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ments, to Zenith Radio Corporation, 2 corporation of
Delaware

Filed June 30, 1955, Ser. No. 519,110
21 Claims. (CL 315—21)

This invention is directed to a fiew and improved elec-
tron-discharge device in which a focused beam of elec-
trons is deflected across a target structure. More specifi-
cally, the invention is directed to electron-discharge de-

vices comprising scanning electrode systems which effec-

tively permit scanning large target areas in a device of
minimim dimensions. Electron-discharge devices con-
structed in accordance with the invention may include tele-
vision image reproducers, switching dévices, and other
types of apparatis.

In many applications, such as television picture tubes,
it is desitable t6 $can a relatively large target electrode
stich as a fluorescent scréen of an adrray of many target
electrodes with a focused beam of electrons. Convention-
al davices adapted to this purpose are often extremely
bulky and very heavy, and may impose seveté lifmitations
upon the design of equipment Wwith which they are em-
ployed. For éxamiple, the size and weight of conventional
television receivers aré to a great extent dictated by the
size and weight of the¢ picture tube. In these devices, an
electron beam is projected toward a target screen along a
path substantially normal thereto and is deflected by an
electrostatic or an electromagnetic field to form an image
raster on the target screen. Practical limitations in the
maximum deflection angle obtainable make it extremely
difficult to effect substantial reduction in the overall size
of the picture tubes and of other devices of this general
type.

In ohe known type of cathode:ray tube, some of the
disadvantages of conventional devices are overcome to a
certain extent and the overall size and weight of the tube
is substantially reduced. In this device, an electron beam
is- projected along ome edge of the target electrode, A
series of deflection plates are disposed along the beam path
closely adjacent thereto; by varying the voltages on these
deflector electrodes, the beam may be deflected to follow
any one of a series of secondary paths adjacent to and
substantially parallel to the plane of the target. A second
similar set of deflector electrodes are utilized to deflect
the beam a second time to impinge upon the target. Thus,
the electron beam may be made to scan an image raster
upon the target by controlling the voltages applied to the
two sets of deflection electrodes. This device, however, is
subject to considerable difficulties arising from defocusing
of the electron beam with changes in deflection angle in
either of the two deflection systems. Moreover, the de=
flection angle of the beam varies substantially, depending
upon the instantaneous voltage applied to the deflector
electrodes; this effect is most serious with respect to the
first deflection system, since it must be compensated in
the second deflection system in order to permit scanning
of a uniform raster.

It is an object of the invention, therefore, to provide a
new and improved electron-discharge device which effec-
tively overcomes the above-noted disadvantages of known
devices: N

It is another object of the .invention to provide a new
and improved electron-discharge device in which an elec-

2

tron béam may be deflected from a reference path to fol-

" low any one of a multiplicity of parallel secondary refer-
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efice paths. ‘ )

It is a further object of the invention to provide a new
and improved electron-discharge device of the type in
which 4 focused electron beam scans a relatively large
target, which device is not substantially larger in dimen-
sions than the target itself. )

It is an additional object of tle invention to préovide
an electron-discharge device including a scanning elec-
trode system having substantially linear operating char-
acteristics, théreby pérmitting extremely accurate ¢ontrol
of the instantaneous position of a scanning electron beam.

It is another object of the invention to provide a new
and improved scanning electrode system for an électtoti-
discharge device which stibstantially reduces the coiriplex-
ity of auxiliary circuitry associated with thé device.

It is a further object of the invention to provide a hew
and improved image reproducer for color or monoechrome
television which may be hung upon a wall.

An eléctron-discharge device constructed in acéordance
with the invention comprises électron gun teans for pro-
jecting a focused beam of electrons along a predetermined
reference path and a scanning electrode system for selec-
tively réflecting that electron beam along any onié of a mul-
tiplicity of secondary paths. The scanning electrode sys-
tem comprises a plurality of reflector electrodes which are
distributed along the beam path at predetermined inter:
vals. Each of these reflector electrodes extends trans-
versely of the beam path at a predétermined incidence
angle, and the beam is reflected along secondary paths

- each of which forms an angle with the reference path
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which is-approxiimately equal to6 twice the aforementioned’
incidence angle. Finally, additional means is associated’
with at least one of the secondary paths for utilizing the
reflected electron beam. '

The features of the present invention which are believed
to be novel are set forth with particularity in the appended
claims. The invention, together with further objects and
advantages thereof, miay best be understood, however, by
reference to the following description takeh in connection
with the accompanying drawings, in the several figures
of which like reference numerals indicate like elements,
and in which:

Figure 1 is a perspective view, partially cut aWay, of an
electron-discharge image-reproducing devicé comstructed
in accordance with one embodiment of the invention; the
figure also includes a schematic showing of external cir-
cuitry utilized to incorporate the image reproducer into
a television receiver;

Figure 2 is a cross-sectional view of a portion of one
scanning electrode system of the television image repro-
ducer taken along line 2—2 in Figure 1;

Figure 3 is a cross-sectional view of another scanning
electrode system taken along line 3—3 in Figure 1;

Figure 4 illustrates the focusing characteristics of the
electrode system of Figure 2;

Figure 5 is a graph showing scanning displacement 45 a
function of voltage variations in the scanning electrode
system of Figure 2;

Figure 6 is a cross-sectional view, similar to Figure 3,
of a scanning electrode system constructed in accordance
with another embodiment of the invention and applied to
a color television image reproducer;

Figure 7 is a perspective view of an electron-d’scharge
switching device constructed in accordance with another
embodiment of the invention; and

Figure 8 is a perspective view illustrating a further
embodiment of the invention.

The television receiver illustrated in Figure 1 includes
an electron-discharge image-reproducting device 10 con=
structed in accordance with the invention; the envelope
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of the image reproducer has been omitted from the draw-
ing in order to provide a better view of the electrode
structures of the tube. Picture tube 10 comprises an
electron gun.11 of conventional construction; electron
gun 11 may include, for example, a cathode 12, a con-
trol electrode 13, an accelerating electrode 14, and a pair
of focus anodes 15 separated by a lens electrode 16. It
will be recognized that the illusirated electron gun is a
conventional electrostatically focused type; any other
suitable gun structure may be substituted for electron
gun 11 without departing in any way from the invention.
Electron gun 11 may be utilized to project a focused
beam of electrons along a reference path indicated by
dash line A. The picture tube 20 further includes a first
scanning electrode system 17 comprising a plurality of
reflector electrodes 1827 distributed along reference
path A at predetermined intervals and each extending
transversely of the beam path at a predetermined in-
cidence angle. The term “incidence angle,” as used
throughout this specification and in the appended claims,
refers to the angle of the beam path with respect to the
normal to the plane of the reflector, in accordance with
standard optical terminology. In the illustrated em-
bodiment, reflectors 18-27 are equally spaced along path
A and the angle of incidence of the beam path with re-
spect to the reflector electrodes is approximately 45°.
Scanning electrode system 17 may be employed to selec-
tively reflect the electron beam from reference path A
along any one of a multiplicity of secondary beam paths
each extending from path A at an angle substantial'y
equal to twice the incidence angle, as will be explaned
more fully hereinafter.
. The image-reproducing device also includes a second
scanning electrode system 28 comprising a plurality of
individual scanning electrodes 29-38 distributed adjacent
the aforementioned secondary beam paths in spaced re-
lation thereto. Scanning electrodes 29-38, in the illus-
trated embodiment, comprise flat strips of conductive
material extending in a direction substantially parallz] to
reference path A and distributed in a common plene.
The deflectors may be formed from sheet metal or may
comprise conductive coatings upon an insulating base 39,
as shown. An isolating electrode 51, comprising a pair
of conductive elements disposed on opposite sides of the
secondary beam paths, is preferably interposed between
scanning electrode systems 17 and 28.

