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Abstract— Direct conversion flat panel detectors are
of great significance to the field of medical X-ray imag-
ing since they offer imaging performance and diagnostic
capabilities not achievable with other methods. Currently,
mammographic direct conversion detectors employ a layer
of amorphous selenium (a-Se) photoconductor. Although
its properties ideally fit the requirements of mammogra-
phy, where “soft” X-rays are used, a-Se cannot be used
in high-energy X-ray procedures. To extend the diagnostic
capabilities of the direct conversion detectors, amorphous
lead oxide (a-PbO) is proposed as an alternative photo-
conductor. It is a high effective atomic number material
and thus has a higher X-ray stopping power over the wide
X-ray energy range. a-PbO is, therefore, a suitable candidate
for applications in radiography, fluoroscopy, and digital
tomosynthesis. Here, we report on the development of a
blocking structure with a polyimide (PI) layer needed to
maintain low dark current at high electric fields. We demon-
strate that a 1-µm-thick PI blocking layer allows the oper-
ation of the detector at strong electric fields (≥10 V/µm)
while suppressing the dark current to an innocuous level
(<1 pA/mm2). It also improves temporal performance by
reducing signal lag. No ghosting effect was observed at
exposure rates up to 1 R/s; however, at high radiation levels,
the detector’s sensitivity degraded. This degradation is not
permanent as the detector restores its original sensitivity
after several hours of rest in the dark without bias applied.

Index Terms— Blocking layer, direct conversion, lead
oxide, polyimide, X-ray detectors.

I. INTRODUCTION

THE most common and important application of fluoro-
scopic X-ray imaging today is in image-guided diagnostic

and therapeutic procedures where real-time (30 frames/s)
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image sequences are used to guide the interventional radi-
ologist’s mind and hands. The current state-of-the-art X-ray
imaging technology for diagnostic X-ray energies is based
on an indirect conversion method where a scintillator (e.g.,
CsI or Gd2O2S) first converts X-ray quanta into optical
photons, which in turn diffuse through a phosphor and then
are converted to electrons by an array of photodiodes [1].
This two-step conversion process reduces the X-ray-to-charge
conversion gain, and as a result, these detectors are quantum
limited, so the signal-to-noise ratio (SNR) for a given pixel
is proportional to the square root of the number of detected
X-rays. Subsequently, at the lowest exposure levels common in
fluoroscopy (0.1–1 μR/frame), the electronic noise dominates
the quantum noise and, therefore, visibility of low-contrast
objects is compromised. Additionally, the omnidirectional
propagation of optical photons in the scintillator reduces the
spatial resolution of the indirect conversion detectors [2], [3].

These issues can be overcome by the use of the direct
conversion approach. “Direct conversion” means that X-rays
are absorbed in a photoconductor that directly creates
electron–hole pairs that are subsequently separated by an
applied electric field to generate a recordable signal [4], [5].
The charges are moved by a field making it possible to
create an image with a thick detector layer without significant
loss of resolution. Commercial direct conversion flat panel
X-ray imagers (FPXIs) are used in breast imaging, i.e., in the
mammography energy range, where they demonstrate superior
image quality in comparison with the indirect conversion
scheme [5], [6].

Two major components of FPXIs are a large-area
thin-film transistor (TFT) or complementary metal–oxide–
semiconductor (CMOS) active matrix array [7] (as used
in flat panel displays, for example) and a photoconductive
layer which is deposited directly onto the imaging array and
acts as an X-ray-to-charge transducer. Currently, commercial
FPXIs employ a layer of stabilized amorphous selenium (a-Se)
photoconductor. Due to the low atomic number (Z = 34)
of selenium, a-Se-based detectors are efficient only for
low-energy X-rays used in mammography. To extend the
diagnostic capabilities of the direct conversion detectors over
radiographic, fluoroscopic, and digital breast tomosynthesis
(DBT) energy range, a-Se has to be replaced with high-Z , wide
bandgap X-ray photoconductive material. In addition, for real-
time applications, an X-ray photoconductor has to demonstrate
an adequate temporal performance in terms of signal lag
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(i.e., a postsignal after X-ray irradiation): the lag should not
exceed that of the scintillators. This is a strict requirement,
since in the state-of-the-art indirect conversion detectors lag
is imperceptible. Indeed, the CsI-based detector with an a-Si
TFT imager designed for cardiac imaging demonstrated the
first frame lag of 2% (30 frames/s readout) [8]. An indirect
detector with a Gd2O2S scintillator and a-Si:H TFT array
showed a 2% lag after the lowest frame time of 0.2 s [9].
A more prominent example of the indirect conversion detector
utilizes an advanced imaging array based on the CMOS
technology and demonstrates the first frame lag below 0.1%
at 30 frames/s [10].

