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57 ABSTRACT 
This disclosure depicts cathodo-luminescent devices 
and luminescent panels employing X-Y matrices of 
such devices as the display elements. The cathodo 
luminescent devices are depicted as each comprising a 
two-section cell containing an ionizable gas at very 
low pressure. The first section comprises an electron 
multiplier serving as a controllable source of free elec 
trons. Free electrons are drawn from the electron 
multiplier and accelerated in the second section to 
high energies whereupon they collide with a light 
emissive phosphor screen. Other structures including 
means for modulating the flow of electrons to the 
screen are disclosed. 

1 1 Claims, 8 Drawing Figures 
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a collision at a given pressure. Raising the voltage dif 
ference helps in a marginal situation, primarily because 
the electrons will be accelerated to the minimum ioniz 
ing level sooner along the path (thus increasing the ef 
fective path length), and because occasionally more 
than one electron may be released per collision. On the 
other hand, high velocity electrons may have reduced 
ionization probability. The net result is that if a path is 
too short, for a given gas density, a sclf-sustained dis 
charge cannot be maintained even when very high volt 
age differences exist in the field-containing space. This 
circumstance is classically described by a Paschen 
curve. This curve and other principles and details of gas 
discharge devices and their operation are described in 
such works as "Gaseous Conductors', by James Co 
bin, Dover Publications ( 1958). 
The term 'gas discharge cell' or 'gas discharge de 

vice' is herein intended to mean a cell or a device in 
which the electric fields differ significantly between the 
“on' state wherein a plasma is present and the 'off' 
state wherein no current is flowing. Devices con 
structed in accordance with this invention do not have 
the described characteristics of a gas discharge device. 
Rather, they may be aptly termed electrostatic devices 
in which the electric fields established within by appli 
cation of voltages to its electrodes are not substantially 
and abruptly altered by the presence of ions. 

In a conventional gas discharge diode as shown in 
FIG. , the design relationship between gas pressure 
"p" and the cathode-to-anodc spacing "d", for mini 
mum operating voltage, is given to excellent approxi 
mation by the Paschen similitude expression: p. x d - K. 
where K is a constant which depends on cathode mate 
rial, gas composition and tube geometry (but not tube 
size). For usual discharge devices, K is generally equal 
to about one-half torr cm. 

In the FIG. 1 diode, electrons emitted from the cath 
ode undergo ionizing collisions in the gas, resulting in 
an electron 'avalanche' which multiplies the electron 
current as it approaches the anode. If the ion-electron 
secondary emission ratio is lify (typically about O. l ), a 
gas-electron-avalanche gain of at least A (where \ is 
typically about 10) must be developed to establish an 
electron-ion loop gain of unity. Accordingly, the mini 
mum breakdown voltage characteristic for a given 
diode (revealed) by the well-known Paschen curve) is 
a measure of the secondary emission properties of the 
cathode of the diode, as well as a measure of the elec 
tron-avalanche properties of the gas. 
As will be explained in more detail hereinafter, in ac 

cordance with the principles of this invention, an elec 
tron-multiplier, as shown schematically in FIG. 2, is in 
serted between the cathode and the region where ions 
are to be generated. The illustrated FIG. 2 device com 
prises an envelope 10 containing an ionizable gas such 
as hydrogen, helium, neon or other suitable gases orgas 
mixtures. A cathode 12 serves as an electron emitter. 
A plurality of serially arranged, secondary-electron 
emissive dynodes 14, 16, 18, 20, 22 and 24 receive ap 
plied voltages ever-increasing in positive polarity in a 
direction away from the cathode 12. The voltages are 
shown as being provided by a tapped voltage divider 
26. A final anode 28 collects the electrons from the last 
dynode 24. 
Due to collisions between the electrons and the gas 

atoms within the envelope 10, positive gas ions 30 are 
generated. In accordance with this invention, as will be 
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4. 
explained in more detail hereinafter, the dynodes 
14-24 are arranged so as to permit the ions 30 to be ac 
celerated directly to the cathode 12 to cause the cath 
ode to emit additional free electrons 32. 
For the FIG. 2 device, the Paschen similitude expres 

sion takes the general form: 
plg = K, 

where 'l' is the effective length of the ion generation 
region and ''g'' is the gain of the electron-multiplier. 
The value of K depends upon the efficiency with which 
positive ions are transported back to the cathode and 
the ion-induced secondary electron emission coeffici 
ent of the cathode. This is true whether or not an elec 
tron-multiplier is included. K also depends upon the 
electron velocity in the ion generation region. In appro 
priately designed tubes, however, the value of K is not 
likely to differ greatly in general magnitude whether a 
multiplier is present or not. Hence it may be concluded 
that if an electron-multiplier of gain g is interposed, a 
discharge may be initiated at a pressure which is ap 
proximately l/g lower than if a multiplier is not inter 
posed. This principle is basic to this invention. 
By operating a tube at sufficiently low gas pressure, 

ionizing collisions between gas atoms and electrons be 
comes a negligible effect so far as scattering of elec 
trons is concerned. Under such conditions a beam of 
electrons may be accelerated to high velocity with no 
significant energy loss and no concern about initiating 
an unwanted self-sustained discharge between the high 
voltage anode and lower voltage electrodes in the tube. 