Scanning electrode system 28 is employed to impart a:

second deflection fo the electron beam and thereby direct
the beam to follow any one of a multiplicity of tertiary
electron beam paths extending away from the plane of
scanning electrode system 28 to impinge upon a lumi-
nescent target 40 included in the image reprcducer.
Target 40 may comprise a layer of phosphorescent mate-
rial deposited in conventional manner upon a suitcble
transparent substrate; for example, the luminescent target
may be formed by settling a phosphor layer upon tte
internal surface of the faceplate of tube 18. The pic-
ture tube may also include an electron-transparent elec-
trode comprising a mesh screen 41 interposed bzatween
luminescent target 4% and scanning electrode system 28.

The simplified television circuitry for picture tube 10
comprises an antenna 42 coupled to receiving c’rcu'ts 43;
receiving circuits 43 may, for example, include the usual
radio-frequency amplifier, first detector, intermed ate-
frequency amplifier, and second detector stages found n
most television receivers. Receiving circuits 43 are
coupled to control electrode 13 of electron gun 11 and
to a synchronizing-signal separator 44, which may be of
conventional construction. Synchronizing-s’gnal sepzra-
tor 44 is coupled to a first frequency multiplier circuit
45, which, in turn, is coup’ed to a horizontal-frequency
scanning signal generator 46 -and to a ring counter ¢’rcuit
52. The output stages of generator 46 and ring counter
52 are connected to a commutator 47 which is indiv.du-
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ally coupled to each of the reflector electrodes 18-27 of
scanning electrode system 17. Commutator 47 is also
coupled to a first source of positive unidirectional operat-
ing potential B;4-. Ring counter 52 may comprise any
of a wide variety of stepping circuits well known in the
computer art; the ring counter should include a reset cir-
cuit which is coupled to synchronizing separator 44 for
phase control purposes. Commutator 47, on the other
hand, may comprise a series of gated amplifiers having
separate plate load resistors individually coupled to elec-
trodes 18-27; if conventional triode amplifiers are em-
ployed, their cathodes are preferably connected together
and coupled to generator 46 whereas their control elec-
trodes are individually coupled to the separate stages of
ring counter 52. Scanning electrode system 17 further
includes an auxiliary electrode 74 which is preferably
substantially similar in structure to scanning electrodes
18-27 and which is disposed intermediate electrode 18
and gun 11; auxiliary electrode 74 is preferably directly
coupled to D.C. source B;+ and co-operates with elec-
trode 18 in establishing one of the electron mirrors of
the system. .

Synchronizing-signal separator 44 is also coupled
through a frequency-multiplier circuit 48 to a vertical-
frequency scanning signal generator 49 and to a second
ring counter 53; signal generator 49 and counter 53 are
coupled to a commutator 50 which is individually coupled
to scanning electrodes 29-38 of scanning electrode sys-
tem 28. Commutator 50 is also connected to a second
source of positive operating potential Bs+. The reset
circuit of ring counter 53 is coupled to synchronizing-
separator 44. Operating potentials for the other elec-
trodes of the picture tube are provided by ccnnecting
focus anodes 15 to an operating potential source Bg-
and by connecting isolating electrode 51, mesh screen 41
and Iluminescent target 40 to positive operating potential
sources B3z--, By~ and B respectively; lens electrode
16 is grounded. In addition, accelerating electrode 14
of gun 11 is connected to a suitable operating poiential
source Bq+-.

When the television receiver schematically illustrated
in Figure 1 is placed in operation, a transmitted televis.on
signal is intercepted by antenna 42 and supplied to re-
ceiving circuits 43, wherein the signal is detected and
amplified in conventional manner to produce a compos.te
signal including picture and scansion-synchronizing in-
formation free of the transmission carrier. This signal is
applied in conventional manner to control electrode 13
of electron gun 11 to intensity modulate the electron
beam produced by the gun. The detected television sig-
nal is also supplied to synchronizing-signal separator 44,
which segregates the horizontal- and vertical-frequency
synchronizing pulses and supplies them to multipllers 45
and 48 respectively; the synchronizing pulses are also
applied to the reset circuits of counters 52 and 53 re-
spectively. In multiplier 45, the horizontal-frequency
synchronizing signal is utilized to develop a synchronizing
signal having a frequency ten times the normal horizontal
scanning frequency; this is not a fixed and immutable
multiplication ratio, but is determined by the number of
reflector electrodes in scanning electrode system 17, which
in this instance includes ten individual reflectors. The
frequency-multiplied synchronizing signal is supplied to
horizontal scanning signal generator 46, which develops
a scanning signal of sawtooth voltage waveform similar
to that used in the deflection system of a conventional
electrostatic-deflection picture tube except that the fre-
quency, of course, is ten times as great as that usua'ly
employed in a comparable television receiver. The hori-
zontal scanning signal is applied to commutator 47, which
is actuated in synchronism with the incom’ng scann'ng
signal by means of gating pulses supplied from ring
counter 52 to supply individual cvcles of a sawtooth scan-

ning signal in succession to reflector electrodes 18-27.
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This, comimutator 47 ¢ouiples the teflector electrodes to:

seanning signal generator 46 in a predeterinined séquence
detérmined by the herizontal scanning fredguency of the
received television signal. The commutator is alsb ar-
ranged to ¢onnect reflectors 18-27 to operating potential
source Bj-}- at all times when they are not coupled to
horizontal seanming sighal geherator 46.

