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MULTI-BEAM TYPE CATHODE RAY TUBE (71)   We, HITACHI LIMIT, a corpora  years
it has been proposed to modify such 50 tion organised and existing under
the laws  a typical prior construction and construct of Japan, of 5-1,
1-chome, Marunouchi, as an integral unit a particular group of Chiyoda-ku,
Tokyo, Japan, do hereby de-  grid electrodes among the grid electrodes of 5
dare the invention, for which we pray that respective electron guns, the
grid electrodes a patent may be granted to us, and the  to be grouped in
use having applied thereto  55 method by which it is to be performed, to
the same potential and providing the same be particularly described in and
by the fol-  function.  According to this construction, lowing statement:-
it is possible to decrease the number of the 10   This invention relates to
a multi-beam  component elements, to simplify the assemb- type electron gun
assembly having a plu-  ling work and to reduce the size and weight 60
rality of electron guns.               as compared with said typical prior
art con- A three-beam type electron gun assembly,  struction. Integral
formation of respective as a typical example of the multi-beam type
identical grids constituting the main focus- 15 electron gun assembly for
use in a cathode  sing lenses results in improved accuracy in ray tube, is
often utilized in a colour picture  assembly of the electron gun assembly;
the 65 tube in which three electron guns are dis-  characteristics of the
electron gun assembly posed in the neck of the envelope of a  being thus
enhanced to a substantial extent. colour picture tube which comprises a
fluor-  This integral grid unit is formed by the fol- 20 escent screen, a
funnel and the neck. Each  lowing method. Firstly, a cup-shaped mem-
electron gun comprises a first grid electrode  ber is formed, the bottom of
which is pro- 70 provided with a cathode and a plurality of vided with
three openings arranged in pre- other grid electrodes beyond the first grid
determined positions, each opening being electrode and aligned in the
direction from  used for the passage of one electron beam 25 the neck to
the screen of the envelope of  travelling within the corresponding electron
the picture tube. These grid electrodes have  gun, the openings having a
predetermined 75 predetermined potentials adapted so as to  diameter.
Secondly, another cup-shaped form both a prefocussing lens system and a
member is formed having a bottom provided main focussing lens system
between prede-  with openings for positioning coaxial with 30 termined
electrodes of the plurality,   the openings of the first-mentioned cup- In
a typical prior art construction of the  shaped member, each opening being
used for 80 electron gun assembly of the type referred  the same purpose as
in said first-mentioned to above, it is usual to assemble three indi-
cup-shaped member. These two cup-shaped pendent electron guns together on a
support- members are disposed to oppose each other 35   ing member, for
example made of glass, to  with a predetermined spacing between their form
a triangular or in-line assembly. How-  bottom end walls so that openings
thereof 85 ever, in assembling the three independent correspond with each
other, thus forming electron guns together on the glass support-  the
integrally formed grid unit. Accord- ing member, there are various
difficulties.  ing to this construction, the edges of the 40 It is
necessary to align the respective elec-  openings of respective bottom  end
walls tron guns in the axial direction and to as-  will not be positioned
at a uniform distance 90 semble the electron guns in correct relative  from
the side walls of the opposing cup- positions. Moreover, this construction
in-  shaped member unless the cross-sections of creases the number of
component elements  the cup-shaped members are circular and 45 and hence
the cost of assembling them, so  the axis of each opening coincides with
that that the size and the weight of the electron  of the respective
opposing cup-shaped mem- 95 gun assembly cannot be reduced beyond cer-
ber. Under practical conditions, when a tain limits.
