
Dec. 13, 1955 

WITNESSES: 

S-4-4 4-2, 
s42 2 24 

R. L. LONGIN 

FLUORESCENT TUBE 

Fillied Dec. 22, 195 

Work 
Circuit 

2,727,157 

INVENTOR 
Richard L. Longini 

2 size ATORNEY 

| 

  



United States Patent Office 2,727,157 
Faiented Dec. 13, 1955 

2,727,157 
FLUORES3ENT TJBE 

Richard L. L9ngini, Forest Hills, Pa., assigner to West 
inghouse Electric Corporatign, East Piggsburgh, Pa., a 
corporation of Penasyiyajia 

Application December 22, 1951, Seria No. 262,937 
1i Clains. (C. 250-217) 

My invention relates to electron tubes and in particular 
relates to image pickup devices for television and similar 
purposes. Such devices comprise, in general, a photo 
electric screen on which the light field to be transmitted 
is focused, arrangements which produce an electron field 
which corresponds in space distribution to the light field, if: 
a Scanning means which produces a current which varies 
in time in the same way that the electron image varies in 
Space, and some means for amplifying this current. Sev 
eral different structural arrangements meeting these gen 
eral requirements have been used fron time to time, 
and in some of these, notably the most sensitive such as 
that called the Image Orthicon, all of the above-men 
tioned components are embodied within a single evacuated 
tube. The individual components are delicate and com 
plex in operation, and each one must meet precise stand- :: 
ards in operation if the pickup tube is to operate satis 
factorily. These severe requirements result in a high 
percentage of rejects in factory production. If any one 
of the numerous components is inefficient, the entire ex 
pensive pickup tube must be thrown away. 
One object of my invention is to provide a pickup 

device in which certain of the required functions are per 
formed in different tube structures, so that the number 
of components which must all operate efficiently before 
a tube unit can be accepted is reduced, and the cost of 4. 
any tube unit which has to be rejected as faulty is reduced. 
Another object of my invention is to provide a system 

in which certain of the functions heretofore performed by 
components of special form built into the composite struc 
ture may be carried out by separate tubes of standard 
types already developed and marketed at low price for 
other uses. 
Another object of my invention is to provide a novel 

arrangement for carrying out the function of translat 
ing the Space distribution of a radiation field into time 
variation of a control current. 

Other objects of my invention will become apparent 
to those skilled in the art upon reading the following de 
Scription taken in connection with the drawings in which 
the single figure is a schematic diagram and elevational 
view partly in section of a picture pickup arrangement 
embodying my invention. 

Referring in detail to the drawings, the picture pickup 
tube, which is here shown as a modified image orthicon, 
comprises an evacuated container having a photoelectric 
Screen 2 on its inside surface at one end on which the 
image of the view 3 to be transmitted is focused by a 
suitabie optical System symbolized at 4. The electron 
image thus generated is accelerated by a grid electrode 5 
into incidence with a thin screen 6 of glass or other suit 
able insulating material. A focusing coil symbolized by 
7-7 may be provided to cause the electrons of the elec 
tron image to move in parallel lines parallel to the axis 
of the container 1, so that they strike screen 6 with the 
same distribution over the cross section of the image as 
they had in leaving the photoelectric surface 2 at which 
they originated. The potential of electrode 5 is so ad 
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justed that each electron striking screen 6 causes the ex 
pulsion of one or more secondary electrons, and thus 
leaves a positive charge on the point where it struck the 
latter. The collective effect of all electrons striking screen 
6 is therefore to impart to the various points on the 
latter positive charge distribution which is a replica of 
the electron distribution in the electron image, which in 
turn is, of course, a replica of the light field distribution 
on input screen 2. In short, screen 6 quickly acquires an 
electric-charge image which is a replica of the picture to 
be transmitted. 
On the reverse side of screen 6 is incident a beam of 

electrons emanating from an electron gun 8 of a type too 
well known in the art to require detailed description here. 
This electron beam is caused to scan the glass screen 6 
by Some such means as deflecting coils 9. Its electron 
content is made great enough so that it is able, while 
moving over any point on screen 6, to neutralize the en 
tire positive charge which has accumulated thereon, in 
the manner described above, during the time of one scan 
ning cycle. Thus, when the spot on which the electron 
beam is incident at any instant is one with a high positive 
charge, most of the beam electrons will be absorbed by 
screen 6; but at another instant of the scanning when 
the beam is incident on a spot of little or no positive 
charge, few or no electrons will be abstracted from the 
beam. 

