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A system (10) and method for conditioning a photoconduc-
tive radiation detector (12) achieve charge redistribution within a
photoconductive layer (16) without the need for charge removal
or charge injection techniques. A first conditioning voltage is ap-
plied (46) across the detector to establish a first electric field. The
first electric field is reversed relative to fields applied to the detec-
tor during image exposure and image read-out operations. While
the first conditioning voltage is maintained, the photoconductive
layer is exposed for a period of time to first conditioning radiation
(48) having one or more wavelenghts selected to penetrate at least
a portion of the photoconductive layer (16). A second condition-
ing voltage, less than the first conditioning voltage, then can be
optionally applied (50) across the detector to establish a forward
bias electric field. While the second conditioning voltage is main-
tained, the photoconductive layer (16) is exposed for a period of
time to second. Broad spectrum conditioning radiation (52). The
detector (12) can then be placed in a dark environment for a period
of time, in a shorted condition, to dark-adapt the photoconductive
layer (54).
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SYSTEM AND METHOD FOR CONDITIONING
A RADIATION DETECTOR
Field of the Invention
The present invention relates to imaging, and, more particularly, to

techniques for conditioning photoconductive detectors useful in radiography.

Discussion of Related Art

Conventional X-ray imaging systems employ an X-ray sensitive fluorescent
screen and a photosensitive film to form a visible analog representation of a
modulated X-ray pattern. The fluorescent screen absorbs X-ray radiation, and is
thereby stimulated to emit visible light. The visible light exposes the photosensitive
film to form a latent image of the X-ray pattern. The film is then chemically
processed to transform the latent image into a visible analog representation of the
X-ray pattern.

More recently, efforts have been made to develop systems for acquiring
digital X-ray images using various physical processes. Several approaches have
focused on the use of radiation detectors made with photoconductive materials such
as amorphous selenium. One type of photoconductive radiation detector includes a
multilayer structure having a first conductive layer, a photoconductive layer
disposed adjacent the first conductive layer, an insulative layer disposed adjacent
the photoconductive layer opposite the first conductive layer, and a second
conductive layer disposed adjacent the insulative layer opposite the
photoconductive layer. The adjacent surfaces of the photoconductive layer and the
insulative layer define a photoconductor-insulator interface. A junction layer is
formed between the adjacent surfaces of the photoconductive layer and the first
conductive layer.

For a radiation detector as described above, an imaging operation is
accomplished by applying a first voltage across the first and second conductive

layers, and exposing the photoconductive layer to imaging radiation. With a
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photoconductive layer of amorphous selenium, for example, the first voltage may
have a positive polarity at the second conductive layer and a negative polarity at
the first conductive layer. The application of the first voltage creates a first electric
field across the detector. The absorption of imaging radiation by the
photoconductive detector creates electron-hole pairs in the photoconductive layer.
The first electric field separates the electron-hole pairs to form a set of charge
carriers that create an electrostatic latent image at the interface between the
photoconductive layer and the insulative layer.

The latent image can be read out and digitized to realize a digital
representation of the radiation pattern. The read-out operation is accomplished by
applying a second voltage across the first and second conductive layers, thereby
creating a second electric field. A pixel-sized beam of readout radiation is then
raster scanned across the photoconductive detector. The scanned beam
substantially completes the local discharge of the photoconductive layer at each
pixel point, causing movement of a second set of charge carriers in the applied
electric field. The imaged areas of the photoconductive detector, which form the
latent image, respond to the beam by producing less charge movement than non-
imaged areas. Consequently, the level of detected current varies as an image-wise
function of the position of the scanned beam on the photoconductive layer. A
current detection circuit senses local current between the first and second
conductive layers as each pixel point is scanned. The current detection circuit
processes the current level detected at each pixel point to generate a representation
of the latent image, which may take the form of a digital representation.

A radiation detector as described above can be reused for subsequent
imaging operations, but only after conditioning to redistribute latent image charge
and read-out charge collected at the photoconductor-insulator interface. The
conditioning operation effectively erases the photoconductive detector for the next
imaging operation. To properly condition a photoconductive detector, charge
collected at the photoconductor-insulator interface should be either neutralized or
removed. Unlike single-layer photoconductive structures, such as those used in

xerography, the closed structure of the photoconductive detector does not allow the
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application of external charge to neutralize the collected charge. Specifically, the
insulative layer of the detector covers the photoconductive layer, making the
photoconductor-insulator interface inaccessible to external charge.

The inability to apply external charge to the interface has led to the study of
charge removal as an alternative conditioning technique. Charge removal involves
transport of the collected charge from the photoconductor-insulator interface,
through the photoconductive layer, and to the junction layer. Transport can be
accomplished to some extent by shorting the first and second conductive layers,
and dark-adapting the shorted photoconductive detector, i.e., placing the detector in
a dark environment for a period of time. A flood light exposure optionally can be
performed prior to dark-adapting the detector. The shorting of the conductive
layers creates an electric field that facilitates charge movement across the
photoconductive layer to the first conductive layer. The electric field would
effectively remove the charge from the photoconductor-insulator interface if the
charge were free to transport. The charge typically is not all free, however, but
held in interface trap sites. Because the trap sites prevent transport, charge removal
generally has not been considered a completely effective technique for
conditioning a photoconductor detector.

Other conditioning techniques have focused on charge injection as a means
to neutralize the collected charge, due to the deficiencies encountered with the
charge removal technique. Charge injection involves the transport of neutralizing
charge from the first conductive layer to the photoconductor-insulator interface.
Conditioning by charge injection has proved effective. Unfortunately, the physical
requirements of charge injection have placed undesirable constraints on the
structure of the overall photoconductive detector. In particular, the charge
injection technique complicates fabrication of the junction layer separating the first
conductive layer and the photoconductive layer. The imaging and read-out
operations involve the application of a high potential across the first and second
conductive layers. To avoid premature discharge, the junction layer should be
constructed to electrically block charge flow from the photoconductive layer to the

first conductive layer. For charge injection, however, the junction layer also
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should be constructed to allow charge flow from the first conductive layer to the
photoconductive layer.

The charge injection conditioning technique therefore generally requires the
formation of a "rectifying" junction layer between the first conductive layer and the
photoconductive layer. A "rectifying" junction layer substantially blocks charge
flow in one direction only, generally allowing charge flow in the opposite
direction. The formation of a "rectifying" junction layer involves a complicated
process having an uncertain success rate. Specifically, the "rectifying" junction
layer generally is formed by creating a carefully controlled oxide layer on an
aluminum surface of the first conductive layer, and then carefully controlling the
initial phases of deposition of the photoconductive layer over the oxide layer. The
process for creating an oxide layer having suitable rectifying characteristics has not
been fully understood by those skilled in the art, resulting in an inconsistent
success rate that produces undesirably low manufacturing yields. In addition, the
need for an aluminum surface constrains the choice of materials that can be used
for the first conductive layer. Finally, the process for forming the oxide layer also
places constraints on deposition process parameters for the photoconductive layer.

