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3,240,972 
CATHÜDE RAY TUBE HAVING IMPROVED 
DEFLECTIÜN FIELD FORMING MEANS 

Harold B. Law, Princeton, NJ., assignor to Radio Cor 
poration of America, a corporation of Delaware 

Filed July 7, 1959, Ser. No. 825,531 
8 Claims. (Cl. 313-79) 

This invention relates to cathode ray tubes of the post 
deflection acceleration type and particularly to a novel 
electrode design and arrangement giving improved opera 
tional characteristics. 

In cathode ray tubes wherein the electron beam is 
scanned over a phosphor screen, various means have been 
devised for the purpose of reducing the power or voltage 
required by the deiiection means. Prior art devices 
utilize electrode `arrangements which permit scansion de 
flection of a relatively low velocity electron beam. Fol 
lowing such deflection, the beam is accelerated toward 
the screen of the tube. In one form of such tube a multi 
apertured, or grid, electrode is closely spaced from the 
screen and is substantially coextensive therewith. Such 
prior art tubes have one or more of certain disadvantages 
which include: (a) high cost of fabricating and ditiìculty 
in supporting the grid electrode, (b) loss of resolution 
due to the fact that the electron beam traverses the major 
length of its path at relatively low velocities, (c) the 
presence of a shadow pattern of the grid electrode on the 
screen because of its physical proximity thereto, and (d) 
poor picture contrast due to low velocity secondary elec 
trons from the grid electrode being attracted to the screen 
and, also, high velocity back scatter electrons from the 
screen being repelled back onto the screen by the grid 
electrode. 

Accordingly, »it is >an object of my invention to provide 
an improved post-deflection acceleration type cathode ray 
tube having a novel electrode structure which avoids the 
disadvantages of the prior art as noted above. 

Another object of my invention is to provide an im 
proved post-deñection acceleration type cathode ray tube 
having a novel electrode structure which, while providing 
low power beam deflection, als-o provides correction of 
raster distortion occasioned by other existing conditions. 

Another object of my invention is to provide an im 
proved post-deñection acceleration type cathode ray tube 
having improved scan sensitivity. 

Briefly, according to my invention I provide a cathode 
ray tube having an electron gun adapted to project a rela 
tively low velocity electron beam through a beam deflec 
tion region and toward a phosphor screen electrode. Im 
mediately adjacent the beam deflection region and be 
tween it and the screen is disposed ‘a multi-apertured grid 
electrode transversely of the projected beam path. The 
multi-apertured` grid electrode is preferably dome-shaped 
and opened toward the beam source. It is preferably 
included as an element of the electron gun and is dis 
posed within or within proximity of a conventional neck 
portion of the vacuum envelope of the tube. 

In the drawings: 
FIG. 1 is `a longitudinal section view partially in sche 

matic of a cathode ray tube made according to my inven 
tion; 

FIGS. 2 and 3 are longitudinal section and end eleva 
tion views respectively of the multi-apertured electrode 
of the tube of FIG. 1 according to my invention; 

FIGS. 4-8 are views of other multi-apertured electrode 
embodiments of my invention; 
FIG. 9 is a graph showing the manner in which the 

deflection power for the tube of FIG. 1 varie-s with the 
ratio of multi-apertured electrode potential to phosphor 
screen potential; 
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FIGS. 10, l1, and 12 are schematic views of various 

forms of multi-apertured grid electrodes according to 
the invention together with plots of the equipotential 
electric ñelds resulting therefrom; 

