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This invention pertains to electrical discharge devices 
and, more particularly to radiation detectors. 
A Widely used method for counting all types of radia 

tion including nuclear particles when short time resolu 
tion is desired is a scintillation type of counter. Such 
a counter employs a phosphor which emits light flashes 
when radiation or nuclear particles impinge thereon, and 
a photomultiplier tube to convert the light flashes to elec 
trical pulses and amplify the electrical pulses so they may 
be detected by well-known amplifier and counting cir 
cuits. When organic compounds are used as the phos 
phors, the time resolution of the counter can be reduced 
to the order of a few millimicroseconds. This interval 
is satisfactory for many purposes, but for other purposes, 
Such as a study of nuclear processes associated with fis 
ion and fusion reactions, it is desirable to shorten the 
interval even further. 
Another problem which arises in the use of scintillation 

counters is the need for an extremely sensitive photocath 
ode in the photomultiplier tube. This problem is fur 
ther complicated by the present trend toward even larger 
photocathode Surfaces. At present, photocathode sur 
faces can only be prepared by a complex series of critical 
manufacturing steps which result in a very high manufac 
turing cost for the photocathode surface and thus a high 
cost for the scintillation counter. 

Accordingly, it is an object of this invention to pro 
vide a radiation detector having a cathode which con 
verts radiation directly into a substantial number of slow 
electrons which can be multiplied by various electron mul 
tiplying means. 

Another object of this invention is to provide a cathode 
which converts radiation directly into a substantial num 
ber of slow electrons and which has a very short resolu 
tion time. 

Another object of this invention is to provide a cathode 
which converts radiation directly into a substantial num 
ber of slow electrons which can be multiplied by means 
of a transmission type of eiectron multiplier. 
These and other objects and advantages of this inven 

tion will be more easily understood by those skilled in 
the art from the following detailed description of a pre 
ferred embodiment thereof when taken in conjunction 
with the attached drawing, in which: 
FIGURE 1 is a longitudinal section of a radiation de 

tector constructed in accordance with this invention em 
ploying a transmission type of electron multiplier; 

FIG. 2 is an enlarged cross section of a portion of the 
cathode shown in FIG. 1; and 
FIG. 3 is a longitudinal section of another embodi 

ment of this invention using a conventional type of elec 
tron multiplier. 
The radiation detector of this invention consists gen 

erally of an envelope 10 with a cathode i6 mounted adja 
cent one end of the envelope. The cathode 16 converts 
the radiation directly to slow electrons which are multi 
plied by means of an electron multiplier which is also 
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enclosed within the envelope 10. When the word radia 
tion is used herein, it is meant to include alpha and beta 
particles, as well as electrons, mesons and other forms 
of nuclear radiation. Neutrons may also be detected by 
adding boron or barium compounds, such as lithium bol 
rate, to the cathode 16. The evacuated envelope 10 may 
be formed of any desired material such as glass or metal 
and is preferably tubualr in shape with end portions 12 
and 14 at each end thereof. The end portion 12 should 
be formed of a material through which the radiation 
which is to be detected can easily pass, such as glass or 
aluminum, while the end 14 may be formed of the same 
material as the tubular portion of the envelope. The 
cathode 16 is mounted on the inner surface of the end 
12 with an electrically conductive layer 18, such as a 
thin film of aluminum which will allow radiation to pass 
through, interposed between the cathode 16 and the inner 
surface of the end portion 12. The exact construction 
of the cathode 6 will be described in greater detail below. 
Piaced behind the cathode 16 are a series of dynodes 20, 
22 and 24 of the transmission type. These dynodes are 
capable of receiving primary electrons on the surface 
facing the cathode 16 and emitting a larger number of 
secondary electrons from the other side of the dynode. 
In this manner, electrons emitted from the cathode 16 
are multiplied so that the signal transmitted by the radia 
tion detector is sufficiently large that it can easily be 
amplified and counted by well-known amplifying and 
counting circuits. This type of electron multiplier which 
is referred to as a transmission type electron multiplier 
is more particularly described in the applicant's copend 
ing application entitled "Electron Discharge Device, 
Serial No. 434,467, filed June 4, 1954, now U.S. Pat. No. 
2,905,844, issued Sept. 22, 1959, and assigned to the 
same assignee as this invention, and which is incorpo 
rated in this application by reference. 
The cathode 16 as well as the dynodes 20, 22 and 24 

