between them, thereby form-
comprising cathodes 17, 18 and 20, and        ing a pair of barrel-shaped
magnetic fields electrodes 21, 22, 23 and 24, is disposed     between
corresponding arms 33 and 34 of within the neck portion of the kinescope
12.  field formers 30 and 31. 40 Electrical leads to the exterior of the
tube for   105  The upper region of the field represented by supplying the
necessary heater power, electro-  field lines 35 and the lower region of
the field static potentials and signals to the electron  represented by
field lines 36 tend to fall gun assembly are not shown.
outside the kinescope neck 14. In the regions Yoke 13 comprises a
magnetically permea-    of the field which fall within the tube neck, a 45
ble core 25 around which are toriodally    110 pincushion-shaped field is
formed as can be wound the vertical deflection coils 26. The   seen in Fig.
4. This localized pincushion field horizontal saddle-wound coils 27 are
separ-   acts on the electron beams exiting the elec- ated from the
vertical windings by an insulator  tron gun assembly as an extension of the
28. Fig. 12 also illustrates a pair of magneti-  main deflection field. The
pincushion field 50 cally permeable field formers 30 and 31    115 provides
the field nonuniformity necessary for which extend from a point adjacent to
core 25  vertical coma correction and is desirably lo- to the vicinity of
the exit region of the electron  cated at the coma-sensitive entrance
region of gun assembly 16. The field formers 30 and     the deflection
yoke. This coma-correcting pin- 31 extend from core 25 generally aligned
cushion field is formed by channeling stray 55 with the tube's longitudinal
axis, but are di-    120 and otherwise useless flux to the entrance rected
toward the tube neck prior to their    region of the yoke. By collecting
stray flux, termination. This results in a portion of field  field formers
30 and 31 aid in the deflection formers 30 and 31 being substantially per-
of the electron beams, and therefore this pendicular to the direction of
propagation of  coma-correcting field reduces the power 60 the electron
beams from electron gun assem-   125 needed by the main deflection field.
Addition- bly 16. Referring to Figs. 3 and 4, the       ally, by providing
coma correction by external operation of field formers 30 and 31 will now
field formers rather than by the windings, the be described.
magnitude of field nonuniformity is reduced, Fig. 3 shows a side view of
the kinescope   thereby reducing the sensitivity of conver- 65 13 and yoke
13 with field former 31 posi-  1 30 gence to transverse yoke motion.
GB2076-219B       4- Fig. 5 shows the nonuniformity distribution  nal field
and a second end disposed in the for a planar-wound yoke (curve 39) and a
vicinity of the entrance end of said deflection 



bias-wound yoke (curve 37) untilizing field    yoke and adjacent the neck
of said kinescope, formers such as those described above.         each of
said members channeling a portion of 5   The vertical winding represented
by curve  70 said external field to its second end, each of 39 has the
mid-yoke barrel nonuniformity       said second ends being shaped in such
man- necessary for convergence and the entrance     ner as to form a
pincushion-shaped field region pincushion nonuniformity necessary for
within said kinescope neck in the vicinity of coma correction, but still
lacks the exit region  said entrance end of said deflection yoke of 10
pincushion nonuniformity necessary for side-  75 such a magnitude and
extent as to substan- pincushion correction. Fig. 6 illustrates a    tially
correct coma errors otherwise introduced deflection yoke 38 having planar
or radial-    by said deflection field. wound vertical coils with a front
crossarm       2. A system according to Claim 1, assembly 40, and rear
field formers 41 ac-     wherein said second end of each of said 1 5
cording to the invention. A similar front cross-   80 magnetically
permeable members defines first arm assembly is mounted to the other side
of   and second arms disposed substantially per- yoke 38. Crossarm assembly
40 comprises a      pendicular to said kinescope neck. large vertically
disposed flux collector 42 with  3. A system according to Claim 2, an upper
flux-channeling arm 43 and a lower    wherein the said arms are upper and
lower 20 flux-channeling arm 44. A front crossarm as-    85 arms. sembly is
disclosed in U.K. Published Patent     4. A system according to Claim 1, 2
or 3 Application 2,01 0,005A of Tokyo Shibaura      wherein said first end
of each of said magneti- Denki Kabushiki Kaisha. The front crossarm
cally permeable members is disposed adjacent assembly generates a
pincushion-shaped field   said core for channeling a portion of the flux 25
in the region in front of yoke 38 to provide  90 in said core into said
permeable member. side-pincushion correction.                      5. A.
