May 16, 1967 HIDEKI KOBAYASHI 3,320,458
CATHODE RAY TUBES EMPLOYING A NOVEL 'ONVPHGFNT
ELECTROSTATIC LENS SYSTEM

I'OR' BEAM MODULATION
Filed Jan. 4, 1963

2 Sheets—Sheet 1

— LT T

PRIOR ART
Y /ﬂz’a /&’A /03) /054 /0015

U ——— _¢@.~

g7
et Rl o
e

Y

9 Mk T /:/w/'?
W g 704 125 e Jos @
R4 709
279 ___'Z_—-—-—:-_ &= A_ /"“
25 225
‘ _jﬁ“ﬁ — AN ;;;;ﬁjﬁjﬁﬁjssss;;;ss
z// - d%ﬂrm -
/tl LY e L]‘ - ril 2w/

\fa’\\&%f "\\\\ 224"
,?/? 2/‘7’ 213 25 2/5" f/? 2/5

z;a

o0

£/

el e e T LT

e

e (

039 63%(
832,
INVENTOR,
HIOELYS KOEA YA THy
- BY

CZFx@azﬁw%ﬁ/’A%aﬁﬁiéa@}iﬁ»wvw

BT ID LGS



| May 16, 1967 HIDEKI KOBAYASH| 3,320,458
‘ : CATHODE RAY TUBES EMPLOYING A NOVEL CONVERGENT
ELECTROSTATIC LENS SYSTEM

FOR BEAM MODULATION
Filed Jan. 4, 1963

2 Sheets-Sheet &

—E TR S
Zra’
27/
-
208’ 20’
- ,7206.5 ’
Ztta’ E/7a
f‘ﬁ% - ]
Y, c kZ/ﬁi “C“ALtJ Y

200
— T = FA . — T TS

4,._

f3

y3 '/4 &7 &8

= C 232
2/8

275 7/

4
2/7

00 —ETTE A . (PRIOR ART) (ol 40
T o0 S
= % gt>“ -

[rove =il \ g o— i v

926 42! l&, 727 239
EEEE45.
INVENTOR.
HIODEL, KOBAYRSHS

JS30

BY
Crrwoeeme, f7645 GEse § Jormn

RIS
0 ..

AT 7CHNELS



United States Patent Offi

3,320,458
Patented May 16, 1967

1CC

1

3,329,458
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assignor to Nippon Electric Company Limited, a cor-
poration of Japan
Filed Jan, 4, 1963, Ser. No. 249,435
Clzims priority, application Japan, Jan. 18, 1962,
37/1,8063

3 Claims, (CL 313—86)

This invention relates to cathode ray tubes and more
particularly toa novel lens system for cathode ray tubes,
particularly -of the character reproducing type which
provide either recorded or visual displays of predeter-
mined characters.

Among various types of cathode ray tubes that have
been employed for producing character shaped electron
beams, two kinds of tubes registered under the trade-
marks of “Charactron” and “Typotron” have been shown
to be two of the most effective embodiments as far as
the production of character shaped beams having high
efficiency and high brightness. Such tubes are normally
comprised of electron gun means for producing an elec-
tron beam, means for accelerating the electron beam,
deflection means for controlling the impingement of the
electron beam upon a character matrix, electron lens
means for converging or restoring the electron beam to
the cathode ray tube central axis and second deflection
means for controlling the location of the character shaped
electron beam upon the cathode ray tube fluorescent
surface positioned at the face of the electron tube. Such
configurations impose substantially large space require-
ments for .the employment of such character forming
cathode ray tubes. The converging means employed
in such prior art devices requires a fairly long converg-
ing space in order to restore the electron beam to the
cathode ray tube central axis. This one feature causes
the overall size of such character display cathode ray
tubes to be so bulky as to become an impediment for re-
duction in size of the systems in which such tubes are
employed.

The instant invention provides a novel all converging
and hence non-diverging lens system which provides
the sensitivity at least equal to such prior art devices,
while at the same time imposing substantially smaller
space requirements upon the lens system thereby enabling
the production of a character-display cathode ray tube
which is substantially shorter.in length than prior art
devices. While such an arrangement lends itself ready
to character-display cathode ray tubes, it has been found
that this lens system has advantageous application in
regular cathode ray tubes in which a substantially cir-
cular shaped electron beam impinges upon the face of
the cathode ray tube.

