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NEGATIVE STORED CHARGE PICKUPTUBE 

Albert Rose, Princeton, N. J., assignor to Radio 
Corporation of America, a corporation of Dela 
Wale 

Application February 23, 1949, Serial No. 77,78 
(C. 315-1) - Claims. 

. This invention relates to a television transmit 
ting tube of the type in which there is used an 
insulator target electrode upon which is estab 
lished a negative charge distribution correspond 
ing to an optical image to be televised. 
A Successfully operated television pickup tube 

is of the type disclosed in my co-pending appli 
cation Serial Number 631,441, now U. S. Patent 
2,506,741, issued May 9, 1950 and in U. S. Patent 
2,433,941 of P. K. Weimer. In television pickup 
tubes of this type, an optical image is focussed 
upon a photocathode electrode to provide a photo 
electron emission corresponding to the optical 
image. The photoemission is accelerated to rela 
tively high potential and focussed upon a thin 
glass target electrode, resulting in a Secondary 
emission from the surface of the glass film. The 
Secondary emission from the surface of the 
glass film leaves on the glass surface, a 
distribution of positive charges corresponding to 
the Optical image focussed upon the photocathode 
electrode. The opposite side of the glass target 
electrode is Scanned with a low velocity electron 
beam. The glass target electrode is of Such thin 
ness that the positive charge distribution on its 
Surface provides a positive electroStatic charge 
pattern on the Scanned side of the target. Elec 
trons from the low velocity Scanning bean land 
on the opposite side of the glass target in pro 
portion to the positive potential in the point of 
scansion. The remairing part of the beam is 
reflected and returned as the video signal of the 
tube. The electrons deposited on one side of 
the target will unite with the positive charges 
established on the other side within a frame time. 

In tubes of the type described above, one great 
disadvantage exists in that the positive charges 
formed on the target electrode are in proportion 
to the intensity of the light focussed upon the 
photocathode. This results in the highlights, of 
the picture televised, forming Small television 
signals while the dark areas, of light or no light, 
form strong video signals. This results in a 
large "dark current' signal from dark portions 
of the picture televised. That is, when the photo 
cathode is in darkness, the output television sig 
nal of the tube is at maximum and any picture 
signals produced by the tube are of less intensity 
than that of the output signal in total darkneSS. 
However, it is desirable to provide a television 
pickup tube which produces a maximum signal 
for the highlights of the picture televised and a 
minimum signal for the dark or nearly dark por 
tions of the picture. Such a tube would have a 
minimum dark current and will result in little 
or no noise in the dark portions of the picture. 
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If, in the tube of the patent described, a nega 

tive charge pattern were established upon the 
glass target electrode, such a tube then would 
provide low dark current in the dark portions of 
the picture and a maximum current in the high 
lights of the picture. The usual arrangement for 
obtaining a negative charge image on an insulator 
target electrode, is to project an electron emission 
onto the target Surface with an energy well 
below the point at which the secondary emission 
ratio is unity or below what is known as the first 
croSS-Over. The electrons then charge the target 
Surface negatively. The disadvantage of this 
arrangement is that the resulting charge distri 
bution tends to become distorted due to the de 
flection of the electrons approaching the target 
Surface by the charges already deposited on the . 
Surface. 

It is therefore an object of my invention to 
provide a television pickup tube forming a signal 
varying in proportion to the intensity of light 
focussed upon the tube. 

It is another object of my invention to provide 
a television pickup tube which produces a maxi 
nun. Signal for the highlights of the scene to 
be televised. 

It is a further object of my invention to provide 
a television pickup tube having a minimum signal 
for dark or nearly dark portions for the scene 
televised. 

It is also an object of my invention to provide a 
television pickup tube having a target electrode 
upon which a negative charge pattern is estab 
lished in proportion to the amount of light in 
the Scene televised. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par 
ticularity in the appended claims, but the in 
Vention itself will best be understood by reference 
to the following description taken in connection 
With the accompanying drawing, in which: 

Figure 1 discloses a means for televising pic 
tures and including a novel pickup tube shown 
in section and in accordance with my invention. 

Figure 2 shows an alternate method for tele 
vising pictures including a pickup tube shown in 
Section and according to my invention. 

