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This invention relates to storage type television camera
tubes and particularly to tubes having the dual function
of e:lectron image amplification and electron image dis-
section.

In U. 8. Reissue Patent No. 22,009, issued J anuary 20,
1942, to Farasworth, there is disclosed a camera tube
wherein image amplification is effected by scanning an
electrical image across an aperture located in the focal
plane of the electrical image. The electrons that pass
through the aperture impinge on a winding encircling a
thermionic cathode; therefore, the potential of the wind-
ing is determined by the number of electrons reaching it
through the aperture. An ancde is positioned adjacent
the cathode and acceierates the electrons which the cath-
ode emits. Thus, there is produced a triode-amplifica-
tion effect and the electrons from the primary image con-
trol the amplification.

In the above-mentioned patent, double scanning is ne-
cessitated thus increasing the possibility of error in the
system; and amplification is limited by the number of
electrons passing through the aperture,

In another U. S. patent to Farnsworth, No. 2,292,437,
issued April 11, 1942, there is disclosed a camera tube
wherein electron image amplification is attained before
transmission by virtue of forming an electron image on
a photosensitive cathode. An electron flood is provided
adjacent the cathode so that upon charging, the cathode
permits a large flow of electrons to pass therethrough
which forms an amplified electron image which is there-
after scanned by an image dissector.

In the invention illustrated by Patent No. 2,292,437
image amplification is limited by the storage time of the
bhotosensitive cathode; i. e., the flow of electrons through
the grid exists only while the cathode is charged. There-
fore, amplification is not as great as might be desired
because the storage time of the cathode is necessarily small.

It is an object of this invention to provide a tube and
circuits giving improved performance over the tubes de-
scribed in the aforementioned patents. In accordance
with a major aspect of my invention, I obtain greater
amplification by providing a storage grid intermediate to
the photosensitive cathode and image dissector to retain
a.charge pattern thereon while passing a maximum density
of flood electrons therethrough,

A feature of my invention is to provide a camera tube
having relatively great sensitivity,

Another feature of my invention is to provide a camera
tube having a relatively great contrast range.

Anocher and very important feature of my invention is
to provide a camera tube which is particularly adaptable
for motion picture pickup.

In accordance with one embodiment of my invention
there is provided a storage type television camera tube
system, comprising a photoemissive cathode for produc-
ing an electron image emission, An electron permeable
storage screen is provided for storing a voltage pattern
in response to the electron image emission. A su})gta_n—
tially uniform electron flood is produced in the vicinity
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of the storage screen and electrons are attracted from
the electron flood through the electron pervious screen
to produce an amplified electron image. The amplified
electron image is then scanned to produce currents cor-
responding to successive elements of the amplified elec-
tron image.

The above mentioned and other features and objects
of this invention and the manner of attaining them will
become more apparent and the invention itself will be
best understood, by reference to the following descrip-
tion of an embodiment of the invention taken in conjunc-
tion with the accompanying drawings, wherein:

Fig. 1 illustrates diagrammatically a television camera
tube arrangement embodying one form of the invention;

Fig. 2 is an enlarged diagrammatic fragmentary view
of the grid and collector electrodes;

Fig. 3 is a curve used in explaining the variations of
cathode voltages when the invention is used in conjunc-
tion with motion picture pick-up; and

Fig. 4 shows switching means between the film drive,
source of illumination and cathode voltage switch.

Referring to Fig. 1 of the drawing, there is shown a
television camera tube which embodies the invention.
The tube is provided with an envelope 1, the interior of
which is highly evacuated. At one end of the tube 1,
there is a translucent cathode 2 in front of which is placed
an optical system 3 in such a manner as to focus an
optical image of an object thereon. The cathode is pref-
erably made from a substance having high photoemissive
sensitivity, e. g. caesium-antimony. To the right of the
cathode 2, there are provided thermionic electron flood
beam sources 4 which may be energized by conventional
means, such as battery 5. Intermediate the ends of the
tube and extending across the envelope, are grid and.
collector electrodes 6 and 7 respectively. The collector
electrode 7 is preferably made of a very fine mesh con-
ductive material; the fine mesh being desired so as not
to impair or limit resolution. The grid electrode 6 con-
sists of two layers 8 and 9; layer 8 being made of in-
sulation material, such as quartz, having secondary-elec-
tron emissive charge-storage characteristics, and layer 9.
being made of a conductive material, The meshes of the
layers 8 and 9 are preferably identical to each other and
finer than the mesh of the collector electrode (Fig. 2).
Suitable potentials are applied to the conductive layer of
the grid and collector electrode by conventional means,
such as voltage supply 10, consisting of a battery 1L
connected across a resistor 12.  The remaining portion
of the tube, that is the portion to the right of the grid
6, is a conventional image dissector comprising an anode