The device of the instant invention includes basically
all of the elements of the prior art devices and in addi-
tion thereto, a novel converging lens system which is
comprised of three electrode elements. The first elec-
trode element incorporates the character matrix which
is employed to form predetermined characters in ac-
cordance with the shapes of the openings provided in the
character matrix. The second electrode is positioned
between the cathode ray tube electron gun and the first
electrode and immediately adjacent the first electrode,
while the third electrode is positioned immediately ad-
jacent the first electrode and between the first electrode
and the face of the cathode ray tube. The first electrode
is substantially planar in shape and is positioned sub-
stantially on the planar equipotential surface located
between the second and third electrodes. The potential
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of the first electrode is made more positive relative to
the second and third electrodes in order to form a con-
verging electrostatic field pattern lens. It has been found
that with this arrangement the second and third electrode
members can be made substantially shorter than prior
art devices and the first electrode member being sub-
stantially planar in shape is likewise substantially shorter
than prior art electrodes so that the overall length of
the three electrode lens system is substantially shorter
than prior art lens systems employed to perform sub-
stantially the same functions. Positioning of the first
electrode along the. planar equipotential line permits the
use of lower potential differences which are imposed
upon the three electrodes with no accompanying de-
crease in sensitivity of the system. In addition thereto,
the shaped electron beam does not undergo any diverg-
ence thereby enabling the shaped beam to be more ac-
curately positioned upon the face of the cathode ray tube.

It is therefore one object of the instant invention to
provide a novel lens system for cathode ray tubes thereby
enabling the overall length of such cathode ray tubes
to be substantially diminished.

Another object of the instant invention is to provide a
novel lens system for cathode ray tubes wherein the
electron beam passing through the lens system experi-
ences no divergent forces.

Another object of the instant invention is to provide
a novel three electrode lens system wherein the matrix
electrode is positioned substantially in alignment with
the planar equipotential surface of the equipotential
field pattern generated by the three electrode lens system.

Still another object of the instant invention is to pro-
vide a novel lens system for cathode ray tube structures
comprised of three electrodes wherein the central elec-
trode of the three electrode system is substantially a
flat plate-shaped member positioned on the planar equi-
potential surface of the equipotential field pattern gen-
erated by the three electrode lens system.

Another object of the instant invention is to provide
a novel electrostatic lens system for cathode ray tubes
to provide for electron beam modulation,

Still another object of the instant invention is to pro-
vide a novel control grid for cathode ray tubes.

These and other objects of the instant invention will
become apparent when reading the accompanying de-
scription and drawings in which:

FIGURE 1 shows a longitudinal cross-sectional view
of a conventional character-display cathode ray tube.

FIGURES 2a and 2b show longitudinal cross-sectional
views of two alternative embodiments of character-
display cathode ray tubes designed in accordance with
the principles of the instant invention, wherein FIGURE
2b further shows in block diagram form the control
elements for operating the cathode ray tube.

FIGURES 3¢ and 3b show two alternative embodi-
ments for the lens systems employed in the cathode ray
tubes of FIGURES 2a and 2b respectively, and further
show the equipotential lines of the electrostatic field pat-
tern produced by the lens systems.

FIGURES 4a and 45 show embodiments of electron
lens devices employed in conventional character-display
cathode ray tubes and further showing the equipotential
lines of the field patterns generated by the electron lenses.

FIGURE 5 shows the focusing lens system employed
in the embodiments of FIGURES 2« and 2b employed for
producing an electron beam with a fixed cross-sectional
area.

FIGURE 6a shows a plan view for an embodiment of
a matrix mask used in electron gun designed in accord-
ance with the principles of the instant invention useful in
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applications where it is desired to modulate the intensity
of an electron beam.

FIGURE 6b shows a side view of the matrix mask of
FIGURE 64 further showing the intensity modulation ex-
perienced by the electron beam passing therethrough.

Referring now to the drawings, FIGURE 1 shows a
conventional character-display cathode ray tube 100 which
is comprised of an electron gun 111 which is suitably
operated to generate an electron beam. The electron
beam 103 moves along the longitudinal axis 110 of the
cathode ray tube 100 from the electron gun 111 towards
the face 107 of cathode ray tube 106. Moving in this
direction, the electron beam first passes through an elec-
tron lens system 101 which is employed for the purpose
of shaping the electron beam in order that it have a pre-
determined diameter. The bedm is then passed through
first and second pairs of deflection plates or character
selection plates 102 wherein deflection plate pair 182a is
suitably controlled to deflect the electron beam in the
vertical direction (up or down) while the deflection plate
pair 102 deflects the electron beam in the horizontal
direction (to the right or to the left) so as to cause the
electron beam to deflect in two mutually orthogonal di-
rections. ‘Thus it can be seen that the electron beam 103,
after it leaves the deflecting plate pairs 162 moves to a
position away from the longitudinal axis 110. Electron
beam 103, having been suitably accelerated, moves to
the right and passes through an apertured matrix element
104 which is disposed so as to be perpendicular to the
central axis 110 of the rotationally symmetrical electron
gun. The matrix is usually in the form of a thin metallic
circular mask having a plurality of apertures each being
of a different configuration. The configurations of the
openings are formed so as to represent alpha-numeric
characters such as the alphabet letters A through Z and
the decimal characters O through 9 and any other suit-
able symbols. Thus, the electron beam in passing through
one of the apertures takes on the shape of the opening
through which it passes and its cross-section thereby re-
sembles an alpha-numeric character. The openings or
apertures in the matrix 104 may be positioned in the
regular order of rows and columns or in any other suit-
able arrangement. By controlling the deflection of the
electron beam by the deflection plate pairs 102 this con-
trols the electron beam to impinge iipon only one of the