system according to Claim 1, 2, 3 or Fig. 7 illustrates a yoke 45
comprising bias  4 wherein said toroidally-wound deflection coil or
nonradially-wound vertical deflection coils  effects vertical deflection of
said beams, and and incorporating rear field formers according  wherein
said deflection yoke additionally in- 30 to the invention as previously
described     95 cludes a saddle-wound deflection coil for ef- herein. From
Fig. 7 it can be seen that the    fecting horizontal deflection of said
beams. vertical coil turns on the yoke core are con-    6. A system
according to Claim 5 wherein centrated at the sides of the yoke nearer its
said vertical deflection coil comprises substan- back and become
progressively more concen-     tially radial windings and wherein said
deflec- 35 trated at the top and bottom of the yoke 45  100 tion yoke
incorporates a pair of crossarm near its front. Such a distribution
provides the  members disposed on either side of said yoke necessary
pincushion nonuniformity in the exit  near the front of said yoke for
producing a region of the yoke to correct side-pincushion  pincushion field
in the vicinity of the front of distortion. The nonuniformity distribution
of  said yoke for correcting side-pincushion distor- 40 yoke 45 would be
similar to curve 37 in Fig.   105 tion. 5.
7. A system according to Claim 5 wherein Each of yokes 38 and 45 in Figs. 6
and 7,    said vertical deflection coil comprises nonra- therefore, provide
the necessary nonuniformity  dial windings configured in a manner effecting
distribution to achieve electron beam conver-  correction of
side-pincushion distortion. 45 gence, vertical coma, and side-pincushion
dis-  110   8. A television display system substantially tortion
correction, with reduced consumption   as hereinbefore described with
reference to of power and reduced sensitivity to transverse  and as
illustrated in Figs. 1 to 4 of the yoke motion.
accompanying drawings. 9. A television display system substantially 50
CLAIMS                                     115 as hereinbefore described
with reference to 1. In a television display system having a   and as
illustrated in Figs. 5 and 6 of the kinescope including a neck and an
electron     accompanying drawings. gun assembly therein for producing
three elec-   10. A television display system substan- tron beams, and a
deflection yoke comprising   tially as hereinbefore described with
reference 55 a deflection coil toroidally wound about a  1 20 to and as
illustrated in Figs. 5 and 7 of the magnetically permeable core encircling
the     accompanying drawings. paths of said beams departing said electron
gun assembly, said coil producing a deflection field within the region
bounded by the interior  The text of the specification has been reproduced
60 of said core and an external field; a magnetic field influencing
apparatus comprising: first and second magnetically permeable members
repectively disposed on opposite sides of said yoke, each of said members
65 having a first end disposed within said exter-    1111111 1111 II *   C
L   M   S    * GB  2076219B       4 Fig. 5 shows the nonuniformity
distribution.  nal field and a second end disposed in the 



for a planar-wound yoke (curve 39) and a        vicinity of the entrance
end of said deflection bias-wound yoke (curve 37) untilizing field     yoke
and adjacent the neck of said kinescope. formers such as those described
above           each of said members channeling a portion of 5   The
vertical winding represented by curve  70 said external field to its second
end, each of 39 has the mid-yoke barrel nonuniformity       said second
ends being shaped in such man- necessary for convergence and the entrance
ner as to form a pincushion-shaped field region pincushion nonuniformity
necessary for   within said kinescope neck in the vicinity of coma
correction, but still lacks the exit region  said entrance end of said
deflection yoke of 10 pincushion nonuniformity necessary for side-  75 such
a magnitude and extent as to substan- pincushion correction. Fig. 6
illustrates a    tially correct coma errors otherwise introduced deflection
yoke 38 having planar or radial-     by said deflection field. wound
vertical coils with a front crossarm        2. A system according to Claim
1, assembly 40, and rear field formers 41 ac-     wherein said second end
of each of said 1 5 cording to the invention. A similar front cross-   80
magnetically permeable members defines first arm assembly is mounted to the
other side of    and second arms disposed substantially per- yoke 38.