FIGS. 13 and 14 are graphs showing comparative 
operational characteristics of different embodiments of 
the invention; and 
FIG. l5 is a longitudinal section view in schematic of 

another cathode ray tube embodiment of my invention. 
In FIG. 1 a cathode ray tube 10 includes a vacuum 

tight envelope 12 having a neck 14, a faceplate 16, and 
an interconnecting intermediate cone 18. The envelope 
12 is closed at the free end of the neck ‘14 by a stem 20 
through which a plurality of lead-ins 22 are sealed. 
Houscd within the neck ̀ 14 is >an electron gun 24 capa 

ble of forming and projecting an electron beam toward 
a phosphor screen 26 coated on the inside surface of the 
faceplate 16. An electron permeable conductive coat 
ing 27 such as evaporated aluminum is provided on the 
exposed surface of the screen 26. The electron gun 24 
includes >a cathode 28, 'a control electrode 30, a screen 
electrode 32, a ñrst anode 34, and a second anode 36. 
The electrodes 30, 32, 34, and 36 are mounted in spaced 
relation by studs 38, which are ñxed to the electrodes and 
bonded into a plurality, eg., two, glass rods 40 of which 
only one is shown. A magnetic deflection yoke 42 is dis 
posed in known manner around the neck 14 adjacent the 
cone 18 for the purpose of deflecting the electron beam 
so as to scan the beam over the screen 26 as desired, for 
example, in a raster. A conductive coating 44 is provided 
on the internal surface of the cone 18 and extends to the 
phosphor screen 26 and into the near end of the neck 14. 

In accordance with the invention, a multi-apertured 
grid electrode 46 is disposed immediately adjacent the 
primary beam deflection region or zone 48 and between 
this region and the phosphor screen 26 in the beam path. 
The multi-apertured grid electrode 46 is preferably of a 
dome shape and is disposed with its concave surface fac 
ing the principal deflection region 48. For purposes of 
simplicity of tube fabrication, the grid electrode 46 is 
preferably provided `as a part of the gun mount 24. Ac 
cordingly, it is supported by studs 38 on the glass rods 40. 
Such fabrication permits `the grid electrode 46 to be in 
serted into the tube 10 through the neck 14 thereof along 
with the other ones of the electron gun elements. Ac 
cordingly, separate support means is not required. 

Various ones of the lead-ins 22 extend through the 
stern and connect in known `manner `to the various ele 
ments of the electron gun 24 including the novel multi 
apertured grid electrode 46 of the invention. The con 
ncctions are not shown. The multi-apertured grid elec 
trode 46 may be provided in various forms as herein 
after described, but for purposes of brevity will for all 
forms be referred to herein simply as a grid or grid 
electrode. 

FIGS. 2 and 3 illustrate one form of the grid electrode 
46 preferred for certain applications according to my 
invention. The grid electrode 46 comprises a metal sup 
port ring 52 across which a multi-apertured member 
54 is mounted. The multi-apertured member 54 may 
be secured to the ring 52 in any suitable manner, such 
as brazing or clamping between a pair of mating ring 
elements. The multi-apcrtured member 54 of the par 
ticular grid electrode 46 is dome-shaped with a substan 
tially spherical contour and with the dome thereof com 
prising slightly less than a complete hemisphere. 

Other grid electrode shapes suitable for certain ap 
plications of my invention are shown in FIGS. 4-7. 
FIGS. 4 and 5 show a dat multi-apertured structure 56 
mounted across a support ring 52. FIGS. 6 and 7 show 
a reverse-curved multi-apertured structure 58 mounted 
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across a support ring 52. The reverse-curved grid struc 
ture 58 resembles a spherical dome Whose edge portion 
60 is outwardly flared. The functional qualities of the 
three grid shapes shown in FIGS. 2-7 will be hereinafter 
described and compared. 
My invention is not limited in scope to any particular 

multi-apertured type structure or fabrication techniques. 
I prefer to use an extremely fine grid structure of, for 
example 500 openings per inch. The multi-apertured 
members 54, 56, or 58 may consist of a woven mesh. 
an electro-formed integral cross grid structure, an aper 
tured plate, or other various constructions. In order to 
form a spherical dome-shaped structure such as the grid 
electrode 46 of FIGURES l, 2, and 3 from a flat multi 
apertured structure, known forming methods may be 
used. For example, a flat multi-apertured structure may 
be spherically formed by pressing it into a spherically 
contoured mold with a mating ball. After being so 
formed, the resulting grid 54 may be trimmed and the 
formed portion mounted on the support ring 52. 
One form of multi-apertured structure, which for some 

