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ELECTR{BN DESCH&RGE TURBE CAVING A
MOVABLE CATHODE TAPE
Eros Atti, Horseheads, N.Y., assigner to Westinghouse
Hlectric Corporation, East Piftsburgh, Pa., 2 cerpora-

tion of Pennsylvania
Kited Apr. 16, 1964, Ser. No. 360,268

15 Claims. (Cl. 313—146)

This invention relates in general to electron discharge
devices and more particularly to means for renewing the
emissive surface of the cathode elements of electron tubes.

In the use of electronic tubes of certain types, the
problem exists that after a relatively few hours of opera-
tion the drawing of current from the cathode element
tends to dissipate the emissive surface of the cathode
elemient. The deterioration of the cathode element 1s ag-
gravated when the cathode element is subjected to heavy
current drains or is operated 1n an unfavorable environ-
mental condition such as a poor vacuum. The surface
of the emissive cathode element tends to become poisoned
and at times pitted so that the electron emission c¢f this
clement tends to become irregular. As a solution for the
problem of cathcde deterioration it has been suggested
that the emissive portion of the cathode element may be
renewed by rotating the cathode element about an axis
thereby using an annular portion of the cathode element.
In order to so motivate the cathode a complicated motor
induction assembly has been suggested, which requires a
complex means for inducing the driving field necessarily
mounted exteriorly of the tube envelope. Omne obvious
limitation of this solution is the complexity of the addi-
tional apparatus required and also the additional mount-
ing required for the induction coils and members on the
exterior of the tube. Further, the life expectancy of the
cathode element is limited by the usable area available
on a single disc cathode element.

Further, another simplified means for renewing the
emissive portion of a cathode using a movable cathode
disc 1s disclosed in a copending application Serial MNo.
353,683 to Eros Atti and asmgned to the assignee of this
inventon.

Accordingly, 1t 1s the general object of this invention
to provide a new and improved electron device.

More specifically, it is the object of this invention
to provide an electron device having a cathode assembly
with a plurality of emissive portions which may be re-
peatedly changed a great number of times thereby greatly
prolonging the useful life of the electronic device.

It is a still more particular object of this invention to
provide an electron tube having a cathode assembly with

a plurality of emissive portions which may be repeatedly
changed

sive driving means.

Briefly, the present invention accomplishes the above
cited objects by providing a cathode assembly utilizing a
filamentary support, such as a flexible tape, which is
itself or has a coating thereon capable of emiiting elec-
trons. Means are provided for advancing the flexible
support so that as one portion of the emissive area be-
comes ineffective or deteriorated the support can be drawn
away from the emitting position and be replaced by a
dilferent portion of the filamentary support. In accord-
ance with the invention, the tape is stored within the tube
eavelope and is advanced through a ratchet and pawl ar-
rangement within the tube responsive to the application
of potential to a pair of external tube terminals. For
the purpose of electron emission, the tape may be heated
externally or may be heated by current passed through
the conductive portion thereof in the emitting vosition.

Further objects and advantages of the invention will
become apparent as the following description proceeds

a great numper of times by simpie and inexpen-
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and features of novelty which characterize the invention
will be pointed out in particularity in the claims annexed
to and which form a part of this specification.

For a better understanding of the invention, reference
may be had to the accompanying drawings, in which:

FIGURE 1 shows a cathode ray tube in which a cath-
ode assembly representing one embodiment of this in-
vention has been mountsd;

F1G. 2 shows an orthogonal view of one embodiment
of this invention;

FIG. 3 shows
in FIG. 2;

FIG. 4 shows a cathode assembly representing a sec-
ond embodiment of this invention;

F1G. 5 shows a cathode assembly representing another
embodiment of this invention;

FIG. 6 shows a still further embodiment of this in-
vention; and

FIG. 7 shows another means for moving the flexible
tape comprising ancther embodiment of this invention.

