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1 |
This invention relates fto image-reproducing
devices and more particularly to electrostatical-
ly focused cathode-ray tubes for use as picture-
reproducing devices in television receivers and
the like. |
In the copending apnplication of Constantin S.
Szegho, Serial No. 229,013, filed May 31, 1951, for
“Image~-Reproducing Device’ and assigned to the
present assignee, there is disclosed and claimed
@ novel cathode-ray tube employing an ion-trap
type electron gun in conjunction with a unipo-
tential electrostatic focusing system which re-
quires no operating potential between the B-
supply potential of the associated receiver ap-

tential electrostatic focusing system comprises
three electrodes, the outermost two of which are
operated at final anode voltage, while the In-
termediate one is operated at or near ecathode
potential to provide the desired electrostatic field
distribution comprising convergent and divergent
lens components and having a net convergent ef-
fect on the electron heam. Because optimum
beam focus is required for some operating po-

tential of the intermediate or lens electrode be-

tween ground potential and the B-supply voltage
of the associated receiver apparatus, and because

this range of operating potentials for the lens

electrode is extremely narrow with respect to the
- final anode voltage, the electrode dimensions and
spacings are dquite critical and require the main-
tenance of stringent manufacturing tolerances.
In view of the relatively close electrode spac-
ings and the high potential gradients involved,
occasional undesirable arcing and field emission
may be encountered.

It is an important object of the present inven-
tion to alleviate this undesirable condition by pro-
viding a new and improved construction for the
low-potential lens electrode.

It is a further object of the invention to pro-
vide such a new and improved lens electrode
which is simple and inexpensive to construct vet;
adapted to the maintenance of stringent manu-
facturing tolerances. |

These and other objects are accomplished in
accordance with the present invention by em-
ploying a lens electrode comprising a ring meme-
her having a cylindrical central portion rounded

at each end. The ring member is peripherally !

clamped between a pair of oppoesed semicircular
wire members having joined outwardly extending
end portions which serve as support tabs for the
lens electrode.

~The features of the present invention which
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paratus and the final anocde voltage. The unipo- 15

are believed to be novel are set forth with par-
ticularity in the appended claims. The inven-
tion, together with further objects and advan-
tages thereof, may best be understood, however,
by reference to the following description taken
in connection with the accompanying drawing, in
the several figures of which like reference nu-
merals indicate like elements, and in which:
HFigure 1 is a fragmentary side elevation, partly
in cross-section and partly cut away, of an image-
reproducing device embodying a lens electrode
constructed in accordance with the present in-

vention: -

Figure 2 is a plan view of a lens electrode-con-
structed in accordance with the invention:.
Figure 3 is a side elevation of the lens electrode
of Pigure 2; | -
Figure 4 is a partial cross-section taken along
the line 4—4 of Figure 3; and E -
Mgure 5 is a schematic diagram of a television
receiver embodying the image-reproducing de-
vice of Figure 1. | | | .
The image-reproducing device of Figure 1
comprises a fluorescent screen 10 affixed to the
glass target portion [ of a cathode-ray. tube
envelope which also comprises a glass neck por-
tion 12 enclosing an electron gun and an elec-
trostatic focusing system., The electron gun com-
prises a cathode 13, a control electrode 14, and
first and second accelerating electrodes 15 and
[6 respectively. A diaphragm I7 having a central
aperture {8 is disposed across the outlet end of

‘second accelerating electrode 16, and aperture
I8 is symmetrically centered with respect to the
tube axis A—A perpendicular to the center. of

the fluorescent screen 0. Second accelerating
electrode 16 is laterally offset from first accelerat-
ing electrode I5 to provide a transverse electro-
static-deflection field in the region between these
two electrodes, and the entire electron gun struc-
ture is tilted with respect to the tube axis A—A
by an angle 4.

