
PATENT SPECIFICATION    (11) 1 499 304 (21) Application No. 7908/76    (22)
Filed 27 Feb. 1976 (31) Convention Application No. 50/064262
(19) (32) Filed 30 May 1975 in (33) Japan (JP) (44) Complete Specification
published 1 Feb. 1978 (51) INT[err]   HOIJ 9/227//31/20 (52) Index at
acceptance HID  4A4 4A7 4HIA 4HY 4K4 4K7D 4K7Y (54) OPTICAL CORRECTION LENS
(71)    We,  hITACHI  LTD., a cor-  is disposed below the exposure table 2
spaced  50 poration organised under the laws of Japan  from the glass panel
1 for a predetermined of   5-1, 1-chome, Marunouchi, Chiiyodaku,  distance.
The exposure light source 4 may Tokyo, Japan, do hereby declare the inven-
be composed of a point source of exposure 5  tion for which we pray that a
patent may be  light adapted to be moved for a predeter- granted to us, and
the method by which  mined distance linearly along the longi-  55 it is to
be performed, to be particularly  tudinal direction of the slot of the
shadow described in and by the following state-  mask or a linear light
source having a pre- ment: -                                   determined
length in the longitudinal direc- 10    The present invention relates to a
cor-  tion of the slot. Disposed between the light rection lens which is
effective for use in  source 4 and the glass panel 1 is a correc-  60 the
formation of a phosphor screen particu-  don lens 5 which serves to
approximate the larly of a stripe type of a cathode ray tube  optical path
of exposure rays from the light (CRT) for a color television receiver.
source 4 to the path of electron beams in 15    The prior art and the
invention as well  the color television CRT. as advantages and novel
features of the latter    It is noted that the shadow mask 3 is  65 will be
described referring to the accompany-  formed with predetermined curvatures
which ing drawings in which:                     are greater at the corner
portions of the Fig. I shows schematically a structure of  pane. 20  a
hitherto known exposure apparatus used    When the phosphor screen is
formed with for the formation of the phosphor screen of  the aid of the
exposure apparatus having a.  70 a color CRT;
construction described above, straight and con- Fig. 2 illustrates an
exposure condition  tinuous phosphor stripes 6 are formed in at a middle
portion of a screen panel;    the light sensitive film la of the glass
panel 1 25    Fig. 3 illustrates the formation of wavy  at the middle
portion of the shadow mask phosphor stripes at the corner portion. of  3,
as is shown in Fig. 2. On the other  75 the screen panel in the hitherto.
known ex-  hand, phosphor stripe la of a waving form posure process;
will be formed at. the locations of the glass Fig. 4 illustrates the
principle of .the in-  panel corresponding to the corner portions 30
vention on the basis of which a correction  of the shadow  mask, as is
illustrated in lens is fabricated;                        Fig. 3, since the
phosphor stripes at these  80 Fig. 5 is a graph illustrating the configura-
locations are formed through the slots of tion of the curved surface of the
lens accord-  the shadow mask having a large curvature. ing to the
invention; and                  Fig. 3 illustrates the phosphor stripe
formed 35  . Fig. 6 illustrates effects of a correction  at the left upper
corner of the glass panel lens according to the invention when used  as
viewed from the side of the electron gun  85 in the exposure process.
after having been assembled. In the figure, Referring to Fig. 1 which shows
a general  the broken lines represent slot  images pro- arrangement of an
exposure apparatus for  jected on the light sensitive film. When a 40
forming a phosphor screen of a slot type for  point source of light is
employed, the slot a   color television receiver tube or  CRT,  images will
be displaced. in the direction indi-  90 reference numeral 1  indicates a
glass panel  cated by arrows as the point source is moved, having an inner
surface applied with a film  as a result of which the regions interconnect-
of a light sensitive material. The glass panel  ing two adacent slots
indicated by coupling 45  1 is positioned in place on an exposure table
arrows are exposed. In the case where a 2. A color selection electrode
array 3 of a  linear light source is employed, the exposure  95 slot type
(hereinafter referred to simply as  will be performed in a similar manner
except shadow mask) is mounted at the inner side of  that the slot images
remain immovable. 



