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CATHODE-RAY TUBES OF THE LENTICULAR
GRILL VARIETY .

Edward G, Ramberg, Upper Southampton Township,
Bucks County, Pa., assigner to Radio Corporation of
America, a corporation of Delaware

Application March 18, 1952, Serial No. 277,182
24 Claims. (CL 315—17)

This invention relates to color-kinescopes and other
cathode-ray tubes of the kind wherein electrons are sub-
jected to a focusing action near the screen. The present
invention finds useful application in color-television and
stereoscopic-television systems where it may be employed
in the “camera” of the transmitter and, at the receiving
‘end, as part of the image reproducing system.

French Patent 866,065 to Dr. Werner Flechsig (pub-
lished June 16, 1941) and its German equivalent 736,575
(published June 22," 1943) describe a color-kinescope
containing a bi-part screen assembly which comprises (i)
a transparent viewing screen having a target surface made
up of a multiplicity of groups of parailelly arranged strips
or lines of different (e. g. red, blue and green) color-
emissive areas and (ii) a grill formed of a large number
of spaced apart wires mounted adjacent to the target side
of said screen. * The beam electrons travel in substantially
straight paths through the space between the grill and the
screen. ‘These straight beam-paths terminate, ideally,
on respectively different ones of the (red, blue and green)
line-like ‘screen areas. The proper geometrical location
of the grill wires provides a Crookes-shadow which masks
. those line-like screen areas which at any given instant are
to. remain unilluminated.

One very real limitation upon the efficient use of the
above described “Crookes-shadow tibes” is that only a
small  percentage of the beam electrons ever reach the
viewing screen; the larger percentage being dissipated (in
the form of heat) upon impact with the imperforate parts
of the grill or “mask.” This limitation was recognized by
Dr. Flechsig and his patents mention that it can be mini-
mized (a) by making the mask wires of such fine gauge
that the Crookes-shadow is no longer a factor in the
operation of the tube and () by substituting for the
Crookes-shadow  effect a beam-focusing cylindrical-lens

effect which he achieved by operating the viewing screen at

a relatively high potential with respect to the fine wire
grill. ‘

Color-kinescopes which incorporate electron pervious
focusing electrodes in the vicinity .of the screen or target,
and which are hereinafter referred to as being of the
“lenticular grill” variety, are far more efficient than those
operating on the Crookes-shadow principle. However
the color- images produced by lenticular grill tubes are
frequently” marred by color dilution, halo effects, low
contrast, and other image defects commonly associated
with cathode-ray tubes of the “post-accelerated” variety,
A “post-accelerated” cathode-ray tube is here defined
as one wherein the electron beam or beams are subjected
to-an auxiliary accelerating force immediately prior to
their arrival at the screen. . .

In post-accelerated cathode-ray tubes (including those
of the lenticular grill variety) the defects in the repro-
~duced image may be traced, principally, to back scatter-
ing resulting from the post-accelerated beam impinging
upon the screen or target. As here used the term “back.
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The back-scattered electrons upon losing their initial rear-
ward momentum turn toward the screen and impinge
thereon with the high velocity with which they were
endowed at their scattering point on the screen. The
return paths of the back-scattered electrons are of arcuate
contour and terminate at points spaced from the ele-
mental screen-area upon which the beam itself impinged.
These points usually define ths boundaries of an optically
disturbing halo. Thus, several screen areas of different
color-emissive characteristics may be, and frequently are,
illuminated at a time when the beam is intended to
actuate a screem-area of but a single color. - Such un-
desired color dilution and halo effects are augmented by
the presence of other “spurious” electroms, e. g. secondary
electrons released by impact of the beam upon the len-
ticular-grill. ‘The secondary electrons, -though initially
of very low velocity, are accelerated by the highly posi-
tive field adjacent to the screen and, like the back-
scattered electrons, illuminate randomly located color

) areas on the screen.

Accordingly, the principal object of the present inven-
tion is to achieve, in a cathode-ray tube, the efficient
utilization of the scanning beam, or beams, without loss
of contrast and, in the case of a color-tube, without color
dilution. resulting () from the return of high velocity
back scattered electrons to the fluorescent screen as well
as from (b) the acceleration of low velocity secondary
electrons from other elements in the tube,

Stated generally, the foregoing and related objects
are achieved, in accordance with the invention, by the
provision within a cathode-ray tube of a target assembly
comprising (1) an electricaliy conductive line-like or dot-
like screen and (2) two or more field electrodes or lens
elements each containing a multiplicity .of apertures,
with the apertures of at least one of said field electrodes
arranged in a pattern which is geometrically related, in
a manner later specified, to the line-like or dot-like ray-
sensitive areas on the screen.

In a preferred embodiment of the invention, the volt-
age applied to whichever one of the field electrodes that
lies next adjacent to the target surface of the image screen
is made substantially equal to or greater than the volt-
age applied to said target surface. As a consequence,
there is no field adjacent to the screen capable -of ' driv-
ing back-scattered electrons toward the screen. Similar-
ly, there is no field capable of accelerating low-velocity

- -secondary electrons (emitted by impact of beam elec-
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scattered” refers to electrons leaving the Scréen as a

result of the impingement thereon of beam electrons.

trons upon the field electrodes) toward the screen. Thus,

the only parts of the screen that are activated at any

given moment are those elemental or sub-elemental screen

areas which lie directly in the path of the scanning beam

or beams. (Any high-velocity secondary electrons which

may be released by impact of the beam electrons upon

the fine wires of the field electrodes are so few in num-

ber that they have no appreciable adverse effect upon
the image.)

When the field electrodes and target electrode are
energized in the above-specified manner the target . as-
sembly may be said to comprise an electron-lens sys-
tem consisting of ome set or array of converging
lenses and one array of diverging lenses. The elec-
tric field of the diverging lens-array tends to de-
focus the beam and hence to distort its pattern of im-
pact upon the mosaic surface of the target electrode.
However, the unique structure of the lens elements and
their novel orientation with respect to the screen operate
to confine the boundaries of the distorted beam to the
particular areas of the screen which have been selected
for illumination.. More specifically, where a so-called
“line” screen is employed in conjunction with two lenticu-
lar grill elements, color dilution which might otherwise
result from the defocusing or divergent effect of one of -
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the lenticular grills is obviated, in accordance with the

invention, either (@) by so orienting said grill that the

djvergence is predominated in'a direction along the colox-
.hpes'on the screen and hence does not produce any color
dilution, or (b) where either a “line” or “dot” screen

is'employed the wires of the grill which produce the de-

focusing .effect: may be made so fine and so. closely
spaced that said defocusing effect is negligible:as com-
pared to the diameter of the “dots™ or ‘width of the
“lines,” ‘and is thus invisible to the viewer.

The invention is described in greater defail in con-
nection with the accompanying four sheets -of drawings,
wherein: '

Fig. 1 is a partly broken-away view in perspective of
a three-gun color kinescope of the liné-screen variety con-
taining a tri-part target assembly with its several elements
constructed and arranged in accordance with thie principles
of the invention;

Figs. ‘1a;, 1b, Tc and 1d are a series of potential or
voltage plots which will be referred to in explammg the~

“positive” and “negative” field changes. occurring in the
target assembly of the tube of Fig. 1;

Fig. 2 is a partly diagrammatic side elevation of the
gun. and target assemblies of the tube of Fig. 1 but
showing a linear’ (instead of triangular) arrangement of
the three guns; the drawing being marked with lines in-
dicative of the paths of the three beams, with symbols
indicdtive of the spacing and voltages apphed to the sep-
arate elements of said assembly, and also with lines in-
dicative of the converging effect of the focusing, grill tipon
the beam' electrons;

Fig. 3 is a diagrammatic view similar to Fxg 2 but
with the tube turned 90° to show  the defocusing or
divergent effect of the auxiliary gnll upon. the beam
electrons;

Fig. 4is a dlavrammatlc view similar to Flg 2 (but
showing a single beam), the drawing being marked with
lines indicative of a preferred relative voltage - distribu-
tion among the three electrodes of the screen assembly in
the tubes of Figs. 1 and 23

Fig. 5 is a diagrammatic view similar to Fig. 4 but
showing a different relative arrangement of the two grill
elemerits of the target assembly, and a different relative
voltage: distribution;

Fig. 6 is a- diagrammatic view showing the gnll assem-
bly’ of Fig. 5 with still another relative voltage distribu-
tion: among the three elements of the screen’ or’ target
assembly;

Fig. 7 is' a diagrammatic view showing the invention
as a‘pp‘l-ied- to a cathode-ray tube of the “switching-at-the-
screen’™ variety disclosed in' Schroeder U. S. P: 2,446,791;
the. relative. arrangement of the color areas on' the screen:
being essentlally similar to that shown in said patent;

Fig. 8 is'a view from the rear of the bi-part focusing

and: sthchmg grill of the tube of Fig. 7;

Fig.” & is an electrical diagram of certain operatmg
voltages applxed to the tube: elements of Fig. 7;.

