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We, RCA  CORPORATION, a  statically at the center of the raster by means
corporation organized under the laws of the  such as permanent magnets
disposed around State of Delaware, United States of America,  the neck of
the picture tube in a predetermined  50 of 30 Rockefeller Plaza, City and
State of  relationship to the beams. The beams do not 5  New York, 10020,
United States of America,  stay converged as they are deflected from the do
hereby declare the invention, for which we  center of the raster because
the viewing screen pray that a patent may be granted to us, is relatively
flat and the distance between the and the method by which it is to be per-
viewing screen and the deflection center of the  55 formed, to be
particularly described in and  yoke increases as the beams are deflected 10
by the following statement:-               from the screen center,
Furthermore, the yoke This invention relates to color television
aberrations such as image field curvature, display systems in which a
plurality of elec-  astigmatism and coma cause additional con- tron beams
are substantially converged at all  vergence errors. It is common practice
to pro-  60 points on a scanned raster without the use of  vide apparatus
to dynamically converge the 15 dynamic convergence apparatus.
beams as they are scanned over the raster. Most color television receivers
in use today  Picture tubes having an electron gun assembly utilize a
cathode ray tube in which a plur-  of the delta type in which three
electron guns ality of electron beams generated by an elec-  are disposed
at the apices of an equilateral  65 tron gun assembly disposed within the
tube  triangle usually employ an electromagnetic 20  at one end are
directed toward a viewing  convergence assembly in which electromagnets
screen containing a plurality of different color  disposed outside of the
tube energize magnetic phosphor elements disposed within the other  pole
pieces within the tube neck to move the end of the tube. An aperture mask
or other  beams in a radial direction. The electromag-  70 color selecting
means such an aperture grill nets are energized by waveforms at the hori-
25  or a focus grill is disposed between the view-  zontal and vertical
scanning rates to provide ing screen and the gun assembly to screen the
the time varying convergence fields as the electron beams such that
portions of each  beams are scanned. Additionally, sometimes it beam land
only on their respective color phos-  is necessary to combine waveforms at
the  75 phor elements. A  deflection yoke disposed  horizontal and vertical
scanning rates such as 30 around the outside of the cathode ray tube is
horizontal rate waveforms modulated at verti- energized to provide a
magnetic field for de-  cal rate waveforms and apply the resultant flecting
the beams horizontally and vertically  waveforms to the convergence
electromagnets to form  a scanned raster on the viewing  or to the
deflection yoke windings to improve  80 screen. Such a basic display system
is supple-  convergence of the beams in the corners of the 35  mented by
additional apparatus for providing  raster. dynamic convergence correction.
One require-    Color television receivers have heretofore ment of display
system is that the beams con-  been proposed which include color picture
verge at all points on the scanned raster. The  tubes having an electron
gun assembly pro-  85 effect of misconvergence is  an undesirable  ducing
three coplanar or in-line beams, usually 40  fringe of color appearing at
the edge of objects  disposed in a horizontal line. The beams must in a
televised scene. Misconvergence may be  still be converged. To this end, it
is known measured as a separation of the ideally super-  that the beams may
be dynamically con- imposed red, green and blue lines of a cross-  verged
in a horizontal direction by applying  90 hatch pattern of lines appearing
on the raster  suitable horizontal or vertical scanning rate 45  as an
appropriate test signal is applied to the  waveforms to electromagnetic or
electrostatic receiver.                                  convergence
aparatus. A system has been des- It is common practice to converge the
beams  cribed in which the beams are converged by [Price 33p]    2
1,385,745                                         2 means of the deflection
yoke. However, when  is given in the following specification and 



the yoke is designed for this purpose the effects  accompanying drawings of
which: of other yoke aberrations such as coma must be    Figure 1 is a top
view in longitudinal cross- corrected. The apparatus utilized for dynamic
section of a color television display system 5  coma correction offsets the
cost saving achieved  according to the invention; by eliminating the
horizontal dynamic con-    Figure 2 is an illustration of the net mag-  70
vergence apparatus.                        netic deflection field produced
by the e- It is known that the undesirable effects of  flection yoke
illustrated in Figure 1; coma and misconvergence can be reduced by
Figure 3 illustrates the convergence of the 10 reducing the distance
between the in-line electron beams of the system of Figure 1 beams at the