In FIG. 1 there is generally shown a cathode ray tube
in which a cathode assembly 20 which comprises the
essence of applicant’s invention is incorporated. The
cathode ray tube comprises a glass envelope 1¢ in which
there is mounted the cathode assembly 28 and the focus-
ing and accelerating clements 12. The elements 12 are
axially aligned with respect to the glass envelope 10 and
in proximity to the cathode assembly 20 so as to focus
and accelerate the electrons emitted from the cathode as-
sembly 20 upon a target 16 at the other extremity of
envelope 10. The cathode ray tube also has terminals 14
through which are supplied the necessary electrical signals
for the cathode assembly 20 and the focusing and ac-
celerating elements 12,

FIGS. 2 and 3 show more specifically the structure of
the cathode assembly 20. A continuous metallic tape or
filamentary support 22 i1s disposed at its upper end about
an exciiing means or guide member 34 and at its lower.
end about a cylindrical pulley 24, ‘The cylindrical pulley
24 1s provided with a groove 26 into which the tape 22
fits. One portion of the cylindrical pulley 24 is providsd
with a plurality of ratchet teeth 28 through which is supn-
plied the movement for turning the tape 22. Through
the center of cylindrical pulley 24 there 1s aligned an
axial rod 29 about which the cylindrical pulley 24 may
rotate. A dog member 27 is so positioned that one end
thereof engages the ratchet teeth 28 of pulley 24. The
upper portion of the tape 22 is suspended by guide mem-
ber 34; the tape 22 is held in place by groove 33 in guide
member 34. A beveled portion 38 is provided in guide
member 34 over which a discrete portion 37 of the tape 22
rests. ‘The means for exciting the guide member 34 in-
cludes a centraily aligned bore 25 within which is inserted
a filament heater 38, The filament heater 38 serves to
heat the guide member 34 and in turn, the discrete portion
37 of the tape 22. A tensioning spring 3¢ is located be-
tween the guide member 34 and the cylindrical pulley 24 to
apply a constant tension to the tape 22. As can be seen
in FIiG. 2, the tensioning spring 39 has a pair of biasing
members 3% which rest against the flat portions of tape
22 thereby applying tension.

The material of which the tape 22 is to be made is se-
lected on the basis of its flexibility and also its resistance
to high temperatures. A nickel, a molybdenum or a tung-
sten tape with a thickness in the order of .001 inch would
be suitable for application in many types of electron de-
vices. Further, a layer of barium, calcium and strontium
oxides commomly known as tr1ple {}xmes may be placed on
the tape to provide an emissive source of electrons. Such |
a layer could be deposited upon the tape in 2 manner well
known in the art such as spraying, or electrophoresis. In
addition, an electron emissive layer could be omitted if the

a side view of the embodiment shown
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tape 22 is made of tungsten or a thoriated tungsten which
metals could serve as the source of electrons.

As more clearly shown in FIG. 3, the cathode assembly
20 is contained within a grid cup 52. Centrally located
within the grid cup 52 is a support member 50 which is
secured to the enclosed end of the grid cup 52. On the
sides of the support member 50, there are various holes for
holding and positioning the elements of the cathode assem-
bly 20. In particular, axial rod 29 is rigidly secured with-
in holes 55; support flanges 31 of the tensioning spring 390
are secured against the sides of support member 58; guide
member 34 is supported between sides of the support mem-
ber 50 and holes 57 are provided to allow passage of the
leads for the filament heater 38. The dog member 27
(shown in FIG. 2) has one end fixedly secured to the sup-
port member 50 and its other end engaging ratchet teeth
28. It 1s noted that the guide member 34 is rigidly se-
cured to the sides of the support member 5C¢ so that the
beveled portion 36 always faces the enclosed end of the
grid cup 52. An aperture 54 through which flows the elec-
tron beam is centrally located in the enclosed end of the
grid cup 52: the support member 50 is positioned within
the grid cup 52 so that the discrete portion 37 of the tape
22 is positioned just beneath the aperture 54.

In the illustrated embodiment of the invention, the
means for causing the tape 22 to move with respect to the
guide member 34 is provided by a bimetallic spiral 40,
which is mounted on a tube 42. One end 46 of the
bimetallic spiral 40 may be fastened to the tube 42 by
any means known in the art such as welding. The ex-
tending end 47 of the spiral 40 projects upward and away
from the tube and has a hook like engaging end 48. The
engaging end 48 meshes with the ratchet teeth 28 of the
cylindrical pulley 24. The tube 42 and the bimetallic
spiral 40 are secured to the support member 50. The ends
of tube 42 fit within holes 53 in each side of the support
member 50. A spiral heater 44, the leads of which are
shown in the drawings 2 and 3, is provided within a bore
45 of the tube 42 in order to heat and thus energize the
bimetallic spiral 40. One metal of the bimetallic spiral
40 may be made of a low thermal expansion material
such as Invar, while the other metal could be selected from
those high thermal expansion materials such as brass,
stainless steel (18-8) or silver.