predetermined potential is applied to the To obviate these difficulties, in
recent  pair of cup-shaped members spaced from    



1,445,645                                   '2 each other a predetermined
distance, the  stituted with a plurality of common elec- potential
distribution between opposed open-  trodes comprising each grid electrode
which ings will necessarily be affected by the side  has identical function
in respective electron walls of the opposing cup-shaped members. guns, said
common electrodes being formed 5 In other words, the potential
distribution, integrally and with one of said common elec- 70 which would
otherwise be rotationally sym-  trodes comprising a hollow side wall mem-
metrical with respect to the axes of the  ber, forming an enclosure
surrounding all openings, will be materially affected by the  paths of the
electron beams, and an end edge effect of the side walls.           member
comprising two plate members, each 10    Accordingly to obviate such an
adverse  plate member having a plurality of circular 75 effect, it has been
further proposed to pro-  openings for the passage of the electron vide
cylindrical tubes around the peripher-  beams and each opening being
provided with ies of  the openings and directed axially to  an axially
extending peripheral rim formed wards the insides  of the said cup-shaped
integrally along the respective peripheries 15 members so as to eliminate
the above-men-  of said openings, said rims being closely  80 tioned
effect. To form the cup-shaped mem- aligned respectively by superposing
said bers, press work is desirable in view of  plate members one upon the
other to have easiness and accuracy in the process. How-  an aggregate
axial height not less than half ever, it  is impossible to obtain a cup
shaped  the diameter of said opening, whereby an 20  member that has rims
integrally formed  electric field during operation produced in  85 along
the peripheries of the openings hav-  the neighbourhood  of -said openings
is not ing the same function as the above-men-  materially affected in an
adverse sense by tioned cylindrical tubes, because the depth  the presence
of the side wall member. attained by the pressing process has to.be    In
said  one common electrode,the side 25 limited with respect to the
relationship be-  wall member and one of the plate members 90 tween the
diameter of the openings and  may be formed together as a cup-shaped in-
the permissible pressed depth in connection  tegral unit, ..to which the
other plate mem- with the raw material and so forth. Accord- ber is
secured. Alternatively the side wall ingly, the effect of a rim such as can
be  and two plate members may be separately 30 formed by pressing is really
limited to in-  formed and secured together to form  an  95 creasing the
breakdown voltage of the op-  assembled unit. posed grid structures. In
other words, by    The common electrode may be assembled forming the
electron lens system with a grid  so that the rims of the plate members are
in  which  inadequate  pressed  depth  is  axially opposed and extend
towards each 35  achieved compared with the opening dia-  other, or
alternatively so that they extend 100 meter, the resulting nonuniform
potential in the same axial direction. distribution  between  opposed
openings   -The invention - will be more fully under- causes an asymmetry
with respect to the  stood from the  following detailed descrip- axis of
the electron lens, which in turn  tion of prior art constructions and some
40 results in an increase in the astigmatism of  embodiments of the
invention shown, by 105 the lens.                                way of
example, in the accompanying draw- Accordingly, it is an object of this in-
ings, in which: vention to provide an improved multi-beam  Fig. 1 is a
diagrammatic  representation type electron gun assembly.  for use in a
cath-  showing one examle of an electron gun as- 45  ode ray tube in which
the grid electrodes of  sembly including a prior art grid structure; 110
respective electron guns in use having the    Fig. 2 is a sectional view of
the electron same potential applied thereto and having  gun structure shown
in Fig. 1 taken along the same function are constructed as an in-  the line
II-II; tegral structure providing a symmetrical    Fig. 3 is a sectional
view taken along 50 potential distribution.                   the line
III-III  in Fig. 2 and shows the 115 Another object is to provide an
improved  construction of an opening of the prior multi-beam type electron
gun assembly for  art grid structure; use in a cathode ray tube including
an im-    Fig. 4 is a longitudinal sectional view proved grid structure
which can decrease -of a prior art grid structure disposed to 55 the
astigmatism of the electron lens system, define a main electron lens;
120 thus improving the focussing characteristics    Fig. 5 is a perspective
view of one ex- of the tube and providing an assembly suit-  ample of plate
members in accordance with able for use in a cathode ray tube for pro-  the
invention; ducing clear and sharp images.             Fig. 6 is a
longitudinal sectional view of 60   According to thevention there are pro-
-opposed grid structures each utilising  an 125 vided.  in a multi-beam
type electron gun  assembly of the plate members shown in 



assembly for use in a cathode rav tube, a  Fig. 5;          - plurality of
electron guns, including a  plu-    Fig. 7 is a sectional view of-a
modified rality of cathode electrodes and a plurality example of the
assembly of the plate mem- 65 of grid electrode structures which are con-
bers; and                           130    3
1,445,645                                     3 Fig. 8 is a sectional view
of another modi- system can be achieved with the integrally fied embodiment
of the invention.       formed grid electrode according to the in- In
recent years an electron gun assembly  vention. as shown in Fig. 1 has been
proposed and    The material of the grid electrode should 5 used in view of
various advantages which it be nonmagnetic, durable to heat encountered 70
provided.  The construction is character-  during use and fabrication, and
should not ized in that a particular group of the grid  adversely affect,
either directly or indirectly, electrodes of respective electron guns to
the phosphors of the picture tube. Further, operate at the same potential
and perform- it must be light and have excellent work- 10 ing the same
function are formed as an  ability. However, it is difficult to obtain  75
integral grid structure unit using pressings, a material having all of
these desirable char- in order to eliminate the disadvantage of
acteristics.  At present, the best one is assembling three independent
electron guns  nonmagnetic stainless steel containing 16% together on a
supporting  member as had  of chromium and 14%  of nickel for ex- 15 been
the earlier practice. Discussion will ample.