deflection plane of the yoke. under the influence of the deflection field
of  75 This can be accomplished by reducing the  Figure 2; distance between
adjacent beam forming ele-    Figure 4 illustrates the winding distribu-
ments of the electron gun assembly. The closer  tion of a toroidal
deflection yoke suitable for 15 the in-line beams are at the deflection
plane  use in the system of Figure 1; the lower must be the transmission of
the aper-    Figure 5 illustrates an electron gun assembly  80 ture mask to
electron beams to maintain screen  suitable for use in the system of Figure
1; tolerance between the fluorescent spots and and the phosphor elements
printed on the viewing    Figure 6 illustrates an aperture mask and 20
screen. As the mask transmission is reduced, phosphor element screen
arrangement suitable the light output of the picture tube is reduced.  for
use in the picture tube of Figure 1.  85 It follows that even if proper
convergence    Figure 1 is a  top view  in  longitudinal and an acceptable
amount of coma can be  cross-section of a color television display produced
by a system utilizing in-line electron  system  according to the
invention. A color 25 beams with relatively small separation, the end
television picture tube 10 includes an evacu- result is unacceptable if the
picture is not  ated glass envelope 11. The front portion of  go bright
enough for comfortable viewing under  the envelope 11 is a viewing screen
and face- normal viewing conditions.                 plate 12 on the inside
of which is deposited a plurality of red,  green and blue phosphor It is an
object of the invention to provide  elements 13, 13a and 13b. Disposed
within 30  a color television display system  which can  the tube adjacent
the phosphor elements is an  95 eliminate the need for dynamic convergence
aperture mask 14 including a plurality of and coma correction apparatus and
which pro- apertures 15. The apertures 15 are so registered duces a picture
having commercially accept- with relation to the phosphor elements that
able brightness.                           they serve to screen the
electron beams such 35    A color television display system according  that
portion of the electron beams passed by  100 to the invention includes a
color television pic-  the apertures 15 impinge only on their res- ture
tube including a face plate having groups  pective color phosphor elements.
Within the of three different color phosphor elements  other end of glass
envelope 11 is an electron thereon forming a viewing screen, an electron
beam  gun assembly 16 for producing three 40  beam gun assembly for
producing three elec-  coplanar or in-line electron beams. Electron  105
tron beams lying in a horizontal plane sub-  gun assembly 16 is constructed
such that the stantially normal to said viewing screen and  two outside
electron beams are converged on an aperture mask including a plurality of
aper-  the center beam at a centrally located point tures in registry with
said groups of phosphor  on the viewing screen. A more detailed des- 45
elements. The system further includes a de-  cription of electron gun
assembly 16 will be  110 flection yoke comprising vertical and hori-  given
subsequently in conjunction with Figure zontal deflection coils disposed
around said  5. picture tube between said mask and said gun    Disposed
around the outside of glass enve- assembly for deflecting said beams for
form-  lope 11 along a flared portion thereof is a 50  ing a raster on said
viewing screen. The elec-  deflection yoke 17 adapted to be energized by
115 tron beam gun assembly which may include  suitable sources of scanning
currents, not at least one common beam forming electrode  shown, for
producing a magnetic field which containing three apertures for the
respective  will deflect the electron beams to form  a beams is constructed
to produce the electron  scanned raster on the viewing screen. A more 55
beams with a spacing between adjacent ones  detailed description of the
deflection yoke 17  120 thereof not greater than 0.2 inches in a plane
will be given in conjunction with Figures 3 half way between the ends of
said yoke, and  and 4. the winding distribution of the deflection coils
Disposed behind the deflection yoke 17 on on the yoke is selected for so
apportioning  the neck portion (of diameter d) of glass 60  vertical and
horizontal astigmatism produced  envelope 11 is a static convergence
assembly  125 by the coils that said beams as so produced  18. Static
convergence assembly 18 includes by the electron gun will be substantially
con-  magnets whose positions  are adjustable such verged at all points on
said raster.      that they compensate for any error in beam A more
detailed description of the invention  alignment and cause the beams to
converge at 



3                                          1,385,745 a point in the center
of the viewing screen  particular color at the same time. The phos- when
the beams are not deflected. A suitable  phor elements are of course
separated from static convergence assembly for use with an  each other but
this is not shown in Figure in-line electron gun assembly is disclosed in
3b which illustrates the convergence of the 5  U.S. Patent No. 3,725,831.