An electrostatic focusing system of the unipo-

tential lens type is disposed between the elec-

‘i}ron gun and the fluorescent screen. The focus-
Ing system comprises the outlet end of second
accelerating electrode 16 including diaphragm {7,
a lens electrode 19, and an additions] electrode
20 which are all coaxially mounted with respect
to the tube axis A—A. Diaphrasm IT and addi-
tional electrode 26 are maintained at g common
operating potential by means of connecting strips
Zf, while lens electrode (9 is provided with a
separate lead 22 extending through the base 23
of the tube. Additional electrode 20 is further
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maintained at a common potential with a con-
ductive coating 24, of colloidal graphite such as
aquadag or the like, on the inner wall of the
tube envelope, by means of metal spacer springs
95  Conductive coating 24 extends toward the
base only as far as electrode 20 to avoid undesir-
able spark discharge between that. coating and
lens electrode L] and lead 22 may be provided
with an msuletm glass bead (not shown) to
prevent spark discharge to electrode I6.

For convenience, electrodes 14, 15, 16, {8 and
20 may be termed ‘“‘grids” and may be designated

by number starting with control electrode 4 as
the first grid and progressing in the dneetmn

of beam travel to additional electrode 28 which
is the fifth grid. All five grids are supported in
predetermined mutually spaced relation by means
of a pair of glass pillars 26, of which only cne
is shown, in a manner Whlﬂ”l will be apparent 1o
those skilled in the art. Separate leads for grids
I 2 end 4 extend through the base 23 of the tube,
as de the supply leads for the eathode I3 and
1ts asseemted heater element (not shown) Op-
elja:_t_mg velte,ge fDl the cenduetwe eoetmg 24,
be supplled by means of a cenventmnal eontect
button if the envelope is of the all-glass type, or
dlrectly to the metal cone member if the tube is
ef the glass-metal vamety

An external permanent magnet 21, supported
in a spring clamp 28 which fits snugly around
the neck of the tube and is movable both axial-
ly and rotationally, is provided to develop a
megnetlc field within the tube to provide separa-
tion of the negative ions from the electron beam.
Moreover, a fluorescent coating 29 on the outer
surface of the second accelerating electlede i G
(erid 3) is provided for famhtatmg a,llgnment of
ion-trap beam-bender magnet 217.

The tube is evaeueted sealed and bhased in ac-
eerdence with well-known procedures whmh re-
quire no further explanation, and smtable getters
30 are supported from grid 3 to absorb residual
gases after evacuation.

In operatlon a mixed beam of electrons and
nega,twe ions er1gmet1ng at cethede {2 is pro-
jected threugh the aperture in ﬁrst aeceleratmg
electrode 165. When the mixed beam emer
from grid 2, it encountels an eleetreetetle ﬂeld
having a trensveree component due to the lateral
effset of orid 3 with respect to grid 2. Conse-
quently, electrons and ions are hoth deflected
upwardly in the view ef Flgue 1. The megnetle
ﬂeld 1mposed by beamnbender magnet 27 serves
to. deﬂect the eleetrens in a downward direetlen
as viewed in Figure 1 without subetentmlly af-
fectlng the peth taken by the negative ions.
Thus, when beam-bender magnet 27 is accurately
adjusted, the beam of electrons is projected cen-
trally through e,perture 18 of diaphragm {7 in a
direction along the tube axis A—A, while the
negative ions are intercepted by the metallle poY -
tions of grid 3 and diaphragm (7. The ion-trap
mechanism is disclosed and claimed in the co-
pending. apphcatlen of Willis E, Phillips et al,,
Serial No. 156,745, filed Aprﬂ 19, 1950, for “Elee-
tron Gun for Ce,thode-Ray '_I‘ubes” now U. S.
Patent No. 2,596,608 issued May 13, 1952, and as-
signed to the present assignee,.