. 13 having an aperture 14 facing the grid 6. Mounted
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inside the anode 13 is a collector electrode 15 positioned
immediately back of the aperture 14, and has its output
connected to a load resistor 15’. The dissector portion
is provided with exterior coils 16 and 17 positioned sub-
stantially at right angles to each other for moving the
electron image in two directions over the scanning aper-
ture 14, the magnetic fields of these coils being formed
by energization by scanning voltage sources, such as os-
cillators 18 and 19 respectively. Suitable voltages are
applied to the anode 13 and cathode 2 by the voltage
supply 19 and battery 5. .
The tube is provided with the usual focusing coil 20
energized by a focusing energy source 21 to provide a
magnetic field between the cathode 2 and the scanning
aperture 14. Accelerating rings 22 are connected to re-
sistor 12 in graduated relationship to provide linear ac-
celeration of the clectron image between the cathode 2
and aperture 14, The number of rings illustrated are by
way of example only and not intended to be accurate.
The leads from the rings to the resistor 12 are shown
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abbreviated with arrcw heads in order to prevent con-
fusion by the showing of excessive lead lines.

In operation, an optical image is focused upon the
cathode 2, by the optical system 3. Cathode 2 emits
electrons in proportion to its illumination thereby form-
ing an electren image. The electron image is accelerated
by accelerating rings 22 and focused by focusing coil 20
to provide an-electron image in the plane of the insu-
lator 8. The cathode 2 is made sufficiently negative so
that the electron image may be given enough velocity
to liberate secondary electrons upon impinging on the in-
sulator 8, thus leaving a positive charge pattern on the
insulator. The secondary electrons are collected by the
collector electrode 7. The thermionic flood beam sources
4 supply an electron flood of substantial cross sectional
area which. is directed at the grid 6; the potential of the
flood cathode being more positive than the charge on
the jnsulator but less positive than the charge on the
conductive layer 9. Therefore, triode action is effected
with the flood being a virtal cathode, the insulator serv-
ing as the grid and the conductive layer serving as the
plate. Since the flood beam is dense, the amplification
is very high and the flooding electrons that pass through
the grid- under the control of the charge pattern, form
an electron image greatly amplified. On the right hand
side. of the conductive layer the tube operates as a typi-
cal image dissector; i. e. the amplified electron image is
accelerated, and focused in the plane of the aperture.
The image is then scanned to present successive elemen-
tary areas of the image at the aperture, whereby the
current passed through the aperture corresponds tc suc-
cessive elements of the amplified electron image. Ob-
viously for- triode action to exist, the insulator must be
charged while flood electrons are available. Therefore,
the useful charge storage time of the insulator deter-
mines the number of images that are transmitted per
unit of time if the tube is operated utilizing only the
inherent leakage of the insulator. However, another and
more direct method of erasing the charge on the insula-
tor is by pulsing the flood cathode negatively via switch
23 with rtespect to.the insulator so that flood electrons
are emitted and have an increased velocity just sufficient
to cause them to impinge on the insulator and remain
there, thereby neutralizing the old charge and establish-
ing a ‘uniform equilibrium charge. The latter method is
particularly -useful because the negative pulsing of the
flood cathode may be effected during vertical blanking
of the dissector and therefore would not interfere with
the normal scanning operation. The switch 23 is syn-
chronized with the vertical blanking oscillator for prop-
erly timing. the negative pulsing of the flood cathode 4
by means, such as an electronic switch.

Flectrode voltages which were found to be satisfac-
tory for the ahove-mentioned operation of one embodi-
ment of the invention were as follows: The photo-sensi-
tive cathode had a voltage of approximately —30 volts
which was sufficient to give the electron image enough
velocity to liberate secondary electrons from the insula-
tor; the collector electrode voltage was approximately
1.10-volts; the conductive layer of the grid was approxi-
mately -5 volts; the flood cathode was approximately
45 volts; and the accelerating rings had' gradation volt-
ages between —22 and. 600 volts; the 600 volts appear-
ing at the aperture. When the duration of the charge
pattern on the insulator was controlled by pulsing the
flood cathode, a suitable voltage was approximately —5
volts. This provided the electron flood with just enough
velocity to travel to the insulator and remain thereon
without liberating secondary electrons.