- group of apertures in the matrix element 104. It can be
readily understood therefore that the control voltages
imposed upon the deflection plate pairs 102 are thereby

. employed for the purpose of selecting the alpha-numeric
character which is to be generated on the face 107 of
the cathode ray tube structure 100.

It is then necessary to cause the electron beam 103 to
return to the longitudinal axis 110 of the cathode ray
tube so that it may then be controlled in order to be posi-
tioned on any desired location on the face 107 of cath-
ode ray tube 100. For this purpose, a converging device
105 is employed to restore the electron beam 103 to the
central axis 110. The beam under control of the con-
verging device 105 returns to the longijtudinal axis 110
and is then subjected to the control of a third and fourth

_ pair of electrostatic deflection plates or character compen-
sating plates 106 wherein the deflection plate pair 166q is
employed to move the electron beam in the vertical direc-

_tion while the deflection plate pair 1065 is employed to
move the electron beam 103 in the horizontal direction.
The electron lens system 108 is provided for the purpose
of controlling the diameter of the shaped electron beam
while the electromagnetic deflection system 109 which is
comprised of an energized coil is employed for the pur-

* pose of deflecting the shaped electron beam 103 on to a

- desired position or location of the screen or face 107.

The electron gun elements 101-111 and the character

: selection plate pairs 102 in the character-display cathode

ray tube 100 are of substantially the same dimension as
such elements employed in general purpose cathode ray
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tubes. However, the converging device for lens system
105 requires a substantially long converging space in order
to restore the electron beam which is accelerated by a
potential of several thousand volts and deviated from the
central axis by a deflection voltage of the order of tens
of volts or more so as to return to the central axis. In
addition thereto, the deflection system 109 and lens sys-
tem 108 are likewise appreciably large. These dimen-
sions thus result in a character-display cathode ray tube
whose overall size is so large and bulky as to become an
impediment to attempis to reduce the size of equipment
in which such cathode ray tubes are used.

The instant invention has as a primary objective the
provision of a novel electron beam shaping arrangement
in which the length of each of the elements of the cath-
ode ray tube, namely, the electron gun, the character
selection plates, the compensating plates, the converging
device and the converging space are substantially con-
tracted. Coupled with these improvements, the distance
from the character matrix to the electron lens system, as
well as the distance from the electron lens system to the
screen is also substantially contracted enabling characters
to be projected with the same magnification factor as in
prior art devices. Thus the character display cathode
ray tube with the novel arrangement of the instant inven-
tion can be constructed to have a much shorter overall
length as compared with such conventional devices.

Another object of the instant invention is that of de-
creasing the deflection control voltage levels required for
the character-display cathode ray tube. In the character-
display cathode ray tube of the instant invention, both
the character selection plates and the compensating plates
perform their functions by being fixed in positions through
which an electron beam passes at a comparatively low
velocity thereby enabling control of the electron beam for
character selection and compensation to be performed by
the use of extremely small deflecting electric field magni-
tudes as compared with conventional cathode ray tubes.
Such an arrangement lends itself readily to the employ-
ment of all-transistor driving circuits which inherently op-
erate at much lower voltage levels.

Still another important object and likewise advantage
of the instant invention is to provide the character display
cathode ray tube with an electron gun arrangement cap-
able of controlling the intensity of an electron beam cur-
rent flowing towards the screen by a comparatively low
control voltage when the arrangement of the instant in-
vention is employed in general purpose cathode ray tube
structures. Employment of such an electron gun config-
uration in television-picture tubes, for example, would
permit the entire transistorization of a video signal ampli-
fier circuit.

When employed in general purpose cathode ray tube
structures the matrix is designed to have a single aperture
of suitable configuration in lieu of a plurality of character
forming apertures whereby the size of a single aperture
is of the same order as the cross-secticnal area of an
electron beam that passes therethrough. By deflection
of the cathode ray beam by the character selection plates
the beam current passing through the aperture may be
controlled in order that the intensity of the beam current

_arriving at the screen may be modulated. Hence, suit-

able modulation or gamma characteristics of the electron
gun may be selected by the configuration of the aperture
provided in the matrix.

