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~cathode ray tubes of the Aiken type.

~ the-electron gun.

1
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~ ‘William Ross Aiken, Los Altos, Calif., assignor, by mesne

assignments, to Kaiser Industries Corporationg, a
poration of Nevada |

Application December 2, 1955, Serial No. 550,561
| 6 Claims. (CL 315—25)

il

~ The present invention relates to an electron beam
deflection system and more particularly to an electrode
structure for use in connection with a cathode ray tube

- of the flat or shallow type.

"The . instant invention has particular application in
The Aiken type
cathode ray tube is. characterized by its relatively flat

. or shallow depth dimension which may be two or three
~ inches. as compared with the nearly twenty inch depth

of the ccnventional elongate cathode ray tube. A com-

~ plete description of the Aiken type cathode ray tube may
- be had by referring to copending application Serial No.
355,965, which was filed May 19, 1953 now abandoned

~and Serial No. 396,120, which was filed December 3, 1953

and issued as. Patent No. 2,795,731, June 11, 1957.

~In one embodiment, an Aiken type cathode ray tube

. 1s comprised. of three sections; a primary section, in-
~ cluding an .electron gun, a linear array of horizontal
‘deflection electrodes, and a stotted electrode having slot
disposed .therein co-extensively with the array; a transi-

tion section;.including an arrangement of accelerating and

- focussing electrodes; and a high voltage section, including

an electron. sensitive target and an associated array of

- vertical deflection electrodes.

In. operation, the electron gun is caused to deliver a

- beani. of electrons along the first path through the chan-
- nel formed by the linear array of horizontal deflection

electrodes. Beam deflection is effected by suitably low-
ering: the voltage on one or more of the horizontal deflec-
tion- electrodes with respect to the cathode potential of
The beam thereupon is deflected to a
second path-through' the slotted electrode and focusing

- and accelerating eléctrodes of the transition section into

the high-voltage section. The beam may then be caused

© to-impinge upon the target of the high voltage section

by- suitably lowering the voltage on one or more of the

- vertieal deflection electrodes with respect to the voltage
- of-the target: When the electrons impinge upcn the
- target, the fluotescent material thereof becomes excited

and emits a visual signal in" the form of light which may

be viewed from a point cutside the tube.

-~ "The instant invention is an improvemient in the elec-
trode structure-which may be employéd 1n the primary

- section of an’ Aiken type tube. . It has been found that
~ iti¥ pessible to iricrease the inherently fine electron beam
focusing characteristics of the primary section through

the utilization of the electrode striictire hereinafter de-

- sefibed. In the prior Aiken type cathode-ray tubes the

plurality or linéar array of horizontal deflection elec-

~ trodes formed a channel having a base and perpendicular

o _sid’é.-:'iwarlIS‘..'thro'ugh_whi-cihf the electron beam was initially
caused to travel. When the beam was deflected by the
~efiergizéd deflection electrode of this array, it was caused
~ to bénd- and travel toward and j:hrough a slot formed
~ Ifa-slotted electrode. In-this arrangement, the deflected

‘béam’ was caused to focus at a point in the region defined

by the slot. Beam focus was necessary at this point in
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orcer that no energy was sapped from the electron beam
by electron impingement upon the edges of the slotted
electrode. It will be obvious that this point of focus,
which may be referred to as a “cross-over” point, should
advantageously cccur at a point close to or adjacent the
target i order to obtain the maximum resclution and
definition in the image display. In its broader concept,
the instant invention achieves improved results by form-
ing each of the horizontal deflection electrodes with side
walls which are flared and which may be used in combi-
nation with either a plurality of parallelly arranged grid
wires or with a slotted electrode such as used in the prior
art embodiments. Through the utilization of the combi-
nation with grid wires, the grid wires are placed near
the deflection electrodes and since the beam in that area
1s broad and not yet finally focused, only a small por-
tion of the electron beam which is deflected by the hori-
zontal deflection electrodes will impinge upon any one
of the grid wires so that the majority of the energy of
the beam will pass between the grid wires and, accord-
ingly, the loss of energy will be slight. The position of
the cross over point of the electron beam can be caused
to vary in the plane adjacent the target such that the
cross over point may be effected closer to the bottom,
the center, or the tep of such plane. It will be appre-
ciated that different tube arrangements will require dif-
ferent points of cross over. One manner in which the
position of the cross over point- may be varied is by
altering the angle of the sides of the deflection electrodes.
Also, supplemental focusing accelerating electrodes may
be employed to cooperate with the grid wire assembly
to-accelerate the beam to effect a change in the position
of the cross-over point. R L