1t is to be realized that this invention may operate
satisfactorily- by imposing a negative charge pattern on
the insulator 8 instead of a positive charge pattern as
above described. In imposing a negative charge pattern

on the insulator, the electron image on cathode 2 should
have -only sufficient velocity to impinge on the insulator
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4
without causing secondary electrons to be liberated there-
from, thus inducing the negative charge of the electron
image on the insulator. For this case, the collector elec-
trode 7 is unnecessary and the voltages applied to the
conductive layer and flood beam are, of course, adjusted
to provide triode action. Since the charge pattern on
the insulator is now negative the spatial charge of the
flood beam should be made positive relative thereto.

Another, and very important application of my inven-
tion, is in conjunction with motion picture pick-up. In
using my invention for motion picture pick-up, thermi-
onic flood sources 4 are unnecessary and may be dis-
connected from the circuit via manually operated switch
23, and the photosensitive cathode 2 is preferably used
to provide the electron flood beam by flooding the cath-
ode 2 with light from a source of illumination 24. Dur-
ing vertical blanking time a picture is focused on the
translucent cathode forming an electron image which, as
previously expiained, is accelerated and focused in insu-
lator layer 8. The projector pull down time is synchro-
nized with the scanning period and during this interval,
the photosensitive: cathode 2 is uniformly illuminated
thus supplying the necessary flood beam for triode am-
plification action. The bias of the cathode (see Fig. 3).
is varied by means of a switch. 25 so that during the
flood interval the cathede is made less negative so that
the charge pattern on the insulator 8 is not dissipated.
An intermediate contact may be provided to give the
proper- velocity to erase the image before the flood is
applied, or the inhereat storage time of the cathode 2 is
just long enough to retain the charge pattern from one
picture frame to the next frame.

The film drive is mechanically coupled to source of
illumination switch 26 and cathede voltage switch 25
so that during the write cn period when a pictore frame
is focused on the cathode 2, illumination 24 is extin-
guished. and the cathode voltage is accordingly adjusted
via switch 25. During the pull down time (the scanning
time) the illumination is switched on (under the con-
irol. of the film drive), and the cathode voltage properly
adjusted to provide a suitable space charge (see Fig.
4). The cathode voltage is switched shortly before the
end of the pull down time to permit the flood charge to
sufficiently neutralize the insulator.

The camera tube for motion picture pick-up may also
be operated with negative or positive charge patterns
on the insulator, in accordance with the principles out-
lined above.

Fig. 3 shows a curve illustrating the variation of cath-
ode voltages during the insulator neutralization period,
the write on period, and the pull down period. . Point
26 shows the potential of the cathode for clearing the
charge of the insulator immediately preceding the write-
on period. During the write-on period the cathode po-
tential is at its most negative point such that the electron
image has enough velocity -to emit secondary- electrons.
from the insulator and charge it in the positive direc-
tion. During the flood light-on period, the cathode po-
tential is at its most positive point such that the flood
electrons. then reach the insulator at a very low velocity
and do not disturb the charge thercon. From Fig. 3
it ‘is. seen -that long pull down time is available with
my invention. This, of course, is of great importance:
in motion picture transmission.

A few of the advantages of my invention are the in-
creased - sensitivity: due to greater image amplification;
wider contrast range because the insulator can charge
linearity over a greater range of voltages; simplicity .in
cbtaining a photoelectric: flood when used as. a motion
picture pick-up tube; and the long pull down time avail-
able for motion picture projection.

While T have described above the principles of my
invention in ccnnection with specific apparatus, it is to
be clearly understood that this description is made only:
by way. of example and not as-a limitation. to. the. scope.
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of my invention as set forth in the objects thereof and
in the accompanying claims.

What is claimed is:

1. A storage type television camera tube for trans-
mitting image signals, comprising a translucent photo-
sensitive cathode upon which an optical image may be
projected, to form an electron image, an electron per-
meable grid having an insulator layer on one side there-
of for storing a voltage pattern in response to said elec-
tron image emission, and a conductive layer on the
other side, means for uniformly illuminating said cath-
ode to produce an electron flood of substantial cross-
sectional area on said one side of the grid, means to
apply a voltage positive with respect to said flood source
to said conductive layer, whereby said flooding electrons
passing through the grid under the control of the charge
pattern thereon form a substantially amplified electron
image and means for utilizing said amplified electron
image to produce currents corresponding to particular
elements of said amplified electron image.