Fig, 10 is a view in perspective: of a target assembly
includmg two apertured grills of a construction suitable
for use in connection with a -target of the “dot screem™
variety;

Fig.. 11 is-a longltudmal sectional view of the inven-
tion as apphed to a color camera or “plckup” tube;.

Fxg, 12 is a fragmentary sectional view of the photo:
emissive screen: or target-electrode of the pickup: tube of
Fig. 113

Fig. 13 is- 4. view similar to- Fig. 12 but showmg a
photoconducuve (instead of photo-emissive?)' screen and

Fig. 14 is a partly: diagrammatic side: elevation of a
stereoscopic: black-and-white kinescope embodying the e
vention.

. The color-kinescope- shown: in Fig. 1 comprises; an
evacuated envelope 1 having a main' chamber' 3 in* the
form.of a frustum which terminates at its large end in &
window 5: tlirough which fhe obverse: face: of the viswing'
screen: 7 of a: tri-part target-assembly- 7, 9; 1¥ may’ be
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viewed. The viewing screen 7, here 1llustratcd, is of
the “line-screen’™ varicty described in the Fremch and
German Flechsig patents, previously menticned. It is
provided on its rear or target surface with a multiplicity
‘(say, 1500 or more) of parallelly disposed phosphor lines
R (red), B (blue); G (green) of different color-emissive
characteristics, arranged in a repetitive paitern in groups
of three. ~'These parallel lines R, B and G are here shown
as extending horizontally across the screen, they may
however extend vertically; or at an angle with respect
to said directions.  An electron-transparent light-reflect-
ing film 13 constituted, for  example, of evaporated
aluminum, renders the entire target surface of the screen
conductive. The other elements of the screen or target-
assembly comprise two wxre—grxlls 9 and 11 mounted in
spaced ‘apart parallel planes in front of the conductive
target surface of the screen 7. The spacing, orientation
and functions of these grills. 9. and 11 are described in
detail later on in this specxﬁcatlon.

The beam sourcs. of electrons, and the beam-focusing

and deflecting means e'nplﬁyed for scamning the target-
-assembly 7, 6, 11 may compzise any of the: several single

or multiple gun-systems suitable for use im connection
with color-television tubes. Where, as illustrated in
Figs. 1 and 2 the tube is of the three-gun variety, the
three electron guns 15, 17 and 12 are individual to the
three scresn colors.  As indicated by the broken lines,
r, b and g-(Fig. 2) the beams approach the target as-
sembly along
upon. seg carate onesof the coler phosphor lines R, B
and G, respectzvely If the. tube is of the one-gum va-
riety, suitable auxiliary deflecting means may be. em-
ployed for duectmg the beam. to points corresponding
to the points .of -origin of the three-gun beams, so that
it te0 appreaches the target assembly along discrete con-
verging: paths. individual to the different colors. (As to
this see Fig. 2 of the Flechsig pateats. See also copend-
ing application. of Russell- R. Law, Serial No: 143,405,
ﬁled February 10, 1950, now U. S.. Patent 2,696,571, is-
sued December 7, 1854.)

The particular triangular or “delta” arrunoement of
the three guns ¥5, 17 and 19 illustrated in Fig. 1 is

claimed by Alfred C. Shroeder in copending application,

Serial No. 730,637, filed February 24, 1947, now U. S.
Patent No. 2,595,548, issued May 6, 1952.  The gun
structure, per se; are claimed: by Hannah C. Boodey int
copending application Serial No. 295,225, filed June 24,
1952, as a continudtion-in-part of application Serial No.
166,416, filed. June 6, 1950, now abandened:
aze of duplicate construction - and ‘eomprise am in-
directly’ heated cathode: 2, a. contrel grid 23, a short
cup-like: screenrgrid: electrode: 25, a. first accelerating
electrede: 27 and 2 second accelerating electrode- con-

sisting - essensially of a tubular portion 2§ common to

the three guns. A conductive coating 31 on the inner
sucface of the main: chamber 3 and neck 33: of the: en-
velope 1 comprises @ third accelerating electrode: Iw
operating the tube; the three beams are: simultaneously
scantied over tlie: target assembly by scanning: ficlds- pro-

duced by two péirsi of deflecting coils contained i & yoke

structure: 35, - Thus. each beam 1is directed: tof the sub:
elemiental screen areas of the coler to which: that beam is
allotted:

As previously mentiened, the advant ages of the: pres-
ent invention  flow . from' the addition of .a - suitably
orientéd and switably energized auxiliary grill, to the
“lenticalar-grilt” tubes of the Flechsig paterits. The

“auxiliary -grill 11 may be mounted either adjacent to

tie gun: side of the focusing grill 9 (as in Figs. 1~4; 7, 10
apdi 11) -or interinediate the focuaing-griﬂ % and the
scréen-or target electrode 7 (as i Fipgs. 5 and 6). In
line-screen - tubes the wires.of the focusing grill 9,
wherever  situdted, extend substantially paralisl to- the
line-like areds R, B and G on the screéen and the spdce
(d; Flg 7 Between adjacent ones of said’ wires is prei-

converging paths. and eventually impinge

The guns
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erably aligned with the central line (e. g. the blue line
B):of each group (R, B-and G) of lines. The wires of
the. auxiliary grill ‘11, on the other hand, extend sub-
stantially at right -angles with respect to the screen-
lines R, B and G. Irrespective of the relative position of
the two grills 9 and 11, it is desirable to make the field
strength zero on the gun side of the target structure,
since this prevents distortion of the scanning pattern by
any irregularities of the electrodes in this region. As
shown in Fig. 1, a zero field on the gun side of the target
assembly can be achieved simply by connecting the first
field-electrode -(in this case, the auxiliary grill 11) to the
““conductive coating 31 on the inner surface of the. en-

velope 1.

Under normal operating conditions the voltage ap-
plied to the conductive target surface 13 (Fig. 1) of the
screen 7 is of the order of, say 12,000 volts. At this
voltage the primary electrons of which the beam is com-
prised “back-scatter” upon incidence on the screen, i. e.
release both high and low velocity secondary electrons
from the conductive target surface 13 of the screen. As
previously mentioned, in post-accelerated tubes e. g. of
the Flechsig French and German patents, the back-scat-
tered and other spurious electrons, upon losing their ini-
tial rearward . velocity are drawn toward the screen in
arcuate paths that terminate at points spaced from the
screen area upon which the beam itself impinged, thus
giving rise to color "dilution and other image defects.
In operating the plural grill tubes of the present inven-
tion' the preferred practice is to make the voltage ap-
plied to whichever one of the grills that lies next adja-
cent to the screen or target either substantially equal to
or- greater than the voltage of the screen or target elec-
trode 7. . (Here all voltages are assumed to be measured
with rtespect to the voltage of the cathodes as zero.)
As a consequence of such a voltage distribution there is
no-field in front of the fluorescent screen capable of at-
tracting back-scattered electrons toward the screen, nor is
there any field capable of accelerating low-velocity sec-
endary electrons emitted by the grill wires to such a veloc-
ity that they will create annoyingly distributing luminous
effects on said screen.

. Before proceeding ‘with the detailed description of
the invention it may be well to recall that the lens action
at a field electrode depends upoa the sign of the change
in field which takes place at that electrode. If the field
in-front of such an electrode (i. e. on its “gun side”) has
a greater tendency to accelerate the beam than has the
field on its opposite side (i. e. in the direction of the
“target”) then the field change is positive and causes the
‘beam electrons to diverge. If, on the other hand, there
is'a negative change in field the beam electrons will con-
vérge adjacent to that electrode.