Disposed behind  whole beams at various regions on the face-  70 the beam
convergence assembly 18 is a beam   plate. purity device 19 of conventional
design which    At the center of the raster the green, red seryes the
purpose of causing the beams to  and blue beams are converged. This center
land on their respective color phosphor ele-  convergence is accomplished
by the alignment 10  ments.                                      of the
beams provided by the construction of  75 As will be explained subsequently
follow-  the electron gun assembly and the action of the ing a description
of the components parts of  static  convergence assembly  18 shown in the
system in Figure 1, the deflection yoke  Figure 1. On the horizontal
deflection axis 17 and electron gun assembly 16 cooperate  26 the green,
red and blue beams are shown 15   to produce acceptable convergence of the
three  underconverged, that is, there is a separation  80 electron beams at
all points on the scanned  of the beams along the horizontal axis and
raster without the use of additional apparatus  their order is the same as
that of the beams for dynamically converging the beams or for  in the
deflection plane as shown in Figure correcting for the effects of coma.
3a. This condition exists at both ends of the 20    Figure 2 is an
illustration of the predomin-  raster along the horizontal axis. It is to
be  85 ant magnetic deflection field produced by the  understood that the
underconvergence of the deflection  yoke  illustrated  in  Figure  1.
beams on the horizontal axis extremities is Although the horizontal and
vertical field  reduced as a function of the distance from the
nonuniformity will vary from point to point  center of the raster at which
point the beams 25  along the longitudinal axis of the tube, the  are
converged. The under-convergence of the  90 net effect of the field will be
as shown in  horizontal beams is caused by the particular Figure 2. A
deflection field for deflecting the  horizontal deflection field
illustrated in Figure beams in a horizontal direction, which field is  2.
produced by a pair of horizontal deflection    At the extremities of the
vertical axis 25 in 30  coils, is illustrated by the solid lines of flux
Figure 3b the red, green and blue beams  95 21 which extend in a vertical
direction. It  are shown over-converged, that is, the blue should be noted
that this magnetic field is  and green beams have crossed at some point
pincushion shaped, the lines of flux being con-  such that at the faceplate
containing the phos- vex when viewed from the center of the figure.  phor
elements the blue and green beams are 35  This horizontal deflection field
produces nega-  on opposite sides relative to their orientation  100 tive
horizontal isotropic astigmatism  of the  at the deflection plane of the
yoke. This electron beams.                             overconvergence of
the beams along the verti- Also shown -in Figure 2 are lines of flux  cal
axis is reduced as a function of the distance 22 representing a magnetic
deflection field for  from the center of the raster at which point 40
deflecting the beams in a vertical direction,  they are converged. The
overconvergence of 105 which field is produced  by a pair of vertical  the
beams on the vertical axis is caused by deflection coils of deflection yoke
17. It  the particular vertical deflection field illus- should be noted
that the vertical deflection  trated in Figure 2. The convergence condi-
field is generally barrel-shaped, the lines of  tion of the beams is a
result of designing the 45  flux being concave viewed from the center of
deflection yoke to exhibit some negative hori- 110 the figure. The vertical
deflection field pro-  zontal isotropic astigmatism  and some posi- duces
positive vertical isotropic astigmatism of  tive vertical isotropic
astigmatism. Although the beams. The purpose of producing the par-  the
convergence condition in which the beams ticular deflection fields
described will be dis-  are overconverged along the vertical axis and 50
cussed in conjunction with Figure 3.        underconverged along the
horizontal axis has 115 Figure 3 illustrates the convergence of the  been
illustrated, it is to be understood that electron beams of the system  of
Figure 1  other conditions of misconvergence along the under the influence
of the deflection field of  axes may be utilized for producing acceptable
Figure 2. Figure 3a illustrates the relative posi-  convergence all over
the raster. 55  tion of the green, red and blue beams 20a,    It has been
discovered that by proportioning  120 20b and 20c, respectively, as they
would  the astigmatism  in the deflection coils the appear at the
deflection plane (plane C in  beams can be made to substantially converge
Figure 1) of the yoke viewed from the face-  in the corners of the raster
as well as at all plate end of the picture tube. Figure 3b illus-  other
points of the raster as illustrated in 60  trates in exaggerated form  the
convergence  Figure 3b. The corner convergence illustrated  125 



condition of the beams in the corner of the  in the upper right hand corner
of the raster scanned raster and on vertical and horizontal  of Figure 3b