The vertical scaiining signals intltided i the feceived

télecast are supplied from synrchronizinig-signal separator

44 to frequency multiplier 48, which develops a syn:
¢hronizing signal having a frequen’cy ten timés that of
the normal vertical scannifig frequency of the received
telecast. AS in the case of the - fiist multiplier 45 and
scansing electtode system 17, the mulnphcatmn tatio of
circuit 48 is detéfmined by the numbet of scanhihg &'8e-
trodes in deflection system 28. The frequency-multiplied
vertical synchronization signal is supplied to signal gen-
erator 49, which develops a vértical scanning signal of
sawtooth voltage waveform and supplies that sawtooth’
signal to commutator 56. Commutator 58 selectively
couples individual ones of deflector plates 29-38 to verti-
cal scanning signal generator 49 in predetermined se-
quence at a rate determined by the fréquency of the ver-
tical scanning: signal; as in the case of the horizontal
scanning system, commutator 58 is phase and frequency
synchronized with the scanning signal generator by gatinig
pulses supplied from ring counter 53, which in turn is
controlled by synthronizing pulses from multiplier 48
and separator 44. As in the previously described system,
each of the scanning electrodes is connected to operating
potential Bs;< at all times when not connzcted to scan-
ning signal generator 49. o
The -electron beam from gun 11, intenisity modulated
in accordance with picture information from the tece’ved
television signal, is projected along path A and pisses
through a series of apertures 54 in Scanning e'ectrodes
18-27. At a given instant, all of the scanning electrodes
18-26 may be connected to operating potential B;-L, with
the final reflector electrode 27 being coupled to signal
generator 46 through commutator 47. Under these cir-
cuistances, the electron beain is reflected along one of
a plurality of secondary paths originating between elec-
trodes 26 and 27 and extending in a direction substan-
tially normal to the primary reference path A of the
beam; the particular secondary path which the beam
follows is, of course, determined by the instzhtaneous
valoe of the scanning voltage suoplied from comimu-~
tator 47. The electron beam continues along this sec-
ondary path until deflected by one of the electrodes of
the second scanning system 28. For example, at a given
instant, deflector 37 may be connected to vertical scan-
ning signal generator 49 with all of the remeining de=
flectors of sysiem 28 coupled to D.C. source By+. The
electron beam is then deflected from its secondary path
in accordance with the instantaneous vertical scanning
signal voltage to follow a selected cne of a plurality of
tertiary paths which extend through -electron-transparent
electrode 41 and terminate at luminescent screen 49.
The operating characteristics of the two scanning elec-
trode systems 17 and 28 may best be understood by
reference to Figures 2 and 3 respectlvelv, in which the
individual electredes of the scamni ing Systerhs are shown
in greater detail. Figure 2 shows reflector electrodes
18-22 and auxiliary electrode 74 of scanning electrode
system 17 in an enlarged cross-sectional view and illus-
trates more clearly the position of these elements with
respect to electron gun 11 (shown schematically), isolat-
ing electrode 51, and the first deflector electrode 38 of
scanning electrode system 28. The electron beam de-
veloped in gun 11 is projected along reference path A
through -apertures 54 in reflectors 18-22 and electrode
74 the scannmg electrodes and auxxlmry electrode 74 are

bean path A. In the 1llustrated system, a=45°, If the
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reflector electrodes were all maintained at the same poien=-
tial, the electron beam would continiie unimpeded’ along
the reference path and no scanning action would be ob-
tained. However, the potential on electrode 21 may bé:
reduced to form an electron mirror and the effective loca-
tion of the plane of reflection of the mirrér may be varied
by suitably adjusting thé potential on reflector electrode
21. For exainple, the normal operating potential of the
reflector electrodes may be established at approximately
six- kilovolts' by means of the connection to D.C. source
B+ through commutator 47 (Figure 1). The potential
of reflector 21 may thén be reduced to approximately
one-half this formal operating potential, thereby estab-
lishing an electron mirror between electrodes 26 and 21
which reflects thé electron beam along the secondary
path indicatéd by dash line 55. The effective plane of
the eledtron miirror may bé moved ¢loser to electron gun
11 by further reducing the potential on electrode 21;
with the reflector held at a potential approximately equal
to that of cathode 12 of electron gun 11, the beam is
reflected along a different secondary path indicated by
dash line 56. Of course, the bearh may be swept across
the distance between dash lines 55 and 56 by applying a
sawtooth voltage to reflector 2%, as described in con-
nection with Figure 1; the peak-to-peak voltage swing of
the sawtooth voltage should be from approximately one-
half the By voltage to zero voltage (cathode potential).
In the illustrated apparatus, with each of reflectors 18-22
disposed at an angle of 45° with respect to reference path
A, all of the multiplicity of possible secondary electron
paths between the approximate limits represented by dash
lines 35 and 56 form an angle of 90° Wwith respect to the
primary reference path A, since the electron mirror de-
veloped by the scanning electrode system reflects the
beam at an angle equal to twice the angle of incidence a.
The electron beam may be made to traverse the euntire
width of the second scanning eléctrode system, here repre-
sented by deflector plate 38, by applyhg successive cycles,
of the high-frequency sawtooth scanning signal to tne'
individual reﬁector electrodes in sequence.

Figure 3 provides an énlarged ¢ross-sectional view of
a portion of the second scanning electrode system 23 of
tube 10 and shows deflector electrodes 33-38 in relation
to scanning electfodes 20 and 21 of the first scanning
electrode system, isolating electrode 51, electrode 41 and
target 40. The initial electron beam path is indicated by
dash line 55, which corresponds to the secomdary path
of the electron beam with electrode 21 established at
approximately one-half the norinal operating potential of
the scanning electrode systemm 17. When all of the
deflectors of the second scanning electrode system 28 are.
maintained at the common operating potential established
by D.C. source B}, as déscribed in conmection with
Figure 1, the electron beam continues along the second-
ary path 55 and does not reach target 40. However,
when the potential on deflector 36, for example, is sub-
stantially reduced, the electron beam is deflected along
a tertiary path indicated by dash line 57. Further reduc-
tion in the potential of défleétor 36 sweeps the beam
through a multiplicity of tertiary paths; for example,
when the potential of deflector 36 is reduced to approxi-
mately the potential of cathode 12 (Figure 1), the beam
is deflected along a path indicated by.dash line 58. Thus,
by applying a sawtooth voltage to the deflector electrode,
the electron beam may be swept through a series of
tertlary paths to scan a portion of target 40 and, by apply-
ing individual cycles of the frequency-multiplied saw-
tooth voltage in succession to the different deflector elec-
trodes, the entire area of target 40 may be scanned in
the vertical direction. It should be noted, however, that
the tertiary paths represented by dash hnes 57 and 58
do not extend from secondary path 55 at equal angles;
rather, the angle of deflection varies con51derab1y through:
the range of deflection voltages. It is usually desirable,
to limit the negative-going swing of the scanning signal
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voltage to cathode potential, which in this instance is
ground potential; because 90° deflection cannot be
attained at this voltage, as evidenced by path 58, it is
desirable to locate the initial deflector 38 closer to
scanning electrode system 17 than the edge of target 40
to permit scanning of the entire target area.

In order to permit the use of relative low operating
voltages on the various electrodes of the two scanning
systems of tube 10 (Figure 1), it is desirable that the
tube be constructed to operate as a post-deflection-accel-
eration device. To permit this type of operation, lumi-
nescent target 40 may be constructed as shown in Figure 3
to comprise a transparent substrate 60, a layer of phos-
phor material 61 and a conductive film of aluminum or
other suitable conductive material 62 deposited upon
phosphor layer 61. Alternatively, the surface of sub-
strate 68 may be iridized or otherwise treated to be con-
ductive. Luminescent target 40 may then be maintained
at a relatively high potential as compared to the operating
potentials of mesh screen 41 and of the various elec-
trodes of the scanning electrode systems. Typical operat-
ing voltages for tube 16 may be as follows:

Cathode 12 _..
Lens electrode 16

_______________ volts_— 0 to —100
________________ kilovolts... 6

Bs+ _ eewdo.__ 16
B5+ _______ - do._... 6
By e volts.. 300
Horizontal scanning signal __________ kilovolts.. 0to3
Vertical scanning signal _ . _________ do.___ Oto3

Thus, the scanning electrode operating voltages are
relatively low, subtsantially simplifying design problems
in constructing commutators 47 and 50. On the other
hand, the target is scanned with a relatively high velocity
beam due to the potential difference between mesh 41
and coating 62 of target electrode 48.- Substrate 66 may
comprise the faceplate of the tube envelope for picture
tube 10, whereas the support 39 for the deflection elec-
trodes of the second scanning electrode system may com-
prise the rear wall of the envelope; this construction is
illustrated in Figure 3. Alternatively, the deflector elec-
trodes may be independently supported within the tube
envelope and spaced from the envelope wall to prevent
difficulties with wall charges. In any event, as indicated
in Figure 3, the tube envelope may be made essentially
flat and very thin as compared to the characteristic dimen-
sions of target 40 so that an image reproducer constructed
in accordance with the invention may be readily mounted
on the wall of a room or in any other area where a
picture tube of very restricted depth is desired.