considerations is preferred, is shown in FIG. 8 to com 
prise a spherically curved plate 62 having a multiplicity 
of tapered apertures 64 therethrough. 1n the drawing, 
for clarity, the tapered apertures 64 are greatly exag 
gerated in size compared to the size of the plate 62. Such 
a grid structure might be fabricated by a photo-etching 
of the apertures. This type grid structure provides aper 
tures having a knife-edge as viewed from thc side of the 
small diameter thereof. When such a grid is disposed 
with its knife-edge side facing the electron gun of the 
tube, emission of secondary electrons by the grid is more 
effectively confined to the electron gun side thereof and 
thus is less detrimental to screen contrast. 

In operation of the tube l0 suitable voltages are applied 
to the electrodes inside the envelope 12 so as to produce 
an electron beam 50 characterized by a relatively low 
velocity as it passes through the deflection region 48. 
Thus, with suitable voltages applied to the grid electrode 
46 and to the conductive coating 44 and phosphor screen 
coating 27, the electron beam 50 will undergo scansion 
deflection at a relatively low beam velocity within the 
deflection region 48 and then, after passing through the 
grid electrode 46, be accelerated to impinge upon the 
phosphor screen 26 at a relatively high velocity. 
The electron gun 24 of FlG. 1 is one type of gun 

suitable for use with my invention. The gun 24 is one 
of the type known as inverse focus guns. Suitable voltages 
for operating the gun 24 with my invention are shown 
by the schematic leads and arrows of FIG. l. 
The high voltage on the first anode 34 serves to ac 

celerate the electron beam as it emerges from the control 
electrode 30. Then the relatively low voltage on the 
second anode 36 causes the beam to be deceleratcd and 
pass through the principal deflection region 48 at a rela 
tively low velocity. After the beam passes through the 
grid electrode 46, which is also maintained at a relatively 
low potential, it is rapidly accelerated to the screen by 
the relatively high potential on both the screen 26 and 
the wall coating 44 of the cone 18. It will be appreciated 
that by virtue of the high potentials on the first anode 
34 and the wall coating anode 44, the electron beam is 
maintained at a relatively low velocity only in the vicinity 
of the principal deflection region 48. Thus, loss of beam 
resolution due to long transit time as encountered in some 
prior art tubes is reduced. Since the screen electrode 32, 
the first anode 34, and the second anode 36 bear alter 
nately low, high, and low potentials, electrostatic lenses 
are formed between these electrodes and serve to focus 
the electron beam. 

According to the preferred embodiment and mode of 
operation of the invention, the second anode 36 is oper 
ated slightly positive relative to the grid electrode 46. 
A potential difference of from 100 ̀ to 300 volts has been 
found to be satisfactory. Under these conditions, second 
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ary electrons emitted by the grid electrode 46 are attracted 
to and collected by the anode 36. This, of course, pre 
vents such electrons from impinging on the screen 26 and 
causing a decrease of contrast. Stlch an advantageous 
result is not found with the prior art type tubes where 
in a large grid electrode is placed adjacent the screen. 
In such prior art tubes it is not feasible to satisfactorily 
collect secondary electrons emitted from the grid elec 
trode. 

Since the anode 36 is disposed between the beam path 
and the deflection yoke 42, it must be of suitable non 
magnetic material so as not to distort the deflection 
fields of the yoke. Moreover, the anode 36 should be 
highly resistive so as to minimize eddy current losses. 
For this purpose the anode 36 can, for example, be made 
of. a high resistance material such as Nichrorne, or made 
thin, or slotted. 
The effect of the grid electrode 46 upon deflection of 

the electron beam is best shown with reference to FIG. 9. 
In the graph of FIG. 9, the ratio of voltage on the grid 
electrode 46 to the voltage on the screen 26 is plotted as 
an ordinate. The abscissa of this graph represents the 
percentage of deflection power required for full horizontal 
deflection by the yoke 42 as compared with a commercial 
prior art cathode ray tube not employing post accelera 
tion of the electron beam. The curve 66 shows that with 
five kilovolts on the grid electrode 46 and twenty kilovolts 
on the screen 26 as shown in FIG. 1 (or a grid/screen 
ratio of potentials of 0.25) the deflection obtained requires 
only approximately 15% of the deflection yoke power 
required to produce comparable deflection in this prior art 
cathode ray tube. The curve also shows that, as the grid 
potential is raised to equal the screen potential thus giving 
a ratio of 1.0, the same amount of power is required as in 
the commercial kinescope. I have found that a grid-to 
screen potential range of ratios of approximately 0.2 to 
0.6 is suitable for good results. 
A cathode ̀ ray tube of my invention achieves the advan 

tage of low power deflection found in the post-deflection 
acceleration class of cathode ray tubes. However, at the 
same time it avoids the disadvantages present in the prior 
art tubes of this class. Comparing the tube of the pres 
ent invention with the disadvantages of the prior art tubes 
of this class hereinbefore described, it is apparent that: 
(a) the cost of fabricating and the difficulty of supporting 
the grid electrode 46 is negligible compared with full 
screen size grid of the prior art because of the relatively 
small physical size of the grid 46; (b) beam resolution 
as affected by low velocity travel is not as detrimental as in 
prior art tubes since the beam traverses the major por 
tion of its path through the cone 18 of the envelope at 
an accelerated velocity, rather than at the relatively low 
velocity as is the case in the prior art tubes; (c) no shadow 
pattern on the screen 26 is caused by the grid electrode 
46 because of its relatively great spacing therefrom; and 
(d) poor picture contrast due to secondary electrons 
from the grid and back-scatter electrons from the screen 
is largely avoided since secondary electrons from the grid 
can be collected by the tubular electrode 36 and most 
back-scatter electrons are free to leave the screen 26 
and be collected by the cone coating electrode 44 rather 
than being repellcd back onto the screen as is the case 
with prior art tubes in which the low-voltage operating 
mesh is disposed adjacent thereto. 

Insofar as the advantage of low power deflection with 
post-deflection acceleration type cathode ray tubes is con 
cerned, the grid electrode 46 according to my invention 
may be any convenient shape, even planar as described 
above. Its function and corresponding physical require 
ments are that it be an electron transparent, potential 
bearing, shield electrode to prevent the high voltage screen 
potential from accelerating the electron beam through 
the principal deflection region 48. 

However, unlike prior art tubes, the grid electrode 46 
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`according to my invention may serve two new functions 
which prior art electrode arrangements do not perform. 
Both of these additional functions, or purposes, are de 
pendent upon the shape of the grid electrode 46. For 
such purposes the shape of the grid will be determined by 
characteristics inherent in the particular tube or tube type 
to which my invention is applied, and by the purposes 
which the grid is designed to achieve. 
One of these two additional functions of the grid 46 is 

that of producing a radial electrostatic deflection field 
for the purpose of supplementing the principal deliection 
ñeld provided by the yoke 42 thus increasing deñection 
sensitivity. Establishing such a supplementary radial de~ 
iiection field can be attributed to the formation of what 
might be considered half of a simple electron lens estab 
lished between the principal yoke deflection region and the 
screen. 
As is well known, a simple electron lens consists of two 

portions, one of which is convergent, and the other of 
which is divergent. Of these two, the former portion is 
always the stronger-or more effective-»and accordingly 
produces an overall convergent lens. If the grid elec 
trode 46 were to be removed from the tube 10 of FIG. 1, 
such a lens would be formed between the anode 36 and the 
coating anode 44 since they are operated at different po 
tentials. However, by including the grid electrode 46 be 
tween these two anodes, and operating it substantially at 
the lower of the voltages on these anodes, formation of 
the convergent portion of the otherwise simple lens is 
substantially prevented. Thus, only the divergent por 
tion, or half, of the lens remains and thus provides a sub 
stantial outward or divergent radial defiection force which 
supplements the principal deñection force provided by the 
yoke 42. 

This means that either the total tube length can be 
shortened since an additional detiection force is provided 
which functions along a portion of the beam path through 
the cone 18, or that the power input to the deflection yoke 
42 may be even further reduced thus lowering the power 
requirements. 