One preferred embodiment 200 of the cathode ray
equipment designed in accordance with the principles of
the instant invention is shown in FIGURE 2a. It should
be understood that only parts necessary for the descrip-
tion of the instant invention have been illustrated and
hence the control means for the deflection system and
other electrodes which are not directly necessary for un-
derstanding the description of the device have been omit-
ted for purposes of clarity.

In the embodiment 206 of FIGURE 2q, electrons are
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emitted from the cathode 211 which is operated at a zero
or reference potential and a “cross over” 214 is formed
by a control grid 212 having an aperture 212z which con-
trol grid operates normally at a negative potential relative
to the cathode and which crossover is further formed by
the accelerating grid 213 which operates at a positive
potential of the order of several hundred volts relative
the cathode. In order to obtain an electron beam of
fixed cross-sectional area, a focusing electric ficld pattern
is established in the proximity of the area between the
accelerating grid 213 and a first low-voltage electrode 215
which is at a lower pofential level. Thus, the electron
beam 222 emerges from the electrodes 212, 213 and 215
as a focused electron beam of fixed diameter and hence,
fixed cross-sectional area,

The electron beam is caused to be deflected in two
mutually orthogonal directions by means of character
selection assembly 216 comprising three pairs of deflec-
tion plates 216a—216c. Deflection plate pairs 216a and
216c serve to deflect the electron beam 222 in a vertical
direction (up or down) while deflection plate pair 216h
serves to deflect the electron beam 222 in a horizontal di-
rection (left or right). The average potential of the
deflection plate system is approximately equal to that of
the first low-voltage electrode 215 and a second low-
voltage electrode 215, The use of three sets of deflection
plates as shown in FIGURE 2¢ is advantageous to the
coincidence of the location of the vertical and horizontal
deflection centers 219. But this arrangement ijs by no
means an indispensable one and any other type of deflec-
tion system used is conventional cathcde ray tube struc-
tures may be adapted for use in the cathode ray struc-
ture of the instant invention. For example, it is possible
10 use an arrangement having two sets of deflection plates.
It is difficult, however, in such arrangements to make the
deflection centers. coincident such as is possible in ar-
rangements using three sets of deflection plate pairs.

After passing through the deflection system ‘the elec-
tron beam 222 is caused to impinge upon and hence pass
through one of the character forming apertures provided
in the matrix 217 thus causing a shaped electron beam
having the configuration of the aperture upon which it
passes through to be emerged through matrix 217. The
matrix 217 is maintained at a voltage which is at a higher
potential level with respect to the potential of the Arst
Iow voltage electrode 215" and a second low voltage elec-
trode 218. This causes an intensely convergent potential
distribution to be formed in this region which is illustrated
in FIGURE 3¢ wherein the lens system 230 of FIGURE
2a has been reproduced as shown in FIGURE 34. Thus
the three electrode system comprised of the low-voltage
electrode 215’, the matrix 217 and the low-voltage elec-
trode 218 causes electrons emerging from the deflection
center 219 of the character selection plates to be focused
at the deflection center 221 of the compensating plates
224, to be more fully described.

In FIGURE 3a the cross-hatched elements shows a
longitudinal cross-sectional view of the three electrode
system 238 with the solid curve lines 231 denoting the
equipotential lines of the electrostatic field pattern gen-
erated by the lens system 238 which is caused by the volt-
age biasing arrangement whereby the center or matrix
electrode 217 is at a higher potential than the electrodes
215 and 218. The dashed lines 232 denote the manner
in which the electrons emerging from the deflection center
point 219 converge at the second deflection center 221.
This converging action, as will be described subsequently
in more detail, is so intense that the equivalent action can
take place with the potential difference of these electrodes
being about 1, the level of the potentials employed in
conventional three-electrode electrostatic lens systems.
At the same time, the length between each deflection
center 219 and 221 can be appreciably diminished.  Fur-
thermore, as there is no need to lower the potentials of
the first and second low voltage electrodes 215 and 218
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to the same order of the potential at cathode 211 the
electron beam 222 can thus be progressed at a suitable
velocity in the vicinity of the first and second low voltage
electrodes 215 and 215’ and 218 and 218’ as well as the
character selection plate arrangement 21§ and 229.