During the course of operation of this electron device,
the discrete portion 37 lying on the beveled portion 36
of the guide members 34 and beneath the aperture 54 will
deteriorate in time; that is to say, the electron emissive
layer upon the tape 22 will have lost partially or totally its
emissivity. In order to renew the emissive layer upon por-
tion 37, the tape 22 may be rotated bringing a new por-
tion of the tape 22 upon the beveled portion 36. Such
rotation may be caused by the metallic spiral 40. In order
to activate the bimetallic spiral 40, the heater 44 is ener-
gized and the resultant heat will cause the bimetallic spiral
40 to spiral or flex so that the extending end 47 forces
the engaging end 48 into and against the ratchet teeth 28
thereby rotating the cylindrical pulley 24 in a clockwise
direction (as shown in FIG. 2). As a result of the flex-
ing motion of the spiral 46 the cylindrical pulley 24 and
consequently the tape 22 are rotated, thereby renewing the
emissive layer beneath the aperture 54. When the bimetal
40 is cooled, there would be a tendency for the engaging
end 48 to rotate the pulley 24 in a counterclockwise direc-
tion (as shown in FIG. 2). The dog member 27 has
been so positioned against the ratchet teeth 28 to prevent a
reverse rotation in the counterclockwise direction. It is
noted that the heater 44 can be eliminated and the bimetal
40 could be heated directly by a flow of current through
its length produced by a potential difference applied across
the ends of the bimetal 40. |

A second embodiment of applicant’s invention involv-
ing a directly heated cathode is shown in FIG. 4. As in
FIGS. 2 and 3, a continuous metallic tape or filamentary

support 22 with an electron emissive coating thereon is
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used to renew the portion of the tape 22 in the emitting 75

4

position. The tape 22 is suspended from a means for
exciting such as two electrically insulated guide electrodes
63, and a cylindrical pulley 24a. The electrodes 60 could
be made of a metal such as molybdenum, tungsten, nickel
or stainless steel. Grooves 62 in the guide electrodes 60
provide a channel through which the tape 22 may be
drawn. A tension spring 30 is provided to hold the tape
22 under tension. A groove 26qa in the cylindrical pulley
24a 1s provided to hold the tape 22 in place with respect
to the pulley 24a. It is noted that the various elements
as shown in FIG. 4 may be held in place in a manner
similar to that shown in FIG. 3. In particular the guide
electrodes 60 would be rigidly held against the sides of a
member similar to support member 50. The axial rod 29
would likewise be rigidly secured to a support member.

The electron emissive layer upon tape 22 is directly
heated by a current applied through the tape 22. In order
to accomplish this result, a suitable voltage of approxi-
mately 6.3 v. is applied across the guide electrodes 60 so
that a current will flow through the portion 64 of the
tape 22 lying across the electrodes 60. The resulting cur-
rent fiowing through tape 22 will heat the portion 64
which will, in turn, emit a stream of electrons. It is
further noted that portion 64 would be positioned in a
grid cup beneath the aperture similar to that shown in
F1G. 3. The length of the portion 64 of the tape is made
small in comparison with the remaining portion of the
tape 22, so that the greater portion of the current flowing
between guide electrodes 60 will flow through the emissive
portion 64. One particular advantage of the embodiment
shown in FIG. 4 is that the heating element, i.e., portion
64, will be renewed each time the tape 22 is moved.

The cylindrical pulley 24a has been modified in this
embodiment to receive a different form of motivation.
Cylindrical pulley 244 has therein a concentric bore 78
upon the inner periphery of which there is placed a plu-
rality of ratchet teeth 72. Within the bore 78 and upon
axial rod 29 there is secured a bimetallic spiral 79. One
end 74 of the bimetallic spiral 70 is mechanically secured
to the axial rod 29, whereas another end 73 is so posi-
tioned as to engage the plurality of ratchet teeth 72. Upon
the other end of the cylindrical pulley 244 there is located
another plurality of ratchet teeth 82. A dog member 80
is provided to engage the matchet teeth 82.