In Figure 1, there is disclosed an evacuated 
envelope 0 having a photoemissive film or photo 
electric cathode 2 deposited on one end 4 of the 
envelope 0. The envelope portion 4 is formed 
of optically transparent material so that light 
focussed thereon will pass to the film 2 undis 
torted. Mounted within the envelope O is a 
thin aluminum metal foil 6, mounted for Sup 
port upon a fine mesh metal screen 8. 
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Between the photoemissive film 2 and the 
metal foil electrode 6, are positioned two electro 
Static focussing electrodes 20 and 22 respectively. 
Electrode 20 is electrically connected to the 
photoemissive film f2 and is maintained during 
tube operation at around 5000 volts negative with 
respect to the electrode 22. Electrode 22 is 
formed conductively in contact with the support 
ing mesh 8 as well as the thin metal foil 6. 
As disclosed in Figure 1, electrodes 20 and 22 may 
be respectively formed as conductive coatings 

s 

O 

On the inner surface of the envelope O. Elec 
trodes 20 and 22 are spaced to form therebetween 
an electron lens field for focussing the photo 
emission from film 2 upon the thin metal foil 6. 

Closely Spaced from the supporting metal mesh 
8 is a thin glass film 24 having a thickness in 

the order of 0.1 mil and mounted on a supporting 
metal ring 26. The glass film 24 is formed of 
Semi-conducting glass as disclosed in the appli 
cation to Albert Rose, Serial No. 407,131, filed 
August 16, 1941 now U. S. Patent 2,473,220, 
issued June 14, 1949. On the opposite surface of 
the glass film 26, away from the photocathode 2 
is formed a photoelectron emitting coating 28. 
The other end of the tube envelope may be 

closed by a second face plate 30 of optically 
transparent material to provide undistorted 
transmission thereto, of light from the fluores 
cent Screen of a cathode ray tube 32. Light from 
the screen of the tube 32 is focussed by a lens 
System 34 upon the photoelectric coating 28. 
The envelope O is provided with a short neck 

portion 36 mounted eccentrically from the axis 
of the tube 0, as is shown. Within neck portion 
36 is mounted an electron multiplier section 
comprising dynode surfaces 38, 40 and 42, form 
ing respectively the first, second and third stages 
of the multiplier section. An electrode 44 pro 
vides a collector for the secondary emission from 
the third stage 42. The multiplier section with 
in the tube neck 36 may be of any well known 
design as, for example, that disclosed in U. S. 
Patent 2,433,941 to P. K. Weimer. The dynode 
electrodes 28, 40 and 42, of the several multiplier 
stages, respectively include fine mesh screens 48, 
50 and 52 to provide fields directing the second 
aries from each dynode surface toward the next 
stage of the multiplier. An electrode 54, formed 
as a wall coating on the tube envelope O, is 
positioned between the face plate 30 and the 
photoemissive surface 28. Electrode 54 is main 
tained, during tube operation, at ground poten 
tial. In a successfully operated tube of the type 
shown in Figure 1, the multiplier stages 38, 40 and 
42 are operated at respectively 200, 400 and 600 
volts positive with respect to ground or the po 
tential of the electrode 54, and the collector elec 
trode 44 is operated at approximately 800 volts 
positive with respect to ground. 
The various electrodes disclosed above may be 

maintained during tube operation, at their re 
spective potentials by being connected, as is 
shown, to a voltage divider 55 connected across 
a Source of direct current voltage supply. The 
potentials given above for the several electrodes 
are by Way of example only and are not meant to 
be limiting, since other appropriate potentials 
may be used to provide a similar operation of 
the tube. 

If the tube disclosed in Figure 1 is operated to 
televise outdoor scenes, the photoemissive cath 
Ode 2 may be formed from a caesium activated 
silver-antimony film formed in a manner de 
scribed in U. S. Patent 2,244,720 of Massa et al. 
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Such a photosensitive film of caesium activated 
silver-antimony alloy has a good response in the 
blue and ultra-violet portions of thespectrum and 
can be used for televising outdoor scenes. How 
ever, for studio pickup work, in which there are 
controlled lighting conditions, an alternate 
photoSurface such as the well-known caesium 
activated silver oxide photosurface may be used 
to provide greater sensitivity. The phosphor 
screen of the cathode ray tube 32 is preferably 
one having blue and ultra-violet light-emitting 
properties, such as suitably prepared alumina or 
zinc oxide. A zinc oxide phosphor of this type, 
emitting light in the blue and ultra-violet regions 
of the Spectrum is described in the co-pending 
application of A. L. J. Smith Serial No. 29,577, 
filed May 27, 1948. 
The thin aluminum film 6 may be formed in 