In either event the beam electrons which are not ab 
Sorbed by Screen 6 will find their way to an annular col 
lector electrode it from which they expel secondary 
electrons, and these are attracted by a suitable voltage 
impressed by a source 1A to a fluorescent screen 12 
which they excite to luminescence which is proportional 
at any instant to the number of such non-abstracted beam 
electrons. The light flux from fluorescent screen 12 thus 
varies in time in the same way that the electric charge 
image on Screen 6 varies in space; that is to say, light 
from fluorescent screen 12 varies in time in the same way 
as the light image on input screen 2 varies in space, point 
by point. The number of secondary electrons expelled 
from collector electrode 11 exceeds the number of incident 
electrons; hence, an amplifying action is produced. 
A photomultiplier tube 33 is positioned with its pho 

toelectric input screen closely adjacent the fluorescent 
Screen 2. Such tubes are standard articles of com 
merce and need no description other than that electrons 
generated from their photoelectric input screens are 
multiplied by secondary emission from cascaded elec 
trodes to produce an output current of substantial vol 
ume proportional from instant to instant to the radia 
tion flux striking their input screens. The RCA type 
5819 sold by Radio Corporation of America, Rockefeller 
Center, New York, is one such tube. The fuorescent 
material on screen 2 may for example be zinc oxide 
and if the 5819 tube is used it may be desirable to 
insert a filter 4 to screen out the long persistence rays 
Tom Screen 2, since the persistence of the fluorescent 

light after excitation should be no greater than the time 
taken by the electron beam to pass over a single point 
on Screen 6. A type of photomultiplier tube which 
could be used without filter 14 would be one sensitive 
to ultra-violet but otherwise like the RCA type 5819. 

While I have described my invention in connection 
with a modified form of image orthicon, it may also 
be applied as a modified structure of any tube such as 
the image isocon and iconoscope which embodies an 
electron Scanning bearn from which electrons are ab 
Stracted in proportion to the brightness of the picture 
element on which the beam is incident at any instant as 
it Scans the picture point by point. 

I claim as my invention: 
1. A single vacuum-tight container enclosing a screen 
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to generate and form an electron-image corresponding 
to a space-distributed radiation field, a continuous thin 
sheet of insulating material, means for projecting Said 
electron image generated on said screen by Said radia 
tion field into incidence with one side of said sheet, 
means to scan said sheet with an electron beam of 
cross section small compared to its area, a fluorescent 
screen in said container and means to bombard said 
fluorescent screen with electrons proportional to the rem 
nant electrons of said beam not abstracted from said 
beam by the charge on said sheet at the point thereof 
which the scanning beam strikes at any instant. 

2. A single vacuum-tight container enclosing a photo 
electric screen which emits electrons when irradiated 
with a space-distributed radiation field, means for stor 
ing electric charges with a space distribution correspond 
ing to the electron image generated on said screen by 
said radiation field, means for projecting said electron 
image onto one side of said storing means, means to 
scan the opposite side of said storing means with an 
electron beam of cross section small compared to the 
area of said storing means, means within said container 
to produce radiation in response to electron bombard 
ment, means for projecting electrons onto said radiation 
means proportional at any instant to the remnant elec 
trons not required to neutralize the charge on said stor 
ing means at the point thereof on which said scanning 
beam is then incident and means for projecting said radi 
ation, through a wall of said, container. 

3. A picture-reproducing tube enclosing a photoelec 
tric screen which emits electrons in response to radia 
tions and on which a picture is to be focused, a con 
tinuous thin sheet of glass, means for accelerating an 
electron image generated on said screen by and corre 
sponding to said picture into incidence upon said sheet, 
means to scan said sheet with an electron beam of cross 
section, small compared to the area of said, sheet, a fluo 
rescent screen in said container and means to bombard. 
said fluorescent Screen with electrons proportional to 
the remnant electrons of said, beam, not abstracted from 
said beam by the charge on said, sheet at the point 
thereof which the scanning beam, strikes at any instant. 

4. A picture-reproducing tube enclosing a photoelec 
tric screen, which emits electrons in response to radia 
tions and on which a picture is to be focused, means 
for storing electric charges, means for projecting an 
electron image generated by said screen onto one side 
of said storing means for forming a charge distribution 
thereon corresponding to said electron image generated 
on said screen by said picture, means to scan said stor 
ing means with an electron beam of cross section small 
compared to the area of said charge-storing means, 
means within said container, to produce. radiation in re 
sponse to electron bombardment, means for-projecting 
electrons onto said radiation means to produce radia 
tion proportional at any instant, to the remnant electrons 
not required to neutralize the charge on said storing 
means at the point: thereof on which said scanning beam 
is then incident and means for projecting said radiation 
through a wall of said container. 

5. A single vacuum-tight container containing means 
for-producing an electron image with a space distribu 
tion corresponding to that of a radiation field to be 
graphically portrayed, a thin glass sheet, means to project 
said: image into incidence upon one side- of said sheet, 
means to scan the other side of said sheet with an elec 
tron beam of cross section small compared to the area 
of said, sheet, a fluorescent screen in said container and 
means to bombard said fluorescent screen with electrons. 
proportional to the remnant electrons of said, beam not. 
abstracted from said beam by the charge. on said sheet 
at the point: thereof which the scanning...beam strikes at 
any instant. 