In order to rotate the cylindrical pulley 244 and thereby
the tape 22 a suitable voltage, such as 6.3 volts, 1s ap-
plied through brushes 75 between the axial rod 29 and the
cylindrical pulley 244, It is noted that there is provided
proper insulation (not shown) between the axial rod 29,
the cylindrical pulley 24a, and the spiral 70 so that the
voltage so applied induces a current through the length
of the bimetallic spiral 70 thereby heating it. When the
bimetallic spiral 70 is heated it will be caused to flex or
spiral outward thereby inducing a clockwise motion (as
shown in FIG. 4) in the cylindrical pulley 24a and thereby
causing the tape 22 to rotate to a new position. The
action of the dog member 8¢ will prevent the cylindrical
pulley 24a from being rotated in a counterclockwise direc-
tion (as shown in FIG. 4) when the spiral 70 cools. In
this manner the emissive portion of the tape 22 lying
across the electrodes 60 can be renewed.

One advantage of those embodiments shown in FIGS. 2,
3 and 4 is that only the portion of the tape 22 emitting
clectrons into the aperture 54 is heated to the operating
temperature which is in the order of 1100° K. Such por-
tions may be identified as portions 64 and 37 in FIGS. 4
and 2 respectively. The remaining, longer portions of the
tape 22 are subjected to considerably lower temperatures
whereby the emissive area upon tape 22 may be preserved.
I_n particular, in the case of an oxide cathode the evapora-
tion of the oxides forming the emissive layer and the for-
mation of an interface layer are prevented. In practice
various reducing elements such as silicon, magnesium,
wolfram and silicon are introduced into the metal of

which the support 22 is made to promote the cathode

activity. However, at the more elevated temperatures the
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triple oxides forming the emissive coating may react with
those reducing elements forming the interface layer. The
interface layer may cause excessive voltage drop across
the emissive layer resulting in the possible overheating of
the emissive layer. Therefore, by keeping the remaining
portions of the tape 22 at a reduced temperature, the
evaporation of the oxides and the formation of an inter-
face layer are substantially retarded. | |

o

In FIGS. 5 and 6, two embodiments of applicant’s in-

vention are shown involving a non-continuous tape fila-
mentary support 225. Generally, a magazine 89 is pro-
vided with a given length of metallic tape 224 either bare
or provided with an emissive coating thereon. The tape
22b 1s brought from magazine 88 to a take-up magazine

81 where the used portions of the tape 225 may be wound.

A bimetallic motivating means is provided for rotating the
take-up magazine 81. The motivating means comprises a
bimetallic element 88 and a heater element $9 for motivat-
ing said bimetallic element 88. In the particular embodi-
ment shown in FIG. 35, a directly heated cathode is shown
wherein the tape 2256 is drawn across a means for exciting
such as electrodes 84. A voltage source 82 is applied be-
tween the electrodes 84 with a resultant current flowing
through a portion 96 of the tape 220 in the emitting posi-
tion. In FIG. 6 there is shown a means for exciting com-
prising a hollow cathode sleeve 92 which is placed against
an emissive portion 98 of the tape 225. Within the hollow
cathode sleeve 92 there is placed heater elements 97 which
when energized will heat the cathode sleeve 92 and, in
turn, the emissive portion 98 thereby producing an elec-
tron stream. When it is desired to renew the portion of
the cathode assemblies in the emitting position of either
FIGS. 5 or 6, the heater element 99 will be energized
thereby flexing bimetallic element 88. The bimetallic ele-
ment 88 engages a ratchet wheel 86. The ratchet wheel
66 will rotate thereby causing the tape 225 t0 move across
onto the take-up magazine 81 and to renew the emissive
portions of the tape 226 in contact with the cathode
sleeve 92.