Another novel function, and advantage, of the grid elec 
trode 46 is that various forms of raster distortion, such 
as pincushioning, can be corrected by suitably shaping the 
dome of the grid electrode 46. By selectively shaping 
the electrode 46, a desired nonuniform shape can be given 
to the electrostatic field between the grid electrode 46 and 
the wall coating anode 44. This field can then be de 
signed to nonuniformly supplement the yoke detiection so 
as to compensate for raster distortion caused by other fac 
tors. For example, it is known that magnetic deflection 
yokes are specially Wound in order to avoid the yoke it 
self introducing a pincushion distortion to the raster. 
This is done at considerable expense. However, accord 
ing to my invention, a simple yoke design can be econom 
ically utilized, and the pincushioning caused thereby may 
be corrected by suitably shaping the grid electrode 46. 
This shaping, of course, can be done at little or no added 
cost. Thus, a considerable saving in manufacturing cost 
can be achieved. How this correction and savings in cost 
may be realized according to my invention is further ex 
plained below. 

FIGS. 10-14 inclusive illustrate the field shapes and the 
effect of three different representative grid shapes on the 
functions of raster shape and raster size. FIGS. 10-12 
inclusive illustrate respectively, in schematic, various beam 
paths as effected by the equipotential electrostatic field 
lines established between a grid electrode of given shape 
and a coating electrode 44. In FIGS. 10-12 the fiat, 
spherical, and reverse-curve grid shapes of FIGS. 4, 2, 
and 6, respectively, are considered. 

In FIG. 10 portions of the neck 14 and cone 18 of a 
cathode ray tube are shown. The fiat mesh 56 is illus 
trated as establishing in conjunction with the wall coat 
ing 44, equipotential lines 70. Three beam paths 72 are 
shown as representative of the electron beam deflected by 
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means such as the yoke 42. As the electrons of the beam 
paths 72 penetrate the flat grid S6, the paths are bent 
strongly toward the longitudinal axis of the tube by the 
electric field established between the grid electrode S6 and 
the wall coating 44. Since the force on the electrons is 
normal to the equipotential lines 70, this bending is in 
creased toward the outer edge of the grid 56 because the 
angle of incidence to the equipotential lines 70 is in 
creased. On the other hand, in moving away from the fiat 
grid 56 after passing therethrough, the electron beam 
paths start to bend radially outward instead of in 
ward because of the curvature of the equipotential lines 
70. Accordingly, the ultimate landing position of the 
electrons of the beam paths 72 on the phosphor screen is 
determined by the resultant action of, first, an inward 
force and, later, an outward force. 
Two observations have been made that concern this 

landing position. One is that in the case of a flat grid 
the initial inward force just beyond the grid structure 
overrides the later outward force. This effect is dem 
onstrated by increasing the screen-to-grid potential ratio 
for a constant grid potential and noting that the raster 
on the screen is made smaller. This can be explained 
by the fact that the inward and outward forces, which 
produce a resultant inward force, become stronger as 
the ratio of screen-to-grid potential is increased. Thus, 
an increase in this ratio indicates which is the stronger 
or overriding force. FIG. 13 shows a plot (curve 92) 
of the data taken in this regard. 
The second observation is that the resultant of the forces 

causes an increase in radial deiiection with an increase in 
radius as evidenced by the fact that the raster is pin 
cushioned. This effect is illustrated in FIG. 14, which 
shows a plot, curve 94, of the pincushion effect as a func 
tion of screen-to-grid voltage ratio. In FIG. 14 the 
measure of pincushioning is determined by the radius of 
curvature of the edge of the raster. 