FIG. 3 illustrates in highly schematic form a cathodo 
luminescent device containing basic components of de 
vices constructed according to this invention. The FIG. 
3 device 34 is illustrated as comprising wall means in 
the form of an envelope 36 (typically glass) which de 
fines an enclosure containing an ionizable gas such as 
helium, hydrogen, neon or other suitable gases or gas 
mixtures at a predetermined pressure sufficiently low 
to preclude establishment of a gas discharge in the de 
vice. 
An electron-multiplier 38 located within the enclo 

sure creates at an output end thereof a source of elec 
trons. The electron-multiplier 38 includes a cathode 
49, which may comprise, for example, an aluminum, 
magnesium or nickel strip. The electron-multiplier 38 
is depicted as including a plurality of discrete dynodes 
42, 44, 46, 48, 50 and 52. The dynodes 42-52 may be 
composed, for example, of oxidized beryllium-copper 
alloy, cesium-antimony alloy, silver-magnesium alloy, 
oxidized aluminum, or other suitable materials. The 
last dynode in the FG. 3 embodiment (52) and in later 
described embodiments is also referred to herein as the 
"electron-multiplier anode'. As used, this term is in 
tended to mean the highest voltage dynode in an elec 
tron-multiplier constituting a pair of a light-emissive 
device constructed according to this invention, and is 
not intended to mean a current-collecting electrode. 
As in the FIG. 2 device, the dynodes are adapted to 

receive voltages ever-increasing in positive polarity in 
a direction away from the cathode 40, which pattern of 
voltages may be provided by a voltage divider, as 
shown at 26 in FIG. 2. This invention comprehends the 
use of an electron-multiplier of a type other than as 
shown, such as a channel plate multiplier, a Weis mesh 
multiplier, or a staggered plate multiplier; the illus 
trated shaped dynode structure is preferred however. 
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The electron-multiplier 38, of whatever form, gener 
ates positive gas ions 54 as a result of collisions be 
tween the electrons and gas atoms within the multi 
plier. In accordance with this invention, as will be ex 
plained in more detail hereinafter, the dynodes 42-52 
are arranged so as to permit the positive gas ions S-1 to 
be accelerated to the cathode 40 to cause the cathole 
to emit additional free electrons 56. The Lilitional 
clectrons 56 emitted from the cathodc-10 as a result of 
the ion bombardment are in turn multiplicd in the elec 
tron-multiplier 38. The electron-multiplier 38 thus con 
stitutes part of a regenerative electron-ion feedback 
loop. 
Phosphor means in the form of a phosphor screen 58 

is disposed at one end of the enclosure in spaced rela 
tion to the output end of the electron-multiplier 38 for 
emitting light when bombarded by high energy elec 
trons. As will become evident as this description pro 
ceeds, the phosphor material may be selected to emit 
white light for use in a one-color display device or 
panel, or may be, for example, red-emissive, blue 
emissive and green-emissive in arrays of devices cle 
signed to form color television pictures or other color 
displays. It should be noted that only a small percent 
age of the multiplied electron beam is utilized to create 
positive gas ions, a very substantial part of the beam 
being available for acceleration to the phosphor screen 
S8. 
An accelerating anode 60 is disposed at the phosphor 

screen 58 and is adapted to receive a predetermined 
accelerating voltage which is substantially higher than 
the voltage impressed on the last dynode 52 (the elec 
tron-multiplier anode) of the electron-multiplier 38. 
The accelerating anode 60 draws electrons from the 
electron-multiplier when the electron-multiplicr is in 
an active state and accelerates the electrons to high en 
ergies for impingement upon the phosphor screen 58. 

In the illustrated form of the invention, an ion gener 
ation region or stage 62 is provided between the last dy 
node 52 and the accelerating anode 60 to provide a 
maximized electron-gas interaction probability. Addi 
tional field-forming electrodes may be provided in such 
a special ion-generating region to optimize the field 
characteristics for maximum ion generation. As de 
scribed hereinafter with respect to another embodi 
ment of the invention, ion generation may, alterna 
tively, be accomplished within the compass of the dy 
nodes 42–52, thus obviating a separate ion generation 
region within the device. The provision of a separate 
ion generation region improves the efficiency of ion 
generation and ion feedback efficiency, but adds to the 
length of the cathodo-luminescent device and thus in 
creases the front-to-back depth of a display panel made 
up of such devices. 
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In accordance with this invention, activating means 
are provided for selectively causing the loop gain of the 
electron-multiplier feedback loop to be less than unity 
when it is desired to cause the electron-multiplier to as 
sume an inactive state, or for turning the electron 
multiplier on by causing the said loop gain to be unity 
or greater. In the illustrated preferred embodiment, the 
electron-multiplier is self-saturating due to space 
charge and other effects. Thus when the electron 
multiplier is turned on, it is done so by causing the loop 
gain to momentarily exceed unity wherein the electron 
multiplier saturates at a predetermined saturation cur 
rent level and the gain becomes exactly unity. It is con 

6 
templated that devices may be built, however, which 
follow the teachings of this invention but which are not 
driven to saturation in the on statc. 
By way of background, the 'loop gain' is taken to be 

the average number of electrons ultimately released 
from the cathode in a complete cycle by the action of 
a single electron starting from the cathode. The loop 
gain is thus equal to the product of the following: 

1. the guin of the electron-multiplier 38, 
2. the gas ionization probability due to a single output 

electron, 
3. the probability that an ion generated in the ion 
generation region will fall back to the cathode, and 

4. the secondary-electron-emission coefficient of the 
cathodc upon ion bombardment. 

If the loop gain exceeds unity, the current in the loop 
builds up exponentially until some saturation effect 
such as space charge alters the electrical fields within 
the electron-multiplier and reduces the gain to unity. 
The loop current then stabilizes at that level. If the loop 
gain is caused to fall below unity, the current exponen 
tially falls towards zero. 
Thus in the context of the preferred FIG. 3 self 

saturating device, the device may be bi-stahly driven 
between an off state and an activated on state hy selec 
tively causing the loop gain to be either less than unity 
or, alternatively, unity or greater than unity. In FIG. 3, 
the device activating means is illustrated as a switching 
means for applying to the cathode 40 a positive voltage 
of such a value that the electron-multiplicrgain drops 
below that level necessary to establish a loop gain of 
unity or greater. To turn the device on, a cathode volt 
age is selected which, in combination with the voltages 
applied to the dynodes 42-52, establishes a gain in the 
multiplier 38 which is adequate to cause the loop gain 
of the device to be unity or greater. 