Several photoconductors have been intensively investigated
for this role over the last two decades, but a large signal
lag deemed them unapplicable for further consideration as
X-ray-to-charge transducers in dynamic X-ray imaging: poly-
PbI2 (first frame lag ∼30%–50% [11], [12]), poly-HgI2 (first
frame lag ∼10%–20% [11]–[13]), poly-CdTe (lag at the first
frame ∼6%–20% [14], [15] and ∼30% after 0.5 s for the
detector with CMOS imager [16]), poly-CdZnTe (first frame
lag ∼6%–70% [17], [18]), and poly-PbO (1.5%–7% lag after
1 s [19], [20]). Another candidate for the X-ray-to-charge
transducer in direct conversion detectors is the perovskites,
a new family of emerging materials. Although promising,
at least at the very early stage of their development, perovskites
also demonstrate large signal lag [21]. If this problem is
not solved, all the efforts in the development of perovskite
technology will come to naught.

So far, the only direct conversion detectors that can be
considered for dynamic imaging are based on the a-Se
photoconductor. Indeed, although the main application of
a-Se-based detectors was in static mammographic imaging, its
performance was also evaluated for real-time applications in
dynamic imaging, such as fluoroscopy and digital subtraction
angiography (DSA). It typically exhibited a first frame lag at
30 frames/s of 2%–6% [14], [22], [23], but a faster response
(lag < 1%) was also reported [24]–[26].

One of the possible alternatives to a-Se with nearly lag-free
operation is amorphous lead oxide (a-PbO) [27], [28]. It is a
photoconductive material with a fast response, a potentially
higher charge yield, higher effective atomic number (Zeff ≈
79), and higher X-ray stopping power over a wide energy
range [27], [28]. Indeed, for energies relevant to medical X-ray
imaging, the attenuation coefficient for a-PbO ranges from
704 cm−1 at 20 keV to 20 cm−1 at 140 keV, in comparison
to 210 and 1.3 cm−1 for a-Se for the same energies, respec-
tively [29]. Since a-PbO is proposed as a substitute for a-Se in
X-ray digital detectors with a high dynamic range, an urgent
problem arises to minimize the dark current and to develop an
a-PbO blocking layer structure, similar to how it was achieved
in a-Se.

The need for blocking structures arises from the strong
electric field applied to the X-ray-to-charge transducer during
detector operation. Typically, a field of 10 V/μm or higher
must be applied to a photoconductor to achieve an acceptable
charge collection efficiency. If preventive measures are not
taken, the application of such a high electric field might
lead to the excessive injection of the charge carriers from

the contacts into the photoconductor, causing a high dark
current, subsequent deterioration of the SNR, and degradation
of the visibility of low-contrast objects at low exposures.
In addition, the dark carriers may be trapped in the bulk of
the photoconductor, thus modifying the internal electric field
and affecting the photogeneration efficiency across the layer.
An acceptable dark current density for X-ray detectors should
preferably not exceed 1–10 pA/mm2, depending on the clinical
application [5].

Since the thermal generation of carriers in wide bandgap
photoconductors used in imaging detectors is typically very
small, the main source of dark current is attributed to an injec-
tion of carriers from the electrodes [30]. A practical approach
to minimize the injection and to reduce the dark current to an
acceptable level is to introduce thin blocking layers between
the photoconductor and the electrodes [31], [32].