Crossarm assembly 40 comprises a       pendicular to said kinescope neck.
large vertically disposed flux collector 42 with  3. A system according to
Claim 2, an upper flux-channeling arm 43 and a lower     wherein the said
arms are upper and lower 20 flux-channeling arm 44. A front crossarm as-
85 arms. sembly is disclosed in U.K. Published Patent      4. A system
according to Claim 1, 2 or 3 Application 2,010,005A of Tokyo Shibaura
wherein said first end of each of said magneti- Denki Kabushiki Kaisha. The
front crossarm     cally permeable members is disposed adjacent assembly
generates a pincushion-shaped field    said core for channeling a portion
of the flux 25 in the region in front of yoke 38 to provide  90 in said
core into said permeable member. side-pincushion correction.
5. A system according to Claim 1, 2, 3 or Fig. 7 illustrates a yoke 45
comprising bias  4 wherein said toroidally-wound deflection coil or
nonradially-wound vertical deflection coils  effects vertical deflection of
said beams, and and incorporating rear field formers according  wherein
said deflection yoke additionally in- 30 to the invention as previously
described     95 cludes a saddle-wound deflection coil for ef- herein. From
Fig. 7 it can be seen that the     fecting horizontal deflection of said
beams. vertical coil turns on the yoke core are con-     6. A system
according to Claim 5 wherein centrated at the sides of the yoke nearer its
said vertical deflection coil comprises substan- back and become
progressively more concen-     tially radial windings and wherein said
deflec- 35 trated at the top and bottom of the yoke 45  100 tion yoke
incorporates a pair of crossarm near its front. Such a distribution
provides the  members disposed on either side of said yoke necessary
pincushion nonuniformity in the exit  near the front of said yoke for
producing a region of the yoke to correct side-pincushion   pincushion
field in the vicinity of the front of distortion. The nonuniformity
distribution of  said yoke for correcting side-pincushion distor- 40 yoke
45 would be similar to curve 37 in Fig.   105 tion. 5.
7. A system according to Claim 5 wherein Each of yokes 38 and 45 in Figs. 6
and 7,     said vertical deflection coil comprises nonra- therefore,
provide the necessary nonuniformity  dial windings configured in a manner
effecting distribution to achieve electron beam conver-   correction of
side-pincushion distortion. 45 gence, vertical coma, and side-pincushion
dis-  110   8. A television display system substantially tortion
correction, with reduced consumption    as hereinbefore described with
reference to of power and reduced sensitivity to transverse  and as
illustrated in Figs. 1 to 4 of the yoke motion.
accompanying drawings. 9. A television display system substantially 50
CLAIMS                                      115 as hereinbefore described
with reference to 1. In a television display system having a   and as
illustrated in Figs. 5 and 6 of the kinescope including a neck and an
electron      accompanying drawings. gun assembly therein for producing
three elec-    10. A television display system substan- tron beams, and a
deflection yoke comprising    tially as hereinbefore described with
reference 55 a deflection coil toroidally wound about a  1 20 to and as
illustrated in Figs. 5 and 7 of the magnetically permeable core encircling
the      accompanying drawings. paths of said beams departing said electron
gun assembly, said coil producing a deflection field within the region
bounded by the interior  The text of the specification has been reproduced
60 of said core and an external field; a magnetic  by photocopying.The
original typescript may be field influencing apparatus comprising: first
and second magnetically permeable members repectively disposed on opposite
sides of said yoke, each of said members 65 having a first end disposed
within said exter-    