should be provided with a source of positive potential 
which increases in magnitude between the cathode 16 
and the dynode 20 and each succeeding dynode so that 
the electrons which are emitted from the cathode 16 will 
be accelerated to the dynode 20 and each succeeding 
dynode. This source of potential is provided in FIG. 1 
by a battery 26, the negative terminal of which is con 
nected to the conductive layer 18 by means of a lead 
28. A plurality of series connected resistors 32, 34, 42 
and 44 are connected between the positive and negative 
sides of the battery 26 as shown in FIG. 1. The dynode 
29 is connected to a point between resistors 32 and 34 
by means of a lead 30, while the dynode 22 is connected 
to a point between the resistors 42 and 44 by means of 
a lead 40. The dynode or anode 24 is connected to the 
resistor 44 by means of a lead 49 and a resistor 46. The 
positive side of the battery 26 is connected to the junction 
of the resistors 44 and 46 by means of a lead 48, and 
a lead 50 connects the positive side of the battery 26 to 
ground. The signal from the radiation detecting device 
is transmitted to the associated amplifying and counting 
equipment (not shown) by means of a lead 51 which 
is connected to the lead 49 between the dynode 24 and 
the resistor 46. In this manner, cathode 16, dynodes 
20, 22 and 24 have progressively increasing steps of 
positive potential, with respect to the cathode 16 so as 
to accelerate electrons from cathode 16 to the first dynode 
20 and each succeeding dynode. Although equal steps 
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of voltages between the cathode 16 and the dynodes 20, 
22 and 24 are shown, it may be desirable to operate some 
of the dynodes at higher voltages. 
Shown in FIG. 2 is an enlarged cross section of the 

cathode 16 consisting of three layers 52, 54 and 56 which 
are in contact with each other. The layer 52 is a layer 
of material having a low atomic number, so as not to 
scatter the delta rays which are formed therein, such 
as graphite or beryllium, and it should have a thickness 
no greater than the range of the delta rays which are 
released when radiation impinges on the cathode 16. This 
thickness will vary between 10-1 to 108 cm. in thickness 
depending on the type of radiation being detected. 
The thickness of the layer 52 should be no greater 

than the range of the fastest delta ray released because 
a greater thickness would stop those delta rays formed 
in the portion of the layer which exceeds their range. 
A thickness less than the range of the fastest delta ray 
could be used but fewer delta rays would be formed by 
the radiation impinging on the cathode since it would 
travel a shorter distance. Thus, the thickness of the 
layer 56 should be equal to or less than the range of 
the fastest delta ray formed by the radiation because 
this thickness will give the best results while absorbing 
a minimum of the radiation being detected. For ex 
ample, if it is desired to detect 300 million electron volt 
(mev.) protons which will form .5 mev. delta rays 
when they strike the layer 52, the layer should have a 
thickness equal to approximately .200 gram/per cm.2. 
The layer 54 is formed of a material having a high 
atomic number which is also a conducting material such 
as platinum or gold, so that it will scatter the delta rays 
which are formed in the layer 52 and also serve as a 
grid in case it is desired to omit layer 18. The layer 54 
should be relatively thin on the order of 10-6 to 10-7 
cm. So that the delta rays can easily pass through it and 
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not be stopped. Of course, the thickness of the layer 
54 should be matched to the energy of the delta particles 
released by the particles being detected, that is, for higher 
energy delta particles the layer 54 should be thicker than 
for lower energy delta rays. The final layer 56 is com 
posed of an insulating material such as an alkali-halide, 
alkali earth oxides or metal oxides, which has the prop 
erty that slow secondary electrons can travel large dis 
tances in it before losing their ability to escape. 