80 be developed by taking a bipotential type    Where openings are provided
for the bot- multi-beam  electron gun assembly as an  toms of the cup
shaped members 4 and 5 example hereinafter, but it should be noted  made of
such material, the ratio of the that the present invention is not
restricted  height h of the rim formed by pressing to 20 to a bipotential
type electron gun assembly. the inner diameter D of the opening is about 85
Fig. 1 shows a three beam type electron  0.3 or less. With this ratio,
however, it is gun assembly for use in a colour picture  difficult to
improve sufficiently the symmetry tube with a triangular arrangement
consist-  of the electric field between opposed open- ing essentially of
the first grid electrodes, ings. More particularly, as shown in Fig. 25 7A,
1B and 1C, the second grid electrodes  4, the distance between the rim of
an open- 90 2A, 2B and 2C, the third grid electrode 34, ing, for example 4A
or 5A, of the cup- the fourth grid electrode 5 and the cathode  shaped
member 4 and the side wall of the electrode with a heater (not shown)
associ-  opposing cup-shaped member 5 or 4 is not ated with the first grid
electrodes. These  uniform around the opening, so that when 30 component
elements are disposed at defin- a potential is applied across them, the
elec- 95 ite relative spacings and are secured to sup- tric field
established between the rims of porting members 6 such as glass beads or
opposed openings 4A and 5A is not uni- the like. The first and second grid
elec-  form. This results in astigmatism of the trodes are provided for
each electron gun. main electron lens formed by the third and 35 The third
grid electrode 34 comprises a  fourth grid electrodes, which in turn im-
100 pair of opposed cup shaped members 3 and  pairs the focussing
characteristics of the 4 with their abutting open ends welded to-  electron
beam. However, when the height h gether.  The bottom  of the cup shaped  of
the rim exceeds a certain limit, the ad- member 4 is provided with three
openings  verse effect of the side wall upon the elec- 40  4A, 4B and 4C
corresponding to a predeter-  tric field between the walls of opposed open-
105 mined arrangement of the electron guns. ings can be made negligible,
thereby pro- These openings are coaxial with openings  viding a uniform
electric field. It has been 33 provided in axial projections 32 at the
found that the value of the ratio h/D at bottom of the cup shaped member 3,
which  which this advantageous effect occurs is 45  extends into the
interior of the second grid  generally given by h/D[err]0.5.       110
electrodes 2A, 2B and 2C (see Fig. 4). The    In accordance with the
invention, this fourth grid electrode 5 is also cup shaped  object of
achieving a uniform electric field and its bottom is provided with openings
between the walls of opposed openings can 5A, 5B and 5C corresponding to
the open- be accomplished by providing two plate 50  ings 4A, 4B and 4C at
the bottom of the  members having aligned circular openings 115 cup shaped
member 4. Openings 4A, 4B  at predetermined positions for at least one and
4C and 5A, 5B and 5C are positioned  of the end surfaces of the grid
structures to oppose each other with a predetermined  which are opposed to
form the main electron spacing therebetween. These openings are  lens. 