It is the operating characteristics of deflection system
17 which provide the important advantages of the present
invention. The principal and most important charac-
teristic of this system results from the fact that all of the
multiplicity of secondary beam paths represented by dash
lines 55 and 56 in Figure 2 extend from reference path A
at the same angle. Consequently, the horizontal displace-
ment of the electron beam with respect to target 40 is
independent of vertical deflection and a rectangular image
raster may be scanned on the target electrode without
requiring compensation in the vertical deflection system
to correct for angular variations in horizontal deflection.
Of course, if it is desired to scan a trapeszoidal raster,
this effect may easily be obtained by modifying the angle
of incidence of the reflector electrodes with respect to
reference path A so that the secondary beam paths form
an angle other than 90° with respect to path A.

In addition, reflector system 17 has other important
operating characteristics, as indicated in Figures 4 and 5.
For example, Figure 4 shows the path of the electron
beam through the mirror comprising reflectors 28 and 21
as the beam is deflected to follow secondary reference
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path 56. As the beam follows path A through the
aperture 54 in electrode 20 into the mirror field it decel-
erates, due to the fact that electrode 21 is at a sub-
stantially lower potential than electrode 20. Decelera-
tion of the beam may cause it to spread somewhat, as
indicated by dash lines 64 and 65. However, as the beam.
passes the half-way point in the electron-mirror section,
it begins the accelerate and to converge upon secondary
path 56, in a manner exactly symmetrical to the diver-
gence on deceleration. Thus, it is seen that the electron
mirror system does not spread or defocus the electron
beam in the plane of the incident and reflected beams,
whereas a more conventional deflection system of the
type shown in Figure 3 exhibits considerable defocusing
effects directly dependent upon the angle of deflection.
Indeed, the mirror electrodes of system 17 may be made
to exhibit a substantial focusing effect in a direction
normal to the plane of the incident and reflected beams
if they are constructed as substantially channel-shaped
members having sides 66 as shown in Figures 2 and 4.
It can be demonstrated that the cross-sectional area of
the beam as it leaves scanning electrode system 17 may
be substantially reduced by using channel-shaped mirror
electrodes, particularly if the sides 66 of each of the
channel sections has a depth d of the order of three-
fourths the spacing between adjacent mirror electrodes,
although considerable focusing advantage may also be
attained with channel sides no greater in depth than
four-tenths the adjacent electrode spacing.

Figure 5 is a plot of the scanning voltage applied to
electrodes of system 17 in relation to time and displace-
ment of the secondary beam paths along reference path
A. For a linear sawtooth scanning voltage, shown by
solid line 68, the voltage-displacement characteristic is
indicated by dash line 67. Beam displacement is an
almost linear function of the scanning voltage ratio
Vm/Vyn, where Vy, is the instantaneous voltage on the
mirror electrode and Vy, is the normal operating voltage

.of the scanning electrode system determined by voltage

source B;-+. It will be seen that completely linear scan-
ning with respect to time may be achieved by modify-
ing the sawtooth scanning voltage supplied from genera-
tor 46 to a somewhat concave sawtooth configuration
corresponding to that of curve 7@. It should be noted
that characteristic curve 67 is based upon the use of
channel-shaped mirror electrodes as illustrated in Figures
2 and 4; with simple planar electrodes, as shown in Fig-
ure 1, the voltage-displacement characteristic is slightly
different although still almost linear as indicated by dash
line 69 in Figure 5.

Figure 6 illustrates a somewhat different embodiment
of the invention as applied to a color television image
reproducer. In this embodiment, which is shown in a
cross-sectional view corresponding to that of Figure 3,
the first deflection system 17 comprising reflector elec-
trodes 29 and 21 and isolation electrode 51 may be
constructed to conform to the embodiment of Figures 1
and 2. The second scanning electrode system 77 of
the embodiment of Figure 6, however, is quite different
irom scanning electrode system 28 of Figures 1 and 3.
Scanning electrode system 77 comprises a series of re-
flector electrodes 78-83 distributed aleng the secondary
reference paths of the tube, here generally represented
by dash line 55. Each of electrodes 78-83 comprises
three distinct sections. Electrode 89, for example, in-
cludes a first electron-opaque section 84 disposed on the
side of beam path 55 farthest from the tube target.
Electrode 8@ further includes a second electron-opaque
section 8¢ which is located on the opposite side of the
reference path and an electron-transparent section 87
extending from the edge of section 86 farthest from the
reference path. Electrode sections 84 and 86 may, for
example, comprise simple metallic strips punched or
otherwise cut from sheet stock, whereas transparent sec-
tion 87 may comprise a relatively open metallic mesh,
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It preferred, the entire electrode in each instanicé may
be constructed from a conductive mesh material. though
itis sometlmes difficult to maintain the desired uniform-
1ty of spacing where only mesh electrodes are employed
The entlre reflector electrode, in each instance, is dis-
posed in ‘an angle of approximately 45° with respect to
reference path 55,

The émbodiment of Figure 6 further includes the elec-
tron-transparent mesh 41 disposed adjacent scanning élec-
trode system 77 and a color target electrode 91 locatéd
on the opposite side of mesh 41 from the scanning sys-
tem. Target electrode $1 may comprise the usnal trans-
parent substrate' 60 and céonductive film 62; in this ém-
bodiment, however, the luminescent target is providéd
with a multlphcxty of sirips 92 of phosphor material
which extend in a direction parallel to reflector electrodes
78-83: Phosphor strips 92 may, for examp e, comprise
threé different phosphors which emit light in the additive
primary colors red, greei and blue respectively when
sub]ected to electron bombardment. Moreover, the
strips are preferably arranged ifi & tegular répeating pat-
tern which may correspond 1o the indicated pattern 6f
R, G: B, R, G, B, shown in the drawing. It will be
understood of course, that any other desired order of
repetition may be employed for the phospher strips.

The color image reproducer of Figure 6 utilizes a
multiple-beam electron gun system which may comprise
three individual electron gun$ (not shown) to project
three focused electron beams through the apertures 54
in the reflector electrodes of the first scanning eléctrode
system THesé thiee electron beams follow parallel paths
md1cated at AR, Ag, Ags. In the scanning electrode
system comprising reflectors 30 and 21, the three be~ms
are simulfaneotsly deflecied alotg the three paths 553,
555, 558, through scafining eléctrode systemn 77. - When
the potential on teflector electrode 81, for example, is
réducéd substaiitially with réspect to the operating po-
tefitial of the remainder of the reflectors, the three elec-
tron beams are reflected from their secondary paths to
follow tertiary paths 955, 955, and 953.

