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1. - 

This invention relates to electro-optical de 
Vices and more particularly to electron camera, 
tubes for television. 

It is an object of this invention to utilize in 
electron camera tubes materials exhibiting the 
property of electron bombardment induced con 
ductivity. 

It is another object of this invention to im 
prove the response of electron camera tubes of 
the image orthicon type. 

In the Copending applications of D. E. Wool 
dridge, Serial No. 747,888, filed May 14, 1947, 
which is now U. S. Patent #2,537,388, granted 
January 9, 1951, and K. G. McKay, Serial No. 
789,667, filed December 4, 1947, there are dis 
closed various materials which exhibit the prop 
erty known as bombardment induced conduc 
tivity. Each of these materials (such as, for ex 
ample, diamond, Zinc Sulphide, magnesium oxide, 
Silicon carbide and stibnite) is normally an in 
Sulator but, when it is struck by electrons (or 
other particles, such as alpha or beta particles, 
for example), it becomes conducting if at the 
time an electric field exists between opposite 
Surfaces of the insulator. The bombarding par 
ticles penetrate the insulator, causing a disrup 
tive separation of the positive and negative 
charges Specific to the atoms which are affected 
by the bombarding particles. These charges are 
drawn toward the electrodes producing the elec 
tric field and this motion of charges constitutes 
a conduction current which is in many cases 
greatly in excess of the charge rate represented 
by the bombarding particles. 
Diamond is a favored solid insulator for this 

Work (although other materials such as, for ex 
ample, others listed in the Wooldridge and McKay 
applications can also be used) because it cani 
easily be obtained without sufficient impurities 
or imperfections to affect its high insulation 
resistance, or its conducting properties under 
bombardment. The carbon atoms therein con 
Sist each of a nucleus inhibiting fixed units of 
positive charge to which two electrons are tight 
ly bound. This core is surrounded by four 
valence electrons. The carbon atoms are held 
together by “electron pair bonds' between ad 
jacent atoms. The insulation resistance is high 
because the electron bonds are very tight. As a 
result of this tightness, very few electrons are 
displaced froxin their bonds by thermal agitation. 
This is not the ca3e in, for example, metals, 
Where a large number of electrons are con 
tinuously being displaced by thermal agitation 
and are relatively free to wander through the 
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metal, this, under normal conditions, consti 
tuting the usual current in a metallic conducting 
nedium. 
When electron bombardment removes a valence 

electron from its bonds in an insulating target, 
producing a deficiency of one electron in the 
atomic structure immediately affected, this 
localized electron deficiency is called a “hole.' 
Under an applied electric field, the arrange 
ment of the electrons is changed, and the location 
of any given hole will change. As a consequence, 
the hole can be conveniently regarded as a posi 
tive particle which is free to move under the in 
fluence of the field. Similarly, the electron freed 
from the bond in question constitutes a negative 
particle which is free to move under the influ 
ence of the electric field. A single bombarding 
electron may free a large number of electrons 
and positive holes, depending upon its impact 
energy. This large number of charged particles 
is then available for conduction current, so that 
considerable charge multiplication can be ob 
tained. If there is no applied field, any free 
electron or positive hole moves in accordance 
with thermal agitation and consequently has a 
completely random motion. Under an applied 
electric field, there is a directional motion super 
imposed on the random one. The order of 
mobility of the electrons in diamond is of the 
order of 1,000 centimeters per second for a field 
of óme volt per centimeter. For a field of 104 
volts per centimeter the velocity therefore is 107 
centimeters per second. For a diamond crystal 
one millimeter thick, the transit time therefore 
is 10-8 seconds. The mobility of the electrons 
is affected by the number of "traps,' that is the 
presence of foreign atoms or imperfections in 
the crystal. If an electron gets into a trap, it 
takes a greater or less amount of time to get 
out, depending upon the thermal energy re 
quired. Further information on traps and other 
characteristics of diamond crystals are given in 
the Wooldridge and McKay applications referred 
to abÖWe. 
In accordance with the present invention, there 