In summary, conditioning a photoconductive detector by the application of
external charge has not been considered feasible due to the disposition of the
insulative layer adjacent the photoconductive layer. Conditioning by charge
removal has been found to be ineffective due to retention of charge carriers in
interface trap sites. Finally, conditioning by charge injection provides effective
charge redistribution, but has been found to require the use of a "rectifying"

junction layer formed by a complicated manufacturing process.

um ntion
In view of the foregoing disadvantages associated with existing techniques
for conditioning a radiation detector for reuse, the present invention is directed to a
conditioning system and method that achieve effective conditioning without the
need for charge injection or charge removal techniques. The conditioning system

and method of the present invention are not only applicable to a detector structure
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having a "rectifying" junction layer, but also enable the use of a fully closed
detector structure having both an insulative layer and a "blocking" junction layer
that substantially blocks charge flow between the photoconductive layer and the
first conductive layer in both a forward bias direction and a reverse bias direction.
A fully closed detector structure would be advantageous because the "blocking”
junction layer could be formed by a thin insulative layer. In contrast to the
complicated manufacturing processes generally necessary to form a "rectifying"
junction layer, a thin insulative layer can be formed by relatively simple processes
such as vacuum deposition, growth by oxidation, or solution coating to form a thin
film.

Additional features and advantages of the invention will be set forth in part
in the description that follows, and in part will be apparent from the description, or
may be learned by practice of the invention. The advantages of the invention will
be realized and attained by the system and method particularly pointed out in the
written description and claims hereof, as well as in the appended drawings.

To achieve the foregoing advantages, as broadly embodied and described
herein, the present invention provides a method for conditioning a radiation
detector having a first conductive layer, a photoconductive layer disposed adjacent
the first conductive layer, an insulative layer disposed adjacent the
photoconductive layer opposite the first conductive layer, and a second conductive
layer disposed adjacent the insulative layer opposite the photoconductive layer, the
radiation detector forming a latent image in response to both application of an
image exposure voltage across the first conductive layer and the second conductive
layer and exposure to imaging radiation, and the latent image being read out during
application of an image readout voltage across the first conductive layer and the
second conductive layer and exposure of the detector to readout radiation, the
conditioning method comprising the steps of applying a conditioning voltage
across the first conductive layer and the second conductive layer, the conditioning
voltage having a polarity opposite to a polarity of both the image exposure voltage
and the image readout voltage, wherein the conditioning voltage establishes an

electric field across the photoconductive layer and exposing the photoconductive
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layer to conditioning radiation having one or more wavelengths selected to
penetrate at least a portion of the photoconductive layer, thereby releasing charge
carriers trapped within the photoconductive layer to transport within the electric
field.

The present invention also provides a system for conditioning a radiation
detector having a first conductive layer, a photoconductive layer disposed adjacent
the first conductive layer, an insulative layer disposed adjacent the
photoconductive layer opposite the first conductive layer, and a second conductive
layer disposed adjacent the insulative layer opposite the photoconductive layer, the
radiation detector forming a latent image in response to both application of an
image exposure voltage across the first conductive layer and the second conductive
layer and exposure to imaging radiation, and the latent image being read out during
application of an image readout voltage across the first conductive layer and the
second conductive layer and exposure of the detector to readout radiation, the
conditioning system comprising means for applying a conditioning voltage across
the first conductive layer and the second conductive layer, the conditioning voltage
having a polarity opposite to a polarity of both the image exposure voltage and the
image readout voltage, wherein the conditioning voltage establishes an electric
field across the photoconductive layer, and means for exposing the
photoconductive layer to conditioning radiation having one or more wavelengths
selected to penetrate at least a portion of the photoconductive layer, thereby
releasing charge carriers trapped within the photoconductive layer to transport
within the electric field.

It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only, and not

restrictive of the invention, as claimed.

Brief Description of the Drawings

The accompanying drawings are included to provide a further

understanding of the invention and are incorporated in and constitute a part of this
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specification. The drawings illustrate exemplary embodiments of the invention
and together with the description serve to explain the principles of the invention.

F1g 1 is a schematic representation of a system for acquiring a digital
image with a reusable radiation detector;

Fig. 2 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 during an image exposure operation;

Fig. 3 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 illustrating an example of charge distribution after an image
exposure operation;

Fig. 4 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 during an image read-out operation;

Fig. 5 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 illustrating an example of charge distribution after an image read-
out operation;

Fig. 6 is a flow diagram illustrating an exemplary embodiment of a method
for conditioning a radiation detector in accordance with the present invention;

Fig. 7 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 during a first stage of a system and method for conditioning a
radiation detector in accordance with the present invention;

Fig. 8 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 illustrating an example of charge distribution after the conditioning
stage of Fig. 7;

Fig. 9 is a schematic cross-sectional representation of the radiation detector
shown in Fig. 1 during another stage in a system and method for conditioning a
radiation detector in accordance with the present invention; and

Fig. 10 is a schematic cross-sectional representation of the radiation
detector shown in Fig. 1 illustrating an example of charge distribution after the

conditioning stage of Fig. 9.
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etail iption of referre imen

Fig. 1 is a schematic representation of a system 10 for acquiring a digital
image in reéponse to imaging radiation. The system 10 incorporates an exemplary
reusable radiation detector 12 suitable for application of a conditioning system and
method in accordance with the present invention. The detector 12 comprises a
multi-layered stack having a first conductive layer 14, a photoconductive layer 16
disposed adjacent the first conductive layer, an insulative layer 18 disposed
adjacent the photoconductive layer opposite the first conductive layer, and a
second conductive layer 20 disposed adjacent the insulative layer opposite the
photoconductive layer. The first conductive layer 14 may be a planar sheet of
conductive material or, as shown in Fig. 1, a segmented array of conductive
electrodes 14a-14p arranged in a striped pattern across detector 12. Adjacent
surfaces of photoconductive layer 16 and insulative layer 18 define a
photoconductor-insulator interface 22. An example of a known radiation detector
substantially conforming to that described above is disclosed in United States
Patent No. 4,176,275 to Korn and Nelson.