It is manifest that by the expedient of a bi-stable 
switching mechanism which switches the loop gain be 
tween less than unity and unity or greater, the electron 
multiplier 38 can be switched between off and on states 
in a highly non-linear fashion. 

It is contemplated that cathodo-luminescent devices 
constructed according to this invention may be em 
ployed as a self-contained cathodo-luminescent cell. 
Alternatively, the cells may be arrayed in a display 
panel having one output level, that is, a panel which is 
not capable of yielding a gray scale, but rather is either 
fully on or fully off. An example of a commercially usc 
ful panel having one on level would be an alpha 
numeric display panel, or the like, wherein alpha 
numeric characters are displayed at one intensity level. 

It is contemplated however that the invention may be 
more usefully employed in applications wherein it is de 
sired to have multiple light level rendition, that is, 
wherein it is possible to display a 'gray scale. An ex 
ample of an application contemplated in which a gray 
scale capability is necessary is a black and white or 
color television display panel. A television display 
pancil may comprise an array or matrix of cathodo 
luminescent cells according to this invention, each of 
which is capable of yielding a luminous output at any 
of a selected number of discrete output levels, or in a 
continuum of light output levels. To this end, it is desir 
able that control means be provided which is respon 
sive to an applied control voltage for modulating the 
flow of electrons from the electron-multiplier 38 to the 
phosphor screen 58 and thus the amplitude of the light 
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emitted by the screen. In the illustrated FIG. 3 embodi 
ment, control electrode means are shown schematically 
as taking the form of a control grid 63 flanked by aper 
tured electrodes 64, 65. The electrodes 64, 65 serve to 
isolate the control grid 63 from fields in the electron 
multiplier 38 and in the electron accelerating region of 
the device. The electrodes 64, 65 may have applied 
thereto a common voltage which is somewhat greater 
than the voltage applied to the last dynode 52. As will 
become evident hereinafter, clectrodes 64, 65 may 
comprise windowed, electrically concluctive plates. 

It is also deemed to be desirable to provide baffle 
means between the electron-multiplicr 38 and the ac 
celerating anode 60 for blocking high energy electrons 
which might be emitted by the electron-multiplier 38 
and for blocking passage to the cathode 40 of ions 
which might bc generated in the region between the 
baffle means and the accelerating anode 60. In the FIG. 
3 representation, baffle means are illustrated in highly 
schematic form as taking the form of a secondary 
electron-emissive plate 66 having a surface angled with 
respect to the axis of the electron-multiplier 38 for 
blocking high speed electrons and an ion-blocking 
plate 68 for blocking the passage to the cathode 40 of 
ions generated in the electron accelerating region. The 
function of the plates 66, 68 will become more appar 
ent as other, more structural, embodiments are de 
scribed hercin after. 
FIG. 14 illustrates, in more structural form than FIG. 

3, cathodo-luminescent devices according to this in 
vention incorporated in a display panel 69. The panel 
69 is illustrated as being boundcd by a rear wall 70 and 
a faceplate 71. In the panel 71, the cathodcs are shown 
as horizontal cathode strips 72. Five dynodes, consti 
tuting part of an electron-multiplier 74, are depicted at 
76, 78, 8.0, 82 and 84. Voltages of ever-increasing po 
tential are supplied to the dynodes 76-84 from a volt 
age divider 86. 
Beam control means are illustrated as comprising a 

pair of electrically conductive grid-isolating electrodes 
88,90. Windows 89 are provided for passing the elec 
tron beams. Sandwiched between the electrodes 88,90 
is a control grid 91. The control grid 91 may take the 
form of a dielectric support plate 92 containing con 
ductively metalized apertured grid strips 93. The dis 
crete grid strips 93 are individually controlled by sig 
nals developed in signal processing and scan control 
circuitry, represented schematically at 94. 
The FIG. 4 embodiment includes baffle means for 

blocking the passage of high energy electrons from the 
electron-multiplier 74 into the accelerating region of 
the device and for preventing feedback of high energy 
ions to the cathode from the electron accelerating re 
gion of the device. The accelerating region is the region 
between the beam control means and the accelerating 
electrode, preferably located on the back of the face 
plate 71. In the illustrated FIG. 4 embodiment, the first 
described baffling function is accomplished by a 
secondary-clectron-emissive baffle plate 95. The latter 
baffling function is performed by electron-opaque 
areas 96 on the grid-isolating plate 90. 
As noted above, it is contemplated that cathodo 

luminescent devices constructed according to this in 
vention may be incorporated in an image display panel 
such as a television reproducer. FIG. 5 is a highly sche 
matic perspective view of a television display panel 112 
constituting a part of a television receiver. The panel 
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8 
1 12 incorporates an X-Y matrix of cathodo 
luminescent devices according to this invention. The 
display panel 112 is illustrated as comprising a rear 
panel wall 114 on which is disposed an array of hori 
Zontally oriented line or strip cathodes 116. At the for 
ward end of the panel 112 there is provided a transpar 
ent faceplate 118 on the back surface of which is dis 
posed an array of sequentially repetitive, vertically ori 
ented red-emissive, blue-emissive and green-emissive 
phosphor strips (not shown). 

In FIG. 5 there is illustrated a series of column leads 
120 which lead from column current control circuitry 
122 to control means such as the grid strips 93 in the 
FIG. 4 embodiment. Row selection and drive circuitry, 
shown schematically at 124, along with the column 
control circuitry 122, provide a modulated raster scan 
of the panel 112. The row selection and drive circuitry 
124 and the column circuitry 122 may be constructed 
following principles well known to those skilled in the 
art. 