is provided an electron camera tube including 
an electron target embodying material which 
exhibits the property of electron bombardment 
induced conductivity. Diamond is a preferred 
material for reasons given above. More Specifi 
cally, the camera tube is generally similar to that 
type of commercial tube known as the image 
Orthicon and which is described in detail in an 
article by Messrs. Rose, Weimer and Law on 
page 424 of the Journal of the Institute of Radio 
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Engineers for July 1946. The camera tube of 
the present invention includes, however, a two 
sided mosaic comprising a mosaic layer of dia 
mond or other crystals exhibiting the property 
of electron bombardment induced conductivity, 
the diamond layer being coated on one side with 
a thin conducting layer while the other side is 
left uncoated. The coated side is struck by 
image-modulated high velocity photoelectrons 
while the other side is scanned by an electron 
beam which has practically zero velocity at the 
target in the absence of charges produced there 
on by the signal-modulated photoelectrons but 
which has a positive velocity dependent on the 
degree of charge at those elemental areas of 
the target which are affected by the photoelec 
trons. An electron multiplier receives and mull 
tiplies the electrons given of by the target dur 
ing the Scanning to produce the output signal. 
An advantage of the tube of the present inven 
tion is that it is comparatively free from stray 
Secondary emission trouble. Another important 
advantage is the very considerable internal 
charge multiplication in the crystal. Other ad 
vantages and features will be apparent as the 
description proceeds. 
The invention will be more readily understood 

by referring to the following description taken 
in connection. With the accompanying drawing 
forming a part thereof, in which: 

Fig. 1 is a Schematic representation of a cath 
Ode ray tube of this invention and certain of its 
aSSociated circuits and auxiliary apparatus; and 

Fig. 2 is a Schematic view showing, in greatly 
enlarged form, a portion of the target and of the 
photoelectric cathode associated therewith. 

Referring more particularly to the drawing, 
Fig. 1 shows, by Way of example to illustrate the 
invention, a Cathode ray television transmitter 
tube 0 generally of the image orthicon type de 
Scribed in the Rose, Weimer and Law article men 
tioned above but employing, instead of the thin 
glass target and its accompanying fine mesh 
Screen, a two-sided mosaic target containing 
material exhibiting the property of electron bom 
bardment induced conductivity. The target 
Comprises a layer or sheet 2 of material exhibit 
ing the property of electron bombardment in 
duced conductivity coated on one side with a very 
thin conducting coating 3 of, for example, gold 
or platinum. For example, the layer F2 is a very 
thin cut of diamond or a simulated sheet of dia 
mond formed by a crystalline layer (preferably 
one particle thick) of diamond chips or diamond 
dust. Alternatively, any other suitable material 
exhibiting the property of bombardment induced 
conductivity can be used instead of diamond. 
The layer 2 can be of the Order of a millimeter 
thick, for example. Surrounding the target is a 
metallic barrier 4 which prevents photoelectrons 
from paSSing around the target into the space 
at the right of the target in Fig. 1. The elements 
3 and 4 can be placed at the same potential, if 
desired. The tube comprises an evacuated 
container enclosing the mosaic target , an elec 
tron-optical System 5 for producing an electron 
beam and including a Cathode 6, a control elec 
trode 7, an accelerating electrode 8 having a 
relatively large aligning disc 9 with an aperture 
20 therein, a cylinder 2 ?, a metallic anode mem 
ber 22 which is preferably a coating on the in 
side walls of the tube, and a metallic alignment 
ring 23. The tube FO is also provided with an 
electron multiplier 24 of any suitable type but 
which is preferably of the "pin-wheel' type used 

() 