55 surrounded by axially extending rims which    Fig. 5 illustrates one
example of a pair 120 are formed by pressing and have a height h. of
perforated  plate members for an elec- As is well known in the art, this
construc-  tron gun assembly embodying the invention. tion is effective to
increase the breakdown  Three circular openings 41 and 51 for res- voltage
between opposed grid electrodes 34  pective plate members 40 and 50 are ar-
60  and 5. This construction also improves the  ranged in an equilateral
triangular configur-  125 symmetry of the electric field between the
ation, but it should be understood that edges of opposed openings depending
upon  these three openings could alternatively be the height of the rim.
arranged in-line. In the following; description, it will be    The
respective openings are formed with 65 seen how an improved main focussing
lens  axial rims 42 and 52, the maximum height 130    1,445,645
4 h of which must be determined dependent grid 5 in the same manner as is
shown in  65 upon the spacing between adjacent open-  Fig. 8. ings and the
ease of the pressing process    Further, while the invention has been
dependent on the characteristics of the ma-  described in terms of a
bipotential type elec- 5 terial. After forming the openings and rims, tron
gun assembly arranged in a triangular the two plate members 40 and 50 are
super-  configuration, the invention is also applic-  70 imposed and welded
together at their peri-  able to electron gun assemblies of the in- pheries
43 and 53. Upon fabrication, the  line type and unipotential type. rims 42
and 52 around corresponding pairs    Further, in the illustrated example of
Fig. 10 of openings are brought to oppose each  6  an assembly of the
perforated plate mem- other. Further, as shown in Fig. 6, the  bers of the
invention is secured to the third  75 plate members are welded to the
ultimately  grid electrode 34 and another to the fourth opposed end
surfaces of the cup-shaped  grid electrode 5. However, the invention is
members 34 and 5, the side walls of which  not limited to this specific
construction but 15 provide the corresponding hollow side wall instead an
assembly of the perforated plate members of the invention. By interposing
members may be secured to either one of 80 superposed plate members between
the op- the third or fourth grid electrodes. posed end surfaces of the cup
shaped mem-    The invention may also be applied to an bers 34 and 5, the
effective height of the  electron gun assembly wherein the openings 20 rim
around opening 45 of the resultant grid  in the fourth grid electrode are
displaced in electrode is increased beyond 2h, thus effec-  the radial
direction with respect to the 85 tively preventing the adverse effect of
said  openings in the third grid electrode for the edge effect. As a
result, it is possible to  purpose of providing a convergence effect, form
a uniform electric field between op-  or to an electron gun assembly of the
type 25 posed openings. Although in this embodi-  wherein a convergence
electrode is attached ment two plate members are joined with  on one end of
the assembly for the purpose90 the edges opposed to each other, it is also
of providing a convergence effect. possible to join two plate members 401
and    Instead of making the heights of the rims 501 with their edges
directed in the same  of the plate members 40 and 50 equal, the 30 axial
direction, as shown in Fig. 7. With  height may be different between the
two this latter construction, it is also possible  plates. It is only
necessary  to make the to increase the effective height of the rim  total
height of the edges provided for the beyond 2h and to establish a uniform
elec- plate members 40 and 50 sufficiently larger tric field between the
rims of opposed open-  than the height h of the rim of the known 35 ings.
The construction of the plate mem- construction shown in Figs. 3 and 4.
100 bers to be secured to the third grid elec-    The above embodiment is
explained in trode 34 and that of the plate members to  terms of the grid
which constitutes the main be secured to the fourth grid electrode 5
focussing lens system, but it should be noted may be different, the
appropriate construc-  that this invention is applicable to the grids 40
tion being determined by the characteristics  other than the grid
constituting this lens 105 of the electron gun.                    system.