A junction layer 24 is formed between first conductive layer 14 and
photoconductive layer 16. A conditioning system and method, in accordance with
the present invention, enablcs junction layer 24 to be realized as either a
"rectifying" junction layer or a "blocking" junction layer. The term "rectifying"
junction layer, as used herein, refers to a junction layer that is substantially
electrically blocking to charge flow from photoconductive layer 16 to first
conductive layer 14, but substantially electrically non-blocking to charge flow from
the first conductive layer to the photoconductive layer. In contrast, the term -
"blocking" junction layer, as used herein, refers to a junction layer that, like a
"rectifying" junction layer, is substantially electrically blocking to charge flow
from photoconductive layer 16 to first conductive layer 14, but which, unlike a
"rectifying" junction layer, is substantially electrically blocking to charge flow
from the first conductive layer to the photoconductive layer. Thus, in accordance
with the conditioning system and method of the present invention, junction layer

24 should be substantially electrically blocking to the flow of charge from
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photoconductive layer 16 to first conductive layer 14. However, junction layer 24
may be either substantially electrically non-blocking or substantially electrically
blocking to the flow of charge from first conductive layer 14 to photoconductive
layer 16. Consequently, detector 12 may, if desired, comprise a fully closed
detector structure in which photoconductive layer 16 is enclosed by both insulative
layer 18 and a "blocking" junction layer 24.

Numerous variations in the structure of detector 12 are conceivable. For
example, the first and second conductive layers 14, 20 can be interchanged such
that first conductive layer 14 is disposed adjacent insulative layer 18 and second
conductive layer 20 is disposed adjacent photoconductive layer 16. In addition,
detector 12 can be mounted on a substrate and/or a mechanical frame for added
support. The layers of detector 12 can be formed from various materials providing
suitable electrical and radiographic characteristics. If a substrate is employed, first
conductive layer 14 can be formed over the substrate by depositing a planar sheet
of conductive material. The segmented array of electrodes 14a-14p, as shown in
Fig. 1, can be formed by etching the deposited planar sheet to define a suitable
striped pattern. If a substrate is not employed, first conductive layer 14 can be
formed by depositing a planar sheet on a surface of photoconductive layer 16, and
then etching the sheet to define electrodes 14a-14p, as desired.

The photoconductive layer 16 preferably comprises amorphous selenium,
which can be formed over first conductive layer 14 by conventional techniques, or
formed as a separate layer to which conductive layer 14 can be added by
deposition, as described above. However, photoconductive layer 16 may comprise
other materials suitable for detecting radiation, such as lead oxide, cadmium
sulfide, or mercurous iodide, as well as any of a variety of organic
photoconductors. In general, photoconductive layer 16 should exhibit a low
conductivity in the absence of imaging radiation, on the order of approximately
10° ohm-centimeters or greater. The low conductivity enables an electric field to
be maintained across detector 12 for an extended period of time without
appreciable discharge. The photoconductive layer 16 also should be thick enough

to absorb approximately 50 percent or more of the flux of the imaging radiation
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received by detector 12 during image exposure operations to form a satisfactory
latent image. With amorphous selenium, for example, photoconductive layer 16
preferably has a thickness of approximately 250 to 550 microns.

The insulative layer 18 can be formed either from a material that is fluid at
the operating temperature of detector 12, which may be a gaseous material such as
air, or from a layer of non-fluid material. The insulative layer 18 typically has a
thickness of approximately 100 to 300 microns. The insulative layer 18 can be
formed by vapor deposition of a polymeric material, such as parylene-C,
manufactured by Union Carbide, over photoconductive layer 16. The vapor
deposition technique may be advantageous because it facilitates the formation of an
insulative layer having uniform thickness. The insulative layer 18 alternatively can
be realized by a flexible polymeric film that is bonded to the surface of
photoconductive layer 16 opposite first conductive layer 14 with an optical
adhesive, typically 1 to 30 microns thick. The second conductive layer 20 can be
formed by evaporation of a conductive material over the surface of insulative layer
18 opposite photoconductive layer 16. If insulative layer 18 is formed separately
from the stack as a polymeric film, second conductive layer 20 can be evaporated
over the insulative layer either before or after bonding the film to photoconductive
layer 16.

With reference to Fig. 1, system 10 further includes a voltage source 26, a
first radiation source 28, a second radiation source 30, and a current detection
circuit 32. For an image exposure operation, voltage source 26 applies an exposure
voltage across detector 12. The first radiation source 28 then emits imaging
radiation 34 that is received by detector 12, after passing through an object to be
imaged. The object to be imaged alters the intensity of the imaging radiation 34
received by detector 12 in an image-wise pattern, resulting in the formation of a
latent image representing the object, as described in United States Patent No.
4,176,275. For an image read-out operation, voltage source 26 applies a read-out
voltage across detector 12 while second radiation source 30 raster scans a pixel-
sized beam 36 of readout radiation across detector 12 in a time-ordered pattern.

The current detection circuit 32 detects and stores current flow values in
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synchronism with the time-ordered pattern scanned by beam 36 to produce a
representétion of the latent image, which may be in the form of a digital
representation.

The voltage source 26 has a first terminal coupled to first conductive layer
14, as indicated by line 38, and a second terminal coupled to second conductive
layer 20, as indicated by line 40. Fig. 2 is a schematic cross-sectional
representation of detector 12 during an image exposure operation, illustrating an
example of initial charge distribution within the detector. As shown in Fig. 2,
during the image exposure operation, voltage source 26 applies an exposure
voltage Vg that creates an electric field Eg across detector 12. When amorphous
selenium is used for photoconductive layer 16, the more mobile carriers are the
holes. In this case, the exposure voltage Vi applied by voltage source 26
preferably has a positive polarity at second conductive layer 20, as shown in Fig. 2.
The voltage Vg will be referred to as a "forward bias" voltage for the holes. The
voltage source 26 alternatively may apply an exposure voltage Vi having an
opposite polarity across detector 12 while achieving satisfactory imaging
performance. In such a case, the opposite polarity voltage would be referred to as a
"forward bias" voltage for the less mobile electrons.

The photoconductive layer 16 absorbs a portion of imaging radiation 34
emitted by first radiation source 28. Figs. 1 and 2 show imaging radiation 34 as
being incident on detector 12 from the direction of second conductive layer 20.
However, imaging radiation 34 may be incident from the direction of first
conductive layer 14. In either case, the conductive layer 14, 20 through which
photoconductive layer 16 receives imaging radiation 34 should be transparent to
the wavelength of the imaging radiation. As an example, for imaging radiation 34,
having an X-ray wavelength of approximately 10" to 10" meters, either first
conductive layer 14 or second conductive layer 20 can be formed from thin
metallic, e.g., aluminum, layers that are sufficiently transparent to X-rays.
Alternatively, a deposited film of conducting, transparent indium tin oxide (ITO)

may be suitable for formation of either first conductive layer 14 or second
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conductive layer 20. If photoconductive layer 16 also receives imaging radiation
34 through a substrate, the substrate should be transparent to the radiation.