20 

25 

30 

.10 

50 

60 

65 

70 

4 
in the cominercial image orthicon. A photosen 
Sitive Suriace 25, preferably on the inside Wali at 
the end of the tube i, Serves as a photocathode. 
External to the tube are a deflection yoke or 
coils 26, a focussing coil 2 and an alignment coil 
28 similar to corresponding members in the image 
orthicon and the purpose of which Will be de 
Scribed more fully below. 
The cathode 6 is heated by any suitable heat 

er 29 receiving current from a Source 30. The 
cathode 6 is placed at a potential of, fol eXan 
pla, -300 volts (but which nay, for example, be 
appreciably higher) With respect to ground by 
means of a Source 3 whose positive terminal is 
grounded and Whose negative terminal is con 
nected to member II; 6. The adjustable Source 32 
holds the control electrode 7 at a suitable nega 
tive potential with respect to the cathode 6. 
Electrode i8, With its apertured disc 9, is con 
nected to ground. Electrode 2 is held at rough 
ly 200 volts positive with respect to the cathode 
by means of adjustable source 33, whose negative 
terminal is connected to the negative terminal of 
source 3. The coating 22 is connected to the 
cathode through an adjustable Source 34 of Such 
value that it is loughly 250 volts positive With re 
spect to the cathode. The metal ring 23 is placed 
at a suitable positive potential with respect to the 
cathode by means of an adjustable Source 35. 
The metal coating 3 on the target f is placed 
at the potential of ground while the photoelec 
tric cathode 5 is placed at a potential of about 
10,000 volts below ground by means of a suitable 
source 36. The highest potential of the electron 
multiplier 24 is about 1500 volts positive With re 
spect to ground and this potential is applied by 
means of Source 3, the negative terminal of 
which is connected to ground and to the align 
ment disc 9, which actually is the first electrode 
of the multiplier. Various intermediate poten 
tials for the intermediate electrodes of the elec 
tron multiplier 24 are provided by means of taps 
38, 39, 40 and 4, respectively, of a potentiometer 
resistor 42 connected across the Source 3. The 
positive terminal of the Source 37 is connected to 
the final anode or collector of the multiplier 24 
through an output resistor 43. Connected across 
the resistor 43 is an output amplifier 44, the cou 
pling circuit of which includes a, coupling Con 
denser 45. The amplifier 44 is in turn connected 
to the other elements of the television transmit 
ter circuit, which prepare a Video current for 
transmission to the receiving station. 
The operation of the arrangement shown in 

Fig. 1 will now be described, reference also being 
made to Fig. 2 which is an enlarged view of a 
portion of the mosaic target and the photo 
cathode 25. Certain dimensions in Fig. 2 have 
been exaggerated at the expense of others in Order 
to more clearly show the screen structure. It is 
to be understood that relative dimensions shown 
in Fig. 2 are not necessarily those which exist in 
a tube constructed in accordance With the in 
vention. Radiations from an object or field of 
view O are projected upon the left-hand side of 
the tube í0 and strike photocathode 25, these 
radiations being focussed by any suitable lens 
system represented Schematically by the Single 
lens 46. Photoelectrons are emitted from the 
photocathode 25 in direct proportion to the 
brightnesses of the various parts of the object 
or field of view to be televised. The photoelec 
trons released from the member 25 are accelerated 
from this member towards the mosaic target 
by a uniform electric field produced by the source 
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36 connected between the member 25 and the 
conducting coating f3 of the target f f. The field 
strength between the cathode 25 and the coating 
f3 is made very high, so that the effect of emis 
sion velocities is Small. Thus the charge array 

imaged on the coating f3. The magnetic field 
parallel to the axis of the tube, produced by 
focussing coil 27, also exerts Some focussing ac 
tion. As indicated in Fig. 2, the paths of the 
photoelectrons between the members 25 and f3 
are substantially straight lines parallel to the 
axis so that the electron image has unity magni 
fication. These photoelectrons strike the target 
ff at about 10,000 volts velocity. This potential 
is not in any way critical but it should be rela 
tively high. These photoelectrons shoot, through 
the metal coating 3 and bombard the layer or 
particle array 2, freeing electrons and "positive 
charges' or “holes.' Tise uncoated face of the 
layer I2 is kept at the potential of the thermionic 
cathode 6, that is, about 300 volts negative with 
respect to the metal coating 3 (which is 
grounded) by the very low velocity scanning beam 
generated by the electron gun. This difference in 
potential between the two sides of the layer 2 
sets up a polarizing field which effectively moves 
the freed positive holes through the layer 2 of 
crystal (or crystal particles) across to the un 
coated side, reducing its negative charge. The 
magnitude of this positive charge current reach 
ing any given elementary region of the uncoated 
face of the layer 2 will be proportional to the 
photoelectron eurrent bombarding the corre 
Sponding region of the metal coating 3, EDue 