shows the blue and green beams deflection axes 25 and 26 respectively. It
to be slightly offset from the red beam in a should be noted that each
electron beam   vertical direction. The upper left hand corner 65
illuminates several phosphor elements of a  shows the blue and green beams
to be offset 130    4                                         1,385,745
4 from the red in a direction opposite to that  will have far less error
than the 50 mil shown in the right hand corner. The effect  design goal. On
the other hand, other re- of this on the raster is known as "trap",
ceivers made from the same batch of parts under which condition the rasters
are slightly  on the same production line will have a greater 5
trapezoidal in shape rather than rectangular. misconvergence. Receivers
actually sold corn-  70 In the past, attempts have been made to  mercially
have been found to have miscon- produce line-focus yokes which ideally pro-
vergence errors greater than 125 mils. As duce convergence of the beams
along the de-  used herein the term substantial convergence flection axes
but which generally cause an  means a misconvergence not greater than 125
10 unacceptably large amount of trap in the  mils. The misconvergence of
the beams may be  75 corners, the corner convergence condition be-
observed by the separation of the ideally ing  further characterized by a
horizontal  superimposed red, blue and green lines of a separation of the
beams as well as by a rela-  crosshatch pattern of lines appearing on the
tively large vertical separation.          viewing screen as a suitable
test signal is 15    An ideal line-focus yoke has negative hori-  coupled
to the television receiver. It is pos-  80 zontal isotropic astigmatism and
positive verti-  sible that production variations in the yokes cal
isotropic astigmatism. This type of astig-  and picture tubes, coupled with
a non-opti- matism is necessary for maintaining converg-  mum  assembly,
may result in convergence ence of the three horizontal in-line beams along
errors as large as 0.125 inches, but this condi- 20  the horizontal and
vertical deflection axes. tion is not encountered frequently and does not
85 This condition of on-axis convergence would  indicate that the invention
has not been utilized be carried into the corners of the raster and
advantageously. ideally result in convergence of the beams at    The
deflection yoke described here and all points on the raster. As a practical
matter, which is described in more detail in U.S. 25  it has been
determined that this ideal line-  Patent No. 3,721,930, produces a
deflection  90 focus condition can be realized only with pic-  field
resulting in substantial convergence of ture tubes having a diagonal
viewing screen  the beams at all points of the raster by appor- measurement
of about 14 inches or less. With  tioning astigmatism between the
horizontal and picture tubes having larger viewing screen dia-  vertical
deflection windings. 30  gonal measurements a line-focus condition will
Figure 4 illustrates the winding distribution  95 not be realized and a
trap condition such as  of a toroidal deflection yoke suitable for pro-
described in conjunction with Figure 3b will  ducing the convergence
characteristics illus- result. With trap present, the positive and  trated
in Figure 3b. The yoke comprises con- negative astigmatism must be
proportioned be-  ductors 31 forming a pair of vertical deflection 35
tween the vertical and horizontal deflection  coils and conductors 32
forming a pair of 100 coils by properly selecting the conductor wind-
horizontal deflection coils wound toroidally ing distribution such that a
substantial con-  about a ferrite core 30. It is to be under- vergence
condition is achieved at all points on  stood that the return conductors
would lie the raster.                                along the outside of
ferrite core 30. 40    Substantial convergence as used  herein    Figure 5
illustrates an electron gun assembly  105 refers to a convergence condition
that is com-  16 suitable for use in the system of Figure mercially
acceptable. It is common practice  1. Three separate cathodes 35a, 35b and
35c for a television receiver manufacturer to set are provided for
generating three electron a misconvergence limit requirement in the  beams.
The electrons emitted by the cathodes 45  design specifications of a
particular television  are  subsequently  accelerated, formed  into  110
receiver. It is always desirable to keep the  beams and focussed by the
remaining elec- misconvergence as close to zero as possible, trodes
including a G1 electrode 36, a G2 but as a practical matter the
manufacturing  electrode 37, a G3 electrode 38 and a G4 variations make
zero misconvergence prac-  electrode 39. Although not shown, it is to be 50
tically impossible to attain. A design goal set  understood that the
cathodes and the other 115 by one manufacturer is that the misconverg-
electrodes are retained in their relative posi- ence of the beams measured
at a distance of  tions by common suitable glass beading strips one half
inch from  edges of the scanned  attached to the various electrodes.