The imaging radiation 34 is absorbed by photoconductive layer 16 in an
image-wise pattern representing an object 41 to be imaged, which may be, for
example, a portion of the human body, an industrial structure, or a contact film.
The object 41, as shown in Fig. 2, includes substantially radiation-opaque areas
41a and less radiation-opaque areas 41b that determine the pattern of incident
imaging radiation 34 received by detector 12. The absorbed radiation creates
electron-hole pairs within photoconductive layer 16. The electric field Eg separates
the electron-hole pairs within photoconductive layer 16 to mobilize a set of charge
carriers. The electric field E generated by the exposure voltage Vg typically has a
field strength of approximately 5 to 15 volts/micron within photoconductive layer
16. In particular, field strengths in the higher end of this range provide more
effective carrier separation within photoconductive layer 16.

The mobile carriers reduce the electric field E across photoconductive
layer 16 in an image-wise pattern. The charge carriers having a first polarity move
to first conductive layer 14, whereas the charge carriers having a second, opposite
polarity move to interface 22, resulting in the formation of a latent electrostatic
image at the interface. For example, if photoconductive layer 16 comprises
amorphous selenium and exposure voltage V has a positive polarity at second
conductive layer 20, the latent electrostatic image is formed by the collection of
electrons at interface 22.

As shown in Fig. 2, prior to the image exposure operation, a negative
charge Q, exists at the first conductive layer 14, as determined by the exposure
voltage V. Fig. 3 is a schematic cross-sectional representation of detector 12,
illustrating an example of charge distribution within the detector after an image
exposure operation. As shown in Fig. 3, the electric field Eg causes a fraction fof
the original charge Q, on first conductive layer 14 to reside at interface 22 in an
image-wise pattern. The voltage source 26 simultaneously redistributes charge

between first conductive layer 14 and second conductive layer 20 to maintain the
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potential difference Vg across detector 12. The charge fremains at interface 22,
however, thereby preserving the electrostatic latent image.

Fig. 4 is a schematic cross-sectional representation of detector 12
illustrating charge distribution within the detector during an image read-out
operation. As shown in Fig. 4, voltage source 26 applies a read-out voltage Vy that
creates a second electric field Ey across detector 12. When amorphous selenium is
used for photoconductive layer 16, the read-out voltage Vy applied by voltage
source 26 preferably has a positive polarity at second conductive layer 20. Like the
exposure voltage VE, the read-out voltage V will be referred to as a "forward bias"
voltage for the more mobile holes. The read-out voltage Vy alternatively may have
an opposite polarity across detector 12. In such a case, the opposite polarity
voltage would be referred to as a "forward" bias voltage for the less mobile
electrons. However, the polarity of the read-out voltage Vi should be the same as
the polarity of the exposure voltage V.

The second radiation source 30 scans beam 36 across detector 12 in a
time-ordered pattern. The time-ordered pattern preferably comprises a raster
pattern that scans a series of parallel lines, one at a time, until every pixel on
detector 12 has been scanned. In the example of Fig. 4, beam 36 is shown as being
scanned from right to left across detector 12. The scanning beam 36 may have a
wavelength substantially similar to that of imaging radiation 34, or a substantially
different wavelength. For example, beam 36 may comprise ultraviolet, visible, or
infrared radiation, as appropriate to discharge the particular material selected for
photoconductive layer 16. If amorphous selenium if used for photoconductive
layer 16, for example, beam 36 may comprise visible radiation in the blue-green
spectral range. A typical beam 36 employed in read-out operations is realized by a
laser having a wavelength of approximately 488 nanometers.

Figs. 1 and 4 show beam 36 as being incident on detector 12 from the
direction of second conductive layer 20. However, beam 36 may be incident from
the direction of first conductive layer 14. In either case, the conductive layer 14,
20 through which photoconductive layer 16 receives beam 36 should be transparent

to the wavelength of the beam. A deposited film of conducting, transparent indium
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tin oxide (ITO), for example, may be suitable for formation of either first
conductive layer 14 or second conductive layer 20. If photoconductive layer 16
receives beam 36 through a substrate, the substrate also should be transparent to
the beam.

The photoconductive layer 16 absorbs a portion of the radiation transmitted
by scanned beam 36 to create additional electron-hole pairs. The electric field Ex
applied across detector 12 separates the electron-hole pairs to mobilize a second set
of charge carriers. The electric field Ey typically has a field strength of
approximately 1 to 5 volts/micron. As in the image exposure operation, the charge
carriers of a first polarity move to first conductive layer 14, whereas the charge
carriers of a second polarity move to interface 22. The charge movement caused
by electric field E substantially completes the local discharge of photoconductive
layer 16 at each pixel point, as represented by the dashed arrow 42 in Fig. 4. The
second radiation source 30 continues to scan beam 36 until every pixel has been
addressed. The resulting charge movement at each pixel leads to further
redistribution of charge between first conductive layer 14 and second conductive
layer 20 by voltage source 26.

The current detection circuit 32 is coupled to electrodes 14a-14p,
respectively, via channels 44a-44p, as shown in Fig. 1. The current detection
circuit 32 detects the redistribution of charge between first conductive layer 14 and
second conductive layer 20 as beam 36 scans each pixel. In this manner, current
detection circuit 32 acquires a measure of local current flow at each pixel point.
The imaged areas of photoconductive layer 16, which coincide with the latent
image at interface 22, respond to beam 36 by producing less charge movement than
non-imaged areas. The imaged areas produce less charge movement because less
charge is necessary to complete the discharge of photoconductive layer 16 in the
imaged areas of interface 22 where latent image charge has been collected.
Consequently, the level of current detected by current detection circuit 32 varies as
an image-wise function of the position of the scanned beam on photoconductive
layer 16. The current detection circuit 32 processes the current level detected at

each pixel point to generate a representation of the latent image.
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Fig. 5 is a schematic cross-sectional representation of detector 12
illustrating an example of charge distribution within the detector after the image
read-out operaﬁon. As shown in Fig. 5, the image exposure and image read-out
operations result in the collection of both latent image charge and read-out charge
at interface 22. To prepare the reusable detector 12 for a new imaging operation,
the detector should be conditioned to redistribute this collected charge within
photoconductive layer 16.