In a-Se-based detectors, these blocking layers (with thick-
nesses much smaller than the photoconductor thickness) are
made from specially alloyed and doped a-Se. The doping is
designed to not only cause deep trapping of carriers injected
from the adjacent electrodes but also to allow the opposite
sign carrier to be transported at the same time. By analogy
with semiconductors, hole and electron blocking layers are
called n-like and p-like layers, respectively. The dark current
in such multilayer a-Se photoconductors is about 3 orders of
magnitude smaller than that in a single a-Se layer with the
same thickness and applied field [32].

An alternative approach to prevent injection is to use block-
ing layers made of a semi-insulating polymer, like cellulose
acetate (CA) [33] or polyimide (PI) [24]. It was previously
shown that both CA and PI polymers are compatible with a-Se
technology and can serve as blocking layers in a-Se avalanche
structures: the CA layer improves stability against dielectric
breakdown, while the carrier mobilities are not compromised.
As for PI, it bonds well to a-Se, it is compatible with
a-Se deposition technology, and it enables stable operation at
low dark currents without sudden breakdown and associated
structural transformations. In addition, PI acts as a soft buffer
layer reducing shear strain at the photoconductor–substrate
interface and improves adhesion [34]. Similar to n-like and
p-like layers in the a-Se blocking structure, these polymers
would need to prevent the injection of one type of carriers from
the electrode while allowing the collection of photogenerated
carriers of the opposite sign. If the last condition is not
met, the carriers will be trapped at the interface causing
screening of the electric field and reduction of the detector’s
charge collection efficiency. Additionally, it can result in the
degradation of temporal performance through increased lag
and ghosting effects (i.e., change in X-ray sensitivity due to
previous irradiation).

Here, we report on our approach to a-PbO blocking struc-
tures with a thin layer of PI. This polymer layer can be
easily and cost-efficiently applied even to large-area substrates
using a standard spin-coating technique. Its charge blocking
properties can be tuned by varying the thickness of the layer.

Although the use of a PI blocking layer in a-Se avalanche
detectors is very encouraging for an application of PI in
conjunction with the a-PbO photoconductor, concerns remain
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Fig. 1. Schematic of the PI/a-PbO blocking structure.

TABLE I
PI LAYER COATING AND CURING PARAMETERS

regarding the possible degradation of temporal performance
of a PI/a-PbO detector as often happens if a “foreign” layer
is introduced into the structure. However, by investigating
the kinetics of the dark current, signal lag, and ghosting,
we demonstrate that no deterioration of temporal performance
is observed, while the dark current is reduced to an innocuous
level. The above-mentioned features make PI a practical
approach for the development of a-PbO-based X-ray digital
detectors with a low dark current for a variety of applications.

II. METHODS

A. Sample Preparation

The PI/a-PbO blocking layer structure is schematically
shown in Fig. 1. In this configuration, a thin layer of PI
was applied (under controlled parameters like spin speed and
duration, curing temperature and time) to the ITO-coated glass
prior to the deposition of the a-PbO layer.

The sample was prepared in a cleanroom environment as
follows. Commercially supplied ITO-coated glass was sequen-
tially cleaned with acetone, methanol, isopropanol, and dry
nitrogen, and then placed for 10 min on the hot plate heated
to 90 ◦C to remove any remaining solvents. A polyamic
acid precursor dissolved in an n-methyl-2-pyrrolidone (NMP)-
based solvent was dispensed in the center of the stationary
substrate. To obtain a 1-μm-thick layer of PI, a spin coating
was carried out in three steps with parameters shown in
Table I. In the first step, the substrate is spun at a low speed
to allow the precursor to spread across the entire surface of
the substrate. After that, the substrate is accelerated to a final
speed, which is the main factor in the determination of the
resulting PI layer thickness. After spinning, it is decelerated
to a static state. The spin duration in the first step and
the acceleration in the second step were adjusted to obtain
a uniform thickness across the surface. After spin coating,
the substrate was placed on a hot plate, ramped to a high
temperature (sufficient for complