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Colour Television  Display  System            We,  R.C.A.  CORPORATION,
formerly  screen surface which is only slightly curved.         RADIO
CORPORATION OF AMERICA, a Cor-  In some of the earlier wide angle color 45
poration organized under the laws of the  picture tubes of the shadow mask
variety,         State of Delaware, United States of America, additional
apparatus and energizing circuits       5 of 30, Rockefeller Plaza, City
and State of therefor were provided to overcome any         New York,
United States of America,  do  pincushion distortion of the raster produced
hereby declare the invention, for which we  by the scanning operation.
50         pray that a patent may be granted to us,   It has been found
feasible to design beam *       and the method by which it is to be per-
deflection yokes, in a way to minimize the      10 formed, to be
particularly described in and  pincushion distortion of the raster
resulting by the following statement:-              from the scanning
operation. Nevertheless,           This invention relates to color
television  by reason of the particular arrangement of 55 display apparatus
and particularly to an  the electron gun structure of the shadow
arrangement of the reproducing apparatus in  mask type of color picture
tube heretofore      15 relation to the viewer.                  used, the
use of a yoke which minimizes           Most color television receivers use
a  total pincushion distortion leaves some which         shadow mask type
of picture tube for the  is not symmetrical at the top and bottom of 60
reproduction of an image. Such a picture  the reproduced picture.  This
situation,         tube has a phosphor screen disposed on the  coupled with
the current styling trend which      20 inner surface of the end faceplate
which  locates the centre of the picture tube below         conventionally
has a somewhat curved outer the normal eye level of the viewer, accentu-
surface. Because of this curvature, an image  ates such asymmetry.
65         observed from a point angularly displaced   Accordingly, an
object of the present in-         from the central axis of the picture tube
has  vention is to arrange the shadow  mask      25 some apparent pattern
distortion.         colour picture tube and its electron gun           This
distortion is such that straight lines  structure so that the reproduced
picture,         appear to be curved. The character of this  when viewed
from a position above the cen- 70         line curvature depends upon both
the view- tral axis of the tube, has no appreciable ing angle and the part
of the picture in  raster distortion and appears symmetrical      30 which
the lines appear. For example, if the  when a deflection yoke of a
character re-         viewing angle is above the central tube axis, quiring
no additional pincushion correction         the horizontal lines at the top
of the picture  is used.                          75         appear concave
upwardly. This is termed    According to the present invention there
pincushion distortion. Also, from the same  is provided a colour television
receiver, in-      35 viewing angle the horizontal lines at the  cluding a
cathode ray picture tube having         bottom of the picture appear convex
down-  a luminescent screen at its curved front end         wardly. This is
called barrel distortion.  and an electron. gun array at its rear end, 80
An additional pincushion type of pattern  said electron gun array having
three electron distortion occurs even when the picture is  guns disposed
respectively at the apices of 40 viewed from the central axis of the tube.
an equilateral triangle symmetrically dis-         This is due to the
relatively wide angle  posed about the central longitudinal axis of
through which the electron beams are de-  the tube such that a first two of
said guns 85         flected to scan a raster on the picture tube  are
located at the same horizontal level on 
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2        one side of the tube axis and the third of symmetrically located
about the central axis       said guns is vertically displaced from said
of the picture tube. It is to be noted that       first two guns on the
other side of said tube  the downward vertical displacement of the axis;
means including a deflection yoke for  green and red guns 19 and 21
respectively is     5 deflecting said beams to produce a com-  only
one-half of the upward vertical dis- 70       posite raster at said
luminescent screen, said  placement of the blue gun 18 from  the       yoke
being constructed so as to produce  central axis.       minimum pincushion
distortion of said com-    In FIGURE 2B the electron gun orienta-
posite raster and to have substantially no  tion is rotated 180 from  that
shown in     10 coma but having some negative horizontal FIGURE 2A  but
deflection yoke 16 re- 75       isotropic astigmatism, whereby said com-
mains stationary. In this case, the blue gun       posite raster has
unequal top and bottom   18 is located below the green and red guns
pincushion distortion, wherein said picture  19 and 21 respectively. The
respective verti-       tube is positioned so that said third electron  cal
displacements of these guns from  the     15 gun is vertically below said
tube axis.  central axis is the same in magnitude but 80         In the
accompanying drawings:        opposite in direction to the corresponding
FIGURE 1 is a side elevational view of a  vertical displacement of  the
guns  in       color picture tube mounted in a television  FIGURE 2A.