‘A complete understanding of the invention may be had
by reading the following description in- connection with
the accompanying drawings; in which:- |

Figure 1 is a front view of an Aiken type cathode-ray
tube partially broken away to clearly illustrate the co-
locations of the electrode structure of the instant inven-
tron; | .
Figure 2 is-an enlarged front view of the electrode
arrangement of the instant invention; o

Figure 3 is an end view of ‘the electrode arrangement
shhown in Figure 2;. - o
~ Figure 4 is a front view of a cathode ray tube of the
facsimile type employing the electrode structure- of the
instant invention, and | _' o

Figure 5 is a sectional view of the device illustrated
tn Figure 4 taken along line 5—5 of Figure 4. =~

There is illustrated in Figure 1 an Aiken type cathode-
ray tube having an evacuated envelope 10. An electron
gun 12 capable of emitting an' electron beam 16 is dis-
posed within a receiving aperture in the upper right hand
corner of the envelope 10 and may be of the conven-
ticnal type having electrostatic plates 14: Any suitable
electron beam forming arrangement may be employed
in the practice of this invention, and a detailed descrip-
tion thereof is not. given here, but may be found in litera-
ture such as for example, in an article entitled “Improved

“Electron Gun for Cathode Ray Tubes” by L. E. Swedlund
- in “Electronics” for March 1946.

It will be obvious to
those skilled in the art that electromagnetic deflection
means may likewise be employed. - |

A linear array of horizontal deflection electrodes 18,
shown in detail in Figures 2 and 3, is disposed within
the envelope 10 along the top marginal edge thereof.
The electrodes 18 are slightly spaced from one another
and the entire array extends away from the electron gun
12. Each of the electrodes-is provided with an electrical
conductor 20 which is adapted to pass through the en-
velope 10 to an electrical gemnerator outside the tibe.
Any electrical generator capable of producing selective:



o 3
signal energization of the electrodes 18 may be heremn
employed; however, specific reference is made to co-
pending application Serial No. 514,653, which was filed
June 10, 1955. It has been found that a device of the
type therein described will function satisfactorily to apply
the desired energization to the horizontal deflection plates

18.
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A plurahty of grid wires 22 is disposed in spa,ced rela-

tion from and in coextensive relation with the array of

herlzontal deflection plates 18. These grid wires 22 are |

disposed in parallel relation with respect to one another
and are suitably coupled together at their terminal por-
tions, and are provided with an electrical conductor 24
which is adapted to extend through the envelope 10 to

a regulated power supply, not shown, situated outside -

the tube. Directly beneath the primary section of the
tube, there is disposed the transition section of the tube
which comprises, as shown in the illustrated embodi-

ment, two accelerating and focusing electrodes 26 and 36

provided with associated electrical conductors 28 and 32,
respectively, which are adapted to pass through the side
wall of the envelope 1@ to a regulated power supply, not
shown. FEach electrode of the individual pairs of accel-
erating and focusing electrodes 26 and 30 is spaced apart
a degree sufficient to permit electron beam passage there-
through.

The high voltage region of the tube, comprising a set
- of vertical deflection electrodes 34 and a target 38,
disposed in spaced relation beneath the transition sec-
tion. The vertical deflection electrodes 34 are affled to
the inner side wall of the envelope 10 in any one of the
manners well-known in the art. These electrodes 34 may
be transparent and formed of an electrically conducting
glass suitably affixed to the inner wall of the envelope 10
or alternatively, these electrodes may also consist of
electrically conducting material which is capable of being
painted on the inner surface of the tube. This material
may also be transparent. Each deflection electrode 34
is provided with an electrical conductor 36 which is
adapted to pass through the wall of the envelope 10 to an
electrical generator of the type capable of applying or
impressing selective signal energization to the electrodes
34. An electrical generator which has been found to be
satisfactory in this connection is shown and described in
co-pending application Serlel No. 514,653, which was
filed June 10, 1955.

A target 38 is provided on the inner wall of the en-
velope 10 opposite the wall on which the vertical de-
flection electrodes 34 are affixed. The target is com-
prised of an electron sensitive material of the type which
upon electron bombardment will emit a visual signal in
the form of light. |

It will be noted from an examination of Figures 2 and 3
that the horizontal deflection electrodes 18 are formed
with a base portion 40 and outwardly extending side por-
tions 42. The electrostatic field established by these elec-
trodes causes the electron beam 16 to converge at a cross-
over point P which point is located on the side opposite
the grid wire 22 assembly from that of the deflection
electrodes 18.

