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[57] ABSTRACT

A dosimeter "having high spatial resolution is de-
scribed. The inventive dosimeter includes a sample of
a material which éxhibits exoelectron emission during
optical, thermal or radiation stimulation after having
been exposed to the type of radiation the detection of
which is desired. Exoelectrons emanating from the
sample are detected by a microchannel plate (MCP)
which releases a large number of electrons for each
electron it receives. The electrons emanating from the
output surface of the microchannel plate impact a de-
tection surface which yields a visual indication in re-
sponse to the impacting electrons. Because micro-
channel plates multiply electrons in well defined chan-
nels the spatial distribution of electrons leaving the
surface of the sample is preserved at the output sur-
face of the MCP. The spatial distribution of electrons
impacting the detection surface is thus identical to
that of the electrons emanating from the surface of the
sample material. Accordingly, the spatial distribution
of the radiation to which the sample was originally ex-
posed is duplicated across the detection surface,
thereby making it possible to. determine both the in-
tensity and spatial distribution of the radiation to
which the sample was subjected.

10 Claims, 2 Drawing Figures
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1
STIMULATED EXOELECTRON EMISSION
DOSIMETER HAVING HIGH SPATIAL
RESOLUTION

BACKGROUND OF THE INVENTION

A brief explanation of some of the principles upon
which the inventionrelies is usefuf in understanding the
invention. Although the exact nature of the phenome-
non.of exoelectron emission is not fully understood, the

“existence ‘of the phenomenon is well known in the art.
Exoelectrons are emitted from surfaces of many dielec-
tric compounds and metals -are heated or when opti-
cally stimulated with light after having been exposed
to various -forms of radiation. Exoelectron emission
also occurs when a substance is distorted by the appli-
cation of a force, such as bending, twisting, or impact-
ing. The emission occurs while the distortion is taking
place and continues thereafter, although it decays with
time. Cutting; milling, grinding, and all other processes
which remove material also enhance exoelectron emis-
sion.

The phenomenon of thermally stimulated exoelec-
tron emission is different from thermionic emission be-
cause it occurs at a much lower temperature; and the
phenomenon of optically stimulated exoelectron emis-
sion is different from photoemission, inasmuch as the
wavelengths of the stimulating light are longer than the
threshold wavelengths for photoemission. It is believed
that exoelectron emission occurs because the exposing
of the substance to radiation such as ultraviolet, X-ray,
alpha or beta particles, or other similar types of ioniz-
ing radiation causes electrons within the material to be
raised above' the Fermi escape level and be trapped
along a thin surface layer of the substance. Upon heat-
ing to temperatures which are in excess of ambient,
which are léss than the higher temperatures required
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for thermionic emission, the trapped electrons escape

across the potential barrier at the surface of the mate-
rial into the gas or vacuum atmosphere-adjacent the
substance surface. A detailed description of the emis-
sion of exoelectrons is presented in an article by K.
Becker entitled *‘Principles of Thermally Stimulated
Exoelectron Emission (TSEE) Dosimetry.”

Studies of exoelectron emission of various substances
indicate that peak emission occurs at specific tempera-
tures. For example, maximum exoelectron emission for
lithium fluoride occurs at a temperature of approxi-
mately 150° centrigrade. Accordingly, by elevating a
sample of lithium fluoride to 150° centigrade the emis-
sion of exoelectrons can be maximized.

A microchannel plate is a thin wafer of nonconduc-
tive material which contains a large number of parallel
channels passing completely through the wafer. The in-
terior walls of the channels are coated with an electron
emissive material so that electrons impinging upon the
input surface of the MCP enter the channel striking the
electron emissive material, thereby releasing a plurality
of electrons for each impacting electron. The emitted
electrons; commonly. called secondary emission elec-
trons, in turn impact the electron emissive material to
release another plurality of electrons for each impact-
ing electron. As a consequence, the number of elec-.
trons emanating from.the output surface of the MCP
greatly exceeds the number which impacted the input
surface. Furthermore, because the multiplication oc-
curs in the well defined channels, the spatial distribu-
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tion of impacting electrons across the input surface of
the MCP is preserved at the outputsurface of the MCP.
It is therefore possible to retain any image information
contained within the pattern- of electrons across the
input surface of the MCP. When the electrons which
serve as the input electrons to an MCP are exoelectrons
which emanated from a sample, the surface character-
istics of the sample or the radiation pattern to which
the sample was exposed is contained within the pattern
of electrons striking the input surface and thus is pre-
served at the output surface of the MCP. A visual
image of the electrons emanating from the MCP can be
obtained simply by placing a fluorescent screen in the
proximity of the output surface of the MCP.