receiver cabinet;                        The yoke 16 of FIGURE 1 is
designed to    20   FIGURE  2A  is a fragmentary cross-  minimize any
pincushion distortion of the 85       sectional view  taken on the line 2-2
of picture caused by the scanning operation.       FIGURE 1 showing the
prior art or con-  Such a yoke also is made so as to have       ventional
orientation of the electron gun  substantially no coma, thereby obviating
the       structure of the picture tube;         need for correcting
circuits to register the    25   FIGURE 2B is a view similar to that of
blue raster with the red and green rasters as 90        FIGURE  2A  showing
the electron gun  in some prior art apparatus. A yoke de-
orientation in accordance with this inven- signed in such a manner does,
however, have        tion;                                  some negative
horizontal isotropic astig-        FIGURE 3 is a diagram indicating the
matism  which produces the asymmetrical    30 effects on the viewing screen
of an electron  residual pincushion distortion of the raster 95       gun
orientation according to the prior art previously referred to.
teaching;                                FIGURE 4 illustrates the manner in
which         FIGURE 4 is a diagrammatic illustration  negative horizontal
isotropic astigmatism       of some of the effects of a beam deflection
produces such asymmetrical pincushion dis-    35 yoke  with  negative
horizontal isotropic  tortion. The solid line circle 23 represents 100
astigmation on the three electron beams; the locus of the unconverged blue,
green       and                                    and red spots 24, 25 and
26 respectively         FIGURE 5 is a diagrammatic representa-  produced
with a picture tube and  gun       tion of the results produced on the
viewing  orientation such as shown in FIGURE 2A    40 screen by means of
the apparatus embodying  and as viewed from the front of the tube 105
the present invention.                 12. Convergence of the spots 24, 25
and         In FIGURE 1 a color television receiver 26 will occur at the
central point 27. Any       cabinet 11 is illustrated holding a color
horizontal deflection of the three beams by       television picture tube
12. This tube is of  a yoke having negative horizontal astig-    45 the
well-known  shadow  mask  variety, matism moves each of the blue, green and
110       having a substantially rectangular viewing  red spots vertically
outward and the green       screen (not shown) on the inside surface of and
red spots horizontally inward relative       a curved faceplate 13. The
tube is provided  to the central point 27. This places the       with an
electron gun structure 14 housed  blue, green and red spots 24', 25' and
26'    50 in the neck 15 of the tube and with a de-  respectively on a
locus represented by the 115       flection yoke 16 for deflecting the
electron  broken line ellipse 28.       beams relative to the viewing
screen. As    The three beams producing these spots       indicated in this
figure, the image formed on are converged by apparatus which moves 



the viewing screen is observed from a point each of the three beams
radially with refer-    55 17 located somewhat above the central hori- ence
to the positions of the electron guns in 120       zontal axis of the tube.
the tube neck, thereby causing the blue beam         According to prior art
teachings, the pic- to move vertically and the red and green       ture
tube 12 is located in the cabinet 11  beams to move at 120 respectively
relative       so that the electron gun structure is oriented  to the
direction of the blue beam motion.    60 as shown in FIGURE 2A. In this
arrange-  Therefore, convergence of the spots 24', 25' 125       ment the
blue gun 18 of the electron gun  and 26' will occur at the eccentric point
29       structure 14 is located at one apex of an  which is vertically
displaced from the central       equilateral triangle, at the other lower
apices  point 27.       of which are located the green and red guns
FIGURE  3 illustrates the manner in    65 19 and 21 respectively.  These
guns are  which the described asymmetrical raster dis- 130             2
3         1,178,980                                3  tortion results from
the use of a pincushion  picture.  In  the lower left hand grouping
corrected deflection yoke having negative  48, it is seen that it has the
same elliptical horizontal isotropic astigmatism. A graphi-  type of
distortion as that of the grouping 37.    cal representation  (exaggerated
for ex-  Similarly, the lower right hand grouping 49 5 planatory purposes)
of the pattern produced  is like the grouping 44. The solid line 50 70   On
the viewing screen as viewed from the  represents the pincushion distortion
of the                  front of the picture tube is given for three  lower
part of the raster when all three of horizontal lines of a scanned raster.
One  the beams are dynamically converged over    in            line is
located near the top, another near  the entire line. It should be noted
that the 10   the bottom and a third midway between the  pincushion
distortion represented by the 75 gun            top and bottom edges of
the.scanned raster. line 50 is somewhat less than that repre- It is to be
understood that the patterns  sented by the line 46 at the upper part of
verti-           indicated  in FIGURE  3 are  presented  the raster.
assuming that the landings of the three    In the horizontal line midway
between 15 beams from the red, green and blue guns  the top and bottom of
the picture, the effect 80 are converged to  a single point 31 at the  of
the horizontal deflection of the three    center of the picture. This
convergence is  beams by a yoke having the described nega-
accomplished in the usual manner by static  tive horizontal astigmatism  is
to produce means. Also, there is no dynamic converg- elliptical spot
groupings 51 and 52. When of the 85      20  ence of the beams applied in
any of their  the red, green and blue spots of these group- 85 ration.