The shaped electron beam 222 which emerges from the
matrix 217 and undergces a convergence so as to be
redirected in order to return to the longitudinal axis 240
of the cathode ray tube 200 is further controlled by the
three deflection plate pair system 220 to maintain its move-
ment along the longitudinal axis 240. The shaped elec-
tron beam 222 then undergoes electron lens action such
as is developed between the second low voltage electrode
218 and the post acceleration electrode 223, which is
maintained at a high potential relative to the cathode in
order to focus-an image of the character selected from
the matrix upon the target 224 which causes the lumi-
nescent film of which the target 224 is formed to radiate
photons in the configuration of said character or in the
alternative, to set up a charge pattern which may be
stored on suitable storage film (not shown) which is posi-
tioned adjacent the target. The electron lens system
formed by the second low-voltage electrode 218’ and the
post acceleration electrode 223 may be provided with an
additional electrode (not shown) for adjusting the lens
action disposed therebetween. This arrangement provides
a convenient means for varying to a certain extent the
size of an image projected on the target 224. Although
a deflection system for varying the position upon the
target 224 upon which the shaped electron beam strikes
is not indicated in FIGURE 2a, it should be understood
that such deflection may be provided by either the use
of two sets of electrostatic deflection plates or two sets
of electromagnetic coils which should be installed in the
vicinity of the vertical line 225-225 in order to provide
a suitable deflection system for the character display
cathode ray tube 269.

One practical embodiment which has been constructed
employed a matrix having ten numerals, the twenty-six
letters of the Arabic alphabet, forty-eight Japanese Kana
letters and twelve miscellaneous symbols, thus providing
a total of ninety-six characters which were perforated in
a matrix mask using a photoetching technique. A group
of characters generally comprised of both alphabetic and
numeric characters are commonly referred to as alpha-
meric characters, and will henceforth be referred to by
the term alphameric characters. Any suitable metal may
be used for forming the matrix mask providing photo-
etching can be successfully performed upon the metal
selected. A nickel or copper alloy of approximately
twenty microns in thickness has been found to provide
favorable results. Pure copper was employed and it was
found to be too soft but upon addition of several percent
of beryllium to pure copper it was found that the result-
ing composition provided very favorable results. By
finishing the alloy surface by means of rhodium plating
it was found that the emission of secondary electrons and
deterioration of the metal due to bombardment of elec-
trons was significantly reduced.

In accordance with the aforementioned exemplary em-
bodiment the width of the line of the character forming
aperture in the matrix is less than twenty microns and
each character forming aperture has a height of approxi-
mately 0.4 millimeter. The spacing between two adjacent
character forming apertures was chosen to be approxi-
mately one millimeter. Therefore, the disturbance of an
electric field near the matrix owing to the character form-
ing apertures is of such order as to not deleteriously ef-
fect the converging action of the three electrode lens
system 230 and the picture quality of the projected char-
acters upon the target 224 was found to be excellent.

Where the character forming apertures are disposed
near the center region of the matrix 217, in a case, such
as, for example, where the number of characters employed
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is comparatively small and hence the deflection of the
electron beam need not be too great, then the construc-
tion of both the first and second low voltage electrodes
218 and 218’ are chosen to be of the apertured disc type,
as shown in FIGURE 3b, as opposed to the cylindrical
type, as shown in FIGURE 3¢, in order to enhance the
strength of convergence of the electron lens system. Thus
the deviation of the electron beam from the central axis
246 can be greatly minimized with the result that the com-
pensating deflection plate system 226 can either be dis-
pensed wth altogether, or in the alternative, the electron
lens system 218’ employed for the projection of an elec-
tron beam to the target, can be positioned to be much
closer to the matrix plate. An embodiment employing
this arrangement is illustrated in FIGURE 2b, to be more
fully described.

FIGURE 2b shows a character display cathode ray
tube assembly 200’ wherein like elements are designated
by like numerals, as between FIGURES 24 and 2b. In ac-
cordance with the embodiment 20§’ of FIGURE 2b, the
first low-voltage electrodes 215 and 215’ are connected to
ground, or reference potential while a negative voltage
of approximately 600 volts is applied to cathode electrode
element from power source 261’. A mnegative bias of 100
volts at maximum with respect to cathode electrode 211
is applied to control grid 212 from terminal 262’ provided
on a variable voltage divider while a gating signal for
the electron beam is transmitted from an unblanking pulse
generator 203’ connected to electrode 212 via a suitable
capacitor element 204’

Both the accelerating grid 213 and the matrix electrode
217 are maintained at a positive potential of approxi-
mately 2,500 volts with respect to ground by means of a
power source 205’. The character selection deflection
plate system 216 receives the deflection voltages for char-
acter selection from the character selection voltage gen-
erator 206’, the average potential of which is ground po-
tential. Output terminal pair 206a" of generator 206" is
employed for the purpose of controlling the horizontal
deflection plates 216b while output terminal pair 206’
is employed for the purpose of controlling the vertical
deflection plate pairs 2164 and 216c.

