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Description

Related Application.

[0001] The present application relates to and claims
the benefit of priority to U.S. Provisional Patent Applica-
tion No. 60/938,114 filed May 15, 2007.

Field of the Invention.

[0002] Embodiments of the present invention relate, in
general, to direct conversion radiation detection and par-
ticularly to direct conversion x-ray detectors which have
embedded electrodes of various composition and use
radiation-induced conductivity found in various solid, di-
electric materials.

Relevant Background.

[0003] Radiation detectors are used for detection of
incoming radiation, such as x-rays, gamma photons and
charged/uncharged particles, in a wide range of different
applications. For direct detection of photons of various
energies, the incoming photons ionize the material of
which the detector is made, releasing energetic electrons
through interactions such as the photoelectric effect, pair
production and the Compton effect. The emitted elec-
trons also cause additional ionization in proportion to the
energy of such electrons, which in turn may be detected
by a suitable device.
[0004] Typically, in radiographic imaging systems, an
x-ray source emits x-rays toward a subject or object, such
as a patient or a piece of luggage. The beam, after being
attenuated by the subject or object, impinges upon an
array of radiation detectors wherein the intensity of the
attenuated radiation beam received at the detector array
is detected. Each detector element of the detector array
produces a separate electrical signal indicative of the at-
tenuated beam received by each detector element which
is thereafter transmitted to a data processing system for
analysis, ultimately producing an image.
[0005] X-ray detectors typically include a collimator for
excluding scattered radiation that might be received at
the detector, a scintillator adjacent to the collimator for
converting x-rays to light energy and a photodiode for
receiving the light energy from an adjacent scintillator
and producing electrical signals therefrom. In this type
of detector, the x-ray energy absorbed by the scintillating
material is converted to visible photons which are then
directed into a silicon photodiode. The outputs of these
photodiodes are converted into digital data by means of
various amplifiers followed by analog-to-digital convert-
ers and then transmitted to the data processing system
for image reconstruction.
[0006] A drawback to this indirect approach to x-ray
detection is the fact that it is a two step process to convert
x-rays into electrical signals that can be further processed
for applications such as computed tomography or digital

radiography. Also, detectors using scintillator material
suffer from the fact that such materials possess memory
effects. Visible light that enters a scintillator based de-
tector promptly decays after the cessation of irradiation
by x-rays. However this decay is followed by an afterglow
effect that may persist for tens of milliseconds. Another
drawback of indirect detection is optical cross-talk be-
tween two or more detector elements in close proximity.
The scintillator material is typically glued to the photodi-
ode array using an optically transparent adhesive. This
adhesive is of a finite thickness, thus allowing light, within
a certain angle of incidence with respect to the exit plane
of the scintillator exiting a certain distance from the edge
of such scintillator, to enter the adjacent detector ele-
ment. This effect can be minimized by making the adhe-
sive as thin as possible, but the integrity of the bond be-
tween scintillator and photodiode degrades with a thinner
adhesive. Typically, this optical cross-talk effect is the
dominant cross-talk mechanism in indirect x-ray detec-
tors.
[0007] The direct conversion of x-rays into electrical
signals is well known and often employed for dosage and
exposure measurement. X-ray detection of this type has
two main advantages over the scintillator-photodiode ap-
proach mentioned above. First, there is a much quicker
decay in the electrical signal after the cessation of irra-
diation by x-ray energy. Thus the afterglow effect asso-
ciated with scintillator material is greatly reduced. Sec-
ondly, there is simply no need for scintillator material
thereby removing the cost of the scintillating material and
the cost of assembling such scintillating material into the
detector array.
[0008] One method for converting x-rays directly into