deflected positions.  Consequently, at the  ings are converged
respectively, at points 53 other points on the screen the three beams  and
54, the resultant center line 55 is bowed the            are shown as not
converged. In the group- with the ends thereof upward.   the            ing
32 shown at the top central part of the    The foregoing description has
been given 25 raster, the blue beam landing spot 33, the  on the premise
that there is no vertical 90 red beam  landing spot 34 and the green
astigmatic distortion in groupings 32 and 47. beam landing spot 35 are
symmetrically dis- If, however, either positive or negative ver- posed
about the center 36 of the group.  tical astigmatism were present, the
shape of Consequently, when dynamic convergence is  the grouping 32, for
example, would be 30 applied to the beams producing such a  elliptical with
the major axis being vertical 95                    grouping, all three of
the spots 33, 34 and  (for positive astigmatism) or horizontal (for 35 move
inwardly radially to converge at the  negative astigmatism). In the case of
posi- point 36.                            tive vertical astigmatism, the
converged point on dis-             In the grouping 37 in the upper
lefthand  of the spots 33, 34 and 35 would be above 35 corner of the
display, the blue beam landing  the point 36 of FIGURE 3. In the case of
100 green            spot 38 is displaced vertically downward  negative
vertical astigmatism, the converged ctively           more than the green
and red beam landing  point of the spots 33, 34 and 35 would be spots 39
and 41 respectively are displaced  below the point 36.  Such vertical
astig- vertically upward. The grouping 37, con-  matism would. of course,
affect the corner 40 sequently, has an elliptical  shape caused by
groupings 37 and 44 in a similar manner. 105 25 and             the
deflection yoke which has some negative  The  result of the described
horizontal 



horizontal istropic  astigmatism, as ex-  astigmatism  and any vertical
astigmatism plained in connection with FIGURE 4. As  would be the
displacement of the top hori- a consequence, when the three beams pro-
zontal line 46 either upward or downward 45 ducing the spots 38, 39 and 41
are dynamic-  but with no change in its illustrated and 110. ally
converged, this convergence occurs at a  described shape. Similar vertical
displace- point 42. In the absence  of the described  ments of the bottom
line 50, and all other astigmatism of the deflection yoke, the three  lines
except the middle line 55 would result spots 38, 39 and 41 would be
converged at  from  both horizontal and vertical astig- 50 a point 43.
matism  in the deflection yoke.          115                       A
similar situation exists at the right of    FIGURE 5 illustrates the
beneficial effects the screen with the grouping 44. The broken  produced by
the arrangement of this inven- line 45 represents the pincushion type of
tion by inverting the color picture tube, to- raster distortion which would
be present at gether with its electron gun structure, and    55 the top of
the picture, where it not for the    by deflecting the beams by a yoke
which 120 described yoke astigmatism. However, the  has a controlled amount
of negative isotropic solid line 46 represents the actual array of
astigmatism in its horizontal coils. It may relative           beam-excited
phosphor dot trios across a  be seen from a comparison of FIGURES 3 single
horizontal line of the picture at the  and 5 that the groupings 32', 37',
44', 47', 60 top with the described apparatus.         48', 49', 51' and
52' respectively  of 125 point 29              Applying the same analysis
to the lower  FIGURE 5 are the inverse of the described part of the picture
it is seen that the group-  groupings 32, 37, 44, 47, 48, 49, 51 and 52
ing 47 at the middle of the bottom line of  of FIGURE 3. the picture is
quite symmetrical, correspond-    The result of this arrangement is that
the 65 ing to the grouping 32 at the top of the  converged line of spots
46' of FIGURE 5 130           4
1,178,980                                        4         corresponds with
the converged line of spots  are located at the same horizontal level on
46 of FIGURE 3. Similarly, the converged  one side of the tube axis and the
third of        line 50' of FIGURE 5 corresponds with the  said guns is
vertically displaced from said        line 50 of FIGURE 3 and the line 55'