With the above in mind it will be apparent that in a
target assembly having but a single grill (as in the
Flechsig patents) the field change at the grill must be
negative since the field between the grill and the target

screen must be such as to accelerate the beam electrons.

Such a field will, at the same time, draw back-scattered
electrons and secondary-electrons generated at the focus-
ing grill, to the target screen. If the voltage of Flechsig’s
single grill, relative to the target, should be reversed the
incidence of such “spurious” electrons on the target
screen would be suppressed, but no converging lens ac-
tion  whatever would be achieved at the grill. Thus,
obviously, the objects of the present invention could not
be attained by the use of a two-element target assembly.

‘The -addition of an auxiliary grill makes it possible
to obtain the desired negative field change, and conse-
quent converging lens action, at the focusing grill with-
out: the presence of fields within the target structure
which will result in the arrival of spurious electrons at
the target screen. Furthermore, the apertures in this
auxiliary grill need not be geometrically aligned with
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6
those of the focusing grill, as they must be in the plural
grill lens tubes of Epstein U. S, Patent 2,315,367.

In tubes constructed in accordance with the principles
of the present invention it is the function of the “focus-
ing grill” 9, wherever situated, to concentrate the beam
electrons on the apppropriate line-like (or dot-like)
screen areas, in much the same manner as the grill of
the two-electrode target assembly of the Flechsig patents.
It is the function of the auxiliary grill 11, wherever situ-
ated, to make possible a field distribution in the target
assembly 7—9-—11 which prevents (i) the return of
back-scatiered electrons to the target 7 and (ii) the ac-
celeration of secondary-electrons from the focusing grill
9 to the target, without interfering with the above-men-

5 tioned focusing action of said focusing grill.

Assuming that the field on the gun-side of the. target

“structure is zero, then if, the above described functions

of the focusing grill 9 and auxiliary grill 11 are to be
fulfilled the lens action at the apertures of the auxiliary
grill 11 must be diverging because (1) in order to per-
form its focusing function the field change at the focus-
ing grill 9 must be of negative sign, (2) in order to avoid
harmful effects from the back-scattered and secondary-
electrons the potential of the target must be substan-
tially the same as or lower than the grill electrode 9 or
11 which lies adjacent to the screen. All of this will the
more readily be apparent upon inspection of the potential
plots shown in the drawings.

In Figs. la to 1d an angle that opens upwardly corre-
sponds to a megative field change and converging lens
action. An angle that opens downwardly corresponds

. to a positive field change and diverging lens action. Here

it will be seen that if the focusing grill 9 lies between the
auxiliary grill 11 and the target 7 (as it does, for ex-
ample in Figs. 1 to 4, inclusive) the actual potential
variation must lie below- a line joining 11 and 7. This
line E3—7 slopes downwardly whether the potential of
the target 7 is equal to the potential of either the focus-
ing or the auxiliary grills (as in Fig. 1¢), or whether
the potential of the target 7 is lower than the potentials
of both of said grill electrodes 9 and 11 (as in Fig. 15).
On the other hand, referring now to Figs. 1c and 1d, if
the auxiliary grill 11 lies between the focusing grill 9
and the target or screen 7 (as it does, for example in
Figs. 5 and 6) the actual potential variation at the auxil-
iary grill 11 must necessarily lie above the line (9—7)
joining the focusing grill 9 and the target 7 (to make
the angle at 9 open upwardly). The angle at 11 is then
seen to open downwardly, corresponding to a diverging
lens action.

As an example of the voltages which may be used in
the practice of the present invention; if the screen 7 is at
12,000 volts, the focusing electrode 9 at 12,000 volts and
the -auxiliary grill 11 at 15,000 volts, focusing can be
achieved by the focusing grill 9 because the field change
at the focusing grill 9 is negative. - Likewise if voltages
of 20,000, 15,000 and 10,000 were assumed for auxil-
iary grill 11, focusing grill 9 and screen 7, respectviely,
and if the spacing between the grills is less than that
between the focusing grill 9 and the target 7, as in ex-
amples hereinafter given in this application, convergence
will be achieved because of the negative field change at
the focusing grill 9. In both of the above examples, the
field change at the auxiliary grill 11 is seen to be posi-
tive and hence the lens action at this grill is divergent.

The fact that the field change at the auxiliary grill 11 is,
quite generally, positive and the lens action at this grill is,
correspondingly, divergent, is seen to be confirmed by the
two examples given above.

In a tube employing a line-screen the divergent action
at the auxiliary grill 11 is, however, in the direction along
the phosphor lines R, B and G on the target and hence
does not result in color dilution because the wires of
the auxiliary grill are . approximately perpendicular to
the wires of the focusing grill (and approximately so
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to the phosphor lines). It does, however, render the
scannmg beam astigmatic, so that if it focuses sharply
in .a direction perpendicuiar to the phosphor lines it does
not do so in a direction at right angles thereto. This
effect, however, can be minimized (as explained in con-
nection with Formula No. 3) by employing a sufficiently
small grill wire spacing in the auxiliary grill. If this
spacing, d’ Fig. 3) is comparable with the separation of
the scanning lines, moiré effects may be produced, which
however can be minimized by scanning the séreen at 45°
to the phosphor lines.

When the field change at the focusing grill 9 is- nega-
tive the tesultant lens field adjacent to each pair of wires
in said focusing grill is that of a cylindrical lens whose
generatrices are substantially parallel to the color lines
(R, B and G) on the line-screen or target 7. As a cou-
sequence, the lens action of said grill ¥ is such as to con-
verge the beam clectrons toward the long central axis
of each of said lines, the lens action at the auxiliary grill
11 being divergent.

Figs. 4 and 5 illustrate two realizations of the inven-
tion which have the advantage of requiring only one volt-
age in addition-to those employed in a tri-color kinescope
of the kind (e. g. “Crookes shadow™) which operate
without “focusing at the screen.” These separate em-
bodiments of the invention will be referred to as Cases
Y and IL )

In Fig. 4 (as in Fig. 1) the focusing grill 9 is next ad-
jacent to the fluorescent screen 7 and the auxiliary grill
11 is nearer the gun, i. e. adjacent to the “gun side” of
the focusing grill.

In Fig. 5 the auxiliary grill 11 is next adjacent to the
fluorescent screen 7 and the focusing grill 9 is adjacent
to the “gun side” of the auxiliary -grill 11.

In both cases the voltage (V) of the focusing grill 9
is made equal to the voltage (V) of the screen 7 and in
both cases the voltage (\_/)’ of the auxiliary grill i1 is
made higher than V and V.

As indicated by the dotted lines s in Figs, 4 and 5,
the electrons scattered back at the target, under the above
specified operating voltages, are directed away from the
screen 7 where they may be collected by the conductive
coating 31 (Fig. 1) on the inner surface of the main
chamber 3,

The behavior of the electrons in passing through the

30

40

grill assembly can be inferred from the lens action of a slit

lens, which is well known to deflect an electron incident
on it at a distance k from its center (in the plane of the

slit) by an angle:
h(E2—E1)/(2V) (H

where Ea and E; are the electric fields prevailing on the
side of incidence and on the side of departure, respec-
tively, and V is. the accelerating voltage of. the electron
as it passes through the center of the slit, and second from
the known parabolic shape of the paths of electrons mov-
ing in-uniform electric fields. It may be ‘stated that the
formula for the lens action is satisfied very accurately as
long as the angles of convergence. ard divergence are
small, a condition. generally satisfied in the instant cases.

Below are shown the calculated characteristics of grill-
screen systems with the. properties indicated in Figs. 4
and 5.  In both Figs. 4 and 5 and in the following formu-
lae the distance between the screen 7 and the grill (9 or
11) nexi adjacent thereto is designated g and the distance
between grills is designated «'; the spacing between the
wires of the focuing grill is-designated d; and between the
wires of the auxiliary grill, d".