Scanning electrode system 77, like scanning electrode
system 17 of Figures 1 and 2, functions as a true mirror-
ing system and reflects each of the beams at an angle
equal to twice the angle of incidence of the beams with
respect to reflector electrodes 78-83. Consequently. with
reflectors 78-83 disposed at an angle of 45° with re-
spect to secondary paths §5, tertiary paths 25 all extend
at an anglé of 90° with respect to paths 55 and, pref-
erably, perpendicular to the plane of target 91. Thus,
each of the beams may be made to impinge upon only
a desired group of phosphor strips 92. The relative
posmons of the beams are, of course, inverted in the
mirror system just as they would be in an optical mirror
system. The scanning action of system 77 is essentially
similar to that of the previously-described system 17, as
indicated by tertiary beam path 965 which represents
the limit of deflection for the “green” beam. Because
thé beam pathis are perpendicular to the target plane,
the accelerating field between mesh electrode 41 and
target 91 has no deflection or refraction effects; conse-
quently, no color error can be introduced from this
source. Moreover, by adjusting the scanming voltage
waveform to provide maximum linearity of scanming,
relatively accurate reproduction may be obtained through-
out the entire area of target 91. Subdivision of the
scanning operation increases the linearity by a factor
approximately equal to the number of subdivisions, or
reflector elements, as compared to conventional cathode
ray tubes. Consequently, there is no necessity for spe-
¢ial color-switching or color-selecting electrode struc-
tures intermediate the scanning deflection system and the
color target, nor is it essential to employ any feedback
arrangement to correct the scanming voltages, although
both of these well known types of color-control arrange-
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menfs ¢an be employed in a tube ¢onstriicted in accord-
ance with the invention if desired.

Flgure 7 illustrates another embodiment of ‘the invefs
tion in a view substantially similar to that of Flgure 1.
The switching device 99 shown in Figure 7 comprises dn
electron gun 11, a first scanning electrode system 17 and
a second scanning electrode system 28; these portions
of the device may be similar in construction to the corre-
sponding devices described above. In this embodiment
of the invention, however, there is no luminescent target.

Instead, the target structure of switching device 99 com-

prises a multiplicity of individual target platés 160 ar-
ranged in a predetermmed geometme patfern facing scan-
ning e'ectrode system 28. For example, there may be
one hundred individual target plates 100 arranged in
regular rows and columns corresponding to the ten re-
flector electrodes in system 17 and the ten deflectors of
system 28; only a few of the target electrodes are illus+
trated in order to avoid confusion in the drawmg Each
of the reflector electrodes of system 17 is connected
through a commutating device 101 to positive operatmg
potential source B;=; the commutating device is ‘con-
structed to individually selectively conmect the reflector
electrodes to ground. Simi‘arly, the individual deflectof
e‘ectroces of system 28 are connected to D.C. source
B;4 through a commutating device 102 which may be
actuated to ground the individual deflectors on a selec-
tive basis. The control electrode of electron gun 11, on
the other hand, is coupled to an mtelhgence mgnal source
1¢3, which may for example, comprise an incoming
telephone signal circuit.

When the apparatus of Figure 7 is placed in operation,
clectron beam 11 projects a focused beam of e’ectrons
along reference path A through scanning e'ectrode sys:
tem 17; the e'ectron beam is reflected generally toward
target s‘ructure 160 along a secondary reference path de-
termined by commutating device 161, which is actuated
to ground one of the deflector electrodes. For example,
the beam may be refiected along a secondary reference
nath indicated by dash line 104 by grounding reflector
electrode 24. Similarly, commutating device 162 is actu-
ated to ground one of the deflectors of system 28; for
example, with deflector 29 grounded, the beam is directed
along a tertiary path indicated by dash line 188 to im-
pinge upon a se'ected target plate 186. Thus, under the
conjoint control of two ten-position commutating de-
vices 181 and 102, the electron stream from gun 11 may
be made to impinge upon any of the one hundred target
plates 18¢. The intelligence signal from source 103 may
thus be simultaneously amplified and switched to any of
a multiplicity of output circuits (not shown) individually
coup’ed to target electrodes 168, As shown in Figure 7,
the output circuits are coupled to target electrodes 169
by means of a corresponding plurality of terminal con-
ductors electrically connected individually to each of
electrodes 166. Of course, the beam may at any time
be switched to any other portion of the target electrode
system. For example, commutating device 101 may bé
actuated to ground reflector 27 and at the same time to
return reflector 24 to its normal positive operating poten-
tial, thereby reflecting the beam from path A a‘ong refs
erence path 108. At the same time commutating device
102 may bs changed to ground deflector 32 instead of
deflector 29; as a consequence, the bearn is deflected from
reference path 168 along path 189 to impinge upon indi-
vidual target plate 1319, thus coupling intelligence signal
source 163 to an entirely different output circuit.

Figure 8 illustrates a somewhat modified form of scan-~
ning electrode system 117 generally similar to the reflector
systern 17 of Figure 1. Scanning system 117 comprises a
series of reflector electrodes 118-127 which are generaily
similar in alignment and configuration with the corre-
sponding electrodes 18-27 of the previously descrlbed
system; reflectors 118-127 are distributed at equaily
spaced intervals along the reference path A of a focused

k_—l
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beam of electrons projected from an electron gun 11
at a predetermined angle of incidence with respect to the
beam path. Reflectors 118-127 are individually con-
nected to a source of positive unidirectional operating
potential B;4- by means of a corresponding plurality of
load resistors 128-137. System 117 further includes an
auxiliary electrode 174 corresponding to electrode 74 of
system 17; electrode 174 is directly connected to D.C.
source B;--.

The first reflector electrode in the series, electrode 118,
is provided with a target-extension area projecting from
the leading edge of one end of the reflector electrode and
terminating in a substantially cup-shaped target section
138. Similarly, reflector 119 is provided with an ex-
tension terminating in a target section 139; however, tar-
get section 139 is displaced along the length of the re-
flector electrode as compared to the position of target
section 138 of reflector 118. Electrodes 120-127 are all
provided with similar target sections 140147 which form
a regular geometric pattern of targets facing an auxiliary
or scanning electrode gun 151. Electron gun 151 may be
of any suitable conventional construction and may, for
example, include a cathode 152, a control electrode 153,
a first anode 154, and a pair of focus anodes 155 with
a lens electrode 156 interposed between the two focus
anodes. Gun 151 further includes a pair of deflection
plates 157 disposed on opposite sides of the reference
path E of the electron beam projected from the scanning
gun.

The scanning electrode system illustrated in Figure 8
may be incorporated in an image reproducer of the type
illustrated in Figure 1 or in a switching device such as
shown in Figure 7; when included in a television picture
tube, the control electrode 153 of scanning gun 151
coupled to the horizonial scanning-signal generator 46
of the receiver which, in turn, is driven from a frequency
multiplier 45 as in the embodiment of Figure 1. In the
embodiment of Figure 8, however, no separate commu-
tator or ring counter is required. Instead, a step-function
signal generator 158 is coupled to the output stage of
multiplier 45 and to synchronizing signal generator 44;
step-function generator 158 is in turn coupled to deflec-
tion plates 157 of scanning gun 15i.