the glass. panel 1. An exposure light source 4  In more detail, since the
longitudinal center    2                                        1,499,304
axis of the respective slots and the mov-    referring to fig 4
illustrating the prin- ing direction of the point source of light  ciple
of  designing  the  correction  lens are not included in one and the same
plane  according to the 'invention, the corrections at the corner portions,
the slot image has  lens 7 has a thin center portion in thickness 5
necessarily a displacement component in the  to and the thickest portion in
thickness  70 width or transversla direction of the slot upon   tmax in the
radial intermediate portion be- the linear movement of the light source,
'tween the center and the periphery of the which results in the formation
of the phos-  lens. Of course, the lens 7 is formed axially phor stripe la
of a wavy shape such as  symmetrically. 10  shown in Fig. 3. It will be
self-explanatory  Now  assuming in Fig. 4 that symbol a  .75 that such
phosphor stripes of wavy form   represents the distance between a light
source will disadvantageously give rise to a color  0 and  the lower
surface of the lens 7, p blue or mismatching upon being        ed
represents the displacement of the  light with the electron beam. This is
because the  source 0 toward the lens as viewed there- 15  slot images
formed by the electron beams  through, t represents the thickness of lens
80 on the phosphor screen will extend in the   at a radius r, N  is the
refraction index, longitudinal direction of the slots formed   [err] is an
angle at which the ray is emitted ia the shadow mask and thus can not coin-
from the light source 0, and 0 is an angle cidentially cover the areas of
the phosphor  formed between the optical axis of the lens 20  stripes
displaced in the transversal direc-  and light beam, there exist following
rela   85 tion of the slots.  tions among these parameters which can be On
the other hand, the slot images tend   derived from the law of refraction.
to be enlarged in width, making it difficult to obtain narrow stripes at
the corner por- 25  tions of the glass panel.                        [err]
Accordingly, an obect of the present inven- tions is to provide a
correction lens which can suppress to the minimum the possibility of wavy
phosphor stripes being formed at 30  the corner portions of the glass panel
when        [err] the phosphor screen is formed by utilizing the exposure
apparatus of the aforemen- tioned type. According to the  present inven-
'tion there is  provided a correction lens of   [err]
90 35  an axially symmetrical configuration provided with a surface of
continuous gradient having a minimum thickness at the center portion  when
[err] and [err] are eliminated from the for- thereof and a maximum
thickness in the radial  mulae (1) to (3), the relation between t
intermediate portion between the center and  and r can be expressed by  an
equation 40  the periphery and so designed that a linear  t=F(r), whereby
surface curvature can be or linearly movable light source located at a
determined. However, in practice, it is diffi-  95 predetermined position
along the optical axis  cult to obtain the relation t=F(r) by solving of
said correction lens at one side thereof  the formulae (1) to (3). This
relation can be can be observed from  the opposite  side  determined rather
conveniently from numeri- 45   through said correction lens in such a man-
cal calculation. ner that said light source is in appearance    Fig. 5
graphically illustrates the relation  100 displaced toward said  correction
lens by a  between t and r  with the value of a being constant distance on
the optical axis inde-  varied, while p and [err] are selected at 8.0
pendently of observing'angles              mm and 7.0 mm, respectively. 50
It has been discovered that such a lens When the correction lens 7 of the
above has the property - required for achieving the  construction is
employed in cooperation with  105 above object in that, when disposed
between  a linear light source MN, as is shown in the exposure light source
and the glass panel, Fig. 6, the linear light source can be viewed 



and when the light source is observed from  through the lens as   if it
lies in inclined 55   the individual slots of the shadow  mask  positions
such as indicated  by - segments through the correction lens, the moving
path  [err] and [err] around a point 0' 110 of the light. source in the
case of a point light displaced toward the lens from  the actual source or'
the axis of the light source in the  position 0 of the light source for a
displace- case of a linear: light. source 'will in appear- ment P along the
optical axis in dependence 60   ance extend substantially in parallel with
the of the viewing angles [err] and [err] longitudinal center axis of the
slot,     when the light source MN is observed from   115 The invention
will be more clearly under- the points [err] and [err] at the side of the
stood from the following description which  lens opposite to the light
source. The degree is given by way of example only with refer- of the
inclination can be varied by varying 65   ence to the drawings.