cation in the crystal, the positive charge current 
can be many times the photoelectric current 
from the member 25. The positive charge in 
crement om a given elementary region of the un 

frame time under the influence of the radiations 
from the object O. 
At the same time that a charge pattern is 

being accumulated on the layer 2, a beam of elec 
trons scans the uncoated side of this layer. The 
Scanning beam is of the low velocity type used 
in the commercial image orthicon tube. The beam 
starts at the thermionic cathode 16 at a poten 
tial of about -300 volts (with respect to ground) 
and is accelerated by the electron-optical system 
5 to approximately zero volts (actually 300 volts 

positive with respect to the cathode). From the 
cathode f6 to the target the beam is acted 
upon by the approximately uniform magnetic 
focussing field produced by the coil structure 27 
and the transverse magnetic field produced by 
the deflection coils 26. The beam leaves the 
aperture 29 parallel to the axis, is deflected by 
the transverse magnetic field during the middle 
part of its trajectory, and finally approaches the 
layer 2 substantially at normal incidence; that 
is, parallel to the axis again. As the beam elec 
trons approach the target they are decelerated 
again to approximately cathode potential, that 
is -300 volts. If there is no positive charge in 
crement on the layer 2, all the electrons are re 
flected and return toward the cathode 6 along 
their initial paths as indicated in Fig. 1. If there 
is a positive charge pattern on the layer 2, the 
electrons from the beam are deposited in suf 
ficient numbers to neutralize the positive charge 
increment thereon and restore the potential of 
the region to that of the cathode, that is, about 
-300 volts. The remaining electrons are re 

50 multiplication in the crystal. 
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flected back toward the cathode as indicated in 
the drawing. Under equilibrium conditions, all 
the beam current is returned to the electron mul 
tiplier 24 concentric with the cathode 6. Be 

5 fore equilibrium is reached, the number of elec leaving the photocathode 25 is substantially trons in the return beam is reduced by the 
amount required to neutralize the positive charge 
increments on the layer 2. This reduction in 
intensity of the return beam to the electron mull 

10 tiplier. 24 constitutes the video signal information. 
The return beam arrives in the region of the 

cathode 6 very near the defining aperture 2 
through which it emerged but considerably en 
larged in Cross-section. This return beam strikes 

15 the disc 9 at a sufficient velocity to generate a 
larger number of secondary electrons than there 
are primary electrons in the returning beam. 
This disc 9 (as pointed out above) serves as the 
first stage of the electron multiplier 24, the sec 

20 ondary electrons from it being focussed into the 
Succeeding stages of the multiplier 24 which are 
arranged concentric with and behind this first 
stage, the whole multiplier being represented in 
the drawing by the structure 24. The number 

25 of stages of the electron multiplier need not be 
large; for example, five stages (or less) of elec 
tron multiplication is sufficient. The type of mul 
tiplier used in the image orthicon tube is satis 
factory for this purpose. 