FIG. 11 schematically illustrates portions of an elec 
tron tube similar to that illustrated in FIG. 10 except that 
that the spherically curved grid electrode 46 of FIGS. 2 
and 3 is incorporated therein. The grid electrode 46, al 
though spherical in contour, is slightly less than a complete 
hemisphere. From FIG. l1 it can be seen that the electron 
beams 74 approach the grid 46 almost normal thereto so 
that the initial radial force inward on the beam as the beam 
passes through the mesh is quite small. This is in contrast 
to the rather drastic inward force experienced by the 
beams in passing through the flat grid 56 of FIG. 10. 
The later outward radial force experienced by the elec 
trons as they continue to cross the equipotential lines 76 
thus easily overrides any inward force experienced ad 
jacent to the grid 46. The graph 96 of FIG. 13 shows 
that for a spherical grid raster size increases with an in 
cease of screen-to-grid potential ratio. 

FIG. 14 illustrates that the effect on raster shape as 
characterized by pincushioning still exists in the case of 
the spherical grid 46. However, a comparison of the 
curve 94 for the fiat grid with the curve 98 for the spheri 
cal grid indicates that in the latter case such raster distor 
tion is not as pronounced. 

FIG. 12 illustrates portions of an electron tube similar 
to that illustrated in FIGS. 10 and 11 except that the 
reverse-curved grid electrode 58 of FIGS. 6 and 7 is in 
corporated therein. This shape grid electrode has proved 
capable of effecting virtually no raster distortion what 
soever. In other words, the raster formed in a tube with 
a given grid electrode of the reverse-curved variety may be 
made a substantially true production as directly inñuenced 
by the primary yoke deflection means. In FIG. 12, as 
shown by the beam paths 78, near the edge of the grid the 
curvature is such that the beam meets it at a relatively 
large angle of incidence compared to the central regions 
thereof. Therefore, the deflection obtained at the edge 
is less than that near the center. Another way of ana 
lyzing the action produced by the reverse-curved grid 
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58 of FIG. 12 is by comparing it with the flat grid 56 of 
FIG. 10. While the reverse-curved grid 58 possesses the 
field-forming features similar to those of the flat grid 56 
near its edges, it avoids the severe inward deflection of 
electrons near the central regions thereof by incorporating 
a spherical rather than a fiat contour such as shown at the 
center of the grid. Thus, compared to the flat grid, the 
reverse-curved grid provides a more uniform deflection 
force across a diameter thereof. The antipincushioning 
effects of the reverse-curved grid 58 can therefore be ap 
preciated since it is nonuniformity of radial deflection 
forces which contribute to pincushioning. 
A reverse-curved grid such as the grid 58 can moreover 

be suitably shaped to cause a barreled raster, i.e., the 
opposite of a pincushion raster. Accordingly, such a grid 
can be designed for a particular tube or tube type in con 
junction with a simply wound deflection coil to com 
pensate for pincushion distortion caused by the deflection 
coil as mentioned hereinbefore. 

Although FIGS. 10-14 have been discussed with regard 
to raster distortion, it will be appreciated that the various 
types of grid curvatures herein illustrated also serve to 
demonstrate the effect of the supplemental electrostatic 
deflection feature of my invention. This feature, which 
may be termed scan or deflection magnification, is de 
pendent both upon the spacing of the grid from the deflec 
tion yoke 42 and upon the shape of the grid. 

Regarding the spacing, deflection magnification is, in 
general, greater the further the grid electrode is spaced 
beyond the yoke. Greater spacing provides a correspond 
ingly greater primary deflection ñeld prior to the elec 
trons passing through the grid electrode where the"y travel 
at a relatively low velocity. 

Because of an essentially similar action, the shape, or 
curvature, of the grid will also affect the total deflection. 
For example, compare the tlat grid of FIG. 10 with the 
spherical grid of FIG. 11. In the spherical grid 46 the 
length of the three electron paths 74 are substantially 
equal and thus subject to substantially equal deflection 
by the yoke. On the other hand, in the case of the flat 
grid 56 of FIG. 1t), the three electron paths 72 are of 
substantially different length from the center of deflec 
tion (their common point) to the grid 56 and are thus 
unequally affected by the deflection field of the yoke. 
This nonuniformity can be utilized to obtain increased 
deflection, or scan magnification, at a particular desired 
portion of the raster relative to the other portions thereof. 