In FIG. 7, there is shown another system for motivat-
ing a filamentary support or flexible metallic tape 2Zc
past a pair of electrodes 182. A plurality of ratchet teeth
120 are provided on one edge of the metallic tape 22c.
A bimetallic member 124 is so positioned that its engag-
ing portion 125 meshes with the ratchet teeth 120. A
heating element 126 is thermally positioned about the
bimetallic member 124. It is noted that the heating
element 126 may be eliminated and the bimetallic mem-
ber 124 may be heated directly by current being passed
through its length. = A voltage source 128 is connected
with a switch 13¢ in such a manner that voltase may be
selectively impressed either across the pair of electrodes
102 or across the heating element 126. When the switch
E3¢ 1s m postiion SI, voltage will be impressed across
electrodes 102 with the result that a cuorrent will flow
through a portion 132 of the tape 22¢ heating it to the
proper operating temperature for electron emission: on
the other hand, when the swiich 139 is in position S2,
the voltage source 128 will be impressed across the
heating element 126 with the result that the bimetallic
member 124 will force the tape 22¢ forward thereby re-
newing the portion 132 disposed across electrodes 182.

In some types of cathode ray tubes the cathode areas
required are quite small. Consequently, even relatively
short tapes or wires may provide many cathode and
heater renewals if desired.

It should now be apparent that by using a relatively

inexpensive bimetal member the cathode emissive area
or portion may be renewed a large number of times by
relatively inexpensive means. Further, the bimetallic
member can be easily mounted within the envelope of the
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cathode ray tube with the result that the more complex

and expensive inductive motor means may be eliminated.
In addition, by using a spool or magazine of flexible

tape or a continuous tape, the emissive portion of the

cathode may be repeatedly renewed a great many times.

In fact the tube life as dependent upon the condition of

the cathode emissive surface is only limited by the amount
of tape that can be stored within the magazines or may
be placed on a continuous tape belt. |

‘While there have been shown and described what
are presently considered to be the preferred embodiments
of the invention, modifications thereto will readily occur
to those skilled in the art. It is not desired, therefore,
that the invention be limited to these specific arrange-
ments or embodiments shown and described and it is in-
tended to cover in the dependent claims all such modi-
fications as fall within the true spirit and scope of the
invention.

I claim as my invention:

1. An electron discharge device comprising an elon-
gated, fexible filamentary support having at least first
and second emissive portions for producing an electron
beam, a target means for receiving said beam, means
for exciting electrons in association with said first emis-
sive portion, magazine means for storing an extended
ength of said filamentary support in a contracted con-
figuration, and means for moving said support so that
sald second emissive poriion is brought into association
wilh said means for exciting and said first emissive por-
tion is displaced from said means for exciting. @

Z. An electron discharge device comprising a flexible
tape having at least first and second emissive portions
for producing an electron beam, a target means for re-
ceiving said beam, means for exciting electrons in as-
socitation with said first emissive portion, means for
storing an extended length of said flexible tape in a con-
tracted configuration, and means for moving said tape
support so that said second emissive portion is brought
into association with said means for exciting electrons

and said first portion is displaced from said means for

exciting elecirons. |

3. An electron discharge device comprising a flexible
tape support having at least first and second emissive
portions for producing an electron beam, a target means
for receiving said beam, two electrodes with a means
for applying a potential thereacross, said flexible support
so placed across said electrodes that an electrical current
passes through said first emissive portion, and means for
linearly moving said flexible support so that said sec-
ond emissive portion is placed between said electrodes
and said first portion is displaced.

4. An electron discharge device comprising an elon-
gated, flexible filamentary support having a plurality of
emissive portions for producing an electron beam, a tar-
get means for receiving said beam, a means for guiding
said filamentary support including a means for heating
in thermal association with one of said emissive portions,
means for storing an extended length of said flexible
suppori ia a contracted configuration, and means for
moving said elongated filamentary support along the
elongated dimension of said filamentary support so that
another of said emissive portion is placed in association
with said means for guiding and said one portion is
displaced therefrom. |

5. An electron discharge device comprising a flexible
tape support having at least first and second emissive
portions for producing an electron beam, a target means
for receiving said beam, means for exciting electrons in
association with said first emissive portion, means for
storing an extended length of said flexible tape support
in a contracted configuration, and means for moving said

tape support along the longitudinal axis of said tape sup-

port so that said second emissive portion is placed in as-
sociation with said means for exciting and said first por-
tion 1s displaced. |

6. An electron discharge device, as claimed in claim
5, wherein the means for exciting comprises a guide
member and a means for heating in thermal association
with said tape support. :
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7. An electron discharge device comprising a con-

tinuous flexible tape having an electron emissive coating

for producing an electron beam, said flexible tape having
first and second portions, a target means for receiving said
beam, two electrodes spaced apart, said first portion being
disposed between said electrodes, said second portion
being of a greater length than said first portion, and
means for moving said continuous flexible tape past said
electrodes.