Electron raster should be less than 50 mils on a picture  gun assembly 16
provides the three electron 55  tube  having  a  viewing  screen  diagonal
beams which converge at the center of the 120 



measurement of 15 inches. The design limit  faceplate of Figure 1 in the
absence of a increases for larger viewing screen sizes and  deflection
field provided by the deflection yoke. would be about 62 mils on a picture
tube  To achieve this converged condition the align- having a viewing
screen diagonal measurement  ment and spacing of the various electrodes, 60
of 25 inches.                              particularly G3 and G4, relative
to each  125 As a practical matter the above-mentioned  other is critical.
It should be noted that all of manufacturing variations, particularly
varia-  the electrodes have three apertures and are tions in the color
picture tube and yoke,  common to the three beams. This monolithic result
in a distribution of convergence errors  type of construction greatly
facilitates the 65  from one receiver to another. Many receivers  building
of a precision electron gun which  130    produces the desired alignment of
the beams  measured in a plane located half way    along particularly in
the vertical direction.     the yoke length. The relationship of S to The
spacing of the apertures in the G3 and  the aperture spacing of the beam
forming G4 electrodes relative to each other enables  electrodes of the gun
may be determined trigo- 5  the two outside beams to converge on the
nometrically by first measuring the distance  70 center beam  at the
viewing screen. Minor  between the apertures and the distance the errors in
beam alignment (convergence at the  yoke center is from the apertures along
the center of the viewing screen) are corrected  path to the screen at
which the beams con- by suitable adjustment of the static converg-  verge.
Deflection plane C is generally in a 10  ence assembly referred to above.
plane located half way along the longitudinal  75 In larger color picture
tubes, for example,  axis of the yoke at right angles thereto. The such as
one having a viewing screen diagonal  deflection yoke is mounted around the
out- measurement of 15 inches or larger, it may be  side of the picture
tube envelope (neck dia- desirable to provide coma correction such  meter
d) with a relatively small clearance 15  that the rasters scanned by the
two outside  existing between the inside surface of the  80 beams are of
the same size as that scanned  yoke and the glass envelope. This clearance
by the central beam  on the viewing screen.  is generally in the order of
1/4 inch or less. Coma may be exhibited by the deflection yoke  It has been
determined that the deflection and, if present, tends to become more ob-
yoke of the type described may be moved in 20  jectionable to the  viewer
as the viewing  directions extending  perpendicular to  the  85 screen size
increases. To correct for the  longitudinal axis of the picture tube for
pro- effects of coma, generally annular shields 40  ducing the best
convergence of the beams. and 41 of magnetically permeable material  The
static convergence assembly is first ad- such as nickel-iron may be placed
around the  justed for producing convergence of the beams 25  exit
apertures of the G4 electrode. These  at the center of the raster. Then,
the yoke  90 shields in effect protect the two outside beams  is moved
transversely of the picture tube from a portion of the magnetic deflection
field  until the best overall convergence is achieved and thereby equalize
the effect of the de-  on the raster. The yoke is then fixed in  posi-
flection field on the three beams such that  tion by means such as a
suitable mount 30  three equal size rasters are produced. A suit-   In the
system described the deflection yoke  95 able electron gun assembly of the
type des-  having the conductor distribution of the de- cribed is disclosed
in more detail in applica-  flection winding selected for producing nega-
tion No. 24107/72 (Serial No. 1,381,118). tive horizontal isotropic
astigmatism and posi- It has been determined that the spacing be-  tive
vertical isotropic astigmatism  can serve 35  tween adjacent beams in a
self-converged  to maintain the convergence  of the three  100 color
television display system  according to  electron beams to a satisfactory
degree as long the invention must-be carefully selected. The  as the S
distance does not exceed 0.2 inches. minimum spacing between adjacent beams
is  Color television display systems in accord- determined by the lowest
acceptable light out-  ance with the invention have been success- 40  put
requirement of the picture tube. As the  fully built utilizing picture
tubes with view- 105 beams are produced with smaller and smaller  ing
screen diagonal sizes of 15 and 17 inches spacing from  each other the mask
transmis-  and with an S spacing of 0.158 inches. Such sion must be reduced
to maintain color purity. a combination together with a slit-type aper- And
as a consequence the result is less light  ture mask also results in
suitable light out- 45  output from  the picture tube. This lower  put of