Exoelectron emission has been used for high sensitiv-
ity dosimetry of ionizing radiation such as alpha, beta,
gamma, X-rays, neutrons, etc.; and some types of ex-
odosimeters are commercially available. In the pres-
ently available devices a known exoelectron emitter
such as a mixture of sintered Beryllium-Oxide and
graphite powder, or Lithium-Fluoride powder and oc-
casionally ionic single crystals, are exposed to radiation
the detection ‘of which is desired. The sample is then
stimulated, such as by the use of optical or thermal
stimulation to induce the emission of exoelectrons. The
total number of emitted electrons is then used as'a mea-
sure of the radiation dose received by the sample. Al-
though these devices are useful in measuring the total -
dosage of radiation to which the sample was exposed,
they do not yield any information relating to the spatial
distribution of the radiation dosage across the surface
of the dosimeter.

In some types of radiation research, such as medical
radiation treatment, it is advantageous to know the spa-
tial distribution of the radiation across the treated area. .
An example is the cobalt radiation treatment of cancer-
ous organs. In this type of treatment, the radiation sen-
sitive dosimeter element is inserted behind the affected
organ which is subsequently exposed to the treating ra-
diation. After the radiation treatment has been com-
pleted, the radiation sensitive dosimeter element is re-
moved and heated or otherwise stimulated to cause the
release of exoelectrons from the dosimeter element.
The total number of eléctrons released is then a-mea-
sure of the radiation which was received by the af-
flicted organ.

It would be highly ddvantageous for medical pur-
poses to be able to detect the spatial distribution of ra-
diation across the treated organ. This is so because in
many instances some portions of the organ are in-
tended to receive higher dosages of the radiation than
other portions, and also. because it is desirable to be
able to detect the radiation which passes the edges of
the organ and which thus does not serve in treating the
afflicted organ.

Even though the existing dosimeters are incapable of
yielding spatial distribution information, segmented
distribution information can be obtained by utilizing a
plurality of smaller dosimeters in the form of a mosaic
pattern in lieu of a single dosimeter. The spatial resolu-
tion is thus roughly obtained by the variation in the
total radiation dosage received by the various dosime-
ters. Obviously, this technique is disadvantageous be-
cause the resolution of the spatial distribution is depen- -
dent upon the size and number of dosimeters placed
behind the organ and also because the exact location
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of each dosimeter must be recorded and accurately lo-
cated with respect to the organ.

SUMMARY OF THE INVENTION

The invention overcomes the disadvantages of the
prior art dosimeters in that it provides an output from
which both the intensity and spatial distribution of the
radiation to which the sample was exposed can be de-
termined. The distribution capability is achieved by
placing the exposed sample in the proximity of a micro-
channel plate and subsequently stimulating the emis-
sion of exoelectrons from the sample. The stimulation
can be effected by exposing the sample to optical en-
ergy, electromagnetic energy, or by heating the sample
so that the exoelectrons emanate from the surface of
the sample in a pattern determined by the pattern of
the radiation to which the sample was originally ex-
posed. Exoelectrons emanating from the surface of the
sample then impact the input surface of the microchan-
nel plate. Because of the point-to-point electron multi-
plication characteristics of the microchannel plate, the
distributional information contained within the pattern
of electrons impinging upon the input surface of the
MCP is preserved and is simplified at the output sur-
face of the MCP. The electrons emanating from the
- output surface of the MCP are then detected by an ap-
propriate detector, such as by a phosphor screen,
which yields a visual pattern indicative of the spatial
distribution of the radiation to which the sample was
originally exposed.

Because of the spatial distribution characteristics of
the invention, the invention has usages in such areas as
microdosimetry of radiation fields at interfaces, in mea-
suring dose distributions of small beams with high accu-
racy, and in medical applications as explained herein-
above. Furthermore, the invention can be useful in
space applications simply by remotely controlling the
elements which stimulate the emission of exoelectrons
and by transmitting the output information to the
ground station by use of telemetry such as television
transmission.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram showing one possible
usage of the inventive system.
FIG. 2 is a preferred embodiment of the invention.