any desired manner. One method of forming 
the aluminum film 6 is that in which the metal 
Supporting screen 8 is immersed below the sur 
face of a pool of water. A thin lacquer film is 
produced on the surface of the water by allowing 
a drop of material, Such as a solution nitro-cellu 
lose in appropriate solvents to spread over the 
Surface of the water. The lacquer film, after 
Spreading, dries rapidly and produces a thin 
nitro-cellulose film. The immersed supporting 
Screen may then be brought up through the 
Surface of the Water so that the lacquer film will 
COVer OVer One Side of the metal screen. After 
drying, the aluminum film then is applied to the 
mesh Supported lacquer film by sputtering alumi 
num metal from a hot tungsten filament. Screen 
f8 Supporting the aluminum film 16 may then be 
mounted by any appropriate means within the 
tube envelope 0. During the processing of the 
tube, the nitro-cellulose film is burned out so 
as to leave the thin aluminum foil 6 supported 
On the Screen 8. The thickness of the aluminum 
film 6 is not critical although experience has in 
dicated that a thickness between 500 angstrom 
units and 5000 angstrom units is within the most 
useful range. The ability of high voltage elec 
trons to penetrate thin aluminum films is well 
known and is described fully in the RCA Review 
of March 1946, pp. 5, volume 7, Number 1. 
The operation of the device of Figure 1, is 

that in which an Optical image is focussed by 
a lens System, 56 onto the photo-sensitive cath 
Ode film 2. Photoelectrons are emitted from 
all portions of the film 2 in proportion of the 
intensity to the light striking the respective por 
tion. This photoemission is focussed onto the 
metal foil f6. The high accelerating potential 
between the electrodes 20 and 22, of which the 
metal foil 6 is a part, will accelerate this elec 
tron emission to a high velocity which is suffi 
cient to cause the electrons to penetrate foil 
6. However, the metal foil 6 slows down the 

penetrating electrons to a point where they 
emerge from the foil as low velocity electrons 
and accompanied in most cases by low velocity 
Secondary electrons from the metal foil 6. 
When the electron beam of the cathode ray 

tube 32 strikes the phosphor screen of the tube, 
a luminescent light spot is formed, which is 
focussed by the lens system 34 upon a corre 
Sponding portion of the photosensitive coating 
28. The electron beam of the tube 32 is caused 
to be Scanned over the phosphor screen of the 
tube by any well-known means as, for example, 
by two pairs of magnetic coils formed into a 
neck yoke 57. These pairs of coils of yoke 57 
produce a pair of magnetic fields perpendicular 
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to each other and to the axis of the tube 32. 
Each pair of coils, of the yoke 56, is connected 
to voltage pulse generators of any well-known 
type, such as those producing, for example, Saw 
tooth pulses. In this well-known manner, the 
cathode ray beam of tube 32 is caused to be 
scanned across the phosphor screen of the tube 
in any desired raster. 
The lens system 34 will focus the moving light 

spot of the screen of tube 32 onto the photosen 
sitive coating 28 as a beam of light Scanning 
over the photoelectric surface 28. Since the 
photosurface 28 and the semi-conducting glass 
film 24 are not connected to any voltage source, 
the photoemission set up by the Scanning light 
beam from coating 28 will pass to the grounded 
collector electrode 54. However, the photoemis 
sion from coating 28 will only continue until the 
potential of the surface of the coating is raised 
to that of the electrode 54. A relatively coarse 
mesh screen 59, of around 100 mesh per inch, 
may be mounted in contact with electrode coat 
ing 54 and adjacent the photoemissive coating 
28 as shown. Screen 59 at the potential of elec 
trode 54 provides a more uniform collecting field 
over the photoelectric coating 28. 