The second low voltage electrode 218 and the auxiliary
electrode 223’ employed to adjust the electron lens action
are respectively connected to variable voltage terminals
207 and 208 so that the two voltages applied are in
the range from —600 volts to —2500 volts relative to
ground in order to fit an appropriate size character at
a definite position upon the target 224 of the cathode
ray assembly 200°. The post-acceleration electrode 223
is maintained at a positive potential of 5500 volts relative
to ground by means of power source 209’ and 205’ while
a signal is applied to the deflection system 225 from the
position selection voltage generator circuit 210’. The
unblanking pulse generator 203’ and the character and
position selection voltage generators 206’ and 210’ are all
controlled by the input signal 211" which is impressed
upon a control circuit 211a’ utilized to control circuits
203’, 206’ and 210°.

A typical example of the dimensions of the principal
electrodes of the embodiment of FIGURE 2b is as fol-
lows:

The diameters of the electrodes 213, 215, 215" and 218
are respectively 13 mm., 13 mm., 38 mm. and 38 mm.
The lengths of these electrodes are respectively 25, 15, 34,
and 40 mm. The diameter of the aperture provided on
each side of the acceleration grid 213, such as the aper-
tures 213q -and 213b is 2 mm. The diameter of the
apertures 2154" and 218a of the first and second low-
voltage electrodes 215" and 218 respectively, is 18 mm.
The matrix 217 is a flat disc 20 microns in thickness and
25 mm. in diameter. The matrix is fitted between two
metallic rings 217a positioned on opposite sides of the
matrix plate 217 wherein said rings have an oufer di-
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ameter of-42 mm., an inner diameter of 18 mm. and
are each 0.5 mm. in thickness, giving it an overall thick-
ness of 1.0 mm. The_ inner diameter and length of the
electrode 223’ are both 25 mm., while the inner diameter
of electrode 223 is 18 mm. —The spacing between elec-
trodes 213 and 215 is 3 min:; the spacing between elec-
trodes 215" and 217 and that between 218 and 217 are
both 3 mm., while the spacing between electrodes 218 and
223’ is 4 mm., and the spacing between electrodes 223’
and 223 is 10 mm. The first low-voltage electrodes 215
and 215’ are spaced apart by 61 mm. In the case of the
embodiment 268 of FIGURE 2g¢, it is necessary only to
apply a waveform proportional to the voltage applied to _
the character selection plates 216 to the compensating
plate system 220, with the mutual relations among voltages
to be applied to the other electrodes being essentially
the same as those described for the electrodes of FIG-

‘URE 2b.

In conventional character display cathode ray tubes it
is customary to install a large convergence coil (not
shown) disposed externally of the cathode ray tube en-
velope with the matrix being positioned in the middle
of said coil, that is, being positioned intermediate the
ends of said coil, or in the alternative, providing an ex-
ternal convergence coil or a converging three electrode
lens system, such as the lens system 105 of FIGURE 1
which is positioned on the screen side of the matrix ele-
ment 104, There are physical limitations as the size of
each Of the character forming apertures in the matrix as
well as the clearance between two adjacent apertures
due to the fact that the electron beam cannot be made
any thinner than a prescribed value due to the inherent
bunching limitations of an electron beam which has been
described in detail in publications, texts and technical
journals. In the case employing a three electrode con-
verging lens system, such as the lens system 105 of FIG-
URE 1, the electron beam 103, after passing through the
matrix, undergoes the converging action while progress-
ing in its movement in the direction of the target, with
a deflection being imposed upon it by the character
selection plate system 102. In such a case, when the
electron beam 103 reaches the converging lens system 105
a deviation of the beam from the central axis of the
eletcron” gun. becomes relatively large. The spherical
aberration effect of the converging lens system 105 be-
comes quite predominant and therefore the directional
compensation becomes quite imperfect and the rate of
variation in position on the target, depending upon which
character is selected, becomes rather large. It is a
desirable condition, therefore that the plane of the matrix
comprise a central plane of the convergence system to
maximize the deviation of the electron beam deflected
by the character selections plates from the central axis
of the electron gun at a position at which the electron
beam strikes upon the matrix. It is difficult, however,
to achieve this condition with a conventional single uni-
potential type electrostatic lens. This could be accom-
plished by installing either an external convergence coil
or a unipotential type of electrostatic lens on each side
of the matrix, or by using a construction, as shown in
U.S. Patent No. 2,986,669 entitled Electrostatic Lens
Arrangement for Cathode Ray Tubes, issued May 30,
1961 to N. J. Koda.

If a convergence coil is employed to overcome these
disadavantages, it has been found that the effective region
of the converging magnetic field expands on the one hand
and a direct current for energizing the coil is necessitated
on the other hand. According to the Koda patent the
comparatively short electron lens assembly 400, shown
in FIGURE 4a, consists of two cylindrical electrodes
426 and 427 and a short cylinder 428’ for supporting the
matrix 428. The first and second electron lenses are
formed respectively between the electrodes 426 and 428
and between the electrodes 427 and 428 in such a manner
that they are symmetrically disposed with respect to
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the matrix as shown by the equipotential lines 43¢ and
429 respectively. However, the construction of FIGURE
4a still fails to overcome the fact that a general electro-
static lens is a compound convergence lens incorporating
a convergent region and a divergent region. In other
words, some divergent region, or some extra non-con-
vergent region is still retained in such a construction.