Another influence of grid shape upon the electrostatic 
field established between the grid and wall coating elec 
trode 44 is clearly indicated by the two curves 92 and 
96 of FIG. 13. For a given screen-to-grid potential ratio 
a decided difference is noted between the raster sizes 
of a flat grid tube and a spherical grid tube. The two 
curves indicate that a greater supplemental deflection is 
provided by a spherical grid. 
As suggested by the two curves of FIG. 13, a grid 

curvature can be established for any particular tube of 
given characteristics to `achieve substantially invariant 
picture size with screen potential variation. This fea 
ture is of special advantage in the operation, for ex 
ample, a color kinescope of the type which depends upon 
differences of electron penetration of a plurality of phos 
phor layers to produce color modulation. In prior art 
tubes wherein the electron beam velocity at the phosphor 
screen is varied by varying the potential on the phosphor 
screen to thereby vary the penetration of the beam into 
the phosphor layers, a variation of raster size with pene 
tration is experienced. Such a variation can be sub 
stantially obviated or reduced by a properly-shaped grid 
electrode incorporated into the tube according to my 
invention. 

I have also found that in a tube using electrode struc 
tures made according to my invention I can vary the 
beam focus with very little effect in deflection sensitivity. 
I do this by varying the voltage on the second anode 
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electrode 36 while maintaining the voltage on the grid 
electrode 46 constant. Hence, in tubes in which the beam 
is magnetically focused, a relatively inexpensive perma 
nent magnet focusing means can be substituted for elec 
tromagnetic focusing means to provide the principal 
focusing force. A ñne adjustment, or touch-up, of the 
focus field is then obtained by adjusting the voltage on 
the tubular electrode of the gun adjacent the novel grid 
electrode. For example, the gun 24 of tube 10 might be 
used for magnetic focus operation by electrically con 
necting the two anodes 34 and 36 together and adding 
suitable magnet focusing means alongside the yoke 24. 
The fine adjustment, or touch up, can then be obtained 
by adjusting the voltage on the two tubular anodes 34 and 
36. 

Another advantage of my invention is the possibility 
of employing dynamic focus correction which can be 
varied with the scan. A tuck-up signal voltage can be 
applied to the tubular electrode 36 such that this signal 
voltage varies in accordance with the scan so that the 
focus force applied to the beam varies with the beam spot 
position on the raster. 

FIG. l5 illustrates in schematic form another embodi 
ment of my invention which is desirable for certain uses. 
For example, in the embodiment of FIG. l5 a grid elec 
trode S0 rather than forming a part of the electron gun 
is supported further out along the beam path on the 
cone 18. Such an arrangement permits an extension of 
the principal deflection field 48’ such that advantage may 
be taken of the fringe portions thereof. Also, since 
grid mounting stucture in the neck 14 is avoided, greater 
primary deflection by the yoke can be provided. MaXi 
mum deflection angle by the yoke without encountering 
some obstruction to the beam is determined by the diam 
eter of the neck rather than same smaller diameter of 
grid mounting structure in the neck. In the embodiment 
of FIG. 15 the grid electrode 80 may comprise a dome 
shaped grid structure 82 mounted on a frusto-conical ring 
84 which is fixed to the cone 18 such as, for example, 
by cementing thereto. In such an arrangement the grid 
electrode 80 is fixed in place before the faceplate (not 
shown in FIG. l5) is attached to the neck 14. The tube 
seal may be made around the cone 18 any place between 
the faceplate and the electrode 80 according to known 
practices. 

It will be appreciated by those skilled in the art that 
many various spherically nonsyrnmetrical grid shapes 
may be used to obtain special conditions of beam deflec 
tion. For example, a half cylindrical grid or variation 
thereof may be employed to affect the deflection in one 
direction only. Other special shapes will be suggested to 
those skilled in the art for particular requirements. 
What is claimed is: 
1. A cathode ray tube comprising a vacuum-tight 

envelope having a neck portion, a faceplate portion, and 
an interjacent cone portion; means disposed within said 
neck for projecting an electron beam toward said face 
plate through a beam deflection region to scan said beam 
over said faceplate portion, a screen electrode on said 
faceplate, a conductive coating electrode on said cone 
portion, and dome-shaped grid electrode means disposed 
adjacent said deflection region and between said region 
and said screen with the concave side thereof facing said 
deflection region for electrically shielding said region from 
said screen and for providing in co-operation with said 
conductive coating electrode a raster-distortion-correc 
tion electrostatic field. 

