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[57] ABSTRACT 

A gamma ray detector is provided which utilizes the 
charge accumulation at interfaces effect to measure 
y-ray intensities. The detector includes a multiplicity 
of electrically conductive plates mounted in a vacuum 
chamber. All the plates are substantially parallel to 
each other. The gamma beam passes successively 
through all the plates. An electrical current flowing 
between the inner plates is a measure of the 7-beam 
intensity. 

10 Claims, 1 Drawing Figure 
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CHARGE ACCUMULATION GAMMA RADIATION gamma rays. The device is comprised of plates of metal 
DETECTOR mounted in a vacuum chamber, all substantially paral-

lel to each other. A gamma ray beam passes succes-
sively through all the plates. An electrical current flow-

This invention relates to gamma ray detectors, and 5 ing between the inner plates is a measure of the gamma 
more particularly to gamma ray detector for measuring ray beam intensity. It is only necessary that the plates 
intensities. be electrical conductors and that they be of a predeter-

In the prior art there have been utilized gamma ray mined atomic number, 
counters for detecting y-radiation which either yield 
information about the integrated intensity within a time 10 
interval or register each photon separately. The work- The single FIGURE shows a preferred embodiment 
ing principle of such counters must always be the inter- of the invention, 
action with matter, primarily the production of fast 
electrons by y-quanta, and thus any detector for elec-
trons will also detect y-rays. The efficiency, that is, the 15 
probability that a photon passing through sensitive vol- Now referring in detail to the single FIGURE, there 
ume (the volume where an event can be registered) is is shown metal vacuum chamber 1 having a vacuum 
generally poor. Ionization chambers are used mainly as therein of 1 X 10 -5 torr or less. Metal vacuum chamber 
integrating instruments. Because of its simplicity, the 1 includes conventional metal foil vacuum windows 2 
Geiger tube is frequently used for general purposes. 20 and 3 which permit the passage of gamma rays there-
Above 100 kev its efficiency is low; the most generally through. Electrical conductive plates 4 -9 are arranged 
used device is known as the "Compton diode" detec- within metal vacuum chamber 1 in a substantially par-
tor. One of the severe limitations of the above-recited allel relationship to each other. The spacing between 
detectors resides in measurement over the entire inten- the plates is not critical but in this embodiment were 
sity range of the gamma rays. It is noted that the ener- 25 approximately evenly spaced. Plates 4 - 9 are retained in 
gies of nuclear gamma rays (y-rays) range from practi- a fixed position by annular electrical insulating wires 
cally zero up to the order of 10 Mev. It is particularly 10-15 respectively. Any suitable means may be utilized 
difficult to obtain measurements with the present de- for positioning. Electrical conductor 16 is connected to 
tector devices at high intensities without damage to the plate 4 and is led through any suitable vacuum tight fit-
apparatus and without saturation. 3 0 ting 17 to ground. Electrical conductor 18 is connected 

The "Compton diode" detectors are physically large to plates 5 and 6 and is led through vacuum tight insu-
because they must absorb a significant portion of the lated fitting 19 to current meter 20. Electrical conduc-
y-ray beam. The present invention has similar or better tor 21 is connected to plates 7 and 8 and is led through 
sensitivity than the "Compton diode" while having a vacuum tight insulated fitting 22 to current meter 20. 
much smaller size and weight. 3 5 Current metet 20 is differentially connected and bal-

The present invention provides a gamma ray detector anced to ground. The balance to ground is not neces-
device which is especially useful at high intensities. sary but increases the detector's sensitivity by balanc-
Further, it requires no exterior power source to make ing emission currents to the chamber and plates. Elec-
it operative. The y-ray beam and the device are all that trical conductor 23 is connected to plate 9 and is led 
is needed to produce the electrical signal. The device 4 0 through vacuum tight fitting 24 to ground, 
is able to operate at very high intensity y-levels without It is noted that plates 4, 5, 8 and 9 may be either high 
being damaged and without saturating. The output is Z or low Z (atomic weight) metal with a thickness from 
linearly proportional to gamma ray intensity. Vs. to 1 electron range. Plates 6 and 7 may be either a 

An object of the present invention is to provide a low Z or a high Z, but opposite in kind to plates 4, 5, 
gamma ray detector particularly effective in measuring 4 5 8 and 9. More specifically if plates 4, 5, 8 and 9 are of 
intensities over the entire gamma ray range and provid- a low atomic weight then plates 6 and 7 are of a high 
ing an output signal linearly proportional to the gamma atomic weight. The plates have a thickness of % to 1 
ray intensity. electron range. An electron range is the approximate 