In operation, the uppermost horizontally extending 
line of the cathode-luminescent devices is activated by 
application of appropriatic potentials on the uppermost 
cathode 116. A line of video information which has, for 
example, been received by an antenna 126, been pro 
cessed appropriately in a processor 128 and been 
stored in a line storage memory 130, is applied in paral 
lel to a full row or a portion of a full row of cathodo 
luminescent devices. The video information is applied, 
as described, to control grids within the cathodo 
luminescent devices. The line of video information is 
maintained for a horizontal line display period. In an 
allotted retrace time, typically 10 microseconds of the 
63 microsecond line time, the first video line is deacti 
watcd and the next successive line or the line after that 
(depending upon the means for effecting vertical raster 
interlace) is energized. A second line of video informa 
tion which has been stored in the memory 130 is ap 
plied to the second video line. A complete vertical scan 
of the panel to display a full video image is accom 
plished in this manner. 

If satisfactory luminous intensity is developed in the 
cathodo-luminescent devices, the line of stored infor 
mation can be displayed during the retrace interval. 
This mode of operation would require one, rather than 
two, video storage memories. If insufficient intensity is 
obtained, the video information must be simulta 
neously written into one set of storage elements while 
another memory controls the display. Vertical commu 
tation may be accomplished using discrete or multi 
phase scanning signals. 
FIGS. 6-8 illustrate a color television display panel 

representing a preferred embodiment of the principles 
of this invention. The FIGS. 6-8 embodiment is illus 
trated as comprising a faceplate 134 on the rear surface 
of which is disposed a vertically oriented, periodically 
repetitive sequence of red-emissive, blue-emissive and 
green-emissive phosphor strips 136. An accelerating 
anode 138 comprising a layer of electrically conductive 
material (aluminum, for example) is deposited over the 
phosphor strips 136 and is adapted to receive a rela 
tively high applied voltage for accelerating the electron 
beams 139 (to be described ) to high energies for im 
pingement on the phosphor strips 136. 
The FIGS. 6-8 panel includes a rear enclosure plate 

140 which may be composed of glass or other suitable 
material, on which is deposited a series of horizontally 
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arranged cathode strips 141. The cathode strips 141 
function as cold cathodes and may be connposed of a 
material such as aluminum or other suitable materials, 
certain of which are suggested above. Each cathode 
strip 141 forms part of an electron-multiplier which in 
cludes a plurality of discrete, serially arranged, 
secondary-electron-emissive dynodes 142, 144, 146, 
148, 150, 152, 154 and 155 for multiplying electrons 
emitted from the cathode strips 141. 

In the illustrated preferred FIGS. 6-8 embodiment, 
the dynodes 142-155 are illustrated as being formed 
from a series of spaced pairs of dynode sheets 156, 158. 
The dynode sheets 156, 158 each comprise a sheet of 
electrically conductive material, preferably beryllium 
copper, in which is integrally formed from the sheet 
material a matrix of flaps 160. The flaps 160 may be 
formed by photo-etching away the flap boundaries and 
then stamping or pressing out the flaps. The dynode 
sheets 156, 158 are preferably formed similar to each 
other except that the dynode flaps are deflected in op 
posite directions. 
A dynode structure in the form of sheets with flaps 

bent out to form the secondary-electron-emissive ele 
ments and certain other structural and fabrication prin 
ciples embodied and revealed in the FIGS. 6-8 embodi 
ment do not, per se, constitute a part of this invention 
but are described and claimed in the referent copend 
ing application Ser. No. 538,486, filed Jan. 3, 1975, as 
signed to the assignee of the present invention. 
Whcreas each of the flaps 160 may be formed to act 

as a dynode element for a single horizontal image line 
element, as shown, it is preferable the flaps be wider so 
as to embrace a number of image line elements - six 
for example. By this approach, fabrication of the flaps 
is vastly simplified, yet interstices are created between 
flaps for increasing the mechanical integrity of the 
panel structure. 
The pairs of dynode sheets 156, 158 receive applied 

voltages ever-increasing in positive polarity in a direc 
tion away from the cathode strips 141, which pattern 
of voltages may be developed by the use of voltage di 
vider means as shown at 86 in FIG. 4. As shown by the 
electron paths in FIG. 7, the first dynode 142 is not ac 
tually an electron-multiplying element, but rather 
serves as a field-forming electrode which deflects the 
electrons emitted by the cathode strips to the Second 
dynode 144. The pairs of dynode sheets 156, 158 are 
held in electrical union but are spaced each from each 
adjacent pair of sheets by means of spacers 162 which 
may, for example, be composed of glass or other suit 
able insulating material. The spacers 162 may be fabri 
cated as the vertically spaced bridges between panel 
wide slit windows (aligned with the windows in sheets 
156, 158) etched in a glass plate. The spacers are 
shielded from the electron beams by the dynodes 142, 
155 such that fields due to surface charges on the insu 
lators do not substantially alter the charged particle tra 
jectories. The spacers 162 serve a number of functions. 
They control the spacing of the dynode sheets 156, 158 
from neighboring dynode sheets. Secondly, they pro 
vide periodic front-to-back support across the expanse 
of the panel. Thirdly, the spacers 162 prevent buckling 
or bending of the sheets to prevent electrical short cir 
cuiting between adjacent sheet pairs. 
A field-forming output electrode 164, including flaps 

165, 66, is spaced beyond the last dynode sheet 158a 
and serves to form an electric field which guides the 