In accordance with the instant invention, the matrix
is positioned so as to coincide with a planar equipoten-
tial surface at the center of an electrostatic lens and by
the positioning of the matrix in the equipotential plane,
such as, for example, the equipotential plane 439-439’
shown in the left side lens assembly 460" of FIGURE 4b,
or a two-apertured disc electron lens, the divergent re-
gion of the right side of phantom line 439, 439’, that would
otherwise. be existent, can be extinguished and converted
to a convergent electric field similar to that in the left
side region, reinforcing the convergent action and at the
same time consolidating in the vicinity of the matrix the
converging range of both electron lenses that have been
existing apart on opposite sides of the matrix by remov-
ing the divergent or non-convergent region between these
lenses, whereby the contraction of the distance between
the character selection plates and the conpensating plates
may readily be accomplished.

According to the embodiments of the instant invention,
as shown in FIGURES 2z and 2b, an electron lens pro-
vided with a substantially purely convergent property,
as shown in FIGURE 3, is employed for the electron
gun element in order to produce an electron beam with
a fixed cross-sectional area, thus providing the electron
gun structure with an additional advantageous feature.
In FIGURE 5, element 53¢ denotes the accelerating grid
while element 531 denotes the first low-voltage electrode.
In FIGURES 3¢ and 36, 4a and 4b and 5, the plus sign
(+) denotes électrodes on which comparatively higher
potentials are imposed and the minus sign (—) denotes
electrodes on which comparatively low potentials are im-
posed, while the hatched portions denote cross-sections
of electrodes cut with a plane which -contains a central
axis of said electrodes which are locationally symmetric
about the central axis and the solid lines shown therein
denote the lines of intersection between the equipotential
surfaces and the plane which contains the central axis.

Thus it can be seen that by employing the character
forming matrix, such as the matrices 217, shown in FIG-
URES 24 and 25, as one of the convergent electron lens
elements, the characteristics of the electron lens of the
present invention is capable of providing an intense con-
vergent action within a short axial length, as compared
with conventional lens systems, such that the arrangement
solves a number of difficult problems encountered in con-
ventional shape beam generating electron guns, while
realizing still further the advantages of reducing both the
potentials applied to the electrodes of the cathode ray
structure, as well as the control voltages, and the contrac-
tion of overall length of the character display cathode
ray tubes, such as, for example, the tubes 200 and 2¢¢’
shown in FIGURES 2a and 26 respectively.

FIGURES 6a and 6b show front and side views re-
spectively, of a single-apertured matrix, or disc 632 which
is provided with a centrally located circularly shaped
aperture 633, and the diameter of the aperture 633 is of
the same order as that of an electron beam 634 arriving
at the matrix disc 632 in order that the entire beam of
electrons may pass through the circular aperture 633. In
order to modulate the intensity of the beam, it is possi-
ble to apply suitable signals to the horizontal and verti-
cal deflection plates positioned between the cathode
ray tube electron gun and the disc 632 so that only a por-
tion of the electron beam, such as the portion 635, shown
in FIGURE 65 will pass through the aperture 633.

In addition, it is possible to eliminate an error in the
position of arrival of said electron beam due to its
meodulation, by use of the compensating plates or by volt-
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age adjustment of the electron lens elements positioned be-
tween the character selection plate, or disc, and the target
of the cathode ray tube. Still further, as it is only neces-
sary in accordance with the instant invention to control
a comparatively low-velocity electron beam within the
first low-voltage electrode which is maintained at a com-
paratively low potential, the magnitude of signals re-
quired for the modulation operation is in the range of
the lowest driving voltages employed in cathode ray tubes
so far known.

The total length of the electron gun designed in ac-
cordance with the instant invention may be further con-
tracted or diminished, if employed only for the purpose
of modulating the intensity of the electron beam to arrive
at the target, thus, providing an apparatus which is cap-
able of approaching ilic same order of length of general
efectron guns employed in conventional cathode ray tubes
with the apertured disc inciuded therein. Thus it can
be seen that the instant invention provides extremely ad-
vantageous features when applied to general purpose
cathode ray tubes to perform beam current modulation,
as well as its application to character display cathode ray
tubes.