The axially directed electron beam is subjected
to the. focusing action of the electrostatic fields
produced by the outlet end of second accelerat-
ing electrode I8 including diaphragm 17, lens
electrode 19 and the fifth grid 29 which tegethel
constitute a unipotential electrostatic focusing
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lens system. The general construction and op-

eration of lenses of this type are well understood
by those skilled in the art as indicated by an

“article entitled “Measured Properties of Strong

‘Unipotential’ Electron Lenses” by G. Liebmann,
Proceedings of the Physical Society, section B,
volume 62, part 4, pages 213-228 (April 1, 1949).
The requlred cperating petentm,l difference be-
tween the lens electrode (grid 4) and the other
electrodes of the focusing system (grids 3 and 5)
is determined by the dimensions ¢f and the spac-
ing between the electrodes constituting the uni-
petentml lens Although the relationships are not

necessarily lmear the required fceusing poten-

tial difference varies directly with the length and
inversely with the diameter of grid 4, and in-
versely with the separation between grid 4 and
grids 3§ and 5. Certain limitations on these
parameters are imposed by practical considera-
tions; if the diameter of grid 4 is made too small,
excessive spherical aberration is encountered and
if the separation hetween grids 3 and 4 is made
too great, the deflecting influence exerted hy the
asymmetrical electrostatic field established be-
tween lead wire 22 and grid 3 becomes objecfion-
able.

Unipotential electrostatic lens systems have
previously been employed in cathode-ray tubes.
Such lens systems have been found guite satis-
factory and readily adaptable to mass production
techniques when the electron gun and the focus-
ing system are coaxial and the path of the beam
is restricted to the tube axis during its entire pro-
gress from the cathode through the focusing
system. However, according to present com-
mercial practice, nearly all television picture
tubes are provided with an ion-ftrap mechanism
of one sort or another for removing negative ions
from the electron beam in order to avoid de-
terioration of the fluorescent screen. Such types
of lon-trap arrangements as are commonly em-
ployved provide ion separation by subjecting the
mixed beam to gpposed electrostatic and mag-
netic fields; both electrons and ions are trans-
versely deflected by the electrostatic field, while
the electrons only are suhstantially deflected in
the opposite. direction by the impressed magnetic
field. It is apparent that the practical require-
ment for ion trapping results in a displacement
of the electron beam from the tube axis, and it
is necessary that the beam be directed to the
axis before it enters the focusing system. The
accuracy with which this is accomplished is of
importance when magnetic focusing is emploved
or when a unipotential electrostatic lens system
is employed with a focusing voltage source which
may he varied over a relatively wide range, but
slight misalighment may be compensated by
varying the focusing voltage. However, the ion
trap alignment becomes much more critical when
eatisfeetery operation of the electrostatic focus-
ing system is required within a narrow focus-
ing voltage range between cathode potential and
the B-supply voltage of the associated apparatus,
owing to the increased strength of the individual
lens components constituting the unipotential
focusing system.

In general, if the electron beam is inaccurately

centered or approaches the focusing system in an
angular manner, multiplicity of focus is encoun-
tered. The most troublesome form in which this
manifests itself is that of astigmatism and/or
coma. In order to obtain focusing comparable
with that provided by magnetic focusing systems,
while operating the lens electrode at or near
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cathode potential, it has been found essential
that the electron beam be centrally directed along
the axis in its passage through the focusing sys-
tem. In other words, the ion trap must be pre-
cisely adjusted for satisfactory focusing with a
low-potential electrostatic lens system. Such
precise alighment of the ion trap is facilitated
by providing a fluorescent coating 29 on the outer
wall of second accelerating electrode 6. This
fluorescent coating serves as an ion-trap adjust-
ment indicator; in practice, permanent magnet
21 is moved both axially and rotationally until
the glow from fluorescent coating 29 is reduced
to a minimum, thus indicating precise ion trap
alignment. The fluorescent coating must of
course be s0 situated that it is excited into fAuo-
rescence whenever the electron beam is entirely
or partially intercepted by diaphragm 117, and the
fluorescent glow must be visible, either directly
or by reflection, through the transparent neck
portion {2 of the tube envelope. Other possible

~ corners.
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locations for fluorescent coating 29 include the

inner wall of neck portion 12 near the Space be~
tween grids 2 and 3, the inner surface of dia-
phragm {71, and the surface of diaphragm 290
facing the cathode. The ion-trap indicator is
described and claimed in the copending applica-
tions of Constantin S. Szegho, Serial No. 134,795,
filed December 23, 1949, now U. 8. Patent No.
2,064,737, issued August 21, 1951, and of Con-
stantin S. Szegho et al., Serial No. 162,806, filed
May 19, 1950, both entitled “Cathode-Ray Tube”,
now U. S. Patent No. 2,565,533, issued Ausust 28,
1901, and both assigned to the present assighee.