In order to have this property the layer 56 should have 
a long mean free path for secondary electrons and a 
large energy gap between the filled valence band and the 
conduction band of each atom. This will result in a 
large yield of secondary electrons which can diffuse 
through a substantial thickness of layer 56 without losing 
a large amount of energy. Thus, a large number of sec 
ondary electrons will be formed which can easily escape 
from the back side of layer 56. The material should also 
have good crystallinity and be easily fabricated into thin 
films by evaporation or other means. 
Some examples of materials having these properties 

are potassium chloride, sodium chloride, aluminum oxide, 
magnesium oxide and magnesium fluoride. The layer 
56 should have a thickness equal to a few diffusion 
lengths of the secondary electrons in the particular mate 
rial used and is approximately 10-4 to 10-5 cm. in thick 
ness. The various layers 52, 54 and 56 may be fabri 
cated by any well known method such as the depositing 
of the layers, one on the other, as described in the appli 
cation referred to above. 
The cathode described above will convert the radiation 

which impinges on it to a substantial number of slow 
electrons which will be emitted from the back or the 
right hand side of the layer 56 as shown in FIG. 2. 
When the radiation strikes the cathode 16, the layer 52 
will convert it to a few fast delta rays which will easily 
escape from the layer 52. When these delta rays strike 
the layer 54, they will be scattered and escape into the 
layer 56 of insulating material at a large angle. The 
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4 
insulating material will, in turn, convert the delta rays 
to a large number of slow electrons which can easily 
escape from the back of the layer 56. For example, 
when 300 mev. protons strike the layer 52, approximately 
1 to 10 slow electrons, but averaging three, are emitted 
from the back side of the insulating layer 56. These 
three electrons will be greatly multiplied by the trans 
mission type of electron multiplier placed behind the 
cathode 16 shown in FIG. 1 so that the pulses transmitted 
from the detecting device will correspond to 10 to 108 
electrons at anode 24. 

Since the number of delta rays per cm. of path is in 
versely proportional to the square of the velocity of the 
particle striking the layer 52, the yield of slow electrons 
will be much greater for particles having a lower velocity 
than the 300 mev. proton example given above. In addi 
tion to this, the yield of slow electrons is directly propor 
tional to the square of the charge carried by the particle 
striking layer 52. Thus, alpha particles of the same 
velocity as the proton example above will yield four times 
the number of slow electrons as are yielded by the proton 
because of the higher charge carried by the alpha particles. 
Shown in FIG. 3 is a modification of the radiation de 

tecting device shown in FIG. 1. In this embodiment, the 
electrons emitted by the cathode 16 are multiplied by the 
conventional type of electron multiplier in which the pri 
mary electrons impinge on one surface of the dynodes and 
the secondary electrons are emitted from the same surface 
and transmitted to the next dynode. This device utilizes 
an evacuated envelope 60 similar in construction to the 
envelope 10 in FIG. 1 with the cathode 16 mounted adja 
cent one end thereof. Also mounted inside the envelope 
60 is a plurality of dynodes 62-72. These dynodes are 
provided with a source of progressively increasing positive 
potential so that slow electrons emitted from the cathode 
16 will be accelerated from the successive dynodes to the 
final dynode 72. This positive potential is provided by a 
battery 76, the negative terminal of which is connected to 
the cathode 16 by means of a lead 74. A plurality of 
series connected resistors 78, 82, 86, 90, 94 and 98 are 
connected between the positive and negative terminals of 
the battery 76. The dynode 62 is connected to a point 
between the resistors 78 and 82 by means of a lead 80 
and each Succeeding dynode is connected to a similar 
point between the remainder of the resistors by means of 
leads 84, 88, 92 and 96. The last dynode or anode 72 is 
connected to one end of the resistor 98 through a lead 
101 and a resistance 100. The positive terminal of the 
battery 76 is connected to the common junction of re 
sistors 98 and 100 by means of a lead 102 and to ground 
by a lead 104. The signal from the detector is transmitted 
by a lead 103 which is connected between the dynode 72 
and the resistance 100. 
The operation of this embodiment of the invention is 