2. A storage type television camera tube for trans-
mitting image signals, comprising a translucent photo-
sensitive cathode upon which an optical image may be
projected to form an electron image, a fine mesh grid
consisting of a secondary-electron emissive charge-stor-
age layer on one side thereof and a conductive layer on
the other side, means for accelerating and focusing the
electron image in the plane of the storage layer, a col-
lector electrode positioned to collect secondary electrons
liberated from said grid by the electron image, whereby
a positive charge pattern is formed on said grid, means
for uniformly illuminating said cathode to produce an
electron flood of substantial and uniform cross sectional
area on said one side of the grid, circuit connections
to apply suitable voltages to said conductive layer and
cathode to produce triode action between the flood beam,
the grid and the conductive layer, the flood beam being
a virtual cathode, the charge-storage layer serving as
the grid and the conductive layer serving as the plate,
said flooding electrons passing through the grid under
the control of the charge pattern thereon to form an
electron image substantially amplified by virtue of the
triode action; an output electrode having an aperture,
a collector electrode for receiving the electrons that pass
through said aperture, means for accelerating and mag-
netically focussing the amplified electron image in the
plane of the aperture, and means for scanning the image
to present successive elementary areas of the image at
the aperture, whereby the current passed through the
aperture corresponds to successive elements of the ampli-
fied electron image.

3. A storage type television camera tube for transmit-
ting image signals, comprising an evacuated envelope sub-
stantially in the shape of a cylindrical body, a translucent
photosensitive cathode positioned at one end thereof and
upon which an optical image may be projected to pro-
duce emission therefrom to form an electron image on
said cathode, a fine mesh grid extending across the cylin-
drical body portion intermediate the ends thereof, said
grid consisting of a secondary-electron emissive charge-
storage layer on one side thereof toward said one end and
a conductive layer on the other side, means for acceler-
ating and magnetically focusing the electron image in the
plane of the storage layer and liberating secondary elec-
trons therefrom, a conductive collector electrode posi-
tioned within said envelope on said one side of the grid
to collect secondary electrons liberated therefrom, where-
by a positive charge pattern is formed on said grid, means
for illuminating said cathode to produce an electron flood
of substantial cross sectional area on said one side of the
grid, circuit connections to apply suitable voltages to said
conductive layer and cathode to produce triode-action
between the flood beam and the conductive layer, the
flood beam being a virtual cathode, the charge-storage
layer serving as the grid and the conductive layer serving
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as the plate, said flooding electrons passing through thé
grid under the control of the charge pattern thereon to
form an electron image substantially amplified by virtue
of the triode action; an output electrode having an aper-
ture and positioned at the opposite end of the said tube,
a collector electrode for receiving the electrons that pass
through said aperture, means for accelerating and mag-
netically focusing the amplified electron image in the plane
of the aperture, and means for scanning the image to pre-
sent successive elementary areas of the image at the aper-
ture, whereby the current passed through the aperture cor-
responds to successive elements of the amplified electron
image.

4. An arrangement of the character described compris-
ing photoelectric means upon which an optical image may
be projected for producing an extended electron image,
storage electrode means pervious to electron flow mounted
to receive said electron image, means for projecting said
electron image onto said storage means for developing a
corresponding electrostatic charge image on the latter,
means for exciting said photoelectric means to cause the
latter to emit a beam of electrons of substantially uniform
cross-section which beam is flooded over said storage
means and which is modulated by said charge image upon
passing through said storage means, and means operatively
coupled to said photoelectric means for varying the poten-
tial of said beam whereby said charge image may be com-
pletely neutralized, said photcelectric means thereby hav-
ing utility in developing an electron image, in producing
a flood beam, and in neutralizing said charge image.

5. An arrangement of the character described compris-
ing photoelectric means upon which an optical image may
be projected for preducing an extended electron image,
storage electrode means pervious to electron flow mounted
to receive said electron image, means for projecting said
electron image onto said storage means for developing a
corresponding electrostatic charge image on the latter,
means for exciting said photoelectric means to cause the
latter to emit a beam of electrons of substantially uniform
cross-section which beam is flcoded over said storage
means and which is modulated by said charge image upon
passing through said storage means, means operatively
coupled to said photoelectric means for varying the poten-
tial of said beam whereby said charge image may be com-
pletely neutralized, said photoelectric means thereby hav-
ing utility in developing an electron image, in producing
a flood beam, and in neutralizing said charge image, and
circuit means for applying potentials to said photoelectric
means and said storage means of such magnitude and
polarity that (¢) during the development of said ex-
tended electron image said photoelectric means will be
more negative than said storage means an amount suffi-
cient to cause greater than unity secondary emission from
said storage means, (b) during the generation of said flood
beam said photoelectric means will be sufficiently posi-
tive with respect to said storage means whereby the elec-
trons of said beam will not be collected by said charge
image but instead will pass through said storage means,
and (c) during neutralization of said charge image said
photeelectric means is made sufficiently negative with re-
spect to said charge image that the electrons issuing from
the former will be collected by the latter to remove said
charge image.