Another object of the present invention is to provide range of an electron, in the material, with energy of hv, 
a gamma ray detector capable of measuring high inten- 5 0 where h is planck's constant and v is photon "fre-
sities without damage to the detector and without satu- quency." Plate thickness > 1 range will have little effect 
ration thereof. and less than one-half range will decrease the meter 

Still another object of the present invention is to pro- current, 
vide a gamma ray detector not requiring an external or 5 5 In the operation of the gamma ray detector, colli-
internal power source. mated beam 30 is directed toward metal foil vacuum 

Another object of the present invention is to provide "window" 2. Gamma rays pass therethrough and then 
a y-ray detector, capable of measuring high intensities, successively through electrically conductive plates 4-9 
and is light in weight and small in size. Another Object and finally metal foil vacuum "window" 3. The vacuum 
of the present invention is to provide a gamma ray de- 6 Q windows 2 and 3 are not always necessary to the opera-
tector that does not contain insulating materials in the tion of the detector. In situations where the outer cas-
path of the radiation; in this manner the detector will ing of the detector may be held at instrument ground 
not be subject to instabilities caused by insulator charg- potential without affecting the beam source, plates 4 
ing and radiation damage. and 9 can act at once as windows, detector vacuum cas-

_ , , ine and as instrument ground. In one instance plates 
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A gamma ray detector device is provided which uses Ta, respectively, in the order in which the y-beam 
the charge accumulation at interfaces effect to measure transversed them. The current flow, as read by meter 
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20, between the first Ta, A l plates and the A l , Ta 
plates was approximately 1.1 x 10~" amps using a Co-
balt 60 gamma beam of approximately 60 roentgens/-
min through approximately 1 3 cm2. Using Ta, Ta, Be, 
Ta, Ta plates, in another instance, the current flow was 5 
approximately 2 X 10~" amps under the same irradia-
tion. 

It is emphasized that the gamma ray detector of the 
present invention uses the charge accumulation at in-
terfaces effect to measure -y-ray intensities. In passing 10 
through matter, y-rays create high energy electrons 
which distribute themselves throughout the matter. 
When matter is nonhomogoneous, the electrons are 
distributed in a nonhomogeneous manner. The nonho-
mogeneous distribution of electrons result in an elec- 15 
tronic current which is measured by meter 20. The de-
tector is used to detect y-rays over a large energy range 
and is especially useful at high intensities. The electri-
cal output is directly proportional to the number of 
y-ray photons per second passing through the detector. 20 
The electrical current flowing between the inner plates 
is the measure of the y-beam intensity. It is only neces-
sary that the plates be electrical conductors and that 
they be of proper atomic number as aforementioned. 

The vacuum windows 2 and 3 are not always neces- 2 5 

sary to the operation of the detector. In situations 
where the outer casing of the detector may be held at 
instrument ground potential without affecting the 
y-beam source, plates 4 and 9 can act at once as win-
dows, detector vacuum casing and as instrument 3 0 

ground. 
One of the features of this invention is the arrange-

ment of high and low atomic number elements. An-
other feature is that the detector is " thin" so that most 
of the y-beam passes through and since it is thin, sev- 3 5 

eral detectors can be stacked in series providing a large 
signal per photon. Still another feature is that the de-
tector requires no exterior power source such as batter-
ies to make it work, since all that is needed is the 
y-beam and the detector to produce an electrical sig- 4 0 

nal. 
A most important feature is the ability of the detector 

to operate at very high intensity levels without being 
damaged and without saturation. The plates will not 
melt or fracture or become permanently electrically 4 5 

charged. Finally, the output is linearly proportional to 
gamma ray intensity. 

It is noted that plates 4 - 9 are electrical conductors 
having a suitable area and may have virtually any desir-
able configuration. They may be circular, oval, rectan- 5 0 

gular, et cetera. The vacuum chamber may also be of 
some material other than metal. 