Fig. 6 is a flow diagram illustrating an exemplary embodiment of a method
for conditioning detector 12, in accordance with the present invention. The
conditioning method of the present invention achieves redistribution of the charge
collected at interface 22 without the need for charge removal or charge injection
methods. As indicated by block 46 of Fig. 6, a first, reverse bias conditioning
voltage is applied across first conductive layer 14 and second conductive layer 20
to establish a first, reverse bias electric field. While the first conditioning voltage
is maintained across detector 12, photoconductive layer 16 is exposed for a period
of time to first conditioning radiation having one or more wavelengths selected to
penetrate at least a portion of the photoconductive layer, as indicated by block 43.
The first conditioning radiation is selected to release charge carriers trapped within
photoconductive layer 16, enabling the released charge carriers to transport in the
first electric field established by the first conditioning voltage. In some
circumstances it is conceivable that acceptable conditioning can be achieved by
application of the first conditioning voltage and first conditioning radiation alone.
For example, it may be sufficient that the application of the first conditioning
voltage and first conditioning radiation result in a reproducible charge density state
at interface 22, which serves as a starting point for the next image exposure
operation.

To achieve more complete conditioning, however, a method in accordance
with the present invention preferably is realized by the following additional steps.
Specifically, a second, forward bias conditioning voltage, less than the first
conditioning voltage, can be applied to first and second conductive layers 14, 20 to

establish a second, forward bias electric field, as indicated by block 50. The
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second conditioning voltage preferably is achieved by shorting first conductive
layer 14 and second conductive layer 20 to produce a voltage of approximately
zero. While the second conditioning voltage is maintained across first and second
conductive layers 14, 20, photoconductive layer 16 is exposed for a period of time
to second, broad spectrum conditioning radiation, as indicated by block 52. Asa
further optional step, detector 12 then can be placed in a dark environment for a
period of time, with first and second conductive layers 14, 20 shorted, to dark-
adapt photoconductive layer 16, as indicated by block 54.

Fig. 7 is a schematic cross-sectional representation of detector 12 during a
first stage of the conditioning method of the present invention. As shown in Fig. 7,
voltage source 26 applies the first conditioning voltage V., across first and second
conductive layers 14, 20 to establish the first electric field E;. The application of
first conditioning voltage V¢, corresponds to the step indicated in block 46 of Fig.
6. The conditioning voltage V¢, is a reverée bias voltage relative to both the
forward bias exposure voltage Vg and the forward bias read-out voltage Vy applied
during the image exposure and image read-out operations, respectively. Thus, the
resulting first electric field E¢,; similarly is a reverse bias field relative to fields Eg
and Ej;, established during the image exposure and image read-out operations,
respectively. If the image exposure and image read-out voltages Vg, Vj are
selected to have positive polarities at second conductive layer 20, as generally
would be the case when photoconductive layer 16 comprises amorphous selenium,
the oppositely poled conditioning voltage V¢, then is selected to have a positive
polarity at first conductive layer 14. The polarities of the image exposure voltage
Vg, image read-out voltage Vy, and first conditioning voltage V¢, can, of course,
be reversed according to the needs of the system user and/or the type of material
used to form photoconductive layer 16.

While first conditioning voltage V¢, is maintained, a first conditioning
radiation source 56 exposes photoconductive layer 16 to first conditioning
radiation 58, as also shown in Fig. 7. The application of first conditioning
radiation 58 corresponds to the step indicated in block 48 of Fig. 6. The first

conditioning radiation 58 contains wavelengths selected to penetrate at least a
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portion of photoconductive layer 16. The photons transmitted with first
conditioning radiation 58 release holes and electrons from trap sites at interface 22.
For enhanced conditioning, it is preferred that first conditioning radiation 58 also
contain wavelengths selected to penetrate deep within the bulk of photoconductive

layer 16 to release holes and electrons from distributed trap sites. Once first

~ conditioning radiation 58 releases the trapped charge carriers, they are free to

transport within the reverse bias electric field E;, along with charge carriers not
held in trap sites, resulting in redistribution of charge supporting the latent image at
interface 22.

The first conditioning radiation 58 releases, in particular, a portion of the
charge carriers held in trap sites at interface 22, enabling the released charge
carriers to leave the interface by light excitation and transport away from the
interface in the reverse bias field E;. The collected charge carriers not held in
interface trap sites are also free to transport away from interface 22 in field E¢,,
thereby contributing to redistribution of the latent image at the interface. At the
same time, first conditioning radiation 58 releases charge carriers having a polarity
opposite to that of the charge collected at interface 22. The oppositely poled
charge carriers released by radiation 58 are thereby free to transport toward
interface 22 in the reverse bias field E;, along with oppositely poled charge
carriers not held in trap sites, to neutralize the remaining charge carriers collected
at the interface. The opposite poled charge carriers also accumulate at interface 22
in excess of the original latent image charge.

If photoconductive layer 16 comprises amorphous selenium and image
exposure voltage Eg has a positive polarity at second conductive layer 20, for
example, the charge collected at interface 22 is negative, as shown in Fig. 7. The
first conditioning radiation 58 releases a portion of the electrons and holes held in
trap sites at interface 22, as well as electrons and holes held in distributed trap sites
deep within photoconductive layer 16. The electrons released from interface trap
sites leave interface 22 by light excitation and transport away from the interface in
the reverse bias field E¢;. The holes released from interface trap sites and

distributed trap sites transport in the opposite direction toward interface 22 to
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neutralize remaining electrons. Thus, the redistributive effect is achieved both by
transport and neutralization of electrons collected at interface 22.

The wavelength of first conditioning radiation 58 sufficient to release a
satisfactory amount of trapped charge carriers inevitably will vary with the
absorption versus wavelength characteristic of the particular photoconductive
material chosen for photoconductive layer 16, as well as the intensity and exposure
time of the first conditioning radiation. In addition, the optimum wavelength of
first conditioning radiation 58 will depend on the density of deep trap sites within
photoconductive layer 16 and the spatial distribution of such trap sites throughout
the photoconductive layer. The absorption versus wavelength characteristic of the
photoconductive material determines the number of photons that will be absorbed
at a particular wavelength before actually reaching trapped charge carriers at a unit
depth within photoconductive layer 16. The absorption versus wavelength
characteristic of insulative layer 18 generally can be disregarded if a proper choice
of materials is made. The total number of photons transmitted via first
conditioning radiation 58, notwithstanding absorption, is a function of the intensity
of the conditioning radiation and the exposure time.