an electrical current is through the use of ion-chambers.
Ion-chambers may be constructed by positioning two par-
allel flat electrode plates a constant distance apart. The
plates are typically enclosed in a chamber constructed
of a dielectric material such as Plexiglas. The chamber
is sealed and filled with an inert gas such as argon or
xenon. X-rays are directed in one end of the chamber
such that the x-rays pass through the volume of gas be-
tween the two parallel plates. The plates are electrically
biased so as to create a substantial electrostatic field
between the plates. The ionization of the gas by the x-
rays in the presence of a large electric field leads to an
electric current proportional to the x-ray energy absorbed
by the gas. For a constant x-ray energy, the signal may
be said to be proportional to the flux of x-ray photons.
One of the most significant drawbacks to gas filled ion-
chambers is poor x-ray absorption efficiency. Even using
chambers filled with xenon gas at high pressure, the ab-
sorption efficiency per unit length through such an ion-
chamber is poor compared with the scintillator-photodi-
ode approach. Thus ion-chamber detectors are rarely
used as x-ray detectors for any type of imaging.
[0009] The ion chamber described above is a specific
instance of a detector that relies on the radiation induced
conductivity of a material that is electrically insulating in
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the absence of a radiation field. In the case of the ion
chamber, the insulating material is a gas, and the pres-
ence of a radiation field in the gas lowers the effective
electrical resistivity of the gas such that the application
of an external electric field causes a significant electrical
current to pass through the gas. Others (such as deGas-
ton, U.S. Pat. No. 4,135,090) have used hydrocarbon
liquids as the normally insulating material, producing a
radiation detector that has similar absorption properties
to soft tissue, but is not sensitive to the energy of the
detected x-ray.
[0010] Another promising direct conversion method in
x-ray detection is the use of compound semiconductors
composed of materials that have a significantly higher
atomic number than silicon. One such material is cadmi-
um zinc telluride ("CZT"). While CZT detectors hold prom-
ise, the quality and expense of grown CZT crystals has
so far prevented CZT from being used in mainstream x-
ray detection.
[0011] Whether indirect or direct conversion is used, it
is desirable to have not only a measure of the attenuation
of the x-rays through a patient or object being imaged,
but also a measure of the energy of the x-rays that are
not absorbed by the patient or object. This is desirable
for determining the composition of the material in the pa-
tient or object. This has been accomplished in several
ways: 1) The x-ray source energy may be modulated and
detector signals recorded for the various x-ray generator
tube energies, 2) some portion of the detector array can
be masked with a filter that absorbs lower energy x-rays
such that the underlying detector of that portion of the
detector array responds only to some higher energy por-
tion of the transmitted x-rays, or 3) the detector can be
operated in a mode whereby individual x-ray photon
events are counted and the size of the respective current
pulses produced by a single x-ray photon being absorbed
are quantified.
[0012] Each such method has its drawbacks. In the
case of modulating the x-ray generator tube (method 1
above), the patient or object must receive a higher dose
of irradiation, since the detection is done at two different
exposures. In the case of masking a portion of the de-
tector array (method 2 above), x-ray energy is needlessly
wasted (i.e. not converted into signal) in a portion of the
detector. This shortcoming has been minimized by using
an entire detector, itself, as the filter such that simulta-
neous low and high energy signals are created (e.g. by
stacking one detector upon another). In the case of pho-
ton counting (method 3 above), one must decrease the
size of a detection element such that the number of inci-
dent x-ray photons per unit time is small enough that one
can count the current pulse produced by an x-ray photon
without multiple pulses "piling up", causing the detector
electronics to incorrectly classify both the number and
the energy of the x-ray photons.
[0013] Prior art includes the following: EP0526817 re-
lates to a radiation detector constructed by a thin-film
technique and is characterised by two planar metal elec-