Fig. 8 shows another embodiment of this    As described hereinabove, in the
electron invention, in which only one plate member  gun assembly embodying
the invention, the is separately formed, the other plate mem-  height of
the axial rims surrounding the 45  ber and the corresponding side wall mem-
openings of the grid structures, which are 110 ber being formed together as
a cup-shaped  used to form a main electron lens, is in- integral unit. In
the earlier embodiments, creased sufficiently to make astigmatism of 



two separately formed plate members are  the main electron lens negligibly
small, thus in each case used to increase the effective  producing clear
picture images. 50 depth of the peripheral rim of the opening.
115 However, according to the embodiment   WHAT WE CLAIM IS:- shown in Fig.
8, it is possible for the rim    1. A multi-beam type electron gun as-
height to be effectively doubled by super-  sembly for use in a cathode ray
tube to posing a separately formed plate member  produce electron beams
directed towards a 55 402 upon the end wall of the cup-shaped  fluorescent
screen of the tube, wherein 120 grid electrode 4, which end wall provides
there are provided a plurality of electron one of the plate members of the
invention, guns including a plurality of cathode elec- and to establish a
uniform electric field be-  trodes and a plurality of grid electrode tween
the opposed openings. In this case, structures which are constituted with a
plu- 60 the known cup-shaped members 4 and 5 of  rality of common
electrodes comprising each 125 Figs. 3 and 4 can be used without any  grid
electrode which has identical function modification thereof so that
unnecessary  in respective electron guns, said common tooling is
effectively avoided. Needless to  electrodes being formed integrally and
with say, this member 402 is applicable for the  one of said common
electrodes comprising a    1,445,645                                     4
h of which must be determined dependent  grid 5 in the same manner as is
shown in  65 upon the spacing between adjacent open-  Fig. 8. ings and the
ease of the pressing process    Further, while the invention has been
dependent on the characteristics of the ma-  described in terms of a
bipotential type elec- 5         terial. After forming the openings and
rims,  tron gun assembly arranged in a triangular the two plate members 40
and 50 are super-  configuration, the invention is also applic- 70 imposed
and welded together at their peri- able to electron gun assemblies of the
in- pheries 43 and 53. Upon fabrication, the  line type and unipotential
type. rims 42 and 52 around corresponding pairs    Further, in the
illustrated example of Fig. 10 of openings are brought to oppose each  6,
an assembly of the perforated plate mem- other. Further, as shown in Fig.
6, the  bers of the invention is secured to the third 75 plate members are
welded to the ultimately  grid electrode 34 and another to the fourth
opposed end surfaces of the cup-shaped  grid electrode 5. However, the
invention is members 34 and 5, the side walls of which  not limited to this
specific construction but 15 provide the corresponding hollow side wall
instead an assembly of the perforated plate  80 members of the invention.
By interposing  members may be secured to either one of 8 superposed plate
members between the op-  the third or fourth grid electrodes. posed end
surfaces of the cup shaped mem-    The invention may also be applied to an
bers 34 and 5, the effective height of the  electron gun assembly wherein
the openings 20  rim around opening 45 of the resultant grid  in the fourth
grid electrode are displaced in  85 electrode is increased beyond 2h, thus
effec-  the radial direction with respect to the tively preventing the
adverse effect of said  openings in the third grid electrode for the edge
effect. As a result, it is possible to  purpose of providing a convergence
effect, form a uniform electric field between op-  or to an electron gun
assembly of the type 25  posed openings. Although in this embodi-  wherein
a convergence electrode is attached  90 ment two plate members are joined
with  on one end of the assembly for the purpose the edges opposed to each
other, it is also  of providing a convergence effect. possible to join two
plate members 401 and    Instead of making the heights of the rims 501 with
their edges directed in the same  of the plate members 40 and 50 equal, the
30  axial direction, as shown in Fig. 7. With  height may be different
between the two this latter construction, it is also possible  plates. It
is only necessary to make the to increase the effective height of the rim
total height of the edges provided for the beyond 2h and to establish a
uniform elec-  plate members 40 and 50 sufficiently larger tric field
between the rims of opposed open-  than the height h of the rim of the
known 35  ings. The construction of the plate mem-  construction shown in
Figs. 3 and 4.  100 bers to be secured to the third grid elec-   The above
embodiment is explained in trode 34 and that of the plate members to  terms
of the grid which constitutes the main be secured to the fourth grid
electrode 5  focussing lens system, but it should be noted may be
different, the appropriate construc-  that this invention is applicable to
the grids 40  tion being determined by the characteristics  other than the
grid constituting this lens 105 of the electron gun.
system. 