The absorption edge of a photoconductive material refers to a wavelength at
which substantially all of the incident radiation is absorbed within the first micron
of depth. Effective redistribution of trapped charge carriers can be achieved, in
accordance with the present invention, by exposing photoconductive layer 16 to
first conditioning radiation 58 that does not include wavelengths greater than the
pertinent absorption edge wavelength, provided intensity and/or exposure time are
increased to compensate for excessive absorption. However, the need for higher
energies and/or longer exposure times is inefficient, and therefore may be
unacceptable to the user. Thus, to achieve more efficient redistribution for
photoconductive materials having a significant degree of trapping within the bulk,

first conditioning radiation 58 should contain wavelengths that are not substantially

less than the absorption edge wavelength of the chosen photoconductive material,

and preferably contains wavelengths greater than the absorption edge wavelength.
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For example, when photoconductive layer 16 is formed with amorphous
selenium, the pertinent absorption edge wavelength is approximately 520
nanometers. Effective redistribution can be achieved by exposing the amorphous
selenium photoconductive layer 16 to first conditioning radiation 58 that does not
include wavelengths greater than approximately 520 nanometers. However, to
realize effective redistribution with a lower intensity level and shorter exposure
time, photoconductive layer 16 preferably is exposed to conditioning radiation 58
including wavelengths greater than or equal to approximately 500 nanometers. In
particular, first conditioning radiation 58 having wavelengths greater than or equal
to approximately 600 nanometers should be effective in releasing a sufficient
amount of trapped charge carriers in a relatively short amount of time when
amorphous selenium is used.

The reverse bias field E¢, should have a strength sufficient to achieve
effective redistributive transport of charge carriers released from trap sites by first
conditioning radiation 58, as well as charge carriers not held in trap sites. The
appropriate strength of the first conditioning field E; will vary with the strength of
the image readout field Eg, which normally is the major factor in the amount of
charge collected at photoconductor-insulator interface 22. A conditioning field
strength suitable to redistribute the charge transported to interface 22 in the readout
ﬁeld Eg can be generated by a first conditioning voltage V¢, having an absolute
value on the order of approximately 0.2 to 1.0 times the image readout voltage Vy.
In particular, a conditioning voltage V¢, of approximately 0.5 times the value of
the image readout voltage V has been found to establish a reverse bias field E¢,
providing effective redistributive transport. A first conditioning voltage V¢, less
than the above range may generate a weak field producing insufficient transport,
whereas a first conditioning voltage V, substantially greater than the above range
may create an excessive boost field at interface 22 that can complicate
redistribution in a second stage of the conditioning method, to be discussed.
Therefore, although a first conditioning voltage V¢, having a value outside of the
above range may support acceptable conditioning, such considerations may justify

operation within the stated range in certain applications.
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As an example, a typical image readout voltage Vy could have a value of
approximately 1000 to 3000 volts when detector 12 is formed with an amorphous
selenium photoconductive layer 16 having a thickness of approximately 425
microns and an insulative layer 18 having a thickness of approximately 175
microns. For the above configuration with a readout voltage of 3000 volts, in
particular, a suitable conditioning voltage V¢, preferably would be approximately
0.2 to 1.0 times the image readout voltage Vy, falling in a range of approximately -
600 to -3000 volts. More specifically, for the above configuration, effective
transport has been observed with a conditioning voltage V-, of approximately -
1500 volts, which corresponds to a field strength of approximately 1.2
volts/micron.

For effective conditioning, the simultaneous application of first
conditioning radiation 58 and reverse bias field E¢; should be maintained for a
period of time sufficient to allow redistribution of substantially all of the charge
collected at interface 22. The period of time required for effective redistribution
varies with the strength of the reverse bias field E,, the amount of charge collected
at interface 22, and the intensity of first conditioning radiation 58. As an example,
however, when photoconductive layer 12 is formed with an amorphous selenium
photoconductive layer 16 having a thickness of approximately 425 microns and an
insulative layer 18 having a thickness of approximately 175 microns, a
conditioning voltage V¢, of approximately -1500 volts (relative to a readout
voltage Vy of approximately 3000 volts) and a first conditioning radiation 58
having wavelengths greater than or equal to approximately 600 nanometers and an
intensity of approximately 0.1 watt/cm? should provide effective redistribution
when applied for a period of time of at least one second, with longer periods of
time approaching ten seconds providing better results.

Fig. 8 is a schematic cross-sectional representation of radiation detector 12
illustrating an example of charge distribution after the conditioning stage of Fig. 7.
As shown in Fig. 8, the reverse bias field E¢; transports the collected charge away
from interface 22, but may result in an interface charge density that contains excess

neutralizing carriers of the opposite polarity. With a photoconductive layer 16
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formed from amorphous selenium and an image exposure voltage Vg having a
positive polarity at second conductive layer 20, for example, the reverse bias field
Ec, transports both free and released electrons forming the latent image charge and
read-out charge away from interface 22. However, the reverse bias field E; also
may transport more holes toward interface 22 than are necessary for neutralization,
resulting in a positive charge density. The amount of excess neutralizing charge
collected at interface 22 may be acceptable for some applications. For more
complete conditioning of detectbr 12, however, the excess charge optionally can be
redistributed.

Fig. 9 is a schematic cross-sectional representation of detector 12 during
another stage in the conditioning method of the present invention. As shown in
Fig. 9, the excess neutralizing charge at interface 22 is redistributed by applying a
second conditioning voltage V', across first conductive layer 14 and second
conductive layer 20, and exposing photoconductive layer 16 to second
conditioning radiation 60 emitted by a second radiation source 62. The application
of the second condition conditioning voltage V-, and second conditioning
radiation 60 corresponds to the steps indicated in blocks 50 and 52, respectively, of
Fig. 6. The second conditioning voltage should have an absolute value less than
that of the first conditioning voltage V¢ to establish a second, forward bias electric
field Ec, across photoconductive layer 16. The forward bias electric field Ec,
preferably is realized by simply shorting first and second conductive layers 14, 20
together, such that the second conditioning voltage V, is approximately zero
volts. A second conditioning voltage V, of approximately zero volts avoids the
reaccumulation of latent image charge at interface 22.