O 

15 

30 

35 

40 

45 

55 

65 

10 
electron beam through the window formed between the 
flaps 165, 166 and into an electron control section or 
region of the panel, described below. The FIGS. 6-8 
clectron-multiplier is illustrated as having the capabil 
ity of a gain of approximately 1000. Suitable potentials 
which may be applied to the dynodes 142-155 and 
other electrodes in the panel are shown in FIG. 7. By 
fabricating the electron-multiplier dynodes for the en 
tire panel as flaps bent from electrically conductive 
sheets stacked to form a multiple dynode electron 
multiplier, very substantial economies in panel fabrica 
tion are effected. 
As in the above-described embodiments, the elec 

tron-multiplier serves to establish a source of electrons 
for acceleration to high energies for bombarding the 
phosphor strips 136. Control means for controlling the 
flow of electrons from the electron-multiplier to the 
phosphor strips 136 is illustrated in the preferred FIGS. 
6-8 embodiment as taking the form of a stack of verti 
cally oriented electrodes 168, 170, 171, 172, 174, 175 
and 176. The electrodes 68-176 are divided into three 
functional groups by vertically oriented, horizontally 
spaced insulators 178, 180, which may, for example, 
comprise windowed glass plates. The first group of 
electrodes, comprising electrode 168, and the third 
group, comprising electrodes 174, 175 and 176, re 
ceive potentials effective to isolate the central group of 
control electrodes 170, 171, 172 from stray fields. See 
the exemplary potentials illustrated in FIG. 7. The con 
trol electrodes receive a bias voltage on which is super 
imposed a modulating signal voltage which may, as 
shown in FIG. 7, for the illustrated embodiment, take 
the form of a 1900 volt bias modulated by a signal hav 
ing a maximum peak-to-peak swing of 40 volts. The 
control electrodes 70-72 are insulated from horizon 
tally adjacent control electrodes by insulators 181. 
The electrodes 168, 174, 175 and 176 may be formed 

as physically and electrically united conductive plates 
(metalized glass plates or sheets of conductive materi 
als, e.g. ) having windows for passing the electron 
beams. One of such windows is shown in electrons 168 
as 184. These electrodes preferably extend horizontally 
and vertically across the entire panel. 
The insulators 178, 180 are also preferably formed as 

plates having beam-passing windows, except, of course, 
the insulators are formed of an electrically non 
conductive material such as glass. In outward appear 
ance, the electrodes 168, 174, 175 and 176 and the in 
sulators 178, 180 closely resemble the grid-isolating 
plates 188 and 190 constituting part of the FIG. 4 em 
bodiment. 
The beam control electrodes 170-172 must be indi 

vidually controllable, column-by-column, since signal 
information to be imparted on the individual electron 
beams reaching the phosphor strips 136 is carried on 
these electrodes. The three electrodes 170-172 are 
preferably electrically conductive strips which are 
physically and electrically united to act as a single con 
trol element. The electrodes 170–172 also have win 
dows for passing the electron beams. The electrodes 
170-172 thus have the same function as the grid strips 
93 in the FIG. 4 embodiment and a similar construc 
tion, except for having three united electrodes operat 
ing as a single electrode, rather than a single electrode. 

In order to insure that each of the triads of tied elec 
trodes 170-172 are each isolated from their horizon 
tally spaced neighbors, vertically oriented insulators 
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181 are provided (see FIG. 8). The insulators 181 pref 
erably extend continuously from the top to the bottom 
of the panel and may be composed of glass or other 
suitable insulating material. 
The beam-passing windows in thc electrodes 168, 
7()- 172, 17-- 76 and insulators 78, 180 are succes 

sively vertically offset such that they aggregatively de 
fine angled beam-conducting channels through the 
beam control means. The opaque portions 186 of the 
electrode 184 act as a baffle which precludes entry into 
the beam accelcrating region of high speed electrons 
generated in the electron-multiplier. Areas such as 
shown at 182 on the field-forming electrode 164 act to 
block the rearward passage of positive ions which 
might be generated in the beam acceleration region. 
Such baffling may not be necessary in all applications. 
The electrodes are spaced from the faceplate 62 by 

horizontally oriented, electrically insulative (glass, for 
example) spacers 198. The spacers 198 are preferably 
disposed between every other line (i.e., between each 
lace-interlace pair). Alternatively, other vertical sepa 
ration distances may be employed, depending on the 
size of the panel and other electrical or structural con 
siderations. In a small panel, simplified support struc 
tures may be employed. 

Alternatively, vertically oriented, horizontally sepa 
rated spacers may be used to provide the necessary 
structural rigidity for the panel. These would preferably 
be disposed in the location of and in substitution for 
every other blue-emissive phosphor strip. Since the re 
solving ability of the human eye to blue-wavelength 
light images is relatively poor, the elimination of alter 
nate bluc-emissive phosphor strips will have a negligi 
ble effect on the perceived overall picture quality. 
These spaccrs 198 serve also to periodically support 
the faceplate, preventing bending or breakage due to 
atmospheric forces. 

In order to precisely control the acceleration field in 
the acceleration region, it may be necessary to provide 
a series of electrically conductive ribbons, as shown at 
202, on the sidewalls of the spacers 198. The ribbons 
202 are adapted to receive a progression of voltages ef 
fective to achieve a satisfactory beam acceleration 
characteristic and to preclude interference with the 
beam by stray charge-generated ficlods or the like. An 
example of a voltage pattern suitable for application to 
the ribbons 202 is shown in FIG. 7. 

In accordance with an aspect of this invention, beam 
deflecting means may be provided for controlling the 
vertical position of the electron beams in the panel, for 
example to effect interlace of successive display fields. 
In the illustrated embodiment, to deflect the electron 
beams for interlace purposes, a deflection voltage, gen 
erated, e.g., by deflection signal generator 203, may be 
applied to the first ribbons 202a, 202b. See FIG. 6. By 
application of an appropriate negative deflection volt 
age to ribbons 202a (a few hundred volts, for example) 
and a complementary positive deflection voltage to rib 
bons 202b, the electron beams may be deflected down 
ward during raster interlace. The interlace deflection 
signals must, of course, by synchronized with panel 
scan signals and synchronization signals. 
FIG. 8 is a view of the control and acccelerating re 

gions of the device taken along section lines 8-8 in 
F.G. 6. Electric fields which are established in the con 
trol and accelerating regions cause the electron beams 
to be converged or pinched horizontally such that the 
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ultimate beam cross-sectional configuration upon im 
pingement with the phosphor strips 136 is horizontally 
narrowcud. 