trodes, of which at least one consists of a metal having
an atomic number Z > 70, and an insulating layer ar-
ranged between the two metal electrodes and made of
plasma-deposited amorphous hydrogen-containing car-
bon (a-C:H) having an optical band gap / 0.9 eV, which
forms a low-defect boundary layer with ohmic contacts.
DE102006035005 relates to a photodetector for detect-
ing megavolt radiation and comprises a semiconductor
conversion layer, electrodes coupled with surfaces of the
conversion layer and a substrate coupled with one elec-
trode opposite the conversion layer. US 6080997 dis-
closes another prior art direct conversion detector.

SUMMARY OF THE INVENTTON

[0014] The scope of the invention is as defined by the
claims. There is provided a direct conversion detector in
accordance with claim 1. Further features are provided
in accordance with the dependent claims. Claim 4 pro-
vides a related method for converting x-ray radiation di-
rectly to an electrical current.
[0015] Briefly stated, embodiments of the present in-
vention involve direct conversion of x-ray radiation to
electrical current(s) utilizing the radiation induced con-
ductivity ("RIC") effect in solid insulating materials,
wherein the detailed geometry of the electrodes em-
ployed in the detector both enhances the ionization pro-
duced in the detector and provides for energy sensitivity
in the signal(s). In one embodiment of the present inven-
tion, a direct conversion x-ray detector is configured com-
prising one or more anodes and cathodes separated by
differing thicknesses of dielectric material. Departing
from the operating theory of gas filled ion-chambers and
direct conversion semiconductors, the present invention
enables x-ray absorption to occur primarily by the elec-
trodes themselves rather than the material between the
electrodes (unlike CZT and other photoconductors com-
prised of elements with high atomic numbers).
[0016] According to one embodiment of the present
invention, ionization occurs in the dielectric material po-
sitioned between the electrodes from energetic photo-
electrons. This is the result of the energetic photo- or
Compton electrons produced by the primary x-ray inter-
action in the electrode. By controlling detector character-
istics such as choice and thickness of electrode material,
placement and geometry of the anode with respect to the
cathode (electrodes) and choice of the dielectric material
found between the electrodes, the present invention can
achieve nearly 100% absorption of incident x-rays with
the additional benefit of producing signals within a de-
tector element that are energy sensitive. Unlike photon
counting energy sensitive methods, the size of the de-
tector element used in the present invention is not limited.
According to one embodiment of the present invention
and unlike filtration methods, even such filtration meth-
ods wherein stacked detectors are employed, no x-ray
signal is lost due to absorption in materials used in the
stacked detector array whose function is purely mechan-
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ical (e.g. substrates between various detector elements).
In addition, the energy sensitivity of the present invention
does not depend upon modulation of the x-ray generator
tube energy.
[0017] The features and advantages described in this
disclosure and in the following detailed description are
not all-inclusive, and particularly, many additional fea-
tures and advantages will be apparent to one of ordinary
skill in the relevant art in view of the drawings, specifica-
tion and claims hereof. Moreover, it should be noted that
the language used in the specification has been princi-
pally selected for readability and instructional purposes
and may not have been selected to delineate or circum-
scribe the inventive subject matter; reference to the
claims is necessary to determine such inventive subject
matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The aforementioned and other features and ob-
jects of the present invention and the manner of attaining
them will become more apparent, and the invention itself
will be best understood, by reference to the following de-
scription of a preferred embodiment taken in conjunction
with the accompanying drawings, wherein:

Figure 1 shows a direct conversion x-ray detector
according to an arrangement of the specification;

Figure 2 shows a plurality of direct conversion x-ray
detectors configured to detect x-ray radiation across
a range of energies according to an arrangement of
the specification;

Figure 3 shows a plurality of direct conversion x-ray
detectors utilizing a planar configuration configured
to detect x-ray radiation across a range of energies
according to one embodiment of the present inven-
tion; and

Figure 4 is a flowchart of one method embodiment
of the present invention to detect energy associated
with x-ray radiation and directly convert that energy
to electrical current.

[0019] The Figures depict embodiments of the present
invention for purposes of illustration only. One skilled in
the art will readily recognize from the following discussion
that alternative embodiments of the structures and meth-
ods illustrated herein may be employed without departing
from the principles of the invention described herein.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0020] Specific embodiments of the present invention
are hereafter described in detail with reference to the
accompanying Figures. Like elements in the various Fig-

ures are identified by like reference numerals for consist-
ency. Although the invention has been described and
illustrated with a certain degree of particularity, it is un-
derstood that the present disclosure has been made only
by way of example and that numerous changes in the
combination and arrangement of parts can be resorted
to by those skilled in the art without departing from the
scope of the invention.
[0021] Figure 1 shows a direct conversion x-ray detec-
tor 100, according to one embodiment, configured utiliz-
ing parallel plates as electrodes wherein one plate is an
anode 110 and the other is a cathode 130. These two
electrodes are separated by a dielectric material 120.
This design is similar to some types of gas-filled ion-
chambers and other direct conversion semiconductor de-
tectors; however, the present invention differs in that the
most significant portion of x-ray absorption occurs in the
electrodes themselves rather than in the dielectric mate-
rial. Conversely, in semiconductor direct conversion x-
ray detectors the absorption occurs between the elec-
trodes in the semiconductor material such as CZT. In gas
filled chamber x-ray detectors the absorption occurs in
the gas molecules occupying the region between the
electrodes.
[0022] The cathode 130 is composed of a high atomic
number material such as, but not limited to, tungsten.
The anode 110 may be composed of the same such ma-
terial, or a lower Z material such as, but not limited to,
aluminum or copper. The volume between the two par-
allel plates (which may be of different sizes to minimize
the effect of fringing electric fields) is filled with a dielectric
material 120 such as, but not limited to, silicon dioxide
or alumina. One skilled in the art will recognize that other
materials possessing similar atomic numbers can be
used without departing from the novelty of the present
invention. Indeed the present invention contemplates a
wide variety of combinations of material so as to achieve
optimal conversion of x-ray radiation to electrical signals.
It is well known that primary interaction of x-rays with
matter in the energy range of from approximately 0 to
approximately 200 keV occurs generally in three proc-
esses: 1) coherent scattering, 2) photoelectric effect and
3) Compton scattering. Coherent scattering does not re-
sult in direct ionization at the scattering site and, accord-
ingly, is ignored for the purposes of the present invention.
Both photoelectric and Compton scattering produce en-
ergetic electrons originating at the site of the primary ab-
sorption/scattering event. It is also well known that the
range of such energetic electrons is proportional to a
power of the electron energy for sufficiently high electron
energies. For the photoelectric effect, the electron energy
is the difference between the x-ray photon energy and
the K-, L-, or M-edge energy of the absorbing atom. For
example, a 58 keV x-ray photon interacting with an atom
of tungsten with an L-edge energy of approximately 10
keV will produce an energetic photoelectron having an
energy of approximately 48 keV. This energetic photo-
electron will produce further ionization in both the elec-
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trode (tungsten) and the dielectric material. Ionization in
the dielectric material will promote electrons from the va-
lence band of the dielectric material into the conduction
band, leaving behind a positively charged hole in the va-
lence band. Under the influence of a sufficiently high elec-
tric field, these charge carriers can be collected at the
electrodes producing an electrical current proportional to
the amount of ionization caused by the energetic photo-
electron. Significantly, the thickness of the electrodes
and the thickness of the dielectric material between an-
ode and cathode can be configured to achieve nearly
100% absorption of incident x-ray radiation while produc-
ing signals within the detector proportional to the x-ray
energies.
[0023] To determine the thickness of the cathode 130,
anode 110 and dielectric material 120, an examination
of x-ray radiation in the various material must be con-
ducted. One measure of a material’s ability to absorb x-
ray energy is the continuous slowing down approximation
("CSDA") range. The CSDA range is a very close ap-
proximation to the average path length traveled by a
charged particle as it slows down to rest. In this approx-
imation, the rate of energy loss at every point along the
track is assumed to be equal to the same as the total
stopping power of the material through which the particle
is traveling. Energy loss fluctuations are typically neglect-
ed. The CSDA range is obtained by integrating the re-
ciprocal of the total stopping power with respect to ener-
gy. CSDA range equations for various materials can be
derived from best fit data from selected stopping power
data from the National Institute of Standards and Tech-
nology’s ("NIST") Stopping Power and Range for Elec-
trons program ("eSTAR"). This program and other infor-
mation regarding CSDA can be found at http://www.phys-
ics.nist.gov and more specifically at http://phys-
ics.nist.gov/PhysRefData/Star/Text/ESTAR.html. The
eSTAR program calculates stopping power, density ef-
fect parameters, range and radiation yield tables for en-
ergetic electrons in various materials.
[0024] In the case of tungsten, the CSDA range of en-
ergetic photoelectrons can be modeled by the following
equation: 

[0025] In this equation, R is the range in microns and
E is the energy of the photoelectron in keV. Referring
back to the previous example of a 58 keV incident x-ray,
the 48 keV photoelectron that is the result of the x-ray’s
photoelectric interaction in tungsten has a range in tung-
sten of 4.7 microns. According to the geometry of the
detector 100 with respect to an incident x-ray 140 shown
in Figure 1 and assuming that the cathode 130 is com-
posed of tungsten, in order for an x-ray photon absorbed
by the tungsten cathode to produce some ionization in
the dielectric material, the cathode’s thickness 135 must
be significantly thinner than ∼9.4 microns. This calcula-

tion takes into consideration the scenario in which the x-
ray 140 is incident on the anode 110 at precisely the
midpoint of the anode 110. By having a width no more
than 9.4 microns, a photoelectron 160 normal to the plane
of the cathode will escape the cathode 130. The same
argument applied to the long axis of the cathode would
suggest that the ideal cathode should be a cube (or even
a sphere) with dimensions significantly less than 9.4 mi-
crons.
[0026] Likewise, the CSDA range of the photoelectron
traveling through a dielectric material composed of alu-
mina can be modeled by the following equation: 

[0027] Again, R is the range in microns and E is the
energy of the photoelectron in keV. For a 58 keV incident
x-ray 140 that is absorbed by a tungsten atom on the
surface of the anode 110 facing the alumina dielectric,
and assuming that the resulting photoelectron 160 is
emitted normal to the surface of the anode 110, the max-
imum CSDA range in the alumina is 12.8 microns. Thus,
for this energy of incident x-ray 140, the minimum die-
lectric thickness 125 should be no less than 12.8 microns
to allow for maximum ionization in the dielectric material
120 (i.e. the shortest path across the dielectric is no less
than the CSDA for that material). The actual optimum
dielectric thickness will depend upon both the range of
the electron of interest and the space charge region
formed due to ionization in the dielectric for the electric
field applied between anode and cathode. In another em-
bodiment of the present invention, an anode 110 can be
located on each side of the cathode 130.
[0028] Figure 2 shows a plurality of direct conversion
x-ray detectors configured to detect x-ray radiation
across a range of energies according to one embodi-
ment.
[0029] To assure maximum absorption of x-rays, mul-
tiple cathode-anode pairs 100 are staggered in the direc-
tion perpendicular to the incident x-rays 240, 250 as
shown in Figure 2. As incident x-rays 240, 250 enter the
detector, the rays will either immediately strike an elec-
trode 230 producing an energetic photoelectron 260 or
be conveyed through the dielectric material 120 until they
strike an offset electrode 235. Again, a photoelectron 270
will be generated and transverse the dielectric material
120 producing free carriers resulting in an electrical cur-
rent. Depending on the width 135 of the electrodes 210,
230, as calculated above, and the width of the dielectric
125 several offset detectors 100 can be configured in a
plurality of layers 280.
[0030] Another extension of this embodiment replaces
the cathode material with tungsten (or the same material
as the anode). As can be seen from Figure 2, this would
provide even better x-ray absorption with a smaller total
detector thickness. As long as the energetic photoelec-
trons escape from the electrode in which they are pro-
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duced, there will be ionization in the dielectric material
despite the opposing electric field. It is important to re-
member that almost all of the signal current generated
in this device results from the secondary electron-hole
pairs created by the primary photoelectron or Compton
electron. Making the cathode out of the same material
as the anode 230 provides some manufacturing advan-
tages as well.
[0031] Figure 3 shows another embodiment of the
present invention comprising a plurality of direct conver-
sion x-ray detectors utilizing a planar configuration. Ac-
cording to this embodiment, planar electrodes 310, 330
of the detector are orientated perpendicular to the incom-
ing incident x-ray radiation. As the incident x-ray 340 pen-
etrates the detector and interacts with an electrode 330
it again produces a photoelectron 360 that ionizes the
dielectric material 120. As is apparent in Figure 3, the
width 335 of each cathode 330 increases with respect to
each successive layer 380. Similarly, the width 325 of
each septum (dielectric material) increases with each
successive layer.
[0032] The configuration shown in Figure 3 provides
the additional capability of detecting and converting into
electrical signals x-ray radiation possessing a range of
energy levels. Assuming that the first cathode 330, anode
310 pair in Figure 3 is configured optimally for the 56 keV
x-ray of the previous example, and assuming all of the
anodes 310 in Figure 3 are composed of tungsten and
the dielectric material is alumina, the width 335 of the
first anode 310 should be no more than 9.4 microns with
a corresponding width 325 of the dielectric material both
above and below the anode 310 of no less than 12.8
microns, (see calculations previously described)
[0033] According to this embodiment of the present in-
vention, x-rays of varied energies can be detected by the
same detector and directly converted into electrical sig-
nals. An x-ray 350 of significantly higher energy than 56
keV will have a high probability of passing through the
various layers 380 of the design shown in Figure 3 until
the combined thicknesses of the various layers 380 of
electrodes 330 is such that the probability of absorption
of the incident x-ray is high. The energetic photoelectrons
370 resulting from the interaction of the x-ray with the
various cathodes 330 produce ionization in the various
layers of dielectric material 120 creating a current real-
ized at the various anodes 310. The various anodes 310
may be combined in parallel to drive a single signal, or
separated into multiple signals representing different en-
ergy bins of the incoming x-ray beam. In this manner, a
direct conversion detector can be created for detecting
x-rays in a range of x-ray energy levels, with the number
of energy bins (and the approximate range of energy cov-
ered by such bins) being determined by the number of
layers.
[0034] The embodiment of the present invention
shown in Figure 3 possesses the additional benefit of
ease of manufacturing. Specifically, this embodiment
may be integrated into a CMOS, BiCMOS, or combina-