SYSTEM I (FiG. 4).—CONDITION OF SHARP
FOCUS

A parallel beam of electrons (exemplified by the “blue”
beam b). incident on the focusing grill 9 will be focused
into a series of sharp lines (&', Fig. 2) on the phosphor
screen for a particular. relationship between the: ratio of

the inter-grill distance (a") and the focusing-grill-screen
distance (a) and the ratio of the auxiliary grill voltage

('\7’) and the focusing-grill (and phosphor-screen) voltage

( V ). I his relation iS:
a — V l or V ! =1 l 2a ! 2
Va 2V -[" a ( )

Typical values which fulfill this relationship are
¥’=15,000 volts, V=12,000 volts, a=0.75 inch, and
o« =—a/8=0.09375 inch. If this relation is not fulfilled,
the lines into which the electron beam are concentrated
are broadened, the degree of broadening increasing with
increasing departuie from the parameter values given by
the equation, =

Maximum broadening of scanning spot in -direction of
wires of focusing grill and of phosphor lines

The electrical ‘fields -about the wires.of the auxiliary
grill 11 tend to diverge or spread the scanning spot b’ in
a direction along the phosphor lines. (See Fig. 3.)
This spreading is a maximum for a sharply focused elec-
tron beam which strikes a wire of the auxiliary grill.

If the condition of sharp focus, indicated above, is ful-
filled, the beam will be split into two parts, whlch will
strike the phosphor screen a distance:

2Az=d" 3)

apart. Here d’ is the separatlon of wires in the auxiliary
grill.;: The distance 4’ thus represents the maximum
broadening of the scanning spot along the phosphor lines,
resulting from the. presence of the auxiliary grill. * For
an auxiliary grill of the mesh type shown in Fig. 10 very
nearly the same relation applies, if 4" now represents the
diameter of the apertures in: the grill; however, here the
beam spreading takes place inall directions.

Relation .between convergence of beams and geometrical
dimensions of structure. . (Condition of sharp focus
assunied) :

In a tri-color kinescope where three guns are provided,
the guns are so placed and the beams issuing from them
so tilted relative to each other that the beams strike at
all times the red, green, and blue phosphor ‘lines, respec-
tively. - Assume, for example, that. the “blue” gun is
placed in a plane bisecting the tube and parallel to the
phosphor lines. Then the centers of deflection for the
“red” and :“green”. beams are: displaced a distance =yc
from this bisecting plane; furthermore, the red and green
beams are given tilt-components at right angles- to the
blsectmg plane equal to #a. The angle « will be called
the ¢ convergence angle.” . For a given placement of the
suns—i. .e. a given value of ye—the distances a and 4’
must be chosen so that, for a value of « which causes the
beams to converge on identical points on the focusing grill,
each beam strikes only the appropriate phosphor lines.
The condition that the three beams reach the same point
on the focusing grill (more accurately, the same line paral-
lel to the phosphor lings) is given by:

7/°

L+(m,)y+1 @

At the same time, the value of “a” must be such that a
ray with the initial tilf o strikes the screen with a displace-
ment equal to the separation of centers of two adjoining
(e. g. blue and red) phosphor lines. = Since this separa-
tion is Mod/3, where Mo is the magnification with which a
scanning beam projects the focusing-grill patiern on the
phosphor screen, « and “a” must satisfy the relation:

_aa, [T
T 3 VY

(8)

- X

Elimination of « from the last two equations and ex-
pression of the voltage ratio in terms of a’/a with the aid
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of the condition of sharp focus leads to the following
equation for a:

L
!
. 142
3Ye a
a (6)
R e
3Y. a

Now the magnification Mo of the focusing grill pattern
projected by a ray proceeding from the center of deflec-

tion on the screen is:
7
a\/ 1 +gﬂ-

L+a\/1+ <\/1 +——1>

Here L (see Fig. 2) is, once more, the distance from the
center of deflection to the grill nearest the gun. For
L=13 inches and ¢=0.75 inch, a’=a/8, as before, we see
that My=1.064. Furthermore, with d=0.0208" (Y%s
inch) the preceding equations indicate as the proper values
for « and ye: «=0.0088 radian (0.5°), ye==0.115 inch.

Relation between phosphor line pattern and focusing grill
pattern

Mo=1 T (7)

If we consider a ray leaving the center of deflection at
an angle ¢ to the tube axis, aimed so as to pass through
centers of slit-lenses in both grills, the radial coordinate
rs of the point of incidence on the phosphor screen is re-
lated to the radial coordinate rz of the point of incidence
on the focusing grill by:

VY P i—
r {3 a cos 0(\’ cos? g 2a
Te ’ ‘/ 2 g
| L+ (a+2a") cos 6 (cos @ cos? ¢ 20 >

‘ =M+ (Mo—l)-— sinZ 9 .

The intersections of these rays with the screen define
the position of the centers of the blue phosphor lines on the
screen. - The ratio rs/rg thus indicates the scale to which
the pattern of the focusing grill is enlarged as it is pro-
jected by the blue scanning beam on the phosphor screen.
Near the center the projection is geometrically similar
and the magnification is Mo; for larger values of the de-
flection angle ¢, however, the additional term with sinsg
indicates that the magnification increases toward the mar-
gins of the picture; the line pattern on the screen must
exhibit pincushion-shaped distortion.

This distortion is generally very small and becomes
smaller as the distance a’ between the two grills is de-
creased, The deviation of the required line pattern from
a geometrically similar pattern with the magnification

Mpis given by:
M=o’ sivs o 145 (1+ DE+L) - -]
(9)

If the maximum half-angle of deflection is 30° and
the ‘same geometrical parameters are assumed as before
“(a=0.75 inch, a’/a=14, L=13 inches), the maximum
value of this deviation is 0.014 inch. Furthermore, the
maximum deviation from a geometrically similar pattern
with the optimum value of the magnification, which is
slightly larger than Mo, is only 3} of this amount, or less
than 0.004 inch. Consequently, for the parameters given,
a pattern of equidistant straight phosphor lines could be
employed with a grill consisting of equidistant. wires
mounted in-a common plane. The width of each indi-.
vidual phosphor line would be approximately:

ata
M3l (1+L+a )
which is very sllghtly greater than a third of the pitch d
of the focusing grill,

(10)

\ _ |
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More generally, the master for preparing the phosphor
screen could be prepared by electronic projection, as in-
dicated in a copending application of Harold B. Law,
Serial No. 277,133 filed concurrently herewith. In this
case there are no limitations with respect to the deflection
angle which may be employed except such as may be
imposed by difficulties in the de51gn of the yoke and
eventually excessive astigmatism in the lens elements of
the grill. The effect of the auxiliary grill in broadening
the lines into which an initially parallel electron beam
is concentrated on the screen can be shown to be ex-
tremely small for reasonable values of the pitch of the
auxiliary grill (e. g. 0.020 inch) and of the deflection
half-angle (e. g. 30°); it exists only in oblique directions
of deflection, particularly the corners of the picture.

SYSTEM II. (FIG. 5)

Quite similar relations can be set up for System II, in
which the positions of the auxiliary grill and the focusmg
grill are mterchanged Again, the auxiliary grill 11 is at
a higher voltage V' as compared with the common voltage
V of the focusing grill 9 and the phosphor screen 7.

CONDITION OF SHARP Focus

The relationship between the geometrical parameters of
the grill-screen system and the applied voltages which
leads to the concentration of a parallel incident beam
into sharp parallel lines on the screen is here:
A=AV T 1+za.'/a>= (1
T T 7 \Ttea
Thus, if, as before @=0.75 inch and a’=a/8-=0.0938
inch as well as ¥=12,000 volts, it is necessary to make
V’=14,850 volts.

Maximum broadening of scanning spot in direction of
wires. of focusing grill and of phosphor lines

a

The maximum broadening of the scanning spot in a
direction paralle] to or along the phosphor lines, result-
mg from the defocusing fields about the auxiliary grill
wires, is now: _

2A:=d'(V/V’)1/2 (12)

where d’ is the pitch of the auAﬂlary grill. For the ex-
ample given above the maximum broadening thus be-
comes 0.9 d’." This broadening does not affect the color
purity of the pxcture, but only its sharpness. It is some-
what less than in System I and, as there, can be reduced
by reducing the separation of grill wires in the auxiliary

“grill.

Relation between convergence of beams and geometrical
dimensions of structure, (Condition of sharp focus
assumed)

The relations between the convergence angle «, the
gun separauon Ye, both defined as for System I, and the
remaining ‘geometric parameters of the tube are given
below:

a=y/L and a—Mod El _>> (13)
Hence:
dL(1+ )/(1 (14)

(15

The pattern magnification near the center of the picture

Lt

L( + (15)‘
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11
Thus, if; as before, a=0.75: inch,. ’/a=%4, L==13 inches,
d==0:i0208" inch; Mp==1.062; «=0:0092 radlan (0. 53“),
andtye=0.12in¢h.