Since the electrode 22 and the thin metal foil 
6 are maintained at around 5 volts negative, 

with respect to ground, there will be a positive 
accelerating field between foil 6 and the semi 
conducting glass surface 24. The low velocity 
primary and secondary electrons leaving the 
metal foil 6 are drawn over and deposited upon 
the surface of the semi-conducting glass film 
24. These low velocity electrons are kept from 
spreading or scattering over the surface of the 
semi-conducting surface 24 by the cellular struc 
ture of the Supporting wire Screen 8. In this 
manner, there is deposited upon the exposed 
surface of the semi-conducting glass film 24 a 
pattern of negative charges varying from point 
to point in an amount proportional to the light 
distribution on the photocathode film 2. Due 
to the extreme thinness of the glass target 24, 
negative charges on the right hand side of the 
target of Figure 1 will set up a corresponding 
negative potential pattern on the Opposite or 
scanned side of the target. As the light beam 
from tube 32 is Scanned over the photoSensitive 
coating 28, the photoemission will Wary in pro 
portion to this negative potential pattern on 
the target 24. The photoelectrons of this emis 
sion will be of greater energy potential than 
that of electrode 54 and Will be drawn only to 
the multiplier section by the high positive po 
tential of the first multiplier stage 38. 
Thus, as the light beam from the optical sys 

tem, 34 is scanned over the photoelectric coat 
ing 28, a modulated beam of photoelectrons is 
drawn to the first stage of the multiplier, from 
which it passes through the several multiplier 
stages to the collector electrode 44 as an am 
plified video signal. This signal may be further 
amplified by being applied to the control grid 
of an amplifier tube 58 in the output circuit of 
the System. w 
The modulated photoemission from coating 

28 leaves the surface of coating 28 positively 
charged. The thickness and resistivity of the 
glass film 24 is so chosen that the electrons de 
posited on the exposed surface of the glass film 
24 will, in a frame time, pass through the glass 
of film 24 and neutralize the positive charges 
to restore the conditions to equilibrium. Other 
photoelectrons deposited upon the exposed Sur 
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face of the glass 26 from photocathode 2 will 
maintain the negative charge pattern on the 
glass 23 to provide the modulated photoemission 
as the beam scans over the photoelectric coat 
ing 28. 

Figure 2 discloses another form of the tele 
vision pickup system disclosed in Figule 1. In 
Figure 2, the parts which are identical to cor 
responding parts of Figure 1 are indicated by 
the same reference numerals. However, in the 
system of Figure 2, there is substituted for the 
light spot scanning of the target 24, a cathode 
rayscanning. 
The envelope O of the tube of Figure 2 is pro 

vided with an additional tubular neck portion 
60, in which is mounted a conventional electron 
gun. This electron gun is provided with an in 
directly heated cathode cylinder 62 having at one 
end thereof an electron-emitting coating (not 
shown) formed of barium and strontium oxides, 
as is well known in the art. Surrounding the 
cathode cylinder 62 is a control grid is which is 
maintained during tube operation negatively to 
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the cathode 62 to provide a cut-off voltage of 
the electron emission from the cathode 62. 
Spaced axially along the envelope neck portion 
60 is a positive screen-grid electrode 66 and a 
positive tubular anode electrode 68. Electrode 
66 is usually maintained, during tube operation, 
at several hundred volts positive relative to the 
cathode 62, to provide an accelerating arid focus 
sing field of the electron emission from the cath 
ode. The first anode electrode 68 is normally 
maintained at several hundred volts more posi 
tive, with respect to the cathode 62, than the 
accelerating grid 66. A second anode electrode 
70, formed as a wall coating on the neck portion 
60 of the tube, is extended into envelope () to a 
point adjacent the thin glass target electrode 24. 
Also, the second anode electrode 70 is maintained 
during tube operation at approximately 1000 volts 
positive with respect to the potential of the cath 
Ode 62. 
In a manner similar to that disclosed in Figure 

1, the potentials upon the various tube electrodes 
may be respectively maintained during tube Op 
eration by connecting each electrode to an ap 
propriate point in a voltage divider 5, as is shown 
in Figure 2. The voltage divider may be con 
nected between terminals of a direct current volt 
age supply source to provide the appropriate po 