FIG. 8 illustrates a triad of luminescent devices or 
cells 204, 206, 208, taken by way of example to be as 
sociated, respectively, with a red signal picture elc 
ment, a blue signal picture element and a green signal 
picture element. In the illustrated FIG. 8 embodiment, 
by way of example, the control electrodes 170, 171, 
172 controlling the red-associated cell 204 carry a sig 
nal voltage of minus 30 volts which is effective to com 
pletely shut off the red-associated electron beam and 
thus prevent the luminescence of the red-emissive 
phosphor strip 13.6R. The control signal associated 
with blue information is applied to the electrodes 170, 
171, 172 controlling the blue-associated cell 206 and, 
in the illustrated embodiment, is shown as being of such 
a value (minus 25 volts, e.g.) as to admit passage of a 
relatively low intensity electron beam 139B to the blue 
emissive phosphor strip 136B. The green information 
is shown as being a signal of greater value positive than 
that applied to either the red-associated or blue 
associated cells 204, 206 (minus 20 volts, e.g. ), permit 
ting a relatively intense green-associated electron beam 
139G to impinge upon the green-emissive phosphor 
strip 136G. Thus the integrated luminous output of the 
triad of cells would be perceived as a predominantly 
green image somewhat desaturated by blue light. 
The invention is not limited to the particular details 

of construction of the embodiments depicted and other 
modifications and applications are contemplated. For 
example, rather than using control electrodes in the ac 
celeration region, such as electrodes 170-172 in FIGS. 
6-8 to modulate the flow of electrons to the phosphor 
strips 136, control structures of other types in the same 
or different regions of the device may be employed to 
control the flow of electrons from the electron 
multiplier or to control the output of the electron 
multiplier itself. Rather than operating the electron 
multiplier in a mode wherein it is either off or driven 
to saturation, the electron-multiplier may be activated 
in a non-saturated state at a predetermined intermedi 
ate level of output. If operated in a maximum output 
mode, it may be possible to avoid storing all or part of 
a line interval of information and display only in the re 
trace interval. Rather than switching the electron 
multiplier by application of a switching voltage to the 
cathode, a switching voltage may be applied to other 
suitable electrodes within the device such as one of the 
dynodes. It is contemplated that the output beam may 
be deflected on the phosphor screen, as by means of 
suitably structured and excited deflection electrodes, 
for purposes other than interlace scanning. Certain 
other changes may be made in the above-described ap 
paratus without departing from the true spirit and 
scope of the invention herein involved and it is in 
tended that the subject matter in the above depiction 
shall be interpreted as illustrative and not in a limiting 
SS. 

claim: 
1. A cathodo-luminescent device comprising: 
wall means defining an enclosure containing an ioniz 
able gas at a predetermined low pressure; 

an electron-multiplier located within said enclosure 
for creating at an output end thereof a source of 
electrons, said electron-multiplier including cath 
ode means and electron-multiplier anode means 
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adapted to receive an applied potential different 
there across, said electron-multiplier generating 
positive gas ions as a result of collisions between 
electrons und the gas atoms, saic electron 
multiplier being constructed to provide a clear path 
for ions such that some of said ions feed back to 
said cathode to cause said cathode to emit elec 
trons 

phosphor means disposed at one end of said enclo 
sure in spaced relation to said output end of said 
electron-multiplier for emitting light when hom 
barded by high energy electrons; 

accelerating anode means disposed at said phosphor 
means and adapted to receive a predetermined ac 
celerating voltage substantially more positive than 
the voltage upplied to said electron-multiplier 
means for drawing electrons from said electron 
multiplier when said electron-multiplier is on and 
for accelerating them to high energies for impinge 
ment on said phosphor means, the said predeter 
mined gas pressure being sufficiently low as to pre 
clude the establishment of a gas discharge in said 
device; and 

activating means for selectively causing the feedback 
loop gain of said electro-multiplier to be at least 
unity to drive said electron-multiplier to an on state 
associated with a predetermined high level of avail 
able electron-multiplier current and for selectively 
causing the feedback loop gain of said electron 
multiplier to be less than unity to drive said elec 
tron-multiplier to an off state associated with negli 
gible electron-multiplier current. 

2. The device defincd by claim 1 wherein said elec 
tron-multiplicr comprises a plurality of discrete, seri 
ally arranged, secondary-electron-emissive dynodes 
disposed between said cathode means and said elec 
tron-multiplier anode means and adapted to receive ap 
plied voltages ever-increasing in positive polarity in a 
direction away from said cathode, but substantially less 
than the voltage applied to said accelerating anode 
means, said electron-multiplier including an ion 
generation region in which said positive gas ions are 
generated, said dynodes being arranged so as to permit 
some of said positive gas ions generated in said clec 
tron-multiplicr to be accelerated to said cathode means 
to cause said cathode means to emit additional free 
electrons. 

3. The device defined by claim 1 including control 
means responsive to an applied control voltage for 
modulating the flow of electrons to said phosphor 
means and thus the amplitude of the light emitted by 
said phosphor means. 

4. The device defined by claim 1 wherein said device 
includes baffle means disposed between said electron 
multiplicrand said accelerating anode means for block 
ing high energy electrons which might be emitted by 
said electron-multiplier and for blocking thc passage to 
said cathode means of ions which might be generated 
in the region between said baffle means and said accel 
erating anode means. 