In many respects, the operational characteristics of
scanning electrode system 117 are essentially the same as
those of the corresponding scanning system 17 of Figure
1. The electron beam from gun i1 is again projected
through system 117 along reference path A and is re-
flected from a predetermined point in the scanning elec-
trode system to follow any one of a multiplicity of sec-
ondary paths extending at a predetermined angle from
primary reference path A. In system 117, however, the
position of the traveling electron mirror is determined
by scanning gun 151 in cooperation with the target elec-
trode sections 138-147 and load impedances 228-137
of the scanning electrode system.

All of electrodes 118-127 are normally maintained at
a common operating potential with respect to the cath-
ode 12 of electron gun 11 by virtue of their connection
to D.C. source B;-+. However, when the electron beam
from securing gun 151 impinges upon target section 147,
for example, the beam current from electron gun 151
flowing through load resistor 137 substantially reduces
the potential on reflector 127, establishing an electron
mirror between reflectors 127 and 126. The effective
reduction in the potential of reflector 127 may of course,
be determined by varying the intensity of the electron
beam from scanning gun 151 to control the amount of
current flowing through the load resistor. Thus, the re-
flector current may be varied over a predetermined
range to sweep the primary beam frem gun 11 through
the available secondary path area provided by the elec-
tron mirror formed between electrodes 127 and 126 in
the same manner as described in connection with Fig-
ure 2, The electron beam may be shifted from its ref-
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erence path E to impinge upon another of the target elec-
trode sections, such as target section 139, by varying
the relative potentials upon deflectors 157. Consequent-
ly, if the beam is deflected to impinge upon target sec-
tion 139 of reflector 119, the current flowing through
load resistor 129 causes a drop in the operating poten-
tial of the reflector electrode and establishes an electron
mirror between electrodes 118 and 119. As before, the
intensity of the electron beam from scan gun 151 may
be varied to sweep the beam through a plurality of sec-
ondary paths originating intermediate reflectors 118 and
119,

For television scanning, step wave generator 158 de-
velops a stair-step waveform which is applied to deflec-
tors 157 to deflect the beam from scanning gun 151 to
impinge upon target sections 147-138 in sequence; the
entire group of target -sections are each excited once
during each horizontal scanning line. Proper phasing
of the step-function deflection voltage is achieved by
triggering pulses applied to generator 158 from syn-
chronizing signal separator 44. At the same time, hori-
zontal scanning-signal generator 46 develops a sawtooth
voltage having a period equal in duration to that of each
step of the step-voltage waveform from generator 158;
this sawtooth voltage is applied to control electrode 153
of electron gun 151 to vary the intensity of the scanning
beam.

Certain precautions must be taken in connection with
the self-commutating scanning electrode system illustrat-
ed in Figure 8. For example, the target electrode sec-
ticns 138-147 should be located as closely adjacent the
preceding electrode as possible to reduce the deflection
effect of the decelerating field. Otherwise, the cathode
152 of scanning-control gun 151 may be operated at a
much lower potential than the cathode of electron gun
11 so that the scanning beam can be effectively directed
to the individual target sections and will not be de-
flected onto undesired portions of the refiector elec-
trodes. Thus, if cathode 12 of electron gun i1 is main-
tained at ground potential, and reflectors 118-127 are
normally operated at approximately six kilovolts posi-
tive with respect to cathode 12, cathode 152 may be
maintained at ground if target sections 138-147 are
located on the leading edges of the channel-shaped re-
flectors. If the target sections are set back substantially
from the preceding electrodes, cathode 152 should be

maintained at approximately six kilovolts negative with

respect to cathode 12, i.e., twelve kilovolts negative with
respect to the reflectors 118-127. Simple metal tabs
may be used for target sections 138-147 of reflectors
118-127; however, the substantially cup-shaped sections
illustrated are preferred for the purpose of suppressing
secondary emission from the target sections. Coating
the interior of the cups with a colloidal graphite solu-
tion such as aquadag further decreases secondary emis-
sion. It will be recognized that the incorporation of
the commutating arrangement in the scanning electrode
system does not require any substantial increase in the
overall size of the picture tube or other device in which
the system is used, since the target sections 138-147
need not extend above the target structure of the tube.

Image reproducers and other devices coastructed in
accordance with the invention are very much smaller in
depth than conventional tubes in which an electron beam
is scanned across a target of substantial area. The equi-

_angular deflection characteristics of the inventive scan-

ning electrode system provide substantially linear scan-
ning and avoid any necessity for compensating the sec-
ond scanning system to correct for angular variations
in deflection in the first scanning electrode system.
Moreover, when reflector systems are employed to scan
in both directions, extremely accurate control of the
instantaneous position of the scanned beam is provided
and, in addition, the effective cross-sectional area of the
beam as it impinges upon the target may be minimized
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by mamtammg the angle of incidence of the beam upon
the target structure constant at approxrmately 90°. In
one enibodiment, a portion of the scanning crrcmtry is
mcorporated in the tube itself, thereby substantraily re-
ducitig the complexity of the external scanning crrcultry
. While particular embodiments of the present inven-
tion have beeén shown and described, it is apparent that
changes and modifications may be made without depalt—
ing from the invention in its broader aspects. The aim
of the appended claims, therefore, is to cover all such
changes and modifications as fall within the true spirit
and scope of the invention.

T claim:

I. An electron-arscharge devrce comprlsmg electron
gun means for projecting a focused beam of electrons
along a predetermmed reference path; a scanning elec-
trode systém, comprising a plurahty of reflector elec-
trodes distribiited along said beam path at predeter-
mingd intervals and each disposed transversely across
said path at 4 predetermined incidénce angle, for selec-
tively reflecting said electron beam along any one of a
multiplicity of secondary paths each extending from
said reference path at an angle substantially equal to
twice said incidence angle; and  additional ineans asso-
ciated with.at ledst one of the secondary paths for utiliz-
ing said reflected electron beam.

2. An electron-discharge device comprising: electron
gin means for projecting a focuséd beam of electrons
dlong a predetermined primary reference path; a first
scanning electrode system, comprising a plurality of re-
flector _electrodes distributed along said beam path at
predetermiined intervals and each disposed transversely
across said path at a given incidence angle, for selective-
ly. reflecting said electron bsam along any one of a
multiplicity of parallel secondary reference paths each
extending from said primary reference path at an angle
substantiaily equal to twice said incidence angle; and a
second scanning electrode systém, comprising a plurality
of scanning eléctrodes distributed along said secondary
paths, for selectively directing said electron beam along
any one of a multiplicity of tertiary beam paths.

3. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined primdry reference path; a first
scanning, electrode system, comprising a plurality of re-
flector electrodes distributed along said beam path at pre-
détermined intervals and each disposed transversely across
said. path at a first given incidence angle, for selective'y
reflecting said ¢lectron beam along any one of a mul i-
plicity of parallel secondary reference paths each extend-

ing from said primary referénce path at an angle sub- .

stantially equal to twice said first incidence ang'e; and a
second scanning electrode system, comprising a plurality
of reflector electrodes distributed along said secondary
beam paths at predeteimined intervals and each disposed
transversely across said paths at a second given incidence
angle, for selectively reflecting said electron beam along
any one of a multiplicity of tertiary paths each extending
from said sécondary reference paths at an angle substan-
tially equal to the supplement of twice said second inci-
deénce angle,

4, An electron-drscharge image-reproducing device
comiprising: ‘a luminescent target; electron gun means for
projecting a focused beam of electrons along a reference
path adjacent one edge of said target; a scanning electrode
system, comprising a plurality of reflector electrodes dis-
tributed along said beam path at predetermined intervals
and each disposed transversely across said path at a pre-
determined incidence angle, for sclectively reflecting said
electron beam along 2 multiplicity of secondary paths
each extending from sajd reference path at an angle sub-
stantrally equal to tw1ce said incidence angle to sweep
said electron béam across said target in a first predeter-
mined direction; and means for selectively directing said
electron beam along 'a multiplicity of tertiary paths ex-
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tending from sard secondary paths to sweep said béari
across said target in a second predetermined dxrectron

5. A color television image reproducer comprrsmg a
miifti-color luminssceiit target including a plurahty of-
groups of elemental phospnor areas distributed in a pre-
determined pattern upon a substantrally planar viewing
surface; electron gun means for projecting a focused beam
of electrons along a predetermined primary reference path
ad]acent to one edge of said target; a first scanning elec-
trode system, comprising a plurality of reflector electrodes
distributed along said beam path at predetermined in=
tervals and each disposed transversely across said path
at a predetermined incidence angle, for selectively reflect-
ing said eféctron beam along any one of a multiplicity of
secondary reference paths each extending from said pri-
mary reference path in a p]ane substantla]ly parallel to
said target at an angle substantially equal to twice said
predetermined incidence anale, and a second scannm,=
electrode system, comprising a plurality of reflector e'ec-
trodes distributed along said secondary beam paths at pre
det-rmined intervals and each disposed transversely across
$41d paths at a given incidence angle, for selectlvely re-
flecting said electron beam along any one of a multiplicity
of tertiary paths, each extending from said reference path
at an angle substantially equal to twice said given inci-
dence angle, to impinge upon said mu’ti-color target.

6. An electron-discharge device comprising: electron
gun means for projecting a focused bezm of electrons
along a predetermmed refererice path a scanning elec:
trode system, comprising a plurality of reflector electrodes
distributéd along said beam path at predetermined inter-
vals’ and each disposed transversely across said path at a
predetermined incidence angle, for selectively reflecting
said electron beam along any one of a multip’icity of sec-
ondary paths each extending from said reference path at
an angle substantially equal to twice said incidence angle;
and additional means, including a target electrcde struc-
ture comprising a plurality of individual collector elsc-
trodes distributed in a predetermined geometrical pattern,
associated with said secondary paths for uti'izing said re-
flected electron beam.

7. An electron-discharge device comprising: a target
electrode structure comprising a plurality of individual
collector electrodes distributed in a predetermined geo-
metrical pattérn; electron gun means for prOJectmg a
focused beam of electrons along a predetermined primary
referénce path adjacent said target electrode structure; a
first scanning electrode system, comprising a p'urality of
reflector electrodes distributed a'ong said beam path at
predetermined intervals and each disposed transverssly
across said path at a predetermined incidence angle, for
selectively reflecting said electron beam along any one
of a multiplicity of secondary reference paths extending
adjacent said target electrode system at an angle substan-
tially equal to twice said incidence angle with respect
to said primary reference path; and a second scannmg
electrode system, comprrsmg a plurality of scanning elec-
tively directing said electron beam toward sard target elec-
trode structure along any one of a multiplicity of tertiary
beam paths individually intercepting said collector elec-
trodes.

8. An electron-discharge image reproducing device
comprising: a luminescent target comprising a layer of
luminescent material disposed upon a substantially planar
viewing surface; electron gun means for projecting a plu-
rality of focused beams of electrons along substantially
paralle]l individual primary reference paths adjacent said
target electrode system; a first scanning electrode system,
comprising a plurality of reflector electrodes distributed”
along said reference paths at predetermined intervals and
each disposed transversely across said paths at a given in-
cidence angle, for selectlvely reflecting said electron
beams along any of ‘a multiplicity of secondary reference
paths each extending from 'said primary referénce paths-
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at an angle substantially equal to twice said incidence
angle; and a second scanning electrode system, com-
prising a plurality of scanning electrodes distributed along
said secondary paths, for selectively directing said elec-
tron beam along any one of a multiplicity of tertiary
beam paths to impinge upon said luminescent target.

9. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined reference path; and a scanning
electrode system comprising a plurality of bifurcated re-
flector electrodes distributed along said beam path at pre-
determined intervals and each disposed transversely
across said path at a predetermined incidence angle, for
selectively reflecting said electron beam along any one
of a multiplicity of secondary paths each extending from
said reference path through the open portion of one of
said reflector eletcrodes at an angle substantially equal to
twice said incidence angle.

10. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined reference path; and a scanning
electrode system for selectively reflecting said electron
beam along any one of a multiplicity of secondary paths
at a predetermined exit angle, said scanning electrode sys-
tem comprising a plurality of channel-shaped reflector
electrodes distributed along said path at predetermined
intervals and each disposed transversely across said path
at a predetermined incidence angle substantially equal to
one-half said exit angle, each of said channel-shaped elec-
trodes including an aperture in the base portion thereof
substantially encompassing said primary reference path.

11. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined reference path; and a scanning elec-
trode system, comprising a plurality of reflector electrodes,
cach including a substantially electron-transparent conduc-
tive mesh section, distributed along said beam path at pre-
determined intervals and each extending transversely of
said path at a predetermined incidence angle, for selective-
ly reflecting said electron beam along any one of a multi-
plicity of secondary paths each extending from said ref-
erence path at an angle substantially equal to twice said
incidence angle.

12. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined reference path; a scanning elec-
trode system, comprising a plurality of reflector electrodes
distributed along said beam path at periodic intervals and
each disposed transversely across said path at a predeter-
mined incidence angle, for selectively reflecting said elec-
tron beam along any one of a multiplicity of secondary
paths each extending from said reference path at an angle
substantially equal to twice said incidence angle; target
means for utilizing said reflected electron beam; and addi-
tional means associated with said secondary paths for
controlling said reflected electron beam in its passage to
said target means.

13. An electron-discharge device comprising: electron
gun means for projecting a focused beam of electrons
along a predetermined reference path; and a scanning
electrode system, comprising a plurality of reflector elec-
trodes distributed along said beam path at predetermined
intervals and each extending transversely of said path
at a predetermined incidence angle, for selectively reflect-
ing said electron beam along any one of a multiplicity of
secondary paths each extending from said reference path
at an angle substantially equal to twice said incidence
angle, said reflector electrodes each comprising a first
electron-opaque section disposed at one side of said ref-
erence path, a second electron-opaque section disposed on
the opposite side of said reference path, and an electron-
transparent section extending from the edge of said second
section farthest from said reference path.

14. An electron-discharge device comprising: electron
gun means, including an electron-emissive cathode, for
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projecting a focused beam of electrons along a predeter-
mined reference path; a scanning electrode system, com-
prising a plurality of reflector electrodes distributed along
said beam path at predetermined intervals and each dis-
posed transversely across said path at a predetermined
incidence angle; means for maintaining said reflector elec-
trodes at a predetermined positive operating potential
with respect to said cathode; means for individually se-
lectively reducing the operating potential of said reflector
electrodes to establish an electron mirror within said scan-
ning electrode system and reflect said electron beam along
any one of a multiplicity of secondary paths each extend-
ing from said reference path at an angle substantjally equal
to twice said incidence angle; and additional means asso-
ciated with at least one of said secondary paths for utiliz-
ing said reflected electron beam.