Again the voltages given are for ex 
ample only, and are not meant to be limiting as 
other appropriate voltages may be used. 
These potentials applied during tube operation 

to the several electrodes of the electron, provide 
accelerating and focussing fields between elec 
trodes 66, 68 and 70 so as to form the electron 
emission from the cathode 62 into an electron 
beam which will strike the surface of target; 24 in 
a Well-defined spot. The potential of the second 
anode electrode () may be set at ground poten 
tial and may be considered as the reference po 
tential by which the other potentials of the tube 
are determined. 
The electron beam formed by the gun struc 

ture, of the tube of Figure 2, is caused to scan 
Over the Surface of the glass target 2 by any 
well known means. For example, a neck yoke 72, 
mounted on the tubular portion 60, comprises two 
pairs of coils (not shown), which provide a pair 
of scanning or deflecting fields perpendicular to 
each other and to the axis of the tubular neck 
portion 60. As described above with respect to 
the neck yoke 56, these pairs of coils of yoke 2 

  



are connected into appropriate circuits (not 
shown) to provide saw-tooth pulses for furnish 
ing the scanning magnetic fields. In this man 
ner the electron beam of the gun is scanned Over 
the surface of target 2 in any desired raster, as 
is well known in the art. The electron bean 
will strike the glass target surface at a potential 
above the first cross-over point, so as to provide 
a secondary emission from the glass Surface of 
greater than unity. This secondary emission will 
be drawn over to the anode electrode 70 until 
the scanned surface of target 24 is raised to the 
reference potential of electrode 0. At this point, 
the electrons leaving the target surface 24 will 
equal the number of electrons passing to the 
target 2s to maintain the Scanned surface of the 
target at this reference potential. 
The operation of the tube of Figure 2 is similar 

to that for Figure 1. The optical image to be 
televised is focussed by a lens system. A upon the 
photoelectric cathode film 2. The photoemis 
sion from every point of the film 2 will be in 
proportion to the amount of light striking it. 
This photoemission as described above, is acceler 
ated to an electron velocity of approximately 
5000 volts, so as to strike the thin metal foil 6 
with sufficient energy that the photoelectrons 
will penetrate through the foil. As in Figure 1, 
electrode 22 is maintained at approximately 5 
volts negative to ground or reference potential, 
while the potential of electrode 20 is approxi 
mately 5000 volts negative to reference poten 
tial. Thus, the electrostatic lens action between 
electrodes 20 and 22 will provide acceleration and 
focussing of the photoemission from photocath 
ode 2 upon the metal foil 6. 
The photoelectrons penetrating through foil 6 

will emerge as low velocity electrons and will be 
in most cases, accompanied by secondary elec 
trons. These low velocity electrons will pass to 
the glass target electrode 28, which, due to the 
Scanning action of the electron beam, will be 
maintained during tube operation at reference 
potential or approximately 5 volts positive rela 
tive to the metal film 6. These low velocity pri 
mary and secondary electrons, from the alumi 
num film 6, will be deposited upon the adjacent 
surface of the glass film 24 to form a negative 
charge pattern corresponding very closely to the 
optical pattern focussed upon the photoelectric 
cathode 2. These negative charges on the right 
hand side of the thin glass target 24 will set up 
a corresponding negative potential pattern on the 
opposite or scanned side of the target 24. As the 
electron beam of the gun is scanned across the 
left hand surface of the target electrode 24, a 
secondary emission will be produced, from each. 
elemental portion of the target Surface, in pro 
portion to the potential of the target at that 
point. This secondary emission will leave the 
surface of target 24 with a potential greater than 
that of the electrode 70 and will be drawn toward 
the positively charged first stage 38 of the multi 
plier section. 
The secondary emission entering the multiplier 

section of the tube will be an electron stream, 
modulated according to the charge distribution 
on the glass target 24. As described for Figure 1, 
the modulated electron stream is amplified by 
the several stages 38, 40 and 42 respectively of 
the multiplier section and is finally collected by 
electrode 34 connected to the grid circuit of am 
plifier tube 6, to provide the output video signal 
of the tube. 
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This secondary emission from the target Sur 
face 28 will leave the left hand surface of the 
target with a positive charge corresponding to 
the negative potential at each point. In a frame 
time, the electrons deposited on the right hand 
surface of the target 24 will, by conduction, nell 
tralize the positive charges on the left hand side 
of the target to restore the target. Surface to equilibrium. 
While certain specific embodiments have been 

illustrated and described, it will be understood 
that various changes and modifications may be 
made therein without departing from the Spirit 
and scope of the invention. 
What claim is: 
1. A signal generating apparatus comprising an 

evacuated envelope, a semi-conducting target 
film within said envelope, a photoelectric cathode 
within said envelope for providing a photoelec 
tron emission corresponding to an optical image, 
a thin metallic foil mounted within Said enver 
ope in the path of said photoemission and Spaced 
between said semi-conducting sheet electrode and 
said photoelectric cathode for retarding photo 
electrons passing to said semi-conducting film to 
establish a, negative charge distribution on one 
surface of said semi-conducting film, and means 
for sequentially removing the negative charge 
distribution from the other surface of Said semi 
conducting film, 