Relation between phosplior line, pattern and focusing, grill.
pattern. ' '

For- a:ray: leaving the: center of deflection: and passing:
through: the: centers: of the. grill: apertures: the. ratio: of the:
radial:coordinate:of the intersection with:the:screen to that
of the:intersection: with: the: focusing grill is:now: given by

2a'+a)V o 9<\/cos2 6+V ¥ oos 0)*—

L(y— V)
! I o
— (Mo— 1)-25 1—-5&‘,—; siny, Ot .. .
In: System, 1L the magnification. is seen. to decrease. to-
ward. the: edges. of the picture, so that the phosphor- line:

pattern- must. exhibit: a slight barrel-shaped distortion as,
compared. with. the wire pattern of the focusing grill. . The

=120 R

@

dM,

L€)' (14 [P

12
- "Plie: maximusy broadening: of the scanning: spot: ift a
direction along the phosphor lines is:
_ 1)
For the above parameters this is 0:79 d’, d’ being again
the spacing between. wires: in-the auxiliary grill.

‘ 2Az=d.’<2 (19)

5‘\

Relation between. canyergence of: beams and. geometrical.
10 dimensions. of  structure (condztzon of sharp. focus.
assumed)

The relations between the convergence angle «, the gun
separation yc, both defined; as for Systems I and II, and
the remaining geometric. parameters of the tube are given
* 15 below:
a=0/ ‘ 2 \/_} (20).

Yer,

a== L

<«‘!l<¥

QN
20 ffence:

’ 0
3a(i +g;i .

(1+21\1

142 [ g (2 (21)

The:magnification near the center of the picture is given.
by

2a’/a,

- M0=1_L , 1

deviation from a geometrically: similar: pattern' with the
magnification. Mo is less than half as large as for System I:

o (. 3a'\ . i
—2_<1—..2a> sind 6 .. .

This becomes, for a maximum half angle of 30° and
the same. geometrical parameters as assumed up to now,
at most equal to 0.005 inch. The deviation from the
geometrically similar pattern with the optimum, magnifi-
cation. is mow only about 0.001 inch, so.that the exact,

— Myry o — (17)
8

phosphor line pattern may readily be replaced by a pattern .

consisting of equidistant straight lines.
SYSTEM L

In a third system, shown in Fig. 6, the dlsposmon of
focusing grill 9 and auxiliary grill 11 is, as in System. II
(Fig. 5) but, now, the auxiliary grill 11 and the phosphor,
screen 7 are connected together, and placed at. the higher
voltage V relative to the voltage of the focusing grill, Y.
This system will not suppress completely the return of
back-scattered electrons to the phosphor screen, nor the
acceleration of secondary electrons. frofm. the.focusing grill
to the screen. However, both effects can be kept small if
the ratio a’/a is made smail. The system has the advan-
tage of making the screen voltage equal to the maximumu
voltage in the tube and slightly reducing the deflecting
power required.

The condition of sharp focus now becomes:

d_voy v 1 [
o gy -2’ V 1+2“ 7
(18)

Foral/a=Ys, V=12;000-volts; this:requires for the focus-
ing grill voltage V=9:630 volts (V/V=1.246).

(22)

) )]

From these formulas it may be concluded that for ¢=0.75
inch, a’/a=vs, L=13.inches, d=0.0208 inch, Mo=1.059,
«=0.0097 radian (0.56°), yc=0.126 inch.

The paitern- distortion is: barrel shaped and of the same
order asfor System I

The following: formulas: indicate the condmon that a
parallel: beam of electrons incident on the target assembly-
is concentrated into- a series of sharp- lines on the target-
for the more ger\exal circumstance that all three voltages

Vv, ¥V, and v applied to the. target, focusing grill, and.
auxiliary. grill; respectlvely, differ from each. other. If the
focusing - grill is adjacent to the target the condition
becomes:

40
45.

50..
=

VT —AVIT +V7)
If the auxiliary grill is adjacent to the target the condition
becomes

al
a

(23)

55.
a V =V

T (VT )(w/V V)
By adjusting the value of the target voltage V relative to
.the: other Voltages»v and. 'V, subject fo: the .above condi-
tions, it is: possible.to balance the efficient utilization of the
beam power against: greater or less complete suppression-
ofspurious: electrons, including electrons: scattered” with-
highs velocity. at: the: grill wires:

- The-double-grill: focusing: system of the present inven-
tion can be employed to advantage- also ima system em--
ploying a single' beam and- utilizing voltages: applied’ be--
tween successive wires of a- bi-part: focusing: grill to- shift
the Beam electrons from: one set of phosphor lines on the
screen to another. Such a system is shown in Figs. 7,.
8 and 9. The auxiliary grill ‘which is designated” 3% in
Fig, 7, has been omitted; in the interest, of clarity, from
Fig. 8. As shown, hewever, in Fig: 8 the wires of the
~focusing, grill: (which is indicated, generally; at. 41 in Fig;. .

(24), .

60.

65

70

- 75 7) are 'stretched over two insulating guides 43. and. 45
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forming two electrically connected sets 46 and 47. One
set may be hooked back on the insulator on one side, the
other on the other side, attzachment to hooks on two
conducting electrodes 48, 49 occurring on two opposite
sides of the grill. ' The order of the phosphor strips (see
Fig. 7) is now different than for the three-beam “direc-
tional beam” tubes of Figs. 1 to 6, inclusive. In this ex-
ample the frequency of occurrence of one of the three
colors is twice that of each of the other two colors. As
here: shown it is GRGBGRGBGRGB in place of
RBGRBGRBG and the desired deflection is approxi-
mately +d/2 in place of ==d/3. From the fields between
the wires. the deflection voltage applied between the wires
“necessary to produce this deflection may be shown to
be. (for a grill arrangement corresponding to System I):
~.  2VdM, d o
V= - in 1.27D (25)
where D is the wire diameter of the focusing grill and
“n” is the natural logarithm, e. g. for d=0.020 inch,
D=0.002 inch, =0.57 inch (corresponding to a==x1°),

V=12,000 volts, Mo=1.049, 7'=720 volts. The deflect-

ing voltage V may be either in the form of a step voltage
51 (Fig. 9) to give the proper sequence of reproduced
colors' (e. g. BGRBGRBGR) or more conveniently, in
the form of a sinusoidal variation 33 (Fig. 9) with Tms
amplitude:
14 ~
o rms= V23V (26)
A-blanking signal 55 (Fig. 9) with three times the color
change frequency must be applied to the grid (or cathode)
of the gun of the tube to assure that the beam 57 (Fig. 7)
is-biased off except when the deflecting voltage on the
bi-part grill 4647 is such as to center the electron cur-
rent on a set of the phosphor lines.

Considered. purely from the viewpoint of mechanical
construction, the essential features of the tubes thus far
described. is the employment of (i) two field electrode
grills' 9 and 11 made up of wires or other elements hav-
ing parallel-slit openings between them so that the two
sets of wires or slits are at right angles to each other, in
combination with (ii) a “line screen” 7 wherein the lines
extend in rows parallel to the wires or slits in one or an-
other of said grills. Considered from the viewpoint of
the electron-optics involved, the target assemblies of these
tubes, when ‘operated in the manner described in connec-
tion with Figs. 1 to 9, inclusive, may be said to comprise
an electron-optical system made up of (i) at least one
converging lens and (ii) at least one diverging lens and
including (iii) “means” (i. e. the specified orientation of
the wires of each grill with respect to the lines on the
screen or “target”) for so orienting the defocusing action
of the diverging lens that it is in:a direction along the
phosphor lines so that. it does mot produce any color
dilution.