the parameters a, [err] and (or) p. It has been    1,499,304
3 found that the inclination of the optical  the  reasons  described
hereinbefore. The image of the light source becomes greater,  correction
lens 7 according to the invention as a and p are selected smaller or to is
can be employed together with the hitherto selected greater in the lens
design. Due to  known correction lens 5 without necessity 5   such
inclination of the light source image  of modifying the latter for the
purpose of  70 projected through the correction lens accord-  suppressing
the wavy formation of the phos- ing to the invention, the linear light
source  phor stripes particularly at the corner por- and the slots of the
shadow mask will extend  tion of the phosphor screen by virtue of the
substantially in parallel with each other in  unique characteristic
described above. to  appearance, which thus provides an excellent    As
will be understood from the foregoing  75 compensation effect for
eliminating the wavy  description, according to the invention, there form
of the phosphorus stripes upon the  has been provided a correction lens of
an formation thereof at the corners of the glass  axially symmetrical
configuration having a panel. This applies also to the case in which
minimum thickness at the center portion and 15  the point source of light
is employed. In   a maximum  thickness in the radial inter-  80 this case,
the linear moving path of the  mediate portion between the center and the
point light source is viewed in inclined posi-  periphery of the lens. When
a light source tions in the aforementioned manner. It will  is located at a
predetermined distance from thus be appreciated that a correction lens  the
correction lens of such structure and 20   capable of suppressing
remarkably the forma-  viewed  therethrough  from  the  opposite  85 tion
of wavy phosphor stripes by selecting  side, the light source is observed
as if it parameters a, p and [err] at suitable values for  was displaced
toward the lens by a certain a particular CRT in question. In a specific
constant distance on the optical axis of the example in which the
correction lens accord-  lens independently of the viewing angles, 25  ing
to the invention is employed for manu-  and appears to be in inclined
positions de-  90 facturing the phosphor screen of a 14 inch  pending on
the viewing angles as is illus- type color CRT  with deflection angle of
trated in Fig. 6. Consequently, the slots of [err], it has been found that
the wave-like  the shadow mask and the linear light source formation of the
phosphor stripe at the  or the moving path of the point source of 30
corners of the screen can be reduced as  light will extend in appearance
substantially  95 much as about 75%  as compared with the  in parallel with
each other, whereby the wavy hitherto known exposure system.
formation of the phosphor stripes at the In the above described embodiment,
it is  formation of the 'phosphor screen can be assumed that the correction
lens has a flat  significantly reduced. 35  lower surface. However, the
invention is never restricted to such configuration of the    WHAT WE CLAIM
IS: -                  100 lens. It is also possible to provide curved   1.
A correction lens of an axially sym- surfaces at both the upper and the
lower  metrical configuration provided with a sur- sides of the correction
lens. Further, a pair  face of continuous gradient having a mini- 40   of
correction lens such as shown in Fig. 4  mum thickness at the center
portion thereof may be employed with the lenses superposed  and a maximum
thickness in the radial inter- 105 on each other at the flat surfaces.
mediate portion between the center and the 



As hereinbefore described, the correction  periphery and so designed that a
linear or lens according to the invention has a charac-  linearly movable
light source located at a 45  teristic that the light source located at a
predetermined position  along  the  optical predetermined position along
the optical axis  axis of said correction lens at one side thereof 110 of
the correction lens can be observed from   can be observed  from  the
opposite  side the side of the lens opposite to the light  through said
correction lens in such a man- source in such a manner that the light
source  ner that said light source is in appearance 50  is in appearance
displaced or approaches to-  displaced toward said correction lens by a
ward the correction lens by a certain constant  constant distance on the
optical axis inde- 115 distance or amount on the optical axis in-
pendently of observing angles. dependently of the  observing or viewing
2. A correction lens as claimed in claim  - positions. This characteristics
provide the  1. in which thickness t of said lens at a 55  following
advantages. For the exposure of  radial distance r from  the optical axis
of the light sensitive film on the inner surface  said lens is given by
following formulae:    120 of the glass panel of CRT, it is required to use
a correction lens 5 for approximating            [err] the path of exposure
ray to that of the 60  electron beam as is shown in Fig. 1, which
correction lens 5 is optically designed in     [err] respect of the light
source located at a pre- determined position along the optical axis. With
such correction lens 5, the wavy forma-     [err] 65  tion of the phosphor
stripes is inevitable for    1,499,304
3 found  that the inclination of the optical  the  reasons  described
hereinbefore.  The image of the light source becomes greater,  correction
lens 7 according to the invention as a and p are selected smaller or [err]
is  can be employed together with the hitherto selected greater in the lens
design. Due to  known correction lens 5 without necessity 5   such
inclination of the light source image  of modifying the latter for the