15. An electron-discharge device comprising: electron
gun means including an electron-emissive cathode for pro-
jecting a focused beam of electrons along a predetermined
reference path; a scanming electrode system, comprising
a plurality of reflector electrodes distributed along said
beam path at predetermined intervals and each disposed
transversely across said path at a predetermined incidence
angle; means for maintaining said reflector electrodes at
a predetermined positive operating potential with respect
to said cathode; commutator means for individually selec-
tively reducing the operating potential of said reflector
electrodes in a predetermined sequence to establish an
electron mirror within said scanning electrode system
which varies in position in accordance with said sequence
to reflect said electron beam along a multiplicity of sec-
ondary paths each extending from said reference path at
an angle substantially equal to twice said incidence angle;
and additional means associated with at least one of said
secondary paths for utilizing said reflected electron beam.

16. An electron-discharge device comprising: electron
gun means including an electron-emissive cathode for
projecting a focused beam of electrons along a predeter-
mined reference path; a scanning electrode system, com-
prising a plurality of reflector electrodes distributed along
said beam path at predetermined intervals and each dis-
posed transversely across said path at a predetermined
incidence angle; means for maintaining said reflector elec-
trode at a predetermined positive operating potential with
respect to said cathode; means for developing a scanning
signal of sawtooth waveform; and commutator means for
individually selectively applying said scanning signal to
said reflector electrodes in predetermined sequence to es-
tablish within said scanning system an electron mirror
which traverses said system at a predetermined rate to re-
flect said electron beam along a multiplicity of secondary
paths in predetermined sequence, each of said secondary
paths extending from said reference path at an angle sub-
stantially equal to twice said incidence angle.

17. An electron-discharge device comprising: a target
electrode structure; electron gun means, including an
electron-emissive cathode, for projecting a focused beam
of electrons along a predetermined reference path adja-
cent said target electrode structure; a scanning electrode
system, comprising a plurality of reflector electrodes dis-
tributed along said beam path at predetermined intervals
and each disposed transversely across said path at a pfre-
determined incidence angle; means for maintaining said
reflector electrodes at a predetermined positive normal
operating potential with respect to said cathode; means:
for individuaily selectively reducing the operating poten-
tial of said reflector electrodes to reflect said electron
beam along any one of a multiplicity of secondary ref-
erence paths each extending toward said target electrode
structure from said primary reference path at an angle
substantially equal to twice said incidence angle; and
means for maintaining said target electrode structure at
a positive potential substantially higher than the normal
pperating potential of said reflector electrodes. -

18. An electron-discharge image reproducing device
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comprising: a luminescent target comprising a layer of
luminescent material disposed upon a substantially planar
viewing surface; electron gun means, including an elec-
tron-emissive cathode, for projecting a focused beam of
electrons along a predetermined primary reference path
adjacent one edge of said target; a first scanning electrode
system, comprising a plurality of reflector electrodes dis-
tributed along said beam path at predetermined intervals
and each disposed transversely across said path at a
given incidence angle; means for maintaining said reflec-
tor electrodes at a predetermined positive normal oper-
ating potential with respect to said cathode; means for
individually selectively reducing the potential upon said
reflector electrodes in predetermined sequence to reflect
said electron beam along a multiplicity of secondary ref-
erence paths each extending from said primary reference
path in a plane substantially parallel to the plane of said
target and at an angle substantially equal to twice said
incidence angle; a second scanning electrode system com-
prising a plurality of scanning electrodes distributed along
said secondary paths; means for maintaining said scan-
ning electrodes at a predetermined positive normal oper-
ating potential with respect to said cathode; means for
individually selectively varying the potential of said scan-
ning electrodes in accordance with a predetermined se-
quence to direct said electron beam along a multiplicity
of tertiary beam paths extending toward said luminescent
target; a substantially electron-transparent electrode in-
terposed between said second scanning electrode system
and said luminescent target; means for maintaining said
electron-transparent electrode at a potential substantially
equal to the normal operating potential of said scanning
electrodes of said second scanning electrode system; and
means for maintaining said luminescent target at a posi-
tive potential substantially higher than said normal oper-
ating potential of said second scanning electrode system
to establish an accelerating field between said electron-
transparent electrode and said target.

19. An electron-discharge device comprising: first elec-
tron gun means, including an electron-emissive cathode,
for projecting a first focused beam of electrons along a
predetermined reference path; a scanning electrode sys-
tem, comprising a plurality of reflector electrodes dis-
tributed along said beam path at predetermined intervals
and each disposed transversely across said path at a pre-
determined incidence angle; means for maintaining said
reflector electrodes at a predetermined positive operating
potential with respect to said cathode; second electron
gun means for developing and projecting a second focused
beam of electrons; and a deflection system associated with
said second electron gun means for selectively directing
said second electron beam to impinge upon one of said
reflector electrodes to vary the operating potential of said
one reflector electrode and establish an electron mirror
within said scanning electrode system to reflect said first
electron beam along any one of a multiplicity of second-
ary paths each extending from said reference path at an
angle substantially equal to twice said incidence angle.

20. An electron-discharge device comprising: first elec-
tron gun means, including an electron-emissive cathode,
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for projecting a focused beam of electrons along a pre-
determined reference path; a scanning electrode system,
comprising a plurality of reflector electrodes distributed
along said beam path at predetermined intervals and each
disposed transversely across said path at a predetermined
incidence angle; means, comprising a corresponding plu-
rality of load impedances individually comnecting said
reflector electrodes to a source of positive operating
potential, for maintaining said reflector electrodes at a
predetermined positive operating potential with respect
to said cathode; second electron gun means, including a
second electron-emissive cathode, for developing and pro-
jecting a second focused beam of electrons; means for
maintaining said second cathode at a potential substan-
tially negative with respect to said first cathode; deflection
means associated with said second electron gun; means
for applying a step-function deflection signal to said de-
flection system to direct said second electron beam to
impinge upon said reflector electrodes in predetermined
sequence and establish within said scanning electrode sys-
tem an electron mirror which traverses said scanning elec-
trode system in accordance with said predetermined se-
quence to selectively reflect said first electron beam along
a multiplicity of secondary paths each extending from
said reference path at an angle substantially equal to twice
said incidence angle; and means for controlling the in-
tensity of said second electron beam to determine at any
given instant the secondary path along which said first
electron beam is reflected.

21. An electron-discharge device comprising: a target
electrode structure comprising a plurality of individual
collector electrodes distributed in a predetermined geo-
metrical pattern; a like plurality of terminal conductors
respectively coupled to said collector electrodes; electron
gun means for projecting a focused beam of electrons
along a predetermined reference path adjacent said target
electrode structure; a first scanning electrode system com-
prising a plurality of reflector electrodes distributed along
said reference path at predetermined intervals for selec-
tively reflecting said electron beam along any of a multi-
plicity of secondary paths each extending from said pri-
mary reference path in a plane substantially parallel to
said target electrode structure; and a second scanning
electrode system, comprising a plurality of scanning elec-
trodes distributed along said secondary paths, for selec-
tively directing said electron beam along any one of a
multiplicity of tertiary beam paths individually intercept-
ing said collector electrodes.
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