The. virtual absence of color-dilution (which might
be:present as an incident to the necessary presence of a
divergent lens. in the system) can also be achieved irre-
;spective of the orientation of the auxiliary grill by making
said grill of very fine, very closely spaced, wires. As an
example: In practical embodiments of the tubes shown
in Figs. 1 to 8, inclusive, grill wires of a diameter of 0.002
of an inch and spaced apart approximately .004 of an
inch, would prove entirely satisfactory. It was found that
the diverging effect of the auxiliary grill 11 was minimized
when a wire mesh (11, Fig..10) consisting of both warp
and- weft strands with 200 openings per linear inch was
substituted for the parallel wire structure of the auxiliary
grill 11 shown in Figs. 1 to 8. The principal advantage
of ‘an auxiliary grill formed of such fine, closely spaced,
wires is that it may be inserted in the target assembly with-
out any. regard to the relative orientation with respect to
the ‘wires.of the focusing grill. This, obviously, simplifies
the manufaciure of the screen-assembly. It need scarcely
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be pointed out, however, that a grill or mesh of such fine
construction will absorb more beam current than one ‘of
more open-work construction. This disadvantage, how-
ever, is offset to a large degree by the fact that the open-
ings in the other or focusing grill (9, Figs. 1-6; 9, Fig.
10} can be several times larger than they are in a tube
operating on the Crookes-shadow principle.

All of the color-tubes thus far described in this specifica-
tion employ target electrodes of the “line-screen” variety.
The invention, however, is also applicable to tubes em-
ploying a so-called “dot-screen.” Thus, referring to Fig.
10, there is shown a screen-assembly which includes a
screen electrode 7” having a target surface made up of a
multiplicity of groups of red (R), blue (B) and green (G)
phosphor dots which, in the instant case, are arranged in
a repetitive “hexagonal” pattern similar to one shown in
the copending application of Alfred C. Schroeder, Serial
No. 730,637, filed February 24, 1947, now U. S. Patent
2,595,548, issued May 6, 1952. (A “hexagonal” pattern
is one wherein each dot, except the ones near the edges,
is surrounded by six other dots.) As in the case of the
line-screen, the target surface of this dot-screen 7’ is pro-
vided with a continuous electron-transparent conductive
coating 13’. The other two elements of the screen or
target assembly comprise (1) a focusing grill in the form
of a thin metal plate 9’ containing a multiplicity of hex-

"agonally arranged apertures corresponding in number to

the number of groups (of three) color-phosphor dots on
the screen electrode 7’ and (2) an auxiliary grill in the
form of a fine wire mesh 11’ mounted adjacent to the
gun or target side of the apertured focusing grill or
plate 9. ’

The relative potential distribution among these three
electrodes of the screen-assembly may be made the same -
as described in connection with the line-screen tubes of
Figs. 1-8. When the potential distribution is such that
the electric field on the screen-side of the focusing grill
9’ has a greater tendency to accelerate electrons than the
field on its gun-side, the resultant lens field adjacent to
the apertures in said focusing grill is that of an axially
symmetrical or “spherical” lens (instead of a “cylindri-
cal” lens) whose center of symmetry is such that the red,
blue and green beams passing through the lens (and
originating at the three centers of symmetry, see Fig. 10)
converge toward the centers of the dots R, B and G, re-
spectively. As a consequence, the lens action of the
focusing grill 9 is such as to converge the beam electrons
from any one gun toward the centers of the dots of the
color allotted to that gun. The close spacing of the wires
of the auxiliary grill 11’ renders the diverging effect of
this lenticular electrode so small that the beam electrons
do not spread beyond the periphery of the dot upon which
said beam impinges.

Where, as in Fig. 10, the focusing grill 9’ is mounted
next adjacent to the dot-screen 7’ the beam electrons will
be confined to the separate areas or dots R. B and G when
the following relation exists between “a” (the spacing
between the screen 7’ and the focusing grill 9’), o’ (the
spacing between the focusing grill 9’ and the auxiliary
grill 11’), V (the voltage applied to the screen-7), V
(the voltage applied to the focusing grill 9°) and V' (the
voltage applied to the auxiliary grill 11°):

e V-V
@ BVTVV)WV+VV)
(Here, as in all other equations the several voltages V,

V, V' are measured with respect to the voltage of the
beam cathode as zero.)

If the focusing grill 9’ and screen 7’ are connected elec-
trically so that:

(27)

V=V
this condition becomes:

’17[

v

(28)

4a’
L4— (29)



2,728,024

15

When- the- positions of'the auxiliary:grill- and’ focusing

grill are interchanged (as-e. g. in Figs: 4 and 5), so that
the auxiliary grill: 11" is adjacent to:the screen- or target
the relation which must be satisfied: in

electrode- 77,
order that the parallel beam of electrons incident on the

target assembly is concentrated into: the- small dots on-

the target is:

M V=V

T BT AT VT V)

(Here the: definition of the several symbols in the Formula

30 is-tHe same-as'forEquation No; 27, supra.)
If'thHe-voltage (V) applied:to-the screen 7' and’the voit-

age (V) applied to the focusing grill 9% is the same (i. e:

V=V); the foregoing; relation becomes:..

| 7 (Liseley
‘1+a’la

v
The: invention is also. applicable to color “pickup”
camera.tubes. Such. a tube is shown in Fig. 11.
the. photosensitive screen, which is designated. 61 in: Fig;
11, may be either of the photo-emissive variety shown

in. Fig. 12 or of the photoconductive variety shown in
Fig. 13.

electrode (63a, Fig. 12; 63b, Fig. 13). such as: Nesa glass;
and a.set of parallel filter strips R, G and B:which trans-

(31).

- In:either event its photosensitive target: surface-
(61a, Fig. 12; 61b, Fig. 13) is backed. by a.transparent -

10

15

O~ 20
Here:

25

mit: red, green. and blue light, respectively. The focusing:

grill. 65 (Fig. 11) is- placed a distance «a.in front of the:

photosensitive surface. of the screen- 61. - It consists of
thin wires parallel to and aligned with ‘the filter strips,
with, three. strips. per: wire spacing. - The: auxiliary grill' 67
is.placed.at.a distance " in front. of the focusing grill 65,

with. its, wires, extending: in- the opposite direction, in:this 3
case;, vertically.. The target assembly is scanned. by a

single beam.69 whose direction of incidence on the photo-~
emissive. target. 6% is varied. periodicaily, for example,
in.the manner taught by R. R. Law-in copending applica-

tion, Serial. No. 143,405, filed February 10, 1950;. now-

U. S..Patent 2,696,571. In this manner a video signal is
obtained, from. the “signal plate” (i.. e. the transparent
electrode 63a, Fig.. 12 or 635, Fig. 13) which cerresponds
to: the output of the sampler in a “dot-sequential”™ trans-
mitter- using a: simultaneous: camera if the rate of chang-
ing the beam-incidence.is varied-at the sampling frequency;
if. varied: at field frequency. it corresponds to:the output
of a. “field-sequential” color camera.

If the cathode-of the gun 7% of the tube is grounded, a

voltage: V. is: applied. to-the focusing (color-selecting) grill

65 and-a:voltage V to:the auxiliary: grill 67, the preferred
relationship between the' voltages:and the spacings a, a’
is: )
e_ 2V _ 2V
V'-v

; (32)
whithy for V=30 volts-and 7' =400 volts, leads to

a’

%=am

This value corresponds. to: the narrowest conceniration of

the beam on the photosensitive- areas corresponding to
the filter strips R, G and B. If a photocenductor 61b
(Fig: 13) is employed, the back electrode 635, which acts
also as the signal plate, is biased with respect to the gun
cathode: ‘as- in any pickup tube of the vidicon variety.
When.a photoconductive surface (631b) is used:it is: pref-
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made to the fact that the invention is-also-applicable to

cathode-ray tubes designed for use-in stereoscopic televi-
sion systems: In-such an embodiment of the invention,
referring now to Fig. 14; the screen is-made up of a uni-
formly metallized’ phosphor layer 81 on a thin transpar-
ent support 83 which bears-equally spaced filter strips 85
and: 87 of polarizing matenal successive- strips operating’
to-polarize incident light in mutually perpendlcular direc-
tions. -These polarizing strips-85 and:87 (as in the case of
the- color strips R, B:and G in the earlier described em-
bodiments of the invention): are disposed parallel to the
wires of the focusing grill 89, and the wires of the- auxili-
ary grill 91 extend-at right angles to said strips.”. The spac-
ing: of ‘the polarizing strips is made equal to. one-half the
spacing of wires of the focusing grill times the magnifica-
tion (Mo) -of the grill pattern:on the screen. (The posi-
tion of the two grills: 8% and’ 91 may’ be reversed, if de-
sired.)