tion MEMS/CMOS process, in which case the detector
electronics may be located immediately beneath the
electrodes, providing a compact x-ray detector solution
that may be implemented in a tile like fashion, wherein a
larger detector array may be assembled by the two-di-
mensional tessellation of individual detector arrays.
[0035] Another embodiment of the present invention
comprises filling the space between the electrodes with
a dielectric material containing a heavy metal atom such
as, but not limited to, lead, tellurium or gadolinium. Since
the material between electrodes must have high resis-
tivity at temperatures on the order of 0 to 100 degrees
Celsius, one embodiment of the material is a glass con-
sisting partly of oxides of such heavy metal elements.
The addition of heavy metal atoms to the dielectric matrix
provides for increased absorption of x-rays by the die-
lectric material. This increased absorption allows for a
thinner total detector stack. In situations wherein the di-
electric material can be made sufficiently absorbant, the
need to have a high atomic number material for the elec-
trode can be obviated. One must be cautious of introduc-
ing a dielectric material that has too high of an x-ray ra-
diation stopping power since energetic photo- or Comp-
ton electrons that slow down in the dielectric material
may escape the channel as electromagnetic radiation
due to the Bremsstrahlung effect and either be lost to
detection in the appropriate channel or be detected in a
neighboring channel and thus be a source of cross-talk
between channels. Also, such enhanced absorption
glass must not be a scintillator, which would cause x-ray
photons to generate visible light. Such visible light will
not be detected since it does not have sufficient energy
to ionize the dielectric material.
[0036] Figure 4 is a flowchart of one method embodi-
ment of the present invention illustrating methods of im-
plementing an exemplary process for detecting energy
associated with x-ray radiation and directly converting
that energy to electrical current. In the following descrip-
tion, it will be understood that each block of the flowchart
illustration, and combinations of blocks in the flowchart
illustration, can be implemented by computer program
instructions. These computer program instructions may
be loaded onto a computer or other programmable ap-
paratus to produce a machine such that the instructions
which execute on the computer or other programmable
apparatus create the means for implementing the func-
tions specified in the flowchart block or blocks. These
computer program instructions may also be stored in a
computer-readable memory that can direct a computer
or other programmable apparatus to function in a partic-
ular manner such that the instructions stored in the com-
puter-readable memory produce an article of manufac-
ture including instruction means which implement the
function specified in the flowchart block or blocks. The
computer program instructions may also be loaded onto
a computer or other programmable apparatus to cause
a series of operational steps to be performed in the com-
puter or on the other programmable apparatus to produce
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a computer implemented process such that the instruc-
tions which execute on the computer or other program-
mable apparatus provide steps for implementing the
functions specified in the flowchart block or blocks.
[0037] Accordingly, blocks of the flowchart illustrations
support combinations of means for performing the spec-
ified functions and combinations of steps for performing
the specified functions. It will also be understood that
each block of the flowchart illustrations, and combina-
tions of blocks in the flowchart illustrations, can be im-
plemented by special purpose hardware-based compu-
ter systems which perform the specified functions or
steps, or combinations of special purpose hardware and
computer instructions.
[0038] The first step in converting x-ray radiation di-
rectly into electrical currents is to identify 410 the range
of the energetic photo-, Compton, or pair-production par-
ticle(s) that will be generated for an x-ray of a particular
energy. The particular range of energies of such parti-
cle(s) is of significant interest in configuring the present
invention. Second, the type of material 420 must be de-
termined. Typically, the cathode is composed of a mate-
rial with an atomic number in excess of 26 such as gold
or tungsten and the dielectric material is composed of a
material having a sufficiently high band gap to have a
low conductivity at temperatures at which the detector
will be operated and maintain such low conductivity at
the electrical biases that will be used during detector op-
eration, but at the same time be susceptible to radiation
induced conductivity.
[0039] Based on the particular energy range of the de-
tector and the types of materials selected for the various
components, a maximum thickness of the electrodes and
a minimum width of the dielectric material separating the
electrodes is determined 430. Thereafter the cathode
and the anode are configured 440 so as to be substan-
tially parallel with one another and separated 450 by the
dielectric material.
[0040] Energetic photoelectrons are created 460 by
the interaction of an x-ray of the particular energy range
and the anode. The interaction of the photoelectron in
the electrode and the dielectric material ionizes the die-
lectric material. The ionization produces 470 free carriers
in the dielectric material creating an electrical current un-
der the influence of the applied electrical potential be-
tween anode and cathode that is proportional to the par-
ticular energy of the electron that caused the ionization.
[0041] Finally, multiple sets of the anode / cathode /
and dielectric material can be configured 480 to ensure
substantially 100% absorption of either a particular en-
ergy or a range of energies of x-rays. These sets can
include, but are not limited to, parallel configuration of
inter-digitated, cone-like structures, wherein the dielec-
tric thickness between electrodes varies with position
along either electrode, and wherein the cone-like struc-
tures act to increase the local electric field to enhance
charge transport and collection. Although the invention
has been described and illustrated with a certain degree

of particularity it is understood that the present disclosure
has been made only by way of example and that numer-
ous changes in the combination and arrangement of
parts can be resorted to by those skilled in the art without
departing from the scope of the invention, as is hereafter
described in the following claims.

Claims

1. A direct conversion radiation detector configured to
detect and directly convert into electrical signals in-
cident x-ray radiation, comprising:

at least two electrode plates (310, 330) orientat-
ed parallel to each other defining a set of elec-
trode plates wherein for each set of electrode
plates a first plate is a cathode (330) comprising
a material possessing an element with an atomic
number > 26, and wherein a second plate is an
anode (310); and a dielectric material (120) in-
terposed between the at least two electrode
plates
wherein absorption of ionizing radiation of radi-
ation energies from approximately 1 keV to ap-
proximately 200 keV by the detector produces
ionization in the dielectric material resulting in
radiation induced conductivity of the dielectric
material creating a measurable electric current
when an external voltage is imposed between
the anode and the cathode,
wherein energetic charged particle(s) produced
by absorption or inelastic scattering of x-rays in
the set of electrode plates can escape said set
of electrode plates producing ionization in the
dielectric material (120), and
a minimum thickness of the dielectric material
is equal to or larger than a continuous slowing
down approximation range of energetic charged
particle(s) in the dielectric material, said ener-
getic charged particle(s) having been produced
by absorption or inelastic scattering of an x-ray
in either the cathode (330) or the anode (310),
and
wherein the detector comprises a plurality of
sets of electrode plates and each set of elec-
trode plates is configured to be orientated nor-
mal to the incident ionizing radiation in use, and

wherein each set of electrode plates is con-
figured to be adjacent to one another; and
wherein anode and/or cathode thickness
and dielectric material (120) thickness of
each successive set of electrode plates is
larger than previous sets of electrode
plates.