In .operauon, the electron gun 12, upon sultable ener-
gization from an incoming signal, causes the electron
beam 16 to be delivered along a path which is in sub-
stantial parallel alignment with the lonigtudinal axis of
the linear array of horizontal deflection electrodes 18.
Initially, all the horizontal deflection electrodes 18 are
maintained at a potential negative with respect to the
cathode potential of the electron gun 12. As the electron
beam 16 enters the electrostatic field established by the
horizontal deflection electrodes 18 most adjacent the
source of electrons, a repelling force of said field causes
the beam to be deflected downwardly in a direction away
from the first electrode of the horizonal deflection elec-
trode array. The field established within the horizontal
deflertinn electrodes 18 deflects the electrons through the
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open side of the electrodes 18 teward and through the
arrangement of grid wires 22.

In the initial condition in which the horizontal de-
flection electrodes 18 are maintained at a negative po-

tential with respect to the beam 16, it has been found

that satisfactory results were obtained by applying a

potential of 800 volts negative with respect to the cathode
The grid wire assembly
comprised of the grid wires 22 is maintained at 800 volts
potential positive with respect to the cathede petentlel

potential of the electron gun 12.

of the clectron gun 12.
In achieving a line scan, 51gnals are apphed to the

norizontal deflection electrodes 18 In succession from am -
clectric generator and are preferably applied to adjacent

‘That is, a signal
is applied to the deflection electrode 18 closest to the

clectrodes in an overlapping manner.

source of electrons which thereupon drives the electrode
in a positive direction approaching the value of the
potential on the grid wire assembly. However, prior to
the instant the potential value on the first electrode
reaches a value substantially equal to the potentlal of the
grid wire assembly, a positive going signal is applied
to the next adjacent electrode 18. Manifestly, when the
potential on the first electrode reaches the approximate

potential value on the grid wire assembly, a field-free

zone is established within the region defined by the grid
wire assembly and the horizontal deflection electrode 18,

and the electron beam 16 is free to travel to the next

adjacent horizontal deflection electrode 18. This pro-

cedure is repeated along the entire array of electrodes 18
in such a manner that the charge on at least two eleetredes :

18 1s always changing at the same time.

1t will be readily understood that the employment of
a wire grid arrangement comprised of the grid wires 22,
while being effective to maintain the desired and afore--

mentioned field-free region, provides a minimum amount
of surface area upon which the electrons may impinge.

In addition, since said grid is not in the focal plane, the
beam is wide and as it is later focused, no shadows cast

by said grid wires are continued into the focused beam.

Accordingly, this arrangement will not cause a loss of
‘beam energy by trapping or otherwise stopping the flow
of the electrons of the beam 16 passing therethrough. ..

Further, it is to be understood that the order in which

the horizontal deflection electrodes 18 are charged -or
discharged may be reversed. - In such case, initially all

-of the horizontal deflection electrodes 18 of the linear

array are maintained positive with respect to the cathode
potential of the electron gun 12. The potential value in
such case is equal to the potential value mpressed on
the grid wire assembly comprised of the grid wires 22,

thereby establishing a field-free zone along the entire lon-

gitudinal dimension of the array of horizontal deflection
electrodes 18. The field-free zone permits the electrons
which comprise the electron beam 16 to travel the entire

length thereof without being confronted by any spurious

electric fields. In operation, the horizontal deflection elec-

trode 18 most distant from the electron gun 12 is com-

menced to be driven toward its maximum value. Next,
a negative going signal is applied to the adjacent elec-

trode 18 just prior to the instant the first driven electrode

18 reach its full negative value. This procedure repeats

successively along the entire array of horizontal deflec-

- tion electrodes 18.

70

75

In either arrangement, after the electron beam 16 has

been deflected by the horizontal deflection electrodes 18,
 the beam 16 is caused to pass through the grid wire as-
sembly comprised of the grid wires 22 and accelerated -
thereby toward the high voltage section of the tube. After

passing through the grid wire assembly, the beam 16 is

next caused to pass between the two pairs of focusing

electrode structures, the first of which is comprised of the

accelerating focusing electrodes 26 and may be main-

tained at 2 kv. potential positive with respect to the

cathode potential of the electron gun 12. The second -




“tial of the elec

: ~trodes 34 is changing at the same time,
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- focusing electrode assembly comprised of the pair of elec-
trodes 30 is maintained within the range of from 0 to 8
kv. potential positive with respect to the cathode poten-

ron gun 12. These electrodes establish

“electrostatic fields which tend to further focus the elec-
“tron beam and cause 1t to be further accelerated into the

- high voltage or display section of the tube.

- The electron beam 16, after being deflected, accelerated,
and focused in the primary and transition sections of the

‘tube, is caused to travel along a path which is parallel

‘and 1n close proximity to the deflection electrodes 34.

“The vertical deflection system is operated much in the

same manner in which the horizontal deflection system is
operated. Signals applied to the vertical deflection elec-

‘trodes 34 are also preferably applied in an overlapping

‘manner so that the potential on at least two adjacent elec-

) _ Initially, these
~vertical deflection electrodes 34 and the fluorescent target

38 are maintained at substantially 13 kv. potential posi-
tive with respect to the cathode potential of the electron

gun 12, By virtue of the fact that each of the elements of

the high vcltage section 1s maintained at an equal poten-
tial value, a field-free region is established therewithin
permitfing the electron beam 16 to have unobstructed
travel within the field-free region until a suifable lesser

potential is applied to one of the verfical deflection
~ plates 34,

As one of the vertical deﬂectmn electrodes 34 is driven
negative with. respect to the target potential, the sc

| -.’._'dI‘IVEII electrode 34 exerts a deflecting force on the beam
16 causing it to be-deflected toward and impinge upon

- a fluorescent target 38. The electron impingement upon
- the fluorescent material of the target 38 causes the ma-

| ' terial to become excited and théreby oive off a massness
.~ of intensity which is directly proportional to the intensity
- of the impinging electron beam 16.

It will be readily
 apparent, that the light emitted from the fluorescent
coating of the target 38 may be viewed through the opti-
cally transparent defiection electrodes 34 and also may
- be viewed from a position toward the opposite side of
~ the target 38.

- It 1s apparent from the foregoing discussion that the
position of impingement of the electron beam 16 on the
target 38 at any given instant will be consistent with the
particular ones of the horizontal and vertical deflection
electrodes 18 and 34, respectively, which are energized
at such instant, and the value of the energizing signal
applied theretoe. Further, it will be apparent to those

. skilled in the art that in the use of the novel electrode

arrangement herein set forth with a conventional tele-

 vision recewver, the horizontal deflection electrodes 18
- will be cyclically energized at a time rate which is con-

sistent with the provision of the line scan of the televi-

- - s1on picture, and the vertical deflection electrodes 34 will

‘be energized at a time rate which is consistent with the
- provision of a frame scan of a television picture. The
- energization of the vertical-horizontal deflection electrodes

 may be effected by a suitable electronic generator means |
which are synchronized in their operation by the incom-
- 1ng sync signal received from the television transmitting

station. As pointed out herein before an electronic gen-
erator suitable for operation in conjunction with the in-
stant apparatus 1s described in detail in copending appli-
catton S. N. 514,653 which was filed June 10, 1955. It
- might be well to point out here that the instant inven-
tion may be employed in many of the cathode ray tube
applications too numerous to specifically set forth herein;
however, one example is in connection with a cathode-
ray tube used in facsimile tube applications.

As mentioned above, the instant apparatus may advan-
tageousiy be employed in connection with cathode ray
tubes employed in facsimile systems. A facsimile type
cathode ray tube is illustrated in Figures 4 and 5, wherein

1t will be noted that the horizontal deflection electrodes

- - 18, having a top portion 40 and flared outside portions
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1in the form of light.

&
42, is employed in conjunction with a grid wire assemi-
bly consisting of the grid wires 22. An elongate fluores-

cent target 44 is disposed beneath the grid wire assem-
‘bly. In this embodiment, the electron beam 16 delivered

by the electron gun 12 is caused to travel through the
channel formed by the linear array of deflection electrodes
£8 until one or more of these deflection eélectrodes is
energized in such a manner as to establish an- electric
field which will act to repel and thereby deflect the beam
16 toward and into impingement with the target 44. Such
electron bombardment will cause the fluorescent material
of the target 44 to luminesce and give off a visual signal
It will be noted that the focus point
or cross-over point P of the electron beam 16 resides
closely adjacent the fluorescent target 44, thereby making
1t possible to achieve a very fine line or small dot of light
appear on the fluorescent target 44, |

With the arrangement as illustrated in Figures 4 and
5 the instant electrode arrangement may be advantageous-
ly and satlsfactonly employed as a flying spot scanier,
wherein it is necessary for the cathode ray tube to have
a flat screen, a very small spot of light, and ample spot
br1ghtness The application of cathode ray tube scan-
ning to facsimile systems may be accomplished in sev-
eral different ways. As in television, both horizontal
and vertical scanning is necessary. At the sending or
transmitting end a successful method employed is flying
spot scanming, the moving spot on the phosphor scréen
being projected eptically onto the subject copy and the
reflected light caught in a photo tube wlnch then pro—
vides the facsimile signal. The rapid horizéoi
ning is provided by a deflection of the beam in the cath-
ode ray tube, the vertical scanning, eithér by movemeént
of the tube or by vertical motion of the subject copy.