The potentials of the first and second low-voltage elec-
trodes employed in the cathode ray tube structure are suit-
ably chossn to be of low enough magnitude to enhance
the deflection sensitivity of the deflection plate systems, on
the one hand, and yet high enough to maintain an ap-
propriate velocity of the moving electron beam, on the
other hand, and further, the electron beam paths with-
in these low-voltage electrodes, such as the electrodes
215, 215’, in FIGURES 24 and 24, are not very long with
the result that the least disturbance of the orbit of an
electron beam, due to the induction of an external electro-
magnetic field is provided. Generally speaking, the
modulated electron beam is focused on the target in the
form of a spot. That is, the primary or higher order
image of the cross-over, instead of the image of the con-
figuration of the aperture in the matrix, is projected upon
the target 224.

It should be clearly understood that the configuration
of the aperture in the matrix disc 632 of FIGURE 6aq,
which is employed to modulate the electron beam, by
no means need be limited to having a circular configura-
tion. Any arbitrary configuration may be adopted, de-
pending upon the needs of the user. Thus it is pos-
sible to accomplish a suitable signal  voltage versus
target current response by taking into account the elec-
tron density distribution in the electron beam and the
configuration of the aperture and further it is possible
to some extent to perform the correction of the overall
gamma characteristics of the image reproduction equip-
ment,

As has previously been mentioned, character selec-
tion and directional compensation are performed with
the employment of relatively smal signall voltage mag-
nitudes in the low potential region around the first and
second low-voltage electrodes 215 and 215, In addi-
tion, by forming an intense convergent electric field lens
in the vicinity of the matrix, as well as between the first
low-voltage electrode and the accelerating grid 215 and
213 respectively, it is possible to contract or diminish
the overall length of the electron gun for producing a
shaped electron. beam. This structure of the electron
gun, designed in accordance with the instant invention,
also finds application as an electron gun for controlling
the current intensity of an electron beam arriving at
the target which is controlled by an extremely small sig-
nal voltage employed for providing the modulation func-
tion,

Although there has been described a preferred em-
bodiment of this novel invention, many wariations and
modifications will now be apparent to those skilled in
the art. Therefore, this invention is to be limited, not
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by the specific disclosure herein, ‘but only by the ap-
-pending claims. ’

What is claimed is:

1. An electron beam control system for a cathode
ray tube, characterized by comprising a conductive planar
member containing only one aperture of any suitable
configuration so that upon incidence of an electron beam

on one side of the planar member a modulated electron

beam intercepted partly thereof by said aperture con-
figuration passes therethrough to emerge from the oppo-
site side of said member, target deflection means for
deflecting the electron beam which has passed through
said member in moving towards a target means, an elec-
tron gun element for producing an electron beam having
a fixed cross-sectional area, means controlled by an
externally applied voltage for causing said electron beam
to be deflected and to be incident on one side of said
planar member adjacent to said aperture, and an elec-
trostatic eléciron lens comprising said planar member
and electrodes disposed on opposite sides of said planar
member for causing an electron beam which has de-
viated from the deflection center of said deflection causing
feans to converge at a point along the central axis of
the cathode ray tube; said electrodes being two cylin-
drical electrodes having their longitudinal axes disposed
on the central axis of the cathode ray tube confronting

each other with the planar member interposed there- .

between and being maintained at a potential higher
than the potential of said elecirodes; said electron lens
being a purely convergent electrostatic lens forming a
convergent region around said planar member by per-
fectly eliminating divergent or non-convergent parts,
from the region of action of said electron lens; whereby
the brightness of said target means is controlled in re-
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sponse to the external voltage applied to said deflection
causing means.

3. The system of claim 1 wherein said electron gun
element further comprises at least one accelerating elec-
trode; bias means coupled to said accelerating electrode
for applying a constant D.C. voltage of a magnitude
which is low enough to enhance the beam deflection
means sensitivity while at the same time being high
enough to maintain appropriate velocity of the moving
electron beam.

3. The system of claim 1 wherein said planar mem-
ber is further comprised of substantially flat supporting
means, forming a planar assembly comprised of said
planar member and said supporting means; said planar
assembly being positioned in the equipotential plane of
the electrostatic field to form an intensely convergent
electrostatic lens system.

References Cited by the Examiner

UNITED STATES PATENTS
2,225,455 12/1940 Klaver - 313—81 X
2,267,714 12/1941 Borrieset al. -~ 313—82
2,466,065 5/1949 Weichhardt _ . _._ 313—85
2,533,790 12/1950 Grivet - 313—82
2,877,369  3/1959 Nicoll e 313—82
2,924,742 2/1960 McNaney - 315—9
2,986,669 5/1961 Koda o 313—86
3,047,759  7/1962 McNaney - e 313—82
FOREIGN PATENTS
720,624  5/1942 Germany.

TAMES W. LAWRENCE, Primary Examiner.
V. LAFRANCHI, Assistant Examiner,