2. The direct conversion radiation detector of claim 1

11 12 



EP 2 147 334 B1

8

5

10

15

20

25

30

35

40

45

50

55

wherein:
the anode (310) and the cathode (330) comprise ma-
terial that is identical.

3. The direct conversion radiation detector of claim 1
wherein a maximum thickness of the cathode or an-
ode is less than a continuous slowing down approx-
imation range of charged particle(s) produced by ab-
sorption or inelastic scattering of an x-ray of the par-
ticular energy range in the cathode (330) or anode
(310).

4. A method for converting x-ray radiation directly to an
electrical current, the method comprising:

providing a direct conversion radiation detector
as claimed in any one of claims 1 to 3 and
producing ionization in the dielectric material by
absorbing x-ray radiation of radiation energies
from approximately 1 keV to approximately 200
keV in at least one electrode plate of a set of
electrode plates, wherein a charged particle(s)
resulting from absorption or inelastic scattering
of x-ray radiation produces ionization in the di-
electric resulting in radiation induced conductiv-
ity of said dielectric material (120), and wherein
a measurable electric current is directly pro-
duced when an external voltage is imposed be-
tween the anode (310) and the cathode (330).

Patentansprüche

1. Direktumwandlungsstrahlungsdetektor, der dazu
ausgelegt ist, einfallende Röntgenstrahlung zu er-
fassen und direkt in elektrische Signale umzuwan-
deln, umfassend:

mindestens zwei Elektrodenplatten (310, 330),
die parallel zueinander ausgerichtet sind und ei-
nen Satz von Elektrodenplatten definieren, wo-
bei bei jedem Satz von Elektrodenplatten eine
erste Platte eine Kathode (330) ist, die ein Ma-
terial umfasst, das ein Element mit einer Atom-
zahl > 26 besitzt, und wobei eine zweite Platte
eine Anode (310) ist; und ein dielektrisches Ma-
terial (120), das zwischen den mindestens zwei
Elektrodenplatten eingefügt ist,
wobei die Absorption der ionisierenden Strah-
lung der Strahlungsenergie von ungefähr 1 keV
bis ungefähr 200 keV durch den Detektor Ioni-
sierung in dem dielektrischen Material produ-
ziert, was zu strahlungsinduzierter Leitfähigkeit
des dielektrischen Materials führt und einen
messbaren elektrischen Strom erzeugt, wenn
eine externe Spannung zwischen der Anode
und der Kathode anliegt,
wobei energetisch geladene Teilchen, die durch

die Absorption oder unelastische Streuung von
Röntgenstrahlen in dem Satz von Elektroden-
platten produziert wurden, den Satz von Elek-
trodenplatten verlassen können und dabei Ioni-
sierung in dem dielektrischen Material (120) pro-
duzieren, und
eine Mindestdicke des dielektrischen Materials
gleich oder größer ist als ein sich kontinuierlich
verlangsamender Näherungsbereich der ener-
getisch geladenen Teilchen in dem dielektri-
schen Material, wobei die energetisch gelade-
nen Teilchen durch Absorption oder unelasti-
sche Streuung eines Röntgenstrahls in entwe-
der der Kathode (330) oder der Anode (310) pro-
duziert wurden, und
wobei der Detektor eine Vielzahl von Sätzen von
Elektrodenplatten umfasst und jeder Satz von
Elektrodenplatten dazu ausgelegt ist, im Ge-
brauch normal zu der einfallenden ionisierenden
Strahlung ausgerichtet zu sein, und
wobei jeder Satz von Elektrodenplatten dazu
ausgelegt ist, an einen anderen anzugrenzen;
und
wobei die Anoden- und/oder die Kathodendicke
und die Dicke des dielektrischen Materials (120)
eines jeden nachfolgenden Satzes von Elektro-
denplatten größer ist als die vorherigen Sätze
von Elektrodenplatten.

2. Direktumwandlungsstrahlungsdetektor nach An-
spruch 1, wobei:
die Anode (310) und die Kathode (330) identisches
Material umfassen.

3. Direktumwandlungsstrahlungsdetektor nach An-
spruch 1, wobei eine maximale Dicke der Kathode
oder Anode geringer ist als ein sich kontinuierlich
verlangsamender Näherungsbereich der geladenen
Teilchen, die durch Absorption oder unelastische
Streuung eines Röntgenstrahls des bestimmten En-
ergiebereichs in der Kathode (330) oder Anode (310)
produziert wurde.