the picture tube. It has been deter- 110 limit of spacing between adjacent
beams for  mined that the effects of coma, i.e., unequal producing
satisfactory brightness in a given  size different color rasters, increases
propor- picture tube can be calculated or determined  tional to the square
of the S distance. This empirically as is known in the art.         is one
reason that S must not be increased to a 50    On the other hand, in
accordance with one  relatively large value just to achieve greater 115
aspect of the invention there is a limit to the  light output from the
picture tube. With an 



maximum  spacing between adjacent beams.  S distance not greater than 0.2
inches, it is This limit is approached when the deflection  unnecessary to
correct for coma if the view- yoke can no longer scan the beams with satis-
ing screen diagonal measurement does not ex- 55  factory  convergence at
all points  on the  ceed 14 inches. As picture tubes with larger 120
raster.                                     viewing screen sizes are
utilized the effects Referring again to Figure 1 it can be seen  of coma
become proportionally greater and that the spacing between adjacent beams
in  it is desirable to utilize the coma shields a plane passing through a
point C is denoted  described  in  conjunction  with  Figure  5. 60  by the
letter S. The letter C indicates the de-  Although in the described
embodiment, a  125 flection plane of the yoke. S is measured  toroidal yoke
has been described, it is to be in the deflection plane remote from the
elec-  understood that a suitable deflection yoke tron gun assembly, but it
is to be understood  utilizing saddle-type coils could be utilized that S
is determined by selecting an electron  as well. It is known that the coma
charac- 65  gun  which  produces the  desired  spacing  teristics of
saddle-type coils may be controlled  130    1,385,745
6 by the distribution of the saddle-type wind-    The disclosed system has
the advantageous ings at the entrance portion and middle por-  feature of
not requiring dynamic correction tion of the deflection coils. Similarly,
astig-  for misconvergence and the effects of coma. matism of saddle coils
may be controlled by  Although misconvergence and the effects of 5  the
winding distribution in  the middle and exit  coma increase as the viewing
screen size is  70 portions of the deflection coils. In some cir-
increased, the invention may be advantageously cumstances it may be
possible to eliminate  utilized with in-line gun color picture tubes the
coma shields described in Figure 5 be-  having viewing screen diagonal
measurements cause the coma characteristics of saddle-type  of 23 and 25
inches. However, under these 10   yokes may be controlled.
circumstances it may be desirable to supple-  75 In some embodiments of the
invention, it  ment the self-convergence features with a sim- may be
desirable to reduce the misconverg-  plified dynamic convergence apparatus.
Such ence errors of the beams or to reduce the  a scheme might utilize
electrostatic or electro- effects of coma by reducing the S distance
magnetic convergence means disposed in the 15 between adjacent beams to the
point at which  neck region of the picture tube energized at  80 the light
output would be below a satisfac-  only one of the line and field scanning
rates. tory level in a kinescope utilizing a viewing  For example, the use
of only horizontal screen comprising fluorescent dots and a dot  dynamic
convergence correction with a hori- aperture shadow mask. In this situation
the  zontal in-line electron gun assembly as des- 20  light output may be
increased by utilizing a  cribed above would result in a raster in which
85 phosphor element and aperture mask arrange-  the beams are
satisfactorily converged at all ment as shown in Figure 6.
points. Figure 6 illustrates an aperture mask and    The terms horizontal
and vertical are used phosphor element screen arrangement of the  in the
following claims as mutually relative 25  line type suitable for use in the
picture tube  terms based on the more usual (horizontal)  90 of Figure 1.
In Figure 6 the three electron  disposition of the beam plane of an in-line
beams 20a, 20b and 20c are directed through  gun picture tube. For any
other beam plane elongate aperture slits 15 in an aperture  disposition,
should it be adopted, the terms mask 14 to impinge upon respective green,
are to be construed in a relative rather than 30  red and blue phosphor
elements of the line  absolute sense.                            95 type
deposited on viewing screen 12. A com-    Attention is drawn to our
copending Appli- bination of this type, in which the slit aper-  cations
Nos. 20826/72 and 20827/72 (Serial tures are collinear with the vertical
phosphor  Nos. 1,385,746 and 1,385,747). element lines may advantageously
be utilized 35  with an electron gun of the horizontal in-      WHAT WE
CLAIM IS: - line type described in conjunction with Figure    1. A color
television display system com- 100 5 because the vertical alignment of the
beams  prising a color television picture tube includ- is not critical.