purpose of  70 projected through the correction lens accord-  suppressing
the wavy formation of the phos- ing to the invention, the linear light
source  phor stripes particularly at the corner por- and the slots of the
shadow mask will extend   tion of the phosphor screen by virtue of the
substantially in parallel with each other in unique characteristic
described above. 10   appearance, which thus provides an excellent    As
will be understood from the foregoing   75 compensation effect for
eliminating the wavy   description, according to the invention, there form
of the phosphorus stripes upon the   has been provided a correction lens of
an formation thereof at the corners of the glass  axially symmetrical
configuration having a panel. This applies also to the case in which
minimum thickness at the center portion and 15  the point source of light
is employed. In   a maximum  thickness in the radial inter-  80 this case,
the linear moving path of the   mediate portion between the center and the
point light source is viewed in inclined posi-  periphery of the lens. When
a light source tions in the aforementioned manner. It will  is located at a
predetermined distance from thus be appreciated that a correction lens  the
correction lens of such structure and 20   capable of suppressing
remarkably the forma-  viewed  therethrough  from   the  opposite  85 ton
of wavy phosphor stripes by selecting   side, the light source is observed
as if it parameters a, p and [err] at suitable values for  was displaced
toward the lens by a certain a particular CRT in question. In a specific
constant distance on the optical axis of the example in which the
correction lens accord-  lens independently of the viewing angles, 25   ing
to the invention is employed for manu-  and appears to be in inclined
positions de-  90 facturing the phosphor screen of a 14 inch   pending on
the viewing angles as is illus- type color CRT  with deflection angle of
trated in Fig. 6. Consequently, the slots of [err] , it has been found that
the wave-like  the shadow mask and the linear light source formation  of
the phosphor stripe at the   or the moving path of the point source of 30
corners of the screen can be reduced as  light will extend in appearance
substantially  95 much as about 75%  as compared with the  in parallel with
each other, whereby the wavy 



hitherto known  exposure system.              formation of the phosphor
stripes at the In the above described embodiment, it is  formation of the
phosphor screen can be assumed that the correction lens has a flat
significantly reduced. 35  lower surface. However, the invention  is never
restricted to such configuration of the   WHAT WE CLAIM  IS: -
100 lens. It is also possible  to provide curved    1. A  correction lens
of an axially sym- surfaces at both the upper and the lower  metrical
configuration provided with a sur- sides of the correction lens. Further, a
pair  face of continuous gradient having a mini- 40   of correction lens
such as shown in Fig. 4   mum  thickness at the center portion thereof may
be employed with the lenses superposed   and a maximum thickness in the
radial inter- 105 on each other at the flat surfaces.          mediate
portion  between the center and the As hereinbefore described, the
correction  periphery and so designed that a linear or lens according to
the invention has a charac-  linearly movable light source located at a 45
teristic that the light source located at a  predetermined  position  along
the  optical predetermined position along the optical axis  axis of said
correction lens at one side thereof 110 of the correction lens can be
observed from   can be observed  from  the opposite  side the side of the
lens opposite to the light  through said correction lens in such a man-
source in such a manner that the light source  ner that said light source
is in appearance 50  is in appearance displaced or approaches to-
displaced toward said correction lens by a ward the correction lens by a
certain constant  constant distance on the optical axis inde- 115 distance
or amount on the optical axis in-  pendently of observing angles.
dependently of the  observing or  viewing      2. A correction lens as
claimed in claim positions. This characteristics provide the  1, in which
thickness t of said lens at a 55  following advantages. For the exposure of
radial distance r from  the optical axis of the light sensitive film on the
inner surface  said lens is given by following formulae:    120 of the
glass panel of CRT, it is required to use a correction lens 5 for
approximating               [err] the path of exposure ray to that of the
60   electron beam as is shown in Fig. 1, which correction lens 5 is
optically designed in       [err] respect of the light source located at a
pre- determined position along the optical axis.                   [err]
With such correction lens 5, the wavy forma- 65  ton of the phosphor
stripes is inevitable for    4
1,499,304 wherein  a is distance between  said  light    3. A correction
lens substantially as here- source and. the surface 'of said lens facing
inbefore described with reference to and as said light source along the
optical axis of  shown by Figures 4, 5 and 6 of the accom- said lens, p  is
a displacement in appearance  panying drawings. 5   of  said  light  source
toward  said  lens, N  'is -refraction  index of said. lens, [err]  is
J.. A. KEMP &  CO., . angle  at which light ray is emitted from said
Chartered Patent Agents, light source and [err] is an angle between said
14, South Square, Gray's Inn, optical axis and the light ray leaving said
London, WC1R 5EU. 10   lens. Printed for Her Majesty's Stationery Office,
by the Courier Press, Leamington Spa. 1978 Published by The Patent Office,
25 Southampton Buildings, London, WC2A 1Ay , from which copies may be
obtained.    