What is claimed is: 
1. A charge accumulation gamma radiation detector 5 5 

comprising a vacuum chamber having first and second 
ends, first and second passage means to permit the flow 
of a gamma beam therethrough, said first and second 
passage means being included and integrated with said 
first and second ends, respectively, a multiplicity of 6 Q 
successive electrical conductors positioned inside said 
vacuum chamber and interposed between said first and 
second passage means, said multiplicity of electrical 
conductors being substantially parallel to each other 
and separated from each other, the outer electrical 6 5 
conductors having a first predetermined atomic num-
ber and the inner electrical conductors having a second 
predetermined atomic number different than said first 
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predetermined atomic number, means to connect one 
of said inner conductors to one of said outer conduc-
tors to form a first pair of conductors, means to electri-
cally connect another of said inner conductors to an-
other of said outer conductors to form a second pair of 
conductors, and means to measure the electrical output 
signal representative of gamma beam intensity upon 
the passage of a gamma beam successively through said 
first passage means, said multiplicity of electrical con-
ductors, and said second passage means, said means to 
measure being electrically connected between said first 
and second pairs of conductors to permit a reading of 
electric current resulting from the nonhomogeneous 
distribution of electrons in said first and second pairs 
of conductors. 

2. A charge accumulation gamma radiation detector 
as defined in claim 1 with said outer electrical conduc-
tors being of a high atomic number and said inner elec-
trical conductors being of a low atomic number. 

3. A charge accumulation gamma radiation detcctor 
as defined in claim 1 with said outer electrical conduc-
tors being of a low atomic number and said inner elec-
trical conductors being of a high atomic number. 

4. A charge accumulation radiation detector as de-
fined in claim 1 wherein each of said multiplicity of 
electrical conductors has an approximate thickness of 
% to 1 electron range. 

5. A charge accumulation radiation detector as de-
fined in claim 1 wherein said multiplicity of electrical 
conductors is comprised of first, second, third, fourth, 
fifth, and sixth plates, said first, second, fifth and sixth 
plates being outer plates and of a high atomic number, 
said third and fourth being inner plates and of a low 
atomic number, said second plate being electrically 
connected to said third plate for a first output and said 
fourth plate being electrically connected to said fifth 
plate to provide a second output, with said means to 
measure being comprised of a current meter differen-
tially connected between said first and second outputs 
and also being balanced to ground. 

6. A charge accumulation radiation detector as de-
fined in claim I wherein said multiplicity of electrical 
conductors is comprised of first, second, third, fourth, 
fifth, and sixth plates, said first, second, fifth and sixth 
plates being outer plates and of a low atomic number, 
said third and fourth being inner plates and of a high 
atomic number, said second plate being electrically 
connected to said third plate for a first output and said 
fourth plate being electrically connected to said fifth 
plate to provide a second output, with said means to 
measure being comprised of a current meter differen-
tially connected between said first and second outputs 
and also being balanced to ground. 

7. A charge accumulation radiation detector as de-
fined in claim 5 wherein each of said plates has a thick-
ness of approximately % to 1 electron range with said 
first and sixth plate being grounded. 

8. A charge accumulation radiation detector as de-
fined in claim 6 wherein each of said plates has a thick-
ness of approximately % to 1 electron range with said 
first and sixth plate being grounded. 

9. A charge accumulation radiation detector as de-
fined in claim 1 wherein said multiplicity of electrical 
conductors consists of first, second, third, fourth, fifth, 
and sixth plates approximately even spaced from each 
other, with the gamma beam successively passing from 
said first through said sixth plate, said first, second, 
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fifth, and sixth plate being of a high atomic number and 
said third and fourth being of a low atomic number with 
said second and third plate being electrically intercon-
nected to form a first pair of said fourth and fifth plate 
being electrically interconnected to form a second pair, 
and wherein said means to measure the electrical out-
put signal is comprised of a current meter differentially 
connected between said first and second pair and also 
being balanced to ground. 

10. A charge accumulation radiation detector as de-
fined in claim 1 wherein said multiplicity of electrical 
conductors consists of first, second, third, fourth, fifth, 
and sixth plates approximately evenly spaced from 
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each other, with the gamma beam successively passing 
from said first through said sixth plate, said first, sec-
ond, fifth, and sixth plate being of a low atomic number 
and said third and fourth being of a high atomic num-

5 ber with said second and third plate being electrically 
interconnected to form a first pair and said fourth and 
fifth plate being electrically interconnected to form a 
second pair, and wherein said means to measure the 

I q electrical output signal is comprised of a current meter 
differentially connected between said first and second 
pair and also being balanced to ground. 

* * * * * 
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