This is because the phosphor  ing a face plate having groups of three dif-
elements extend continuously in a vertical  ferent color phosphor elements
thereon form- 40  direction on the viewing screen and there is  ing a
viewing screen, an electron beam gun no need to critically control the
vertical toler-  assembly for producing three electron beams 105 ance of
the beams because they will always  lying in a horizontal plane
substantially nor- land on the desired color in a vertical direc-  mal to
said viewing screen and an aperture tion. Thus, the elongate slit apertures
15 in  mask including a plurality of apertures in 45  aperture mask 14
permit more of the beams  registry with said groups of phosphor elements,
to pass than the corresponding dot apertures  and a deflection yoke
comprising vertical and  110 



used  in conjunction with a viewing screen hav-  horizontal deflection
coils disposed  around ing dot phosphor elements. The result of the  said
picture tube between said mask and said higher mask transmission in the
elongate slit  gun assembly for deflecting said beams for 50
aperture-vertical phosphor element arrange-  forming a raster on said
viewing screen, said ment of Figure 6 is to increase the light  electron
beam gun assembly being constructed  115 output of the picture tube,
thereby enabling  to produce said beams with a spacing between a relatively
small S distance of the beams to  adjacent ones thereof not greater than
0.2 be utilized to achieve substantial convergence  inches in a plane half
way between the ends 55  of the electron beams when scanned by the  of said
yoke, and the winding distribution of deflection yoke described above.
Unlike its  said deflection coil on the yoke being selec- 120 delta gun
counterpart, the in-line electron gun  ted for so apportioning vertical and
horizontal assembly used in the combination according  astigmatism produced
by the coils that said to the invention does not require dynamic  beams as
so produced by the electron gun will 60  convergence and hence does not
result in  be substantially converged at all points on said beam trio
degrouping, ie., enlargement of the  raster.
125 beam  trio spacing as the beams are de-    2. A color television
display system accord- flected from the center of the raster. Thus,  ing to
claim 1. wherein the winding distribu- the lensing for the printing of the
phosphor  tion of the deflection coils is selected for 65  elements is
simplified.                    producing positive vertical isotropic astig-
by the distribution of the saddle-type wind-    The disclosed system has
the advantageous ings at the entrance portion and middle por-  feature of
not requiring dynamic correction tion of the deflection coils. Similarly,
astig-  for misconvergence and the effects of coma. matism of saddle coils
may be controlled by  Although misconvergence and the effects of 5  the
winding distribution in the middle and exit  coma increase as the viewing
screen size is  70 portions of the deflection coils. In some cir-
increased, the invention may be advantageously cumstances it may be
possible to eliminate  utilized with in-line gun color picture tubes the
coma shields described in Figure 5 be-  having viewing screen diagonal
measurements cause the coma characteristics of saddle-type  of 23 and 25
inches. However, under these 10  yokes may be controlled.
circumstances it may be desirable to supple-  75 In some embodiments of the
invention, it  ment the self-convergence features with a sim- may be
desirable to reduce the misconverg-  plified dynamic convergence apparatus.
Such ence errors of the beams or to reduce the  a scheme might utilize
electrostatic or electro- effects of coma by reducing the S distance
magnetic convergence means disposed in the 15  between adjacent beams to
the point at which  neck region of the picture tube energized at  80 the
light output would be below a satisfac-  only one of the line and field
scanning rates. tory level in a kinescope utilizing a viewing  For example,
the use of only horizontal screen comprising fluorescent dots and a dot
dynamic convergence correction with a hori- aperture shadow mask. In this
situation the  zontal in-line electron gun assembly as des- 20  light
output may be increased by utilizing a  cribed above would result in a
raster in which  85 phosphor element and aperture mask arrange-  the beams
are satisfactorily converged at all ment as shown in Figure 6.
points. Figure 6 illustrates an aperture mask and    The terms horizontal
and vertical are used phosphor element screen arrangement of the  in the
following claims as mutually relative 25  line type suitable for use in the
picture tube  terms based on the more usual (horizontal)  90 of Figure 1.
In Figure 6 the three electron  disposition of the beam plane of an in-line
beams 20a, 20b and 20c are directed through  gun picture tube. For any
other beam plane elongate aperture slits 15 in an  aperture  disposition,
should it be adopted, the terms mask 14 to impinge upon respective green,
are to be construed in a relative rather than 30  red and blue phosphor
elements of the line  absolute sense.                            95 type
deposited on viewing screen 12. A com-    Attention is drawn to our
copending Appli- bination of this type, in which the slit aper-  cations
Nos. 20826/72 and 20827/72 (Serial tures are collinear with the vertical
phosphor  Nos. 1,385,746 and 1,385,747). element lines may advantageously
be utilized 35  with an electron gun of the horizontal in-      WHAT WE
CLAIM  IS: line type described in conjunction with Figure    1. A color
television display system com- 100 5 because the vertical alignment of the
beams  prising a color television picture tube includ- is not critical.