6. An arrangement of the character described compris-
ing photcelectric means upon which an optical image may
be projected for producing an extended electron image,
storage electrode means pervious to electron flow mounted
to receive said electron image, means for projecting said
electron image onio said storage means for developing a
corresponding electrostatic charge image on the latter,
means for exciting said photoelectric means to cause the
latter to emit a beam of electrons of substantially uni-
form cross-section which beam is flooded over said storage
means and which is modulated by said charge image upon
passing through said storage means, means operatively
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" coupled to said photoelectric means for varying the poten-

 tial/of said beam whereby said charge image may:be coms:

‘pletely neutralized, said photoelectric means thereby hav-

8

.+ thereto of :such magnitude: and .polarity that () during
. the 'development. of said extended :electron. image .said

ing wutility in developing an: electron image, in producing : | |

a flood beam, and in neutralizing said:charge image; cir-
cuit means for applying potentials’ to' said photoelectric

&

‘means’ and said Storage’ means ‘of such magnitude: and .

polarity that'(g): during thé¢ developmentiof ‘said. extended

‘eléctron ‘image: said photoelectric' 'means: will: be more

' ‘negative  than 'sdid  storage: mearns ‘an amonunt: sufficient;
to cause gréater than unity secondary emission from said:

| storage means, (b) during the generation of :said fload

beam said photoclectric means will be sufficiently positive:

with  réspect 'to said storage means whereby the electrons
of -said beam will not be’ collected by said charge image

but instead will ‘pass through :said storage -means, and:

(¢) during neutralizatipn of said charge image saidphoto-
electric means is ‘made sufficiently ‘negative with: respect
to said charge image that!the!electrons dssuing from: the
Former will be collected byithe latter to remove said.charge:
and switch means operatively ‘coupled tof said:cir-
cuif mreans for sequentially’varying the potentials of said
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beam : after : modulation: by: said. storage : electrode, .said :
| scanning means being synchronized in operation with said
switching 'circuit . such ithat neutralization: of said: charge

| photoelectric migans: and said storage.means: in: the: order : !

named. ‘ : ;
7. An arrangement of the character: described compris-

ing a' photoelectric cathode upon: which:an: optical image

' may be projected for: producing an extended: electron

'image, ‘a reticulate! storage: electrode. made of insulating .

. material mounted: to: receive: said: electron. image, accel-
erating electrodes for projecting said electron image onto
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i said storage  electrode for  developing :a: corresponding

electrastatic’ charge image! on the latter, a flash lamp for

illuminating’ said cathode! to' causé the!latter to lemit a !

| beam -of electrons of substantially uniform and enlarged
cross-section which' beam i is  flooded ‘over: said: storage

electrode and which is modulated (by: said: charge [image

upon passing through said istorage electrode, a potential-

distributig | circuit ‘operatively i coupled i to. said: istorage |

electrode ‘and :to® said cathode :for: applying : potentials

35 .

| cathode 'will be more negative than: said 'storage :electrode
{ an amonnt sufficient to.cause greater.than unity secondary

emission ' frony said storage. electrode,: (b) during: the
generation - of ' said' flood | beam :said: cathode 'will - be
sufficiently ‘positive with respect: to said storage electrode
that the electrons: of said: beam: will not. be collected: by

- said charge: image ;but: insiead will :pass; through: said

storage electrode;, and: (¢) during a predetermined period k

: nf tims following ‘the igeneration:of said flood beam said

cathode is made sufficiently negative with: respect to said

' charge.image that the electrons issning from:the cathode

will.be collected by:the charge image to meutralize the
latter, and.a switching circuit-operatively: coupled .fo :said
potential-distributing. circuit- for sequentially .varying the

- potentials . of :said cathode and said storage electrode in

the ‘order:named. R
8. ‘The arrangement:of: claim 7 including in combina-
tion scanmning ‘means for deriving a signal: from :the flood ;.

! image will: occur :immediately: following the :completion : .

of 4 scanning: action which: produces:a: complete picture

. signal,
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