2. A cathode ray tube comprising a target electrode, 
means for projecting an electron beam toward said target 
electrode through a beam »deflection region to scan said 
beam over said target, multi-apertured grid electrode 
means disposed adjacent said deflection region between 
said region and said target in the path of said beam for 
electrically shielding said region from said target, and a 
hollow cylindrical electrode disposed adjacent said multi 
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apertured grid electrode means and between said multi 
apertured grid electrode mcans and said electron beam 
projecting means. 

3. A cathode ray tube comprising a target electrode, 
means for projecting an electron beam toward said target 
electrode through a beam deflection region to scan said 
beam over said target, terminal means for applying a 
high positive potential to said target, multi-apertured 
grid electrode means disposed adjacent said deflection 
region between said region and said target in the path of 
said beam for electrically shielding said region from said 
high positive target potential, a hollow cylindrical elec 
trode disposed adjacent said multi-apertured grid elec 
trode means and between said multi-apertured grid elec 
trode means and said electron beam projecting means, and 
means for mounting said multi-apertured grid electrode 
and said hollow cylindrical electrode in mutual electrical 
insulated relation whereby sad hollow cylindrical elec 
trode may be electrically biased relative to said muti 
apertured grid electrode. 

4. An electron gun structure comprising insulator 
support means, and electron emitting means, electron 
modulating means, electron accelerating means, a tu 
bular secondary-emission-electron-collector electrode 
and a dome-shaped grid electrode, all coaxially mounted 
in the order named along said insulator support means 
with the concave side of said grid electrode facing said 
tubular electrode. 

5. A cathode ray tube comprising an electron gun for 
directing a beam of electrons through a screen scanning 
zone of deflection, a screen for receiving said electrons, and 
a multi-apertured electrode adapted to have a low posi 
tive potential applied thereto positioned adjacent said zone 
of deflection and between said zone of deflection and 
said screen to provide a low velocity beam path between 
said gun and said multi-apertured electrode, said multi 
apertured electrode having a reverse-curved section in a 
plane parallel to the axis of said tube, said screen being 
adapted to have a comparatively high positive voltage 
applied thereto for accelerating and further detlecting 
said beam. 

6. A cathode ray tube comprising a vacuum-tight en 
velope having a neck portion, a faceplate portion, and 
an interjacent cone portion; means disposed within said 
neck for projecting an electron beam toward said face 
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plate through a beam deflection region to scan said beam 
over said faceplate portion, a screen electrode on said 
faceplate, a conductive coating electrode on said cone 
portion, and dome-shaped grid electrode means disposed 
adjacent said deflection region and between said region 
and said screen with the concave side thereof facing said 
detlection region for electrically shielding said region 
from said screen and for providing invariant raster size 
with variation of the velocity of said electron beam :1t 
said phosphor screen. 

7. A cathode ray tube comprising a target electrode, 
means for projecting an electron beam toward said target 
electrode through a beam deflection region to scan said 
beam over said target, and reverse spherically curved 
dome-shaped multi-apertured grid electrode means dis 
posed with the open side of its dome facing said detlec 
tion region and positioned adjacent said detlection region 
between said region and said target for electrically shield 
ing said region from said target. 

8. A cathode ray tube comprising a target electrode, 
means for projecting an electron beam toward said tar 
get electrode through a beam dellection region to scan 
said beam over said target, and dome-shaped multi 
apertured grid electrode means having its outer peripher 

r al region outwardly flared, said grid electrode means 
being disposed with the open side of its dome facing 
said detlection region and being positioned adjacent said 
dellection region between said region and said target 
for electrically shielding said region from said target. 
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