This is because the phosphor  ing a face plate having groups of three dif-
elements extend continuously in a vertical  ferent color phosphor elements
thereon form- 40  direction on the viewing screen and there is  ing a
viewing screen, an electron beam gun no need to critically control the
vertical toler-  assembly for producing three electron beams 105 ance of
the beams because they will always  lying in a horizontal plane
substantially nor- 



land on the desired color in a vertical direc-  mal to said viewing screen
and an aperture tion. Thus, the elongate slit apertures 15 in  mask
including a plurality of apertures in 45  aperture mask 14 permit more of
the beams  registry with said groups of phosphor elements, to pass than the
corresponding dot apertures  and a deflection yoke comprising vertical and
110 used in conjunction with a viewing screen hav-  horizontal deflection
coils disposed around ing dot phosphor elements. The result of the  said
picture tube between said mask and said higher mask transmission in the
elongate slit  gun assembly for deflecting said beams for 50
aperture-vertical phosphor element arrange-  forming a raster on said
viewing screen, said ment of Figure 6 is to increase the light  electron
beam gun assembly being constructed  115 output of the picture tube,
thereby enabling  to produce said beams with a spacing between a relatively
small S distance of the beams to  adjacent ones thereof not greater than
0.2 be utilized to achieve substantial convergence  inches in a plane half
way between the ends 55  of the electron beams when scanned by the  of said
yoke, and the winding distribution of deflection yoke described above.
Unlike its  said deflection coil on the yoke being selec- 120 delta gun
counterpart, the in-line electron gun  ted for so apportioning vertical and
horizontal assembly used in the combination according  astigmatism produced
by the coils that said to the invention does not require dynamic  beams as
so produced by the electron gun will 60  convergence and hence does not
result in  be substantially converged at all points on said beam trio
degrouping, i.e., enlargement of the  raster.
125 beam  trio spacing as the beams are de-    2. A color television
display system accord- flected from the center of the raster. Thus,  ing to
claim 1 wherein the winding distribu- the lensing for the printing of the
phosphor  tion of the deflection coils is selected for 65  elements is
simplified.                     producing positive vertical isotropic
astig-    matism and negative horizontal isotropic astig-  ing to any
preceding claim wherein said beam matism.
spacing produced by the electron gun assembly 3. A color television display
system accord-  is 0.158 inches. ing to claim 2 wherein the apportioning of
8. A color television display system accord- 5  said vertical and
horizontal astigmatism is such  ing to any preceding claim wherein said
phos-  30 that said beams are over-converged at the  phor elements are in
repeating groups each ends of the vertical axis of the raster.   comprising
three different color vertical phos- 4. A  color television display system
as  phor strips and said aperture mask includes claimed in claim  3 wherein
the apportion-  a plurality of elongate slit apertures extending 10 ing of
the vertical and horizontal astigmatism  collinearly with said phosphor
strips and in  35 is such that said beams are under-converged  registry
with said groups thereof. at the ends of the horizontal axis.          9. A
color television display system accord- 5. A color television display
according to  ing to any of claims 1-7 wherein said phos- any preceding
claim wherein said electron gun  phor elements are in repeating groups each
15  assembly includes at least one common beam-  having its three different
color phosphor ele-  40 forming electrode having three apertures for  ments
disposed in the form of a triad. said beams.
10. A color television display system sub- 6. A color television display
system accord-  stantially as hereinbefore described with refer- ing to
claim  5 wherein said electron gun  ence to the accompanying drawings. 20
assembly includes shield members disposed around the path of the two
outside ones of            T. I. M. SMITH, said three beams for shielding
said two beams       Chartered Patent Agent, from  a portion of the
deflection field pro-            50 Curzon Street, duced by said deflection
coils.                       London W1Y 8EU. 25    7. A color television
display system accord-      Agent for the Applicant. Printed for Her
Majesty's Stationery Office, by the Courier Press Leamington Spa 1975.
Published by The Patent Office 25 Southampton Buildings, London, WC2A 1AY,
from which copies may be obtained.    