5. A cathodo-luminescent device comprising: 
wall means defining an enclosure containing an ioniz 
able gas at a predetermined low pressure; 

an electron-multiplier located within said enclosure 
for creating at an output end thereof a source of 
electrons, said electron-multiplier comprising a 
cathode and an electron-multiplier anode adapted 
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to receive an applicd potential difference there 
across, said electron-multiplier including a plural 
ity of discrete, serially arrangcd, secondary 
electron-emissive cly nodes disposed between said 
cathode and said anode and adapted to receive ap 
plied voltages ever-increasing in a positive polarity 
in a direction away from said cathode, said elec 
tron-multiplier including an ion-generation region 
in which positive gas ions are generated as a result 
of collisions between electrons and said gas, said 
dy nodes bcing arranged so us to permit said posi 
tive gas ions to be accelerated to said cathode to 
cause said cathocle to emit additional free electrons 
and thereby complete a regenerate electron-ion 
feedback loop; 

phosphor means disposed at one end of said enclo 
sure in spaced relation to said output end of said 
electron-multiplier for emitting light when hom 
burded by high energy electrons; 

accelerating anode me: uns disposed at said phosphor 
means and adapted to receive a predetermined ac 
celerating voltage subst:ntially higher than the 
voltage applied to said clectron-multiplier anode 
for drawing electrons from said electron-multiplier 
when said electron-multiplicr is on and for acceler 
ating them to high encrgies for innpingement on 
said phosphor means, the said predetermined gas 
pressure being sufficiently low as to preclude the 
establishment of a gas discharge in said device; 

activating means for selectively causing the loop gain 
of said electron-nultiplier feedback loop to he less 
than unity to cause said electron-multiplier to as 
sume an inactive state or for turning said clectron 
multiplier on by causing said loop gain to be unity 
or greater wherein said electron-multiplier satu 
rates at a predetermined saturation current level; 
and 

control means including a control electrode located 
within said enclosure between said clectron 
multiplier and said accelerating anode, said control 
mcans being responsive to an applicd control volt 
age for modulating the flow of electrons from said 
electron-multiplier to said phosphor means and 
thus the amplitude of the light emitted by said 
phosphor means. 

6. The device defined by claim 5 wherein said device 
includes baffle means disposed between said clectron 
multiplicr and said accelerating anode for blocking 
high energy electrons which might be emitted by said 
electron-multiplier and for blocking the passage to said 
cathode of ions which might be generated in the region 
between said baffle means and said accelerating anode. 

7. Television display panel for reproducing an image 
carried by an input video signal, comprising: 
an array of cathodo-luminescent elements discretely 
excitable by row-column selective addressing, each 
element comprising: 
wall means defining at least a portion of an enclo 
sure containing an ionizable gas at a predeter 
mined low pressure, 

an electron-multiplier located within said enclo 
sure for creating at an output end thercof a 
source of electrons, said electron-multiplier com 
prising a cathode and an electron-multiplier 
anode adapted to receive an applied potential 
difference thereacross, said electron-multiplier 
including a plurality of discrete, serially ar 
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ranged, Secondary-electron-emissive dynodes an electron-multiplicr located within said enclo 
disposed between said cathocle and said anole Surc for creating at an output end thereof a 
and adapted to receive applied voltages ever- Source of electrons, said electron-multiplier in 
increasing in a positive polarity in a direction cluding cathode means and electron-multiplier 
away from said cathocle, said electron-multiplier 5 anode means adapted to receive an applied po 
including an ion-generation region in which posi- tential difference thereacross, said electron 
tive gas ions are generated as a result of collisions multiplier generating positive gas ions as a result 
hetween electrons and saic gas, said dynodes of collisions between electrons and the gas 
being arranged so as to permit said positive gas atoms, some of which ions feedback to said cath 
ions to be accelerated to said cathode to cause 1() ode to cause said cathode to emit electrons, 
said cathode to emit additional frce electrons and phosphor means disposed at one end of said enclo 
thereby complete a regenerate electron-ion feet- sure in spaced relation to said output end of said 
back loop, electron-multiplier for emitting light when bom 

phosphor means disposed at one end of said enclo- barded by high energy electrons 
sure in spaced relation to said output end of said 15 accelerating anode means disposed at said phos 
electron-multiplier for emitting light when bom 
barded by high energy electrons, 

acceler: Lting anode means adapted to receive a pre 
deternlined :lccelerating voltage substantially 
higher than the voltage applicd to said electron- 20 
multiplier anode for drawing electrons from said 
electron-multplier when said electron-multiplier 
is on and for acccelerating them to high energies 
for innpingement on said phosphor means, the 
said predetermined gas pressure being suffi 
ciently low as to preclude the establishment of a 
gas discharge in said device, 

activating means for sectively causing the loop gain 
of said electron-multiplier fecdback loop to be 
less than unity to cause said electron-multiplier 30 
to assume an inactive state or for turning said 
electron-multiplier 'on by causing said loop 
gain to be unity or greater wherein said electron 
multiplier saturates at a predetermined satura 
tion current level, and 

control means including a control electrode lo 
cated within said enclosure between said elec 
tron-multiplier and said accelerating anode, said 
control means being responsive to an applied 
control voltage for modulating the flow of elec 
trons from said electron-multiplier to said phos 
phor means and thus the amplitude of the light 
emitted by said phosphor means; and 

means responsive to the input signal and coupled to 

phor means and adapted to receive a predeter 
mined accelerating voltage substantially more 
positive than the voltage applied to said electron 
multiplier anode means for drawing electrons 
from said electron-multiplier when said electron 
multiplier is on and for accelerating them to high 
energies for impingement on said phosphor 
means, the said predetermined gas pressure 
being sufficiently low as to preclude the estab 
lishment of a gas discharge in said device, and 

activating means for driving said electron 
multiplier between an on state associated with a 
predetermined maximum available electron 
multiplier current and an off state associated 
with negligible electron-multiplier current; and 

means responsive to the input signal and coupled 
to said electron-multiplier of each of said cle 
ments for applying the input signal to said array 
of elements to cause the input signal to be repro 
duced on the panel as a light representation spa 
tially varying in amplitude. 