30 The output current from the final stage of the 
multiplier 24 is taken from the resistor 43 and 
applied through the coupling condenser 45 to 
the wide band television amplifier. 44 where it 
is an plified and applied, as above described, to 

35 other elements of the television transmitter cir to the phenomenon of internal charge multipli cuit. 
The alignment coil 28 is used, as in the image 

orthicon, to correct for helical motion resulting 
from misalignment of the electron gun and the 

40 magnetic field produced by the focussing coil 
coated face of the layer f2 accumulates for a 27. The position of the ring 23 and the po 

tential thereof are chosen to correct for heli 
cal motion resulting from the deflection fields 
produced by the yoke 26, also as in the well 

45 known image orthicon type of tube. 
One advantage of the tube of this invention 

is its freedom from stray secondary electron 
emission trouble. Another important advan 
tage is the very considerable internal charge 

Also it is possible 
to build up a potential variation over the crys 
tal face of many volts as compared with the ap 
proximately one-volt limitation of the commer 
cial model of the image orthicon tube. This 

55 makes it possible to obtain much higher signal 
to-noise ratios, and eases the requirement of 
making the approach energy of the beam con 
stant over the target area. 
VariouS modifications can be made in the em-- 

bodiment described above without departing 
from the spirit of the invention, the scope of 
which is indicated in the appended claims. The 
Specific potentials applied to the various ele 
ments are herein given merely by way of ex 
ample and it is to be understood that their Wal 
lues may be made materially different without 
changing the general method of operation of 
the device described herein. For example, the 
type of crystal material used and its thickness 
materially affect the operating potentials re 
quired. 
What is claimed is: 
1. An electron camera tube comprising a tar 

? get for electrons including a thin, substantially 
continuous layer of an electrical insulator which 

  



has the property of becoming an electronic con 
ductor when bombarded with a beam of low ve 
locity electrons, a conducting coating on one 
side of said layer, means for forming and di 
recting to said coating image-modulated, high 
velocity photoelectrons, and means for Scan 
ning the side of said target remote from Said 
conducting coating with said beam of electrons. 

2. An electron camera tube comprising a tar 
get for electrons including a layer of an electri 
cal insulating matelial which has the property 
of becoming an electronic conductor When bom 
barded with electrons, and means for Scanning 
said target with a beam of low velocity electrons. 

3. An electron camera tube comprising a tar 
get for electrons including a layer of an elec 
trical insulating material which has the prop 
erty of becoming electron-conducting when bom 
barded with electrons, and means for bombard 
ing one surface of said target with photoelec 
trons. 

4. An electron camera, tube comprising a tar 
get for electrons including a layer of an electri 
cal insulating material which has the property 
of becoming electron-conducting when bombard 
ed with electrons, means for bombarding one 
surface of Said target with photoelectrons, and 
means for Scanning the opposite Surface of Said 
target with a beam of electrons. 

5. An electron camera tube comprising a tar 
get for electrons including a layer of an electri 
cal insulating material which has the property 
of becoming electron-conducting when bombard 
ed with electrons, means for bombarding One 
surface of Said target with photoelectrons, and 
means for Scanning the opposite surface of Said 
target with a beam of low velocity electrons. 

6. An electron camera tube comprising a tar 
get for electrons including a thin layer of electri 
cal insulating material which has the property 
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of becoming electron-conducting when bombard 
ed with electrons, a conducting coating on one 
side of said layer, means for forming and di 
recting to Said coating image-modulated high ve 
locity photoelectrons, and means for Scanning 
the side of said target remote from said con 
ducting coating with a beam of electrons, 

7. An electron camera, tube comprising a tar 
get for electrons including a thin layer of electri 
cal insulating material which has the property 
of becoming electron-conducting when bombard 
ed with electrons, a conducting coating on one 
side of said layer, means for forming and di 
recting to Said coating image-modulated high 
velocity photoelectrons, and means for scan 
ning the side df said target remote from said 
conducting coating with a beam of low velocity 
electrons. 

8. An electron camera tube comprising means 
for generating a beam of low velocity electrons, 
a target for said electrons including a thin, sub 
Stantially continuous, layer of an electrical in 
Sulator which has the property of becoming an 
electronic conductor when bombarded with elec 
trons, a conducting coating on the side of said 
layer remote from Said beam, means for forming 
and directing to Said coating image-modulated 
high Velocity electrons, and means for causing 
a low velocity beam to scan the side of said tar 
get remote from said conducting coating. 

ROBERT E. GRAHAM. 
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