DETAILED DESCRIPTION

FIG. 1 is useful in explaining how the inventive con-
cept is utilized in the medical radiation treatment of
diseased or tumorous organs. In FIG. 1 a Human Organ
10, such as a lung or liver, is shown containing a tumor
or other deformity 11, the treatment of which is desired
by means of radiation. Because radiation treatment has
detrimental effects on healthy tissue, it is preferable to
confine the radiation to the affected area rather than
the entire organ. With the prior art dosimeters it is diffi-
cult to determine that the radiation was so confined
while simultaneously precisely determining that the en-
tire afflicted area was exposed to radiation.

In the inventive system a Source of Radiation 12
which emits a form of therapeutic radiation, such as co-
balt radiation, which is used to direct the Radiation
Rays 13 to the Tumorous Area 11 of the Afflicted
Organ 10. The Radiation 13 can be directed to the
~ organ either by a scanning technique, or by simulta-
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neously exposing the entire Afflicted Area 11 to a wide
beam of the radiation.

A Sample 14 of a known exoelectron emitter, such as
sintered BeQ-graphite or LiF-powder is positioned be-
hind Organ 10 so that Radiation 13 passes through the
organ and impacts with the Sample 14. After the treat-

ment is completed Sample 14 is removed and placed in
the inventive dosimeter as illustrated in FIG. 2. Exoe-
lectron emission from a material is dependent upon the
surface characteristics of the sample as well as the spa-
tial distribution of the inductive to which the sample is
exposed. For this reason the surface of Sample 14 must
be free of faults and smooth. Also, the sample must be
homogeneous. Sample 14 must therefore be carefully
prepared and care must be taken in its use. However,
the manner of preparation is no more difficult than that
of other types of materials having special usages and
therefore is within the purview of those skilled in the
art. As an example, etching techniques can be used to
dchieve the required smoothness and homogeneity.

Sample 14 is placed against a Heating Mechanism 16
in the proximity of a Microchannel Plate 17. Micro-
channel Plate 17 is also positioned in the proximity of
a Fluorescent Screen 18. The entire arrangement in-
cluding Sample 14, Microchannel Plate 17, and Fluo-
rescent Screen 18 is enclosed in an evacuable Casing
19 so that the atmosphere can be removed from the
casing to thereby enhance the operatlon of the system.
Heater 16 is then energized to raise the temperature of
Sample 14 to that temperature at which emission is
maximized. This is a known temperature and is differ-
ent for each material from which Sample 14 can be
made. The exoelectrons emanating from the output
surface of Sample 14 then impact Microchannel Plate
14. Flow of electrons from Sample 14 to Screen 18 is
enhanced by the application of biasing voltages V,, V,,
and V; which are selected to attract electrons. Accord-
ingly, the voltages are all positive and are selected so
that V; > V, > V. Because of the application. of bias-
ing voltages, V, V,, and Vs, the electrons travel in vir-
tually straight lines from the surface of Sample 14 to
the input surface of Microchannel Plate 17. A straight
travel path is also caused by very closely spacing Sam-
ple 14, MCP 17 and Screen 18 so that only very small
spaces remain between these elements. Because of the
straight travel of electrons through the dosimeters the
spatial distribution of electrons emanating from Sample
14 is maintained across the input surface of MCP 17.
Because of the point-to-point multiplication of the
input electrons by MCP 17 the pattern of the output
electrons emanating from the output surface of MCP
17 is very nearly identical to the pattern of electrons
emanating from Sample 14. Furthermore, as explained
hereinabove, the emission of exoelectrons from Sample
14 is dependent upon the pattern of radiation to which
the sample was exposed while in the proximity of the
Organ 10 of FIG. 1. Hence, the pattern of radiation ex-
position of the organ is indicated by the pattern of ex-
oelectrons emanating from Sample 14. This pattern is
retained across MCP 17 and exists in the pattern of
electrons emanating from output MCP 17.

The secondary emission electrons emanating from
MCP 17 impact with a Fluorescent Screen 18 which
thereby yields a visual indication of the radiation distri-
bution pattern across Organ 10. It is therefore possible
to determine the precise pattern of radiation to which .
Organ 10 was exposed, thus making it possible to very
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precisely determine that only afflicted Area 11 of the
Infected Organ 10 was exposed to radiation as desired.