4. Verfahren zum Umwandeln von Röntgenstrahlung
direkt in einen elektrischen Strom, wobei das Ver-
fahren umfasst:

Vorsehen eines Direktumwandlungsstrah-
lungsdetektors nach einem der Ansprüche 1 bis
3 und
Produzieren von Ionisierung in dem dielektri-
schen Material durch Absorbieren von Röntgen-
strahlung von Strahlungsenergien von ungefähr
1 keV bis ungefähr 200 keV in mindestens einer
Elektrodenplatte eines Satzes von Elektroden-
platten, wobei geladene Teilchen, die aus der
Absorption oder der unelastischen Streuung
von Röntgenstrahlung resultieren, Ionisierung
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in dem dielektrischen Material produzieren und
zu strahlungsinduzierter Leitfähigkeit des die-
lektrischen Materials (120) führen, und wobei
ein messbarer elektrischer Strom direkt produ-
ziert wird, wenn eine externe Spannung zwi-
schen der Anode (310) und der Kathode (330)
anliegt.

Revendications

1. Détecteur de rayonnement à conversion directe con-
figuré pour détecter et convertir directement, en si-
gnaux électriques, un rayonnement à rayons X inci-
dent, comprenant :

au moins deux plaques d’électrode (310, 330)
orientées parallèlement l’une à l’autre et définis-
sant un ensemble de plaques d’électrode, pour
chaque ensemble de plaques d’électrode une
première plaque étant une cathode (330) com-
prenant un matériau possédant un élément avec
un numéro atomique > 26 et une seconde pla-
que étant une anode (310) ; et un matériau dié-
lectrique (120) interposé entre les au moins
deux plaques d’électrode,
l’absorption de rayonnement ionisant d’éner-
gies de rayonnement d’approximativement 1
keV à approximativement 200 keV par le détec-
teur produisant une ionisation dans le matériau
diélectrique résultant en une conductivité induite
par rayonnement du matériau diélectrique
créant un courant électrique mesurable lors-
qu’une tension externe est imposée entre l’ano-
de et la cathode,
une ou plusieurs particules énergétiques char-
gées produites par absorption ou dispersion iné-
lastique de rayons X dans l’ensemble de pla-
ques d’électrode pouvant s’échapper dudit en-
semble de plaques d’électrode produisant une
ionisation dans le matériau diélectrique (120), et
une épaisseur minimale du matériau diélectri-
que étant supérieure ou égale à une plage d’ap-
proximation de ralentissement continu de parti-
cule(s) énergétique(s) chargée(s) dans le ma-
tériau diélectrique, ladite ou lesdites particules
énergétiques chargées ayant été produites par
absorption ou dispersion inélastique d’un rayon
X dans la cathode (330) ou l’anode (310), et
le détecteur comprenant une pluralité d’ensem-
bles de plaques d’électrode et chaque ensemble
de plaques d’électrode étant configuré pour être
orienté normal au rayonnement ionisant incident
en utilisation, et

chaque ensemble de plaques d’électrode
étant configuré pour être adjacent à un
autre ; et

l’épaisseur d’anode et/ou de cathode et
l’épaisseur de matériau diélectrique (120)
de chaque ensemble successif de plaques
d’électrode étant plus grande que les en-
sembles précédents de plaques d’électro-
de.

2. Détecteur de rayonnement à conversion directe se-
lon la revendication 1, dans lequel :
l’anode (310) et la cathode (330) comprennent un
matériau qui est identique.

3. Détecteur de rayonnement à conversion directe se-
lon la revendication 1, dans lequel une épaisseur
maximale de la cathode ou anode est inférieure à
une plage d’approximation de ralentissement conti-
nu de particule(s) chargée(s) produite(s) par absorp-
tion ou dispersion inélastique d’un rayon X de la pla-
ge d’énergie particulière dans la cathode (330) ou
l’anode (310).

4. Procédé de conversion de rayonnement à rayons X
directement en un courant électrique, le procédé
comprenant :

disposer un détecteur de rayonnement à con-
version directe selon l’une quelconque des re-
vendications 1 à 3, et
produire une ionisation dans le matériau diélec-
trique par absorption de rayonnement à rayons
X d’énergies de rayonnement d’approximative-
ment 1 keV à approximativement 200 keV dans
au moins une plaque d’électrode d’un ensemble
de plaques d’électrode, une ou plusieurs parti-
cules chargées résultant de l’absorption ou dis-
persion inélastique de rayonnement à rayons X
produisant une ionisation dans le matériau dié-
lectrique résultant en une conductivité induite
par rayonnement dudit matériau diélectrique
(120), et un courant électrique mesurable étant
produit directement lorsqu’une tension externe
est imposée entre l’anode (310) et la cathode
(330).
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