The tube contains. two: guns, 93 and: 95, which are so
disposed ‘that the beam electrons from’ one gun fall ex-
clusively on the filter strips 85 of one polarity and the
beam electrons from the other gun upon the.filter strips
87 of the other polarity.. The screen is viewed: by the ob-
server through spectacles whose lenses 97 and 99 are po-
larjzed. in opposite directions: corresponding to-the- direc-
tions. of polarization of the:filter strips 85 and 87, respec-
tively. - In this manner éach eye sees the picture repro-
duced through one of the two sets of filter strips only.
Since-it is assumed that the signals applied to the grids of
the guns 93 and 935 are supplied by the two images formed
in. aistereoscopic television: camera’ (not shown): the com-
posite. image- perceived by: the observer: is: a three-dimen::
sional replica of the scene-being: televised..

From. the foregoing: description- it is- believed appar--
ent that.cathode-ray tubes;constructed: in accordance: with
the principles of the invention effect-an efficient utilization
of their scanning beam: or beams without loss of con-
trast and, in the case of color-tubes, without;color-dilutiomn:
resuiting (a) from the return, of- high- velocity, backs
scattered electrons to the color-screen as well as from (b)
the acceleration. of low velocity secondary: electrons-from
other elements in the'tube. '

What is-claimed is: -

1. The. combination with a cathode-ray device com-
prising a source: of beam electrons-and. a; target-assembly:
including. first and: second lenticular field-electrodes. and
a' target electrode- mounted: in: spaced-apart relationship
in parallel planes and inthe order named within.an: evac-
uated: envelope of means including:a source: of voltage for:
energizing each of said-électrodes to:establish at least one
beam-focusing - electron-lens. field within: said target as-
sembly, the voltage: applied: to said target electrode. being
substantially no higher than: the voltage applied to said:
first and second:lenticular field-electrodes;

2. The invention: as: set forth in.claim 1 and wherein
said target-electrode is of the “line screen” variety,. the:
apertures in one of. said: field:electrodes extending: parallel
to' the lines on said target-electrode and the apertures
in. said another: of said-field: electrodes extending: substan-
tially at-right angles to'said lines..

3. The invention as:set:forth:in claim: 1 and Wherem one
of said: field:electiodes is: of bi-part construction and: con-

- sists of alternate. and: mtermed1ate wires. disposed. in a:

65. -

erably one having an appreciable. spectral response: -

througheut: the: visible: spectrum;. for example,. an: appro-
priate antimony-sulphide selenium layer. ‘
_In view of th_E much lower voltages employed (e. g.
V=400 volts, ¥V==30 volts), it is even more essential
than in color-kinescopes to employ good: magnetlc shield-
ing (not-shocwn) about the-tube.

In the first paragraph of this specification reference is

790

common plane.

4. The invention as set forth: in: claim. 1. and wherein
said: target: electrode. and- said second field-electrode have
substantially the samne potential; applied thereto.

5.. The invention: as set forth.in claim 1.and wherein said:
tanget electrode: and. said: second field-electrode: have sub-
stantially; the: same: potential applied: thereto; and’ said:
first: fieldrelectrode has-a higher potential applied -thereto.

6. The invention: as set forth in-claim 1 and- wherein
the potential applicdito said second: field!electrode ishigh-
er- than the - voltzge. applied to: said: target’ electrode:

7. The invention as. set fortlt in clatm 1 and wherein
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said targeét electrode and said first fieid-electrode have.

substantially. the same potential applied._thereto, and said
second field-electrode has a higher potential applied there-
to.

8. The invention as set forth in claim 1 and wherein
said target electrode and said second field-electrode have
substantially the same potential applied thereto, and said
first field-electrode has a lower potential applied thereto.

9. The combination with a cathode-ray tube of the kind
wherein an electron-beam is subjected to a scanning move-
ment and to an accelerating force of sufficient intensity to
produce spurious electrons upon impact of said beam with
at Jeast one member of a target assembly which includes
(i) ‘a plurality of lenticular field-electrodes and (ii) a
target electrode effectively divided into a multiplicity of
image-areas, of means for subjecting said spurious elec-
trons. to: an. electric field of such direction as to move said
spurious electrons away from said target electrode, said
electric field operating to distort the cross-sectional con-
tour of said beam and hence to distort its pattern of im-
pact upon said target electrode, and electron-optical
means for confining the boundaries of said distorted beam
to the particular areas of said target electrode to which it
is directed by said scanning movement.

10.: The invention as set forth in claim 9 and wherein
(a) said target-electrode is of the “line-screen” variety,
(b) wherein said lenticular field-electrodes are of the
cylindrical-lens variety and, jointly with said target elec-
trode, comprise the means for subjecting said beam to said
electric-field and (c) wherein said electron-optical means
comprises an arrangement of said field electrodes where-
in the generatrices of the cylindrical-lens elements of one
electrode are substantially parallel to the lines on said
line-screen and the generatrices of the lens elements of
another of said electrodes are in a direction substantially
at right angles thereto.

11, The invention as set forth in claim 9 and wherein
(a) said target electrode is of the “dot-screen” variety, (b)
wherein: said lenticular field-electrodes are mounted in
spaced apart relationship, successively, in the path of said
beam, . (c) wherein at.least one of said field-electrodes is
of the spherical-lens variety, (d) wherein said field-elec-
trodes. jointly with said target electrode comprise the
means for subjecting said beam to said electric field and
(e) wherein said electron-optical means comprises an-
other ‘of said lenticular field electrodes, said last men-
tioned electrode. comprising a foraminous structure where-
in the apertures are so closely spaced that the distorting
effect of said structure upon said beam is negligible as
compared to the diameter of the individual dots upon said
dot-screen.

12. The combination with a cathode-ray device com-

prising a source of beam electrons and a target ‘assembly-

including first and second field-electrodes and a target
electrode of the “line-screen” variety mounted in spaced-
apart relation in the order named within an evacuated
envelope, said field electrodes containing line-like aper-
tures with the apertures in said first field-electrode extend-
ing in a direction substantially at right angles to the lines
on said “line-screen” and the apertures in said second field-

10

30

35

40

50

55

60

electrode extending in a direction substantially parallel

to said screen-lines, of means for applying an operating
potential to said first field-electrode and a discrete com.-
mon operating potential to said second field-electrode and
to said target electrode all in accordance, substantially,
with the formula:
7/ _ 2al
y=1+7
wheérein:
V’=the operating potential applied to said first field-
electrode, )
V=the common operating potential applied to said sec-
ond field-electrode and to said target electrode,
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a’=the spacing between said first and second field-
electrodes,
a=the spacing between said second field-electrode and
said target electrode.

13. The combination with a cathode-ray device com-
prising a source of beam electrons and a target assembly
including first and second field-electrodes and a target
electrode of the “line-screen” variety mounted in spaced-
apart relation in the order named within an evacuated
envelope, said field-electrodes containing line-like aper-
tures with the aperfures in said first field-electrode ex-
tending in a direction substantially parallel to the lines
on said “line-screen” and the apertures in said second
field-electrode extending in a direction substantially at
right-angles to said screen-lines, of means for applying
an operating potential to said second field-electrode and
a discrete common operating potential to said first field-
electrode and to said target electrode all in accordance,
substantially, with the formula:

v 1—}-2a,’/a)2
VvV \14+d'/a
wherein: e ey e
V’=the operating potential applied to said second field-
electrode,
V=the common operating potential applied to said first
field-electrode and to said target electrode,
a’=the spacing between said ficld-clectrodes,
a=the spacing between said second field-electrode and
said target electrode.

14. The combination with a cathode-ray device com-
prising a source of beam electrons and a target assembly
including first and second field-electrodes and a target
electrode of the “line-screen” variety mounted in spaced-
apart relation in the order named within an evacuated
envelope, said field electrodes containing line-like aper-
tures with the apertures in said first field-electrode ex-
tending in a direction substantially parallel to the lines on
said “line-screen” and the apertures in said second field-
electrode extending in a direction substantially at right-
angles to said screen-lines, of means for applying an
operating potential to said first field-electrode and a
discrete common operating potential to said second field-
electrode and to said target electrode all in accordance,
substantially, with the formula:

—

vV_ 1 20’ | 4a’?, 2q'
T—f—;‘é_a—_'(\/ Ittt
a

wherein: }

V=the common operating potential applied to said target

__celectrode and to said second field-electrode,

V=the operating potential applied to said first field-
electrode,

a=the spacing between said second field-electrode and
said target electrode, and

a’=the spacing between said first and second field-
electrodes.