The second, broad spectrum radiation 60 can be realized, for example, by
an incandescent light. The broad spectrum radiation excites photoconductive layer
16 to a limited degree sufficient to enable excess neutralizing charge collected at
interface 22 to transport back toward junction layer 24 in the forward bias field
Ec,. The strength of the forward bias field Ec, should be sufficient to transport
substantially all of the excess neutralizing charge away from interface 22, but

should be much less than the strength of the reverse bias electric field Ec; to avoid
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the transport of oppositely poled charge back to interface 22. Thus, although
small, non-zero voltages may be used for second conditioning voltage V¢, the use
of large voltages, relative to first conditioning voltage V¢, generally is
undesirable. In particular, the shorting of first and second conductive layers 14, 20
should establish a forward bias field E, of sufficient strength to transport excess
charge from interface 22 over a period of time without causing the collection of
oppositely poled charge at the interface.

The simultaneous application of second conditioning radiation 60 and
forward bias field E, should be maintained for a period of time sufficient to allow
redistribution of substantially all of the excess neutralizing charge collected at
interface 22. This period of time varies with the amount of charge collected at
interface 22, the strength of the reverse bias field E,, and the intensity of second
conditioning radiation 60. If forward bias field E, is produced by shorting first
and second conductive layers 14, 20, the field strength is a direct function of the
strength of the reverse bias field E¢;. For a photoconductive layer 16 of
amorphous selenium subjected to a typical image exposure operation, for example,
a second conditioning voltage V, of approximately zero volts and second, broad
spectrum conditioning radiation 60 having an intensity of approximately 0.2
watt/cm’ should provide effective redistribution of the excess neutralizing charge
when applied for a period of time of at least one second, with longer periods of
time approaching approximately ten seconds providing better results.

Fig. 10 is a schematic cross-sectional representation of detector 12 after the
conditioning stage of Fig. 9. As shown in Fig. 10, the application of second
conditioning voltage V¢, in combination with the exposure of photoconductive
layer 16 to second, broad spectrum radiation 60 resuits in the redistribution of
substantially all neutralizing charge collected at interface 22. However, a small
number of free charge carriers may remain in photoconductive layer 16. The
presence of a small number of free charge carriers may be acceptable for some
applications, but may contribute to undesirable dark current when the image
exposure field Eg is applied for the next image exposure operation. Therefore, the

free charge carriers optionally can be eliminated by an additional step.
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Specifically, the free charge carriers can be readily eliminated by placing
detector 12 in a dark environment for a period of time, with first conductive layer
14 and second conductive layer 20 shorted together, to dark-adapt photoconductive
layer 16. This dark-adaptation period corresponds to the step indicated in block 54
of Fig. 6. The dark environment allows some of the free charge carriers to
transport to reduce residual fields within photoconductive layer 16, but also
changes the conductive state of the photoconductive material to capture some of
the free charge carriers in distributed traps. The transported and trapped carriers
reduce the number of carriers able to contribute to dark current at the start of the
next imége exposure operation. The photoconductive layer 16 can be effectively
dark-adapted by placing it in a dark environment for an indefinite amount of time.
However, a minimum dark adaptation time of at least two minutes should
sufficiently reduce dark current, thereby preserving image contrast.

The following examples are provided to illustrate the conditioning method
of the present invention, and, in particular, the effectiveness of the conditioning
method of the present invention for reusable radiation detectors having either
"rectifying" or "blocking" junction layers.

EXAMPLE 1

A detector 12 having a structure substantially as described in Fig. 1 was
used in this example. The first conductive layer 14 comprised an aluminum plate
substrate having a width of approximately 12.7 centimeters, a length of
approximately 12.7 centimeters, and a thickness of approximately 0.2 centimeters.
A rectifying junction layer 24 was formed over the aluminum plate substrate of
first conductive layer 14 by plasma oxidation. The photoconductive layer 16,
formed over junction layer 24, comprised a vacuum deposited layer of amorphous
selenium having a thickness of approximétely 425 microns. The insulative layer
18 was a parylene film, having a thickness of approximately 175 microns, bonded
to the surface of photoconductive layer 16 opposite first conductive layer 14 by an
optical adhesive having a thickness of approximately 10 microns. A film of

conducting, transparent indium tin oxide, having a thickness of approximately 0.9
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microns, was deposited over the surface of insulative layer 18 opposite
photoconductive layer 16 to form second conductive layer 20.

An image exposure operation was performed by applying an image
exposure voltage Vi of approximately 7000 volts, and then exposing
photoconductive layer 16 to X-ray imaging radiation having a wavelength in the
range of 10® to 10" meters, via second conductive layer 20 and insulative layer
18. After the resulting first image was read-out with a readout voltage Vy of
approximately 2000 volts and a scanning beam having a wavelength of
approximately 488 nanometers; detector 12 was conditioned according to the
known charge injection method by shorting first conductive layer 14 and second
conductive layer 20 together for a period of approximately twenty minutes after an
initial ten-second exposure to room light. A second image then was formed with
detector 12, and was found to have nearly the same image contrast as the first
image (104 pixel values versus 121 pixel values). The image contrast of the
second image demonstrated that junction layer 24 exhibited reverse-bias injecting
behavior.

The detector 12 was then conditioned in accordance with the system and
method of the present invention. A first, reverse bias conditioning voltage V¢, of
approximately -2000 volts was applied to the second conductive layer 20 relative
to the first conductive layer 14. While the first conditioning voltage was
maintained, the photoconductive layer 16 was exposed to first conditioning
radiation for a period of approximately ten seconds. The first conditioning
radiation was generated by filtering an incandescent light source using a Wrattan
1A filter to pass wavelengths in a range of approximately 550 to 900 nanometers.
The resulting radiation was estimated to have an intensity of approximately 0.1
watt/em’. The first conditioning radiation alternatively could be generated by
operating an incandescent light at low voltage to produce wavelengths falling in

the red spectral range. The first and second conductive layers 14, 20 were then

shorted together, and photoconductive layer 16 was exposed to second, broad

spectrum conditioning radiation provided by an incandescent light for a period of

approximately ten seconds. The broad spectrum conditioning radiation was
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estimated to have an intensity of approximately 0.2 watt/cm”. Finally, detector 12
was placed in a dark environment, with first and second conductive layers 14, 20
shorted together, for a period of approximately twenty minutes.

A third image was then formed with detector 12, and was observed to have
an image contrast essentially the same as that of the first image (119 pixel values
versus 121 pixel values). Thus, the conditioning performed in accordance with the
system and method of the present invention provided effective conditioning for a
detector 12 having a "rectifying" junction layer 24 with reverse bias charge
injection properties.

EXAMPLE 2

A second detector 12 having a structure substantially identical to that
employed in EXAMPLE 1 was used, except that junction layer 24 was formed by
plasma anodization of the aluminum first conductive layer 14 to a thickness of
approximately 150 Angstrom to realize a "blocking" junction layer. The
"blocking" junction layer 24 was designed to substantially electrically block charge
flow in both forward and reverse bias directions. Thus, blocking junction layer 24
was designed to sub;stantially electrically block charge flow from first conductive
layer 14 to photoconductive layer 16, and to substantially electrically block charge
flow from the photoconductive layer to the first conductive layer.