In order to obtain satisfactory focusing with
the system shown in Figure 1, it is necessary to
maintain rather stringent manufacturing toler-
ances with respect to the dimensions and spac-
ings of the several electrodes constituting the
focusing system. In addition, since grid 4 js to
be operated at a potential substantially equal to
that of the cathode, extremely high voltage
gradients are produced between grid 4 and grids
3 and 5. In order to avoid undesirable corons,
effects and field emission, grids 8 and 5 are each
provided with corona rings 31 and 32 in the form
of rolled flanges of stainless steel or the like
which are welded or otherwise secured to the
respective electrodes.

In accordance with the present invention, and :

as Hlustrated in Figures 2, 3 and 4, lens electrode
19 (grid 4) comprises a circular ring member 33
having a cylindrical central portion 34 doubled
back at each end to define an outer peripheral
depression or ridge in which are seated a pair
of opposed semicircular wire members 35 and 38
having outwardly extending end portions 37 and
38 which are joined as by welding or the like
to serve as support tabs for the electrode. In
other words, ring member 33, which is the eff

‘eC-
tive portion of the electrode, is peripherally
clamped between opposed semicircular wire mem-
bers 35 and 36, and the outwardly extending ends
31 and 38 of wire members 35 and 35 are joined
to furnish support tabs which may be fused into
the common glass support pillars 26 (Figure 1).
A thin metal ribbon 39 is connected to wire mem-
ber 3% to serve as a connection between lead 22
(Figure 1) and the focusing electrode.

The grid 4 construction of the present inven-
tion permits the maintenance of a minimum
mechanical contact area between the glass pillars
and the lens electrode; moreover, the improved
~ construction insures that the length of the leak-
age path across the glass support pillars is a
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maximum for the predetermined electrode spac-
ing, since the support tabs 37, 38 are longitu-
dinally centered with respect to the effective eléc-
trode surface constituted by ring member 33.
Arcing and field emission are held to 5 minimum
since the construction is free of sharp edges and
Moreover, the electrode construction is
simple and economical and well adapted to quan-
tity production on a commercial basis.

The corona rings 31 and 32 also perform an
additional function jn facilitating the mainte-
nance of the required close manufacturing toler-~
ances by mechanically reinforeing the circular
flanges to which they are attached against warp-
ing or bending during the assembly of the elec-
trode system. The electrodes are assembled by
means of accurately constructed jigs and are all
rigidly supporited by means of opposed common
glass pillars 26, the gun assembly properly orient-
ed in the tube neck by means of other jigs in the
usual manner. It has been found that these pre-
cautions suffice to insure satisfactory operation
of the completed structure, any small deviations
in dimensions and spacings being readily com-
pensated by adjustment of the ion-trap mag-
het 21.

As compared with the somewhat similar con-
structions now employed in magnetically focused
television picture tubes, the electron gun of the
tube of Figure 1 has been modified in two fur-
ther structural respects. In the first place, the
angle ¢ by which the entire gun is tilted with re-
spect to the tube axis A—A is reduced from
about 6 degrees to about 434 degrees, and the
amount of lateral offset of grid 3 with respect to
grid 2 is reduced from 1.9 mm. to 1.6 mm. In the
second place, the length of the tubular portion of
grid 3 is reduced from about 38 millimeters to
about 30 millimeters.

These two parameters influence the perform-
ance of the electrostatic focusing system in the
following manner. In order to obtain satisfac-~

tory focusing with the reduced tocusing~voltage

range, it is desirable to make the electron beam
more nearly parallel ag it enters the focusing gys-
tem. This may be accomplished by locating the
unipotential lens system nearer to the cathode
and thereby decreasing its foeal length; for this
reason grid 3 is shortened. However, it is not
possible to shorten grid 3 indefinitely because sz
certain minimum length is required to insure ion
trapping at normal operating voltages. To com-
pensate for the impaired performance of the ion
trap occasioned by shortening grid 3, the amount
of lateral offset between grids 2 and 3 and the
angle ¢ by which the entire electron gun is tilted
with respect to the tube axis A—A may each bhe
increased; however, increasing the angle of gun
tilt results in an increase in the angle at which
the beam enters the focusing system, resulting

in greater astigmatism and/or coma, so that from

this point of view the angle of gun tilt should bhe
made as small as possible consistent with the re-
quirement for lon-trapping with g single beam-
bender magnet. The condivion represented by
the relationships set forth in the preceding para.-
graph has been found to provide good focusing
while retaining ion trapping at reasonable oper-

- ating voltages. In this connection, it is observed

that the particular type of offset ion trap em-
ployed in the tube of Figure 1 has the important
advantage over other types of ion-trap gun, such
as that employing eoaxial electrodes with a slant-
ed aperture between grids 2 and 3, that a greater
angle of gun tilt may be employed for a 'gimn
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amount of lens distortion since  the cathode is
closer to the tube axis. Moreover, the offset type
of ion trap is free of the characteristic elliptical
distortion associated with the coaxial slanted-
aperture type.

For best results, it has been found that the
apertures in grids 1, 2, 3 and 9 should be in
marginally overlapping alignment in & direction
parallel to the tube axis A—A. In other words,
all of these apertures should intercept an imag-
inary straight line parallel to reiference 9X1S
A—A, and the apertures in grids | and 2 should
intercept that line asymmetrically. Fulfillment
of this condition is dependent upon the angle ¢
by which the entire electron gun is tilted with
respect to the tube axis, and also upon the length
of the electron gun from the cathode to aper-
ture 18 in diaphragm 17. If the angle ¢ and/or
the length of the gun is increased to such an
extent that the apertures in grids I, 2, 3 and 8
are no longer in marginally overlapping align-
ment in a direction parallel to the tube axis, in-
creased multiplicity of focus is encountered, and
the performance of the focusing system is infe-
rior. On the other hand, if the angle ¢ is de-
creased so that the apertures are in complete
coaxial alisnment, ion trapping may no longer be
conveniently accomplished with a single beam-
bender magnet.

In the television receiver schematically illus-
trated in Pigure 5, incoming composite television
signals are received and separated into video-sig-
nal components and synchronizing-signal coni-
ponents by means of conventional receiver cir-
cuits 48 which may include a radio-frequency
amplifier, an oscillator-converter, an intermedi-
ate-frequency amplifier, a video detector, a video
amplifier and a synchronizing-signal separator,
as well as suitable circuits for reproducing the
sound portion of the received signal.
tected composite video signal from receiver cir-
cuits 48 is applied between the control electrode
14 and the grounded cathode (2 of an image-
reproducing device &¢ of the type shown in Fig-
ure 1. Synchronizing-signal components of the
detected composite video signal are empuvloyed to
drive a synchronizing system 42 of conventional
construction which supplies the line-irequency
and field-frequency deflection coils 43 and 44 with

suitable scanning currents to control the scan- °

sions of the cathode-ray beam of device 41, A

high-voltage power supply 485, which may also be
of conventional construction, is empioyed to pro-

vide a suitable high operating voltage for the

conductive coating 24 to which grids 2 and 5 are *

internally connected. Lens electrode 9 (grid &)
is connected to a variable tap 46 associated with
a, potentiometer resistor 47 connected between
the receiver D, C. volfage supply source, con-
ventionally designated B--, and ground. With
the tube construction shown and described in
connection with Figure 1, optimum focus of the
cathode-ray beam is achieved when the minimum
glow of fluorescent coating 29 indicates precise
ion-trap alienment and when the lens electrode
{9 is operated at a potential substantially equal
to that of the cathode 13.

Merely by way of illustration and in no sense
by way of limitation, it may be desirable to tabu-
late certain critical dimensional relationships in
an onerative embodiment of the invention con-
structed in the manner shown and described In
connection with Figure 1. Satisfactory results

have been obtained with a tube of the type shown
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in. Fieure 1 having the following dimensional
relationships:

Anglegofgun il e~ 4° 45

Lengthof grid 83— 30 millimeters
Lateral offset of grid 3 with re-

spect to grid 2 —— 063 inch
Longitudinal spacing between grid

2 and grid 8- 080 inch
Diameter of aperture in grid 1___- .040 inch
Diameter of aperture in grid 2.___ .075 inch
Diameter of aperture 18 - 100 inch
Diameter of aperture in grid 5-—_- .100 inch
Inner diameter of grid 4. _ 500 inch
Inner diameter of corona rings 3|

and 32— 470 inch
Axiallengthofgridd . _ 125 inch
Axial spacing between grid 3 and

orid & 100 inch
Axial spacing between grid 4 and

orid B _ 100 inch

The dimensions of grids 3, § and 5 and the spac-
ings between these electrodes are quite crivical if
optimum focusing conditions are to be achieved
with 2 focusing voltage substantially equal to
that of the cathode. It has been determined
that uniform results may be obtained by main-
taining these critical dimensional relationships
within a manufacturing tolerance of plus .001
inch, minus .000 inch.

While the novel electrode construction of the
present invention has been described as having
particular advantages in a unipotential electro-
static focusing lens system of the low-potential
type in which the lens electrode is operated at a
potential equal to 5% or less of the final anode
voltage, it is apparent that the invention 1s of
general application in other types of unipotential
electrostatic focusing arrangements. MoOreover,
the invention may be employed in a cathode-ray
tube having any type of electron gun, with or
without provision for ion trapping.

While a particular embodiment of the present
invention has been shown gnd described, 1t is ap-
parent that various changes and modifications
may be made, and it is therefore contemplated
in the appended claims to cover all such changes
and modifications as fall within the {rue spirit
and scope of the invention.

I claim:

1. In a unipotential electrostatic focusing lens
system for a cathode-ray tube, an electrode com-
prising: a ring member having a cylindrical cen-
tral portion rounded at each end; and a pair of
opposed semicircular wire members peripherally
clamping said ring member and having joined
outwardly extending end portions constituting
support tabs for said electrode.

2. In a unipotential electrostatic focusing lens
system for a cathode-ray tube, an electrode com-
prising: a circular ring member having a cylin-
drical central portion outwardly doubled back at
each end to define an outer peripheral depres-
sion: and a pair of opposed semicircular wire
members seated in said peripheral depression and
having jcined outwardly extending end portions
constituting support tabs for said electrode.

3. In a unipotential electrostatic focusing lens
system for a cathode-ray tube, an electrode com-
prising: a circular ring member having a cylin-
drical central portion outwardly doubled back at
each end to define an outer peripheral depres-
sion; and at least one semicircular wire membper

_sea,ted in said peripheral depression and having
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outwardly extending end portions constituting: = Number Name Date
support tabs for said electrode. 2,210,127 Rogowski _ __ oo Aug. 6, 1940
~ HARRY H. BOEING. 2,363,359 Ramo ________...__ Nov. 21, 1944
2,452,919 " Gabor Nov. 2, 1948
~ REFERENCES CITED 5 2,454,345 Rudenberg _.__...._._ Nov. 23, 1948
The following references are of record in the = 2,955,850  Glyptis .. __ June 5, 1951
file of this patent: OTHER REFERENCES
UNITED STATES PATENTS Industrial Electronics & Control by R. G.
Number Name | Date 10 Kloefller (U. S. Patent Ofiice library) copyright
2,058,194 Rudenberg _ . __.____ Oct. 27, 1936.. 1949, publ. by John W. Wiley & Co. pg. 453, Fig. 2.

2,070,319  Rudenberg ._.______ Feb. 9, 1937
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