of  first two guns on the other side of said tube 5 FIGURE 5 corresponds
with the line 55 of  axis; means including a deflection yoke for 40
FIGURE 3. Thus, the greater pincushion  deflecting said beams to produce a
composite        distortion of the raster now appears at the  raster at
said luminescent screen, said yoke        bottom of the picture and the
lesser distor-  being constructed so as to produce mini-        tion
appears at the top of the picture. Con-  mum  pincushion distortion of said
com-     10 sequently, when the picture is  viewed on the  posite raster
and to have substantially no 45        curved screen of the picture tube
from a  coma but having some negative horizontal        point above the
central horizontal axis of  isotropic astigmatism, whereby said com-
the tube, the pincushion distortion resulting  posite raster has unequal
top and bottom        from such a viewing angle effectively com-
pincushion distortion, wherein said picture     15 pensates for the
relatively small distortion  tube is positioned so that said third electron
50        of the upper part of the picture and also of  gun is vertically
below said tube axis.        the relatively greater distortion at the bot-
2. A colour television received as claimed        tom  of the picture.
Thus, all horizontal  in claim 1 wherein said first two guns are
lines of the picture appear straight.     located above said tube axis and
said third     20   It will be evident to those skilled in the  gun is
located below said tube axis.  55        art that a yoke having the
properties pre-    3. A color television receiver, as claimed
viously  described, may  have  numerous  in Claim 2 characterized in that
said three        forms. One example of such a yoke is de-  electron guns
are directed respectively to        scribed and claimed in patent
application  excite red, green and blue light producing     25 No. 14406/67
(Serial No. 1,178,979).        phosphors; and said blue phosphor exciting
60          WHAT WE CLAIM IS:-                       gun is located below,
said tube axis.          1. A colour television receiver, including    4. A
colour television receiver as herein-        a  cathode  ray  picture  tube
having  a  before  described  with  reference  to  the        luminescent
screen at its curved front end,  accompanying drawings.     30 and an
electron gun array at its rear end,        said electron gun array having
three elec-       A. A, THORNTON & CO., 



tron guns disposed respectively at the apices       Chartered Patent
Agents,        of an equilateral triangle symmetrically dis-
Northumberland House,        posed about the central longitudinal axis of
303/306 High Holborn,     35 the tube such that a first two of said guns
London, W.C.1.      Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1970     Published at the Patent
Office, 25 Southampton Buildings, London, W. C 2, from  which copies may
be obtained.           4                                        1,178,980
4          corresponds with the converged line of spots  are located at the
same horizontal level on         46 of FIGURE 3. Similarly, the converged
one side of the tube axis and the third of         line 50' of FIGURE 5
corresponds with the  said guns is vertically displaced from said
line 50 of FIGURE 3 and the line 55' of  first two guns on the other side
of said tube      5 FIGURE 5 corresponds with the line 55 of  axis; means
including a deflection yoke for 40 FIGURE 3. Thus, the greater pincushion
deflecting said beams to produce a composite         distortion of the
raster now appears at the  raster at said luminescent screen, said yoke
bottom of the picture and the lesser distor-  being constructed so as to
produce mini-         tion appears at the top of the picture. Con-  mum
pincushion distortion of said com-     10 sequently, when the picture is
viewed on the  posite raster and to have substantially no 45         curved
screen of the picture tube from  a  coma but having some negative
horizontal         point above the central horizontal axis of  isotropic
astigmatism, whereby said com-         the tube, the pincushion distortion
resulting  posite raster has unequal top and bottom         from such a
viewing angle effectively com-  pincushion distortion, wherein said picture
15 pensates for the relatively small distortion  tube is positioned so that
said third electron 50         of the upper part of the picture and also of
gun is vertically below said tube axis.         the relatively greater
distortion at the bot-   2. A colour television received as claimed
tom  of the picture. Thus, all horizontal  in claim 1 wherein said first
two guns are         lines of the picture appear straight.     located
above said tube axis and said third     20   It will be evident to those
skilled in the  gun is located below said tube axis.    55         art that
a yoke having the properties pre-    3. A color television receiver, as
claimed         viously  described, may  have  numerous  in Claim 2
characterized in that said three         forms. One example of such a yoke
is de-  electron guns are directed respectively to         scribed and
claimed in patent application  excite red, green and blue light producing
25 No. 14406/67 (Serial No. 1,178,979).        phosphors; and said blue
phosphor exciting 60           WHAT WE CLAIM IS:-
gun is located below said tube axis.           1. A colour television
receiver, including    4. A colour television receiver as herein-         a
cathode  ray  picture  tube  having  a  before described  with  reference
to  the         luminescent screen at its curved front end, accompanying
drawings.     30 and an electron gun array at its rear end,         said
electron gun array having three elec-       A. A, THORNTON & CO.,
tron guns disposed respectively at the apices      Chartered Patent Agents,
of an equilateral triangle symmetrically dis-      Northumberland House,
posed about the central longitudinal axis of       303/306 High Holborn,
35 the tube such that a first two of said  guns              London, W.C.1.
Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.,
Berwick-upon-Tweed, 1970     Published at the Patent Office, 25 Southampton
Buildings, London, W. C. 2, from  which copies may
be obtained.    