10. A cathodo-luminescent device comprising: 
wall means defining an enclosure containing an ioniz 

4) able gas at a predetermined low pressure; 
an electron-multiplier located within said enclosure 

for creating at an output end thereof a source of 
electrons, said electron-multiplier including cath 
oclc means and electrode-multiplier anode means 

5 
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both said control means and to said activating 45 adapted to receive an applied potential difference 
means associated with each of said elements for thereacross, said electron-multiplier generating 
storing a predetermined interval of said input signal positive gas ions as a result of collisions between 
and for subsequently applying the stored informal- electrons and the gas atoms, said electron 
tion in parallel to appropriate elements in said 5 multiplier being constructed to provide a clear path 
array of elements such that said input signal is re- for ions such that some of said ions feed back to 
produced on the panel as a light image spatially said cathode to cause said cathode to emit elec 
varying in amplitude. trons; 

8. The device defincd by claim 7 wherein said panel phosphor means disposed at one end of said enclo 
includes baffle means disposed between said electron- sure in spaced relation to said output end of said 
multiplier and said accelerating anode for blocking electron-multiplier for emitting light when bom 
high energy electrons which might be emitted by said barded by high energy electrons; 
electron-multiplier and for blocking the passage to said accelerating anode means disposed at said phosphor 
cathode of ions which might be generated in the region means and adapted to receive a predetermined ac 
between said baffle means and said accelerating anode. celerating voltage substantially more positive than 
9. A luminescent panel for displaying alpha-numeric the voltage applied to said electron-multiplier 

characters or other light representations carried by an means for drawing electrons for said electron 
input signal, comprising: multiplier when said electron-multiplier is on and 
an array of discretely excitable cathodo-luminescent for accelerating them to high energies for impinge 
elements, each element comprising: 65 ment on said phosphor means, the said predeter 
wall means defining at least a portion of an enclo- mined gas pressure being sufficiently low as to pre 
sure containing an ionizable gas at a predeter- clude the establishment of a gas discharge in said 
mined low pressure, device, 
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activating means for selectively causing the feedback 
loop gain of said clectron-multiplier to be at least 
unity to drive said electron-multiplier to an on state 
associated with a precetermined high level of avail 
able electron-multiplier current and for selectively 
causing the feedback loop gain of Said electron 
multiplier to be less than unity to drive said elec 
tron-multiplier to an off state associated with negli 
gible electron-multiplier current and 

beam deflecting means responsive to an applied cle 
flection voltage for vertically deflecting the elec 
tron beam to a different vertical location on said 
phosphor means. 

11. Television display panel for reproducing an 
image carried by an input video signal, comprising: 
an array of cathocio-luminescent elements discretely 

excitable by row-column selective addressing, each 
clement comprising: 
wall means defining at least a portion of an enclo 
sure containing an ionizable gas at a predeter 
mined low pressure, 

an electron-multiplier located within saic enclo 
sure for creating at an output end thereof a 
source of electrons, said electron-multiplieT com 
prising a cathode and an electron-multiplier 
anode adapted to receive an applied potential 
difference thercacross, said electron-multiplier 
including a plurality of discrete, serially ar 
ranged, secondary-electron-cmissive dynodes 
disposed between said cathocle and said anode 
and adapted to receive applied voltages ever 
increasing in a positive polarity in a direction 
away from said cathodc, said electron-multiplier 
including an ion-generation region in which posi 
tive gas ions are generated as a result of collisions 
between electrons and said gas, said dynocles 
being arranged so as to permit said positive gas 
ions to be accclerated to said cathocle to cause 
said cathode to emit additional free electrons and 
thereby complete a regenerate electron-ion feed 
back loop, 

phosphor means disposed at one end of said cnclo 
sure in spaced relation to said output end of silic 
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electron-multiplier for emitting light when bom 
hardell by high energy electrons, 

acceicrating anode means adapted to receive a pre 
determined accelerating voltage substantially 
higher than the voltage applied to said electron 
multiplier anode for drawing electrons from said 
electron-multiplier when said electron-multiplier 
is on and for accelerating them to high energies 
for impingement on said phosphor means, the 
said predetermined gas pressure being suffi 
ciently low as to preclude the establishment of a 
gas discharge in said device. 

activating means for selectively causing the loop 
gain of said electron-multiplier feedback loop to 
be less than unity to cause said electron 
multiplicr to assume an inactive state or for turn 
ing said electron-multiplier on by causing said 
loop gain to be unity or greater wherein said elec 
tron-multiplier saturates at a predetermined satu 
ration current level, 

control means including a control electrocle lo 
cated within said enclosure between said elec 
tron-multiplier and said accelerating anode, said 
control means being responsive to an upplied 
control voltage for modulating the flow of clec 
trons from sail electron-multiplier to said phos 
phor means and thus the annplitude of the light 
emitted by said phosphor means, and 

beam deflecting means responsive to an applied in 
terlace deflection voltage for vertically deflecting 
the electron beam to a different vertical location 
on said phosphor means to effect interlace of 
successively displayed fields; and 

means responsive to the input signal and coupled to 
both said control means and to said activating 
means associated with each of said elements for 
storing a predetermined interval of said input signal 
and for subsequently applying the stored informa 
tion in parallel to appropriate elements in said 
array of elements such that said input signal is re 
produced on the pancil as a light image spatially 
varying in implitude. 
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