2. A signal generating apparatus comprising an 
evacuated envelope, a semi-conductor target elec 
trode mounted within said envelope, a photo 
emissive film within the envelope to provide a 
photoelectron emission along a path, a, thin alu 
minum foil mounted within said envelope in the 
path of said photoerhission and between said 
semi-conductor target electrode and said photo 
emissive film for retarding photoelectrons paSS 
ing to the semi-conductor electrode to establish 
a negative charge distribution on an adjacent sur 
face of Said semi-conductor electrode, and means 
for sequentially removing the negative charge dis 
tribution from an opposite Surface of Said semi 
conductor electrode. - 

3. A signal generating apparatus comprising an 
evacuated envelope, a semi-conducting target 
electrode mounted within said envelope, a photo 
emissive cathode within said envelope for pro 
viding a photoelectron emission corresponding 
to an optical image, means within said envelope 
for directing said photoelectron emission toward 
said semi-conducting target electrode, a thin ne 
tallic foil mounted within said envelope in the 
path of said photoelectron emission and spaced 
between said insulator target electrode and said 
photoelectric film for retarding the photoelec 
trons directed toward Said insulator electrode to 
establish a negative charge distribution on the 
adjacent surface of said semi-conducting elec 
trode, and means for sequentially removing the 
negative charge distribution from an opposite 
surface of said semi-conducting electrode. 

4. A signal generating tube comprising an en 
velope, a thin semi-conducting glass film mount 
ed. Within said envelope, photoelectric cathode 
means Within said envelope for providing a 
photoemission corresponding to an optical image, 
a thin metallic foil mounted within said enve 
lope in the path of said photoemission and be 
tween said glass film and said photoelectric 
cathode means for retarding the photoelec 
trons passing to said glass film to establish a neg 
ative charge distribution on one surface of said 
glass film, a photoemissive coating on the oppo 
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site surface of said glass film for removing said 
negative charge distribution by photoemission. 

5. A signal generating apparatus comprising an 
envelope, a thin film of semi-conducting glass 
mounted within said envelope, a photoemissive 
cathode layer within said envelope for providing 
a photoelectron emission corresponding to an op 
tical image, means for directing said photoemis 
sion toward one surface of said glass film, a thin 
aluminum foil mounted within said envelope in 
the path of said photoemission and Spaced be 
tween said glass film and said photoemissive 
layer for retarding photoelectrons passing to said 
glass film to establish a negative charge distribu 
tion on said surface of Said glass film, means for 
scanning the opposite surface of said glass film 
to remove said negative charge distribution. 

6. A signal generating apparatus comprising an 
envelope, a thin film of semi-conducting glass 
mounted within said envelope, a photoemissive 
cathode within said envelope for providing a 
photoelectron emission corresponding to an op 
tical image, means for directing said photoemis 
sion toward one surface of Said glass film, a thin 
aluminum foil mounted within Said envelope in 
the path of said photoemission and spaced be 
tween said glass film and said photoemissive 
cathode for retarding photoelectrons passing to 
said glass film to establish a negative charge dis 

0 
tribution on said surface of said glass film, means 
within said envelope for forming a defined beam 
of electrons, means for scanning said electron 
bean over the opposite surface of Said thin glass 

5 film to remove the negative charge distribution 
by secondary emission, and means for collecting 
said Secondary emission from Said glass film to 
provide an output signal of the tube. 

7. A signal generating tube comprising, a semi 
10 conductive glass target film, a photoelectric cath 

ode mounted opposite one face of said glass film, 
an electron retarding electrode closely spaced 
from said one face of Said glass target film, said 
retarding electrode including an electron per 

5 meable metal foil, and means for Scanning the 
opposite face of said glass target film for remov 
ing charges therefron. 
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