If desired, a compound MCP can be used as the chan-
nel electron multiplier which amplifies the electrons. In
such a multiplier two MCP’s are arranged so that the
output surface of the input MCP is juxtaposed the input
surface of the output MCP. Both MCP’s are fabricated
so that the channels are disposed at a small angle with
respect to the input and output surfaces. Also, the

5

channels of the two MCP’s slop.in opposite directions.

Several benefits are obtained from such an arrange-
ment. Firstly, because two MCP’s are used another
electron multiplication is obtained. Secondly, because
of the angularly disposed channels, and the nonalign-
ment of the channels of the two MCP’s, back scatter of
positive particles from Screen 18.is eliminated. Com-
pound MCP’s are available and are known to multiply
electrons on a point-to-point basis in much the same
manner as single wafer MCP’s.

The preferred embodiment of FIG. 2 stimulates exoe-
lectron emission from Sample 14 by using Heater 16 to
thermally stimulate the sample. It will be appreciated

_that other techniques of stimulating the sample can be
employed. For example, electromagnetic energy, such
as visible light, infrared, or ultraviolet can be used to
illuminate Sample 14. Techniques for these types of
stimulation are within the purview of those skilled in
the art and accordingly need not be described in detail
herein.

It will be appreciated that the intensity of the image
present on Screen 18 will be a measure of the radiation
exposure of Sample 14. Therefore, by appropriately
calibrating the dosimeter using techniques known to
those skilled in the art both the intensity and spatial dis-
tribution of the energy to which the sample was sub-
jected can be determined.

What is claimed is: :

. 1. A dosimeter having high spatial resolution com-
prising:

a sample of exoelectron emissive material having a
smooth, homogenous surface for receiving radia-
tion, the spatial distribution and intensity of which
is to be determined, said exoelectron emissive ma-
terial characterized by the property, wherein elec-
trons are stored in an excited state along the sur-
face of said material upon receiving said radiation
and said stored electrons are emitted as exoelec-

-trons when said material is stimulated by energy
substantially less than the energy required to cause
thermionic emission or photoemission;

—_
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a electron multiplier in the proximity of said sample, .

for receiving exoelectrons emanating from said
sample and multiplying said exoelectrons on a
point-to-point basis so that pattern information
contained in said exolectrons is preserved in said
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multiplier;

detector means in the proximity of said multiplier for

receiving said multiplied electrons and yielding an
output indicative of the spatial distribution of said
radiation; and

means for. stimulating the emission of exoelectrons

from said sample after the-exposure of said sample
to said radiation.

2. The dosimeter of claim 1 wherein said electron
multiplier is a microchannel plate.

3. The dosimeter of claim 2 wherein said detector is
a phosphorous screen.

4. The dosimeter of claim 3 wherein said sample, said
multipliers and said screen are contained in an evacu-
able casing; and

further including means for maintaining said sample

at a reference voltage V, which may be ground, the
input electrode of said multiplier at a voltage V,,
the output electrode of said multiplier at a voltage
V,, and said screen at a voltage V3, where:

Vo <V, < V, <V,

5. The dosimeter of claim 3 wherein said means for
stimulating includes heater means for raising said sam-
ple to a temperature at which maximum exoelectron
emission occurs. ‘

6. The dosimeter of claim 3 wherein said means for
stimulating inciudes a source of electromagnetic radia-
tion for illuminating said sample.

7. The dosimeter of claim 1 wherein said multiplier
is a compound microchannel plate formed from at least
two single microchannel plates, each having channels
angularly disposed with respect to the input and output
surfaces of said plates, said two microchannel plates
being formed along a common plane and the slopes of
said channels being opposite.

8. The dosimeter of claim 7 wherein said detector is
a phosphorous screen:

said sample, said multiplier, and said screen are con-

tained in an evacuable casing; and

further including means for maintaining said sample

at a reference voltage V,, which may be ground,
the input to said multiplier at a voltage V, the out-
put to said multiplier at a voltage V,, and said
screen at a voltage V, where:

V, <V, <V, < Vi

9. The dosimeter of claim 7 wherein said means for
stimulating includes heater means for raising said sam-
ple to a temperature at which maximum exoelectron
emission occurs.

10. The dosimeter of claim 7 wherein said means for
stimulating includes a source of electromagnetic radia-

tion for illuminating said sample.
* * * * *