the same as that described for the embodiment shown in 
FIG. 1. The only difference is in the type of electron 
multiplier used for multiplying the electrons emitted from 
the cathode 16. The embodiment of the detector shown 
in FIG. 3 utilizes a multiplier in which the secondary 
electrons are emitted from the same side of the dynode 
from the primary electrons impinged. The secondary elec 
trons are accelerated from one dynode to the next dynode 
by means of progressively increasing steps of positive 
potential between the various dynodes. 

In addition to the use of this invention as a radiation 
detection device as described above, the embodiment of 
the invention shown in FIG. 1 could easily be modified 
to serve as an imaging device. In order to modify this 
embodiment to serve as an imaging device, it would only 
be necessary to substitute a phosphor screen in place of 
the last dynode 24. The phosphor screen should be 
mounted directly on the inner surface of the end closure 
14, which should preferably be transparent. Thus, the 
exact shape of the radiation striking the cathode 16 could 

75 be viewed on the phosphor screen. 
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While only two embodiments of this invention are 
shown, many modifications and additional embodiments 
thereof will occur to those skilled in the art within the 
broad spirit and scope of this invention, and, accordingly, 
it should be limited only as required by the prior art. 

I claim as my invention: 
1. A radiation detector comprising an evacuated en 

velope, a cathode mounted in said envelope, said cathode 
including a first material capable of directly producing 
delta rays therein upon impingement of radiation, a Sec 
ond material capable of scattering said delta rays, and a 
third material capable of converting each of said delta 
rays to at least one slow electron emitted by said third 
material, said materials being disposed adjacent one 
another, respectively, and electron-multiplying means 
mounted within said envelope. 

2. A radiation detector comprising an evacuated en 
velope, a cathode mounted within said envelope adjacent 
a surface thereof, said cathode comprising a first material 
disposed adjacent said surface and capable of converting 
radiation when impinging thereon directly into delta rays, 
a second material capable of scattering said delta rays 
and disposed inwardly of said first material in contact 
therewith, and a third material capable of converting said 
delta rays into emitted electrons and disposed inwardly 
of said second material in contact therewith; and electron 
multiplying means mounted within said envelope. 

3. A radiation detector comprising an evacuated en 
velope, an electron-multiplying means mounted within 
Said envelope, and a cathode mounted within said en 
velope and juxtaposed to said multiplying means, said 
Cathode including a first material arranged for impinge 
ment by radiation and capable of converting said radiation 
directly into delta rays, a second material capable of scat 
tering said delta rays, and a third material capable of 
converting said delta rays into electrons having an energy 
level capable of being multiplied by said electron-multi 
plying means, said materials being adjacent to one an 
other, respectively. 

4. A radiation detector comprising an evacuated en 
velope, electron-multiplying means mounted within said 
envelope, and a radiation-receiving cathode mounted 
within said envelope and juxtaposed to said electron 
multiplying means, said cathode including means for con 
verting Said radiation directly into delta rays and addi 
tional means for scattering said delta rays and for con 
verting said delta rays into electrons capable of being 
multiplied by said electron-multiplying means. 

5. A cathode for a radiation converting, electronic 
discharge device, said cathode comprising a laminated 
structure having a first material capable of converting 
said radiation directly into delta rays, a second material 
for Scattering Said delta rays, and a third material capa 
ble of emitting electrons when exposed to said delta rays. 

6. A cathode for a radiation converting, electronic dis 
charge device, said cathode comprising means for re 
ceiving said radiation and for converting said radiation 
directly into delta rays, additional means for receiving 
and Scattering said delta rays, and an electron-emitting 
means for receiving said scattered delta rays and for 
converting said delta rays into emitted electrons. 