15. The combination with a cathode-ray device com-
prising a source of beam electrons, a first field-electrode
containing a multiplicity of parallel line-like apertures, a
second field-electrode containing a multiplicity of line-
like apertures extending at right angles to the apertures
on said first field-electrode, and a target electrode, all
mounted in spaced-apart relation in the order named
within an evacuated envelope, of means including a source
of voltage for energizing said device in accordance, sub-
stantially, with the formula:

a’ V-7

@ VT V) o VD)

wherein:
a’=the spacing between said first and second field-
electrodes, .
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a=the spacing between said " second ﬁeld-eleetrode :and
said target electrode,

V==the' wvoltage :applied-to. said target-electrode,

V-the voltage applied to said second-field-electrode,

V’-—-the voltage applied-to-said first*field-electrode,

whereby :said beam, when subjected to :a.scanning. move-
ment, will trace upon said target electrode a.series.of
narrow lines parallel to the apertures of said second field-
electrode.

.16. The combination with a cathode-ray device com-
prising a source of beam electrons, a first: field-electrode
containing a multiplicity of parallel line-like:apertures, a
second field-electrode containing a multiplicity  of line-
like apertures extending substantially at right. angles to
the apertures in said first -field-electrode. and a target
electrode, all mounted in spaced-apart relation in the
order named within. an evacuated envelope, of means in-
cluding a source of voltage.for.energizing said device in
accordance, substantially, w1th the formula

al

a -
- ey
wherein:

a’=the spacing between said first and second :field-
-electrodes,

a=the spacing between said :second. field-electrode .and
said target electrode,

V=the voltage applied to said target-electrode,

V=the voltage applied to said first field-electrode,

V'==the voltage applied to-said second field-electrode,

whereby said beam, when subjected. to-a scanning move-
ment, will trace upon said target electrode a . series. of
narrow lines parallel to the apertures of said: first field-
electrode.

'17. The combination with a cathode-ray .device. com-
prising a source of beam electrons, first and second. aper-
tured field-electrodes and a target electrode mounted .in
spaced-apart relation in the order named in.an evacuated
envelope, the apertures in said second field-electrode com-
prising a repetitive pattern of circular holes and said. first
field-electrode containing apertures whose smallest di-
ameter is less than the diameter of the. circular holes in
said second field-electrode, of means: including a.source
of voltage for energizing said device in accordance, sub-
stantially, with the formula:

el V-7

¢ (34v ﬁ)(r+'m

wherein:

a’=the spacing between said first and. second-ﬁeld €lec-

trodes

a=the spacing between said second field -electrode -and:

said target electrode
V_the voltage applied to said target electrode

V—the voltage applied to said:second field electrode
=the voltage applied to said first field electrode

whereby said beam, when subjected to.a scanmng move-
ment, will trace upon said target electrode a series of cir-
cular spots, in a pattern corresponding 1o the. pattern of
holes in said second field-electrode.

18. The combination with a cathode—ray device. com-
prising a source of beam electrons. and a-target assem-
bly including first and second apertured. ﬁeld—elecirodes
and a target electrode of the “dot-screen” variety. mounted
in'spaced apart relation.in the order. named with an,evac-
uated envelope, the apertures insaid’ second field . elec-
trode bemg of substantially circular contour and ar-
ranged in a pattern corresponding to the pattern of dot
groups on said “dot screen” and the .apertures in said
first field-electrode having a diameter smaller than the
diameter of the circular apertures in said -second:ficld-
electrode, of means for applying. an: operating:potential

to said first field-electrode and a discrete common 0P~

10

15

40

45

50

60

75

eratmg :potential-fo: sald target anid-second-field-electrode
in: accordance, substannally, with the: formula:

__1+_

wherein;

V.=the..common. operating potential -applied to-said -tar-
-get-electrode-and ‘to :said-second field-electrode.

V’--——-,,thevoperaﬁng potential-applied to said first ﬁ'eld'-elec-
trode
a=the spacing between said target electrode.and: sard sec-

-ond field:electrode
a'=the spacing between said first:-and second field-elec-

trodes.

-19. The combination with-a cathode-ray. devu:e com-
prising -a-source of beam: electrons, a first field-electrode
containing -a:multiplicity :of :circular apertures.arranged
in .a; repetitive - pattern, .a. second field-electrode - contain-
ing.a multiplicity of:apertures:whose. smallest: diameter
is: much less than -the diameter-of-the: circular apertures
in ;said -first ‘field-electrode, :and  a:target -electrode, -all
mounted in ;spaced-apart .relation in the -order named
within "an evacuated - envelope, -of - means including -a
source of -voltage : for -energizing: said -device in:accord-
ance, substantially, :with:the:formula:

a__ V=7 ‘
¢ (BNTATINT V)

wherein:

a’==the spacing. between  said first and: second-field elec-
trodes

a==the: spacing -between . said . second field-electrode and
said: target electrode

V==the-voltage-applied to said target electrode

V=the voltage applied to said first field -¢lectrode

V'=the voltage applied to said second ‘field electrode

whereby said beam, . when subjected to. a-scanning move-
ment, will  trace upon .said-target ¢lectrode a.series. of
circular -gpots in-a-pattern. corresponding to the :pattern
of holes in.said first field-electrode.

20. The combination with-a cathode-ray-device com-
prising .a:source: of beam elecirons and-a:target assembly
including first and:second . apertured ‘ficld-electrodes and
a_ target -electrode of -the “dot-screen” wvariety ‘mounted
in -spaced-apart -relation - in ‘the -order -named within an
evacuated envelgpe, the.apertures in said.first-field:elec-
trode being.of substantially. circular-contour and arranged
in .a pattern: corresponding substantially ‘to the pattern
of dot groups on said target electrode and the .apertures
in said:second: field-electrode: having :a.diameter ~smaller
than the.diameter 'of -the -circtilar:apertures in said-first
field-electrode, of means for applying-an-operating poten-
tial to.said second field-glectrode -and :a discrete common
operating potential .to said target-and first: field-electrode
in: accordance, substantially, with the formula:

v 1’-|-13a’/a)’
Vo \1¥dJe )
wherein: - :
V==the. common.operating potential applied to said-tar-
:get- electrode. and to-said-first‘ficld-electrode
V==the- operating-potential -applied to said-second figld-
-glectrode

a—the spacing between said target electrode and said
second field-electrode

“a’=the spacing betweensaid first and second field-elec-

trodes.

21. A target assembly for a cathode-ray tube : com-
prising a first set of parallel wires, a second. set of par-
dllel-wires mounted adjacent to said first set at_an. angle
of substantially. 90° with respect .thereto, and an electri-
cally ‘conductive- target ‘suiface compnsmg a plurality of
substantially “parallél:lineidike Tay-sensitive-areas disposed
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in parallel relationship with respect to the wires of one
of said sets in a position to be scanned by electrons pass-
ing between the wires of both sets.

22. The invention as set forth in claim 21 and wherein
said line-like ray sensitive areas comprise a multiplicity of
groups of phosphor. colored areas of different color-re-
sponse characteristics.

23. The invention as set forth in claim 21 and wherein
one-of said sets of parallel wires consists of two groups
. disposed in a common plane with the wires of one group
-~ drranged between the wires of the other group and elec-

- trically insulated therefrom.

24, A cathode-ray comprising a screen-electrode hav-
ing a mosaic target surface made up, effectively, of a mul-
tiplicity of groups of parallel line-like areas of different
ray-sensitive characteristics, a source of beam electrons,
means-for directing beam electrons from said source onto
~ selected ones of the line-like areas in each of said groups,
and a plurality of lenticular field-electrodes each con-
taining a plurality of elongated apertures through which
-said " electrons pass in their-transit from said source to
said line-like screen areas, the elongated apertures in at
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least one of said lenticular field electrodes extending in
parallel relationship with respect to said line-like screen
arcas and the elongated apertures in another of said field
electrodes extending at an angle of substantially 90°
with respect to said line-like screen areas.
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