Fig. 8 shows another embodiment of this    As described hereinabove, in the
electron invention, in which only one plate member  gun assembly embodying
the invention, the is separately formed, the other plate mem-  height of
the axial rims surrounding the 45  ber and the corresponding side wall mem-
openings of the grid structures, which are 110 ber being formed together as
a cup-shaped  used to form a main electron lens, is in- integral unit. In
the earlier embodiments, creased sufficiently to make astigmatism of two
separately formed plate members are  the main electron lens negligibly
small, thus in each case used to increase the effective 50  depth of the
peripheral rim of the opening.                                     115
However, according to the embodiment   WHAT WE CLAIM IS: - shown in Fig. 8,
it is possible for the rim    1. A multi-beam type electron gun as- height
to be effectively doubled by super-  sembly for use in a cathode ray tube
to posing a separately formed plate member  produce electron beams directed
towards a 55  402 upon the end wall of the cup-shaped  fluorescent screen
of the tube, wherein 120 grid electrode 4, which end wall provides  there
are provided a plurality of electron one of the plate members of the
invention,  guns including a plurality of cathode elec- and to establish a
uniform  electric field be-  trodes and a plurality of grid electrode tween
the opposed openings. In this case,  structures which are constituted with
a plu- 60 the known cup-shaped members 4 and 5 of  rality of common
electrodes comprising each 125 Figs. 3 and 4 can be used without any  grid
electrode which has identical function modification thereof so that
unnecessary  in respective electron guns, said common tooling is
effectively avoided. Needless to  electrodes being formed integrally and
with say, this member 402 is applicable for the  one of said common
electrodes comprising a    hollow side wall member, forming an enclo-  ing
claims, wherein said plate members are sure surrounding all paths of the
electron  superposed on each other such that said rims beams, and an end
member comprising two  on the respective plate members are oppo- plate
members, each plate member having  sitely directed. 5  a plurality of
circular openings for the pas-    5. A multi-beam electron gun assembly  35
sage of the electron beams and each open-  according to any one of claims 1
to 3, ing being provided with an axially extend-  wherein said plate
members are superposed ing peripheral rim formed integrally along  on each
other such that said rims on the the respective peripheries of said
openings,  respective plate members extend in the same 10  said rims being
closely aligned respectively  axial direction.                     40 by
superposing said plate members one upon    6. A multi-beam electron gun
assembly the other to have an aggregate axial height  according to any of
claims 1 to 5, wherein not less than half the diameter of said open-  said
plate members are mounted on both ing, whereby an electric field during
opera-  opposed ends of the adjacent grid structures. 15  tion produced in
the neighbourhood of said    7. A multi-beam electron gun assembly 45
openings is not materially affected in an  according to any of claims 1 to
6, wherein adverse sense by the presence of the side  a main focussing lens
is formed between wall member.                             openings opposed
to each other. 2. A multi-beam type electron gun as-   8. A multi-beam type
electron gun as- 20  sembly according to claim 1, wherein said  sembly
substantially as hereinbefore des- 50 side wall member and one of said
plate  cribed with reference to Figs. 5 to 8 of the members are formed
together as a cup-  accompanying drawings. shaped integral unit. 3. A
multi-beam type electron gun as-   MICHAEL BURNSIDE & COMPANY, 25  sembly
according to claim 1, wherein said        Chartered Patent Agents, side
wall member and said plate members       36 Westminster Palace Gardens,
comprising a common electrode are formed              Artillery Row,
respectively as a unit.                            London, SW1P 1RR. 4. A
multi-beam type electron gun as-          Agents for the Applicants. 30
sembly according to any one of the preced- Printed for Her Majesty's
Stationery Office by Burgess & Son (Abingdon), Ltd.-l 976. Published at The
Patent Office, 25 Southampton Buildings, London, WC2A 1AY from which covies
may be obtained.    