8. A cathode assembly comprising a flexible fila-
mentary support having at least first and second emis-

sive portions for producing an electron beam, a means
for exciting electrons in association with said first emis-
sive portion, means for storing an extended length of
sald filamentary support in a contracted configuration,
and means for linearly moving said support so that said
second emissive porfion is in association with said means
for exciting electrons and so that said first emissive por-
tion is removed therefrom.

9. An electron discharge device comprising an en-
velope, a flexible tape having a coating of emissive ma-
terial for producing an electron beam, said coating sup-
ported by said flexible tape having at least first and sec-
ond emissive portions, a target means for receiving said
electron beam, a means for exciting electrons in associa-
tion with said first emissive portion, means for storing
an extended length of said flexible tape in a contracted
configuration, and means within said envelope for mov-
ing said tape across said means for exciting so that
said second emissive portion is disposed in association
wtih said means for exciting electrons and said first emis-
sive portion is displaced therefrom.

10. An electron discharge device as claimed in claim
9 wherein said means for moving comprises a thermal
responsive bimetal member engaging a plurality of teeth
in said flexible tape, and a heating means for activating
said bimetal member.

11. An electron discharge device as claimed in claim
9 wherein said means for moving includes two magazines,
one for dispensing and the other for collecting said flex-
ible tape, one of said magazines having a sprocket mem-
- ber with a plurality of teeth therein, a thermal responsive
bimetal member engaging said plurality of teeth and a
heating means for activating said bimetal member.

. 12. An electron discharge device comprising a filament-
ary belt support having a plurality of emissive portions
for producing an electron beam, a target means for re-
ceiving sald beam, a means for exciting electrons in asso-
ciation with one of said emissive portions, and a means
for moving said belt including a pulley means having a
plurality of teeth therein, a thermal-responsive element in
engagement with said plurality of teeth, and a heating
means in association with said thermal-responsive element.

13. An electron discharge device comprising a continu-
ous filamentary belt having a plurality of emissive por-
tions for producing an electron beam, a target means for
receiving said electron beam, a guide member for support-
ing said belt including therein a first heating element, a
means for motivating said belt including a rotatably
mounted pulley with a plurality of ratchet teeth about its
periphery, a biasing member for applying tension to said
belt, and a means for motivating said pulley including a
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thermal-responsive bimetal element having one end se-
curedly fixed and its other end in engagement with said
plurality of teeth and a second heating element for en-
ergizing said bimetal element.

14. An electron discharge device comprising a con-
tinuous filamentary belt having a plurality of emissive
portions for producing an electron beam, a target means
for receiving said beam, two electrodes spaced a given
distance apart, said belt passing over said two electrodes,
a means for motivating said belt including a pulley hav-
ing a first and second portion, said means for motivat-
ing being mounted on an axial rod, a spiraled bimetal ele-
ment having one end thereof fixedly secured to said
axial rod, and a detent means for preventing said pulley
from rotating backwards, said first portion of said pul-
ley having a bore therein with a plurality of first ratchet
teeth on the periphery of said bore, the other end of
sald spiraled bimetal element engaging said plurality of
first ratchet teeth, said second portion of said pulley hav-
ing a plurality of second ratchet teeth, said detent means
being in engagement wtih said plurality of second ratchet
teeth, and a biasing member for applying a tension to
said belt. |

15. A cathode assembly comprising a flexible fila-
mentary support having at least first and second emissive
portions for producing an electron beam, a means for
exciting electrons in association with said first emissive
portion, means for storing an extended length of said
flexible, filamentary support in a contracted configura-
tion, and means for linearly moving said support across
sald means for exciting electrons and so that said first
emissive portion is removed therefrom, said means for
moving including a conductive, thermally responsive ele-
ment,
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