7. A cathode for an electronic discharge device ar 
ranged for converting radiation into electronic emission, 
Said Cathode comprising a first material selected from the 
group including carbon and beryllium, a second ma 
terial selected from the group including platinum and 
gold, and a third material selected from the group in 
cluding alkali halides metal oxides and alkali oxides, 
Said materials being disposed adjacent one another, re 
spectively. 

8. A cathode for an electronic discharge device ar 
ranged for converting radiation into electronic emission, 
said cathode comprising a first material including an ele 
ment of relatively lower atomic weight disposed to re 
ceive said radiation, said first layer being capable of 
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6 
converting said radiation directly into delta rays, a sec 
ond layer including an element having a relatively higher 
atomic weight disposed to scatter said delta rays, and an 
electron-emitting third material disposed to convert said 
delta rays into electronic emission, said materials being 
disposed adjacent to one another, respectively. 

9. A radiation detector comprising an evacuated en 
velope, electron-multiplying means mounted within said 
envelope, and an electron-emitting cathode mounted with 
in said envelope in juxtaposed relation to said multiplying 
means, said cathode enclosing a first layer having an ele 
ment of relatively lower atomic weight disposed to re 
ceive said radiation and capable of converting said radia 
tion directly into delta rays, a second material having an 
element of relatively higher atomic weight for scattering 
said delta rays, and an electron-emitting third material 
capable of converting said delta rays into electronic emis 
Sion, said materials being disposed adjacent one another, 
respectively. 

10. A radiation detector comprising an evacuated en 
velope, an electron-multiplying means mounted within 
said envelope, and an electron-emitting cathode mounted 
within said envelope in juxtaposed relation to said multi 
plying means, said cathode having a first material capable 
of converting said radiation directly into delta rays, a sec 
ond material for Scattering said delta rays, and an elec 
tron-emitting third material capable of converting said 
delta rays into emitted electrons and of multiplying the 
electrons thus formed, said materials being disposed adja 
cent one another, respectively. 

11. A neutron detector comprising an evacuated en 
velope, a cathode mounted in said envelope, a neutron 
reactive material supported adjacent said cathode, said 
material being capable of emitting charged radiation 
upon impingement of said neutrons, said cathode includ 
ing a first material capable of converting said radiation 
when impinging thereon directly into deita rays, a second 
material capable of scattering said delta rays and a third 
material capable of converting each of said delta rays into 
at least one slow electron emitted by said third material, 
said materials being disposed adjacent one another respec 
tively, and electron multiplying means mounted within 
said envelope. 

12. A cathode for a neutron Sensitive electronic dis 
charge device, said cathode comprising a material capable 
of emitting charged radiation on impingement of neutrons 
and a laminated structure having a first material capable 
of converting said radiation directly into delta rays, a 
second material for scattering said delta rays and a third 
material capable of emitting electrons when exposed to 
said delta rays. 

13. A cathode for a radiation-converting, electronic 
discharge device, said cathode comprising means for re 
ceiving said radiation and converting said radiation di 
rectly into electrons, and means for directly multiplying 
said converted electrons into electrons of lower energy. 

14. A cathode for a radiation-converting, electronic 
discharge device, said cathode comprising means for 
receiving said radiation and converting said radiation di 
rectly into electrons, and means for converting said elec 
trons into emitted electrons of lower energy, said last 
mentioned means also being formed to directly multiply 
said emitted electrons. 

15. A cathode for a radiation-converting, electronic 
discharge device, said cathode comprising means for re 
ceiving said radiation and converting said radiation di 
rectly into electrons, means for converting said electrons 
into emitted electrons of lower energy, and means for 
directly multiplying said emitted electrons. 

16. A cathode for a neutron sensitive electronic dis 
charge device and capable of emitting electrons in re 
sponse to neutron excitation, said cathode comprising 
means for receiving and converting said neutrons into 
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charged radiation, and means for converting said charged 
radiation into electrons and for multiplying said electrons. 
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