A first image was formed with detector 12 and read out via the image
exposure and image read-out operations described in EXAMPLE 1. The detector
12 was then conditioned according to the known charge injection method by -
shorting first conductive layer 14 and second conductive layer 20 together for a
period of approximately twenty minutes after an initial ten-second exposure to
room light. A second image then was formed with detector 12, and was found to
have significantly lower image contrast than that of the first image (125 pixel
values versus 241 pixel values). The image contrast of the second image
demonstrated that junction layer 24 exhibited very limited reverse-bias injecting
behavior, and therefore could be characterized as a "blocking" junction layer.

The detector 12 was then conditioned in accordance with the system and

method of the present invention. As in the case of Example 1, a first, reverse bias
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conditioning voltage V¢, of approximately -2000 volts was applied to the second
conductive layer 20 relative to the first conductive layer 14. While the first
conditioning voltage was maintained, photoconductive layer 16 was exposed to
first conditioning radiation for a period of approximately ten seconds. The first
conditioning radiation again included wavelengths in a range of approximately 550
to 900 nanometers, and had an estimated intensity of approximately 0.1 watt/cm’.
The first and second conductive layers 14, 20 were then shorted together, and
photoconductive layer 16 was exposed to second, broad spectrum conditioning
radiation, having an estimated intensity of approximately 0.2 watt/cm® for a period
of approximately ten seconds. Finally, detector 12 was placed in a dark
environment, with first and second conductive layers 14, 20 shorted together, for a
period of approximately twenty minutes.

A third image was then formed with detector 12, and was observed to have
an image contrast essentially the same as that of the first image (215 pixel values
versus 241 pixel values). Thus, the conditioning performed in accordance with the
system and method of the present invention also provided effective conditioning
for a detector 12 having a "blocking” junction layer 24.

Having described the exemplary embodiments of the invention, additional
advantages and modifications will readily occur to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein.
Therefore, the specification and examples should be considered exemplary only,
with the true scope and spirit of the invention being indicated by the following

claims.
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What is claimed is:

1. - A method for conditioning a radiation detector having a first
conductive layer, a photoconductive layer disposed adjacent said first conductive
layer, an insulative layer disposed adjacent said phoioconductive layer opposite
said first conductive layer, and a second conductive layer disposed adjacent said
insulative layer opposite said photoconductive layer, said radiation detector
forming a latent image in response to both application of an image exposure
voltage across said first conductive layer and said second conductive layer and
exposure to imaging radiation, and said latent image being read out during
application of an image readout voltage across said first conductive layer and said
second conductive layer and exposure of said detector to readout radiation, the
conditioning method comprising the steps of:

applying a first conditioning voltage across said first conductive layer and
said second conductive layer, said first conditioning voltage having a polarity
opposite to a polarity of both said image exposure voltage and said image readout
voltage, wherein said first conditioning voltage establishes an electric field across
said photoconductive layer; and

exposing said photoconductive layer to first conditioning radiation having
one or more wavelengths selected to penetrate at least a portion of said
photoconductive layer, thereby releasing charge carriers trapped within said
photoconductive layer to transport within said electric field.

2. The conditioning method of claim 1, further comprising, after said
step of exposing said photoconductive layer to said conditioning radiation, the
steps of:

applying a second conditioning voltage across said first conductive layer
and said second conductive layer, an absolute value of said second conditioning
voltage being less than said conditioning voltage, wherein said second conditioning
voltage establishes a second electric field across said photoconductive layer in a
direction opposite to said electric field; and

exposing said photoconductive layer to second conditioning radiation, said

second conditioning radiation being broad-spectrum radiation.
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3. The conditioning method of claim 2, further comprising, after said
step of exposing said photoconductive layer to said second conditioning radiation,
the step of dark-adapting said photoconductive layer.

4. The conditioning method of any of claims 1 to 3, wherein an
absolute value of said first conditioning voltage is a factor of approximately 0.2 to
1.0 times an absolute value of said image readout voltage.

5. The conditioning method of any of claims 1 to 3, wherein an
absolute value of said first conditioning voltage is a factor of approximately 0.5
times an absolute value of said image readout voltage.

6. The conditioning method of any of claims 1 to 3, wherein said
photoconductive layer comprises amorphous selenium, an absolute value of said
image readout voltage is in a range of approximately 1000 to 3000 volts, and an
absolute value of said first conditioning voltage is in a range of approximately 200
to 3000 volts.

7. The conditioning method of any of claims 1 to 6, wherein said
photoconductive layer comprises a photoconductive material having an absorption
edge, and said first conditioning radiation includes one or more wavelengths
greater than or equal to a wavelength corresponding to said absorption edge.

8. The conditioning method of any of claims 1 to 7, wherein said
photoconductive layer comprises amorphous selenium, and said first conditioning
radiation includes one or more wavelengths greater than or equal to approximately
500 nanometers.

9. The conditioning method of any of claims 1 to 7, wherein said
photoconductive layer comprises amorphous selenium, and said first conditioning
radiation includes one or more wavelengths greater than or equal to approximately
600 nanometers.

10.  The conditioning method of any of claims 1 to 7, wherein said
photoconductive layer comprises amorphous selenium.

11.  The conditioning method of any of claims 1 to 10 , wherein said
first conditioning radiation includes one or more wavelengths selected to release

some of said charge carriers from interface trap sites at an interface between said
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photoconductive layer and said insulative layer, and one or more wavelengths
selected to release some of said charge carriers from distributed trap sites within
said photoconductive layer, at least some of the charge carriers released by said
first conditioning radiation being transported in said electric field established by
said first conditioning voltage.

12.  The conditioning method of any of claims 1 to 11, wherein said
radiation detector includes a junction layer formed between said first conductive
layer and said photoconductive layer, said junction layer being substantially
electrically blocking to charge flow from said first conductive layer to said
photoconductive layer, and said junction layer being substantially electrically
blocking to charge flow from said photoconductive layer to said first conductive
layer.

13.  The conditioning method of any of claims 2 and 3, wherein said
step of applying said second conditioning voltage includes shorting said first and
second conductive layers together, said second conditioning voltage thereby being
approximately 0 volts.

14.  The conditioning method of any of claims 1 to 13, wherein said
radiation detector is an X-ray detector, said imaging radiation being X-ray imaging

radiation.
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