6. In combination with a single, vacuum-tight container 
enclosing a photoelectric screen which emits electrons, in 
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4. 
response to radiation and which is irradiated with a Space 
distributed radiation field, means for storing electric 
charges, means for projecting an electron image with a 
space distribution corresponding to the radiation field 
generated in said screen onto said storing means, means 
to scan said storing means with an electron beam of 
cross section small compared to the area of Said storing 
means, means for generating radiations in response to 
electron bombardment, means for bombarding said radia 
tion means with electrons proportional to the remnant 
electrons from said beam, means to project said radia 
tion from said container which is proportional at any 
instant to said remnant electrons not required to neu 
tralize the charge on said storing means at the point 
thereof on which said scanning beam is then incident and 
a photoelectric amplifier system positioned so that its pho 
toelectric input screen is irradiated by said radiation from 
said container. 

7. In combination with a picture-reproducing tube en 
closing a photoelectric screen which emits electrons on 
which a picture is to be focused, means for storing elec 
tric charges, means for projecting an electron image cor 
responding to said picture onto one side of said storing 
means with a space distribution corresponding to said. 
electron image generated on said Screen by said picture, 
means to scan the other side of said storing means with 
an electron beam of cross section small compared to 
the area of said charge-storing means, means generating: 
radiation from said container in response to electron 
bombardment, means for bombarding said radiation 
means with electrons proportional at any instant to the 
remnant electrons not required to neutralize the charge. 
on said storing means at the point thereof on which said 
scanning beam is then incident and a photoelectric, an 
plifier system positioned so, that its photoelectric input 
screen is irradiated by said radiation from said container. 

8. In combination with a single vacuum-tight container 
enclosing a photoelectric screen which emits, electrons 
and which is irradiated with a space-distributed radia 
tion field, means for storing electric charges, means for 
projecting the electron image: generated by said Screen. 
into incidence with one side of said storing means to 
obtain a charge pattern on said storing means with a 
space distribution corresponding to the electron image 
generated on said Screen by said radiation field, means 
to scan, said storing means with an electron beam of 
cross section small compared to the area of said storing 
means, means to produce radiation in response to. elec 
tron bombardment, means to bombard said, radiation pro 
ducing means with the remnant electron from said beam, 
means to project radiation. from said container which is 
proportional at: any instant to the remnant electrons not 
required to neutralize: the charge on said storing means 
at the point thereof on which said scanning beam is then 
incident and a photomultiplier tube positioned to have 
its input, screen irradiated by said radiation from said 
container. 

9. In combination with a picture-reproducing tube en 
closing a photoelectric screen which emits electrons and 
on which a picture is to be focused, means for storing. 
electric charges, means for projecting an electron image 
generated by Said. Screen, into incidence with one side of 
said storing, means, the impingement of said electron 
image: setting up a charge image having a space distribu 
tion, corresponding to the electron image generated on 
said screen, by said picture, means to scan the other side 
of said storing means with an electron beam of cross 
Section. Sinall; compared to the area of said: charge-stor 
ing means, a fluorescent screen, means for projecting the 
remnant electrons, on said: fluorescent screen, means to 
project radiation from said fluorescent screen, which is 
proportional at: any instant to the remnant electrons not 
required to neutralize the charge on said storing means 
at the point thereof on which said scanning beam is then 
incident and a photomultiplier tube positioned to have 
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its input screen irradiated by light from said fluorescent 
Screen. 

10. A single vacuum-tight container enclosing an elec 
tron emissive photoelectric screen to be irradiated with 
a space-distributed radiation field, means for storing elec 
tric charges, means for projecting an electron image gen 
erated by said screen into incidence with one side of said 
storing means to form a space distribution charge pat 
tern thereon corresponding to the electron image gener 
ated on said screen by said radiation field, means to scan 
the other side of said storing means with an electron 
beam of cross section small compared to the area of 
said storing means, a fluorescent screen in said container, 
means to bombard said fluorescent screen with electrons 
proportional to the remnant electrons of said beam not 
abstracted from said beam by the charge on said stor 
ing means at the point thereof which the scanning beam 
Strikes at any instant, and means to make the number of 
said electrons bombarding said fluorescent screen greater 
than the number of said remnant electrons. 

11. A picture-reproducing tube enclosing an electron 
emissive photoelectric screen on which a picture is to be 
focused, means for storing electric charges, means for 
projecting an electron image generated by said screen into 
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incidence with one side of said storing means to form a 
space distribution charge pattern thereon corresponding 
to the electron image generated on said screen by said 
picture, means to scan said storing means with an elec 
tron beam of cross section small compared to the area 
of Said charge-storing means, a fluorescent screen in said 
container and means to bombard said fluorescent screen 
with electrons proportional to the remnant electrons of 
said beam not abstracted from said beam by the charge 
on said storing means at the point thereof which the 
Scanning bean Strikes at any instant, and means to make 
the number of said electrons bombarding said fluorescent 
screen greater than the number of said remnant electrons. 
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