At the receiving end, the transient image on the cath-
ode ray tube screen must be photographed to get a per-
manent record. Also, as at the transmitting end, there
are two modes of operation which are possible. In one
case horizontal scanning is by cathode ray tube while
vertical scanning is obtained by moving the film. An-
other case, both horizontal and vertical scanmng by
cathode ray tube so that a television-like raster is em-

ployed. In view of the above, it may be readily dis-
cernible that the instant apparatus may be employed in
connection with facsimile systems among many other ap-
plications of the instant invention.

It will be readily discernible from the foregoing de-
SCI‘lptI(}n that although the device has been described
in connection with an Aiken type cathode ray tube and
a cathode ray tube of the facsimile type, there are nu-
merous other environments in which the device may be
employed

What is claimed is:

1. In an electron discharge device, and an electron
beam source means for delivering a beam of electrons
along a path, a set of deflection electrodes disposed
along the beam path, each electrode having a planar sur-
face with angularly dependmg side walls for applying
deflecting forces at successive intervals along the beam
path, and a plurality of parallelly disposed grid wires
spaced from and in co-extensive relation with said set
of deflection electrodes for maintaining a substantially
field-free region for the portion of the beam path within
the zone defined by said set of deflection electrodes and
said grid wires.

2. In an clectron space discharge device, means for
delivering an electron beam along a given path, deflection
electrode means disposed along the beam path, a plu-
rality of grid wire members disposed in spaced coexten-
sive relation with the deflection means for establishing a
field-free region therebetween through which said elec-
tron beam 1s directed, and means for applying energizing
potentials to said deflection electrodes to bend said beam
from said region at successive intervals along its length
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and through said grid means into a successive zone in
‘the discharge device. : |
- 3. In an electron space discharge device, means for
delivering an electron beam along a given path, deflec-
tion electrode means disposed along the beam path each
electrode having a planar upper portion with depending
angular side portions, a plurality of grid wire members
disposed in spaced coextensive relation with the deflec-
tion means for establishing a field-free region therebe-
tween through which said electron beam is directed,
means for applving energizing potentials to said deflec-
tion electrodes to bend said beam from said region at
successive intervals along its length and through said
grid means into a successive zone in the discharge de-
vice, and focusing means disposed between said grid
wire members and said successive zone for determining
with the angle portions of said deflection electrode means
the point of beam cross-over in said successive zone.
4. In an electrostatic deflecting and focusing system
for use in controlling a segment of the path of an elec-
tron beam in a space discharge device, means for estab-
lishing a field-free region along the beam path includ-
ing deflection electrode means disposed along the beam
path, a plurality of grid wire members disposed along
the beam path in spaced coextensive relation with the
deflection means to establish a field-free region there-
“between for the electron beam, and means for apply-
ing energizing potentials to said deflection electrodes
to effect bending thereby of said beam from its path
through said grid means and mto a sueces’siv’e zone in
the discharge device.

5. In an electrostatic deﬂectmg and focusmg system
for use in controlling a segment of the path of an e¢lec-
tron beam in a space discharge device, means for estab-
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means for directing an electron beam

lishing a field-free region along the beam path includ-
ing a plurality of deflection electrode members disposed

along the beam path to apply deflecting forces to the

beam at successive intervals along its path, said mem-

bers having an upper planar portion with angularly de-.

pending side portions,-'and a plurality of grid wire mem-

bers disposed in spaced coextensive relation with the
deflection means to establish a field- free region there-'
between for the beam path. o

6. In an electron space dlscharga.'device, target means,
along a path In
non-registering relation with said target means, deflec-
tion electrode means disposed along at least an inttial

portion of the beam path for applying bending forces: '

to successive intervals of the beam to bend same to suc-
cessive paths in a zone adjacent said target means, sec-
ondary deflection means for selectively bending the beam

from said successive paths into registration with said tar-

get, and grid wire members for establishing a field-free
reigon along said initial portion of said beam disposed
in spaced coextensive relation with the deflection means

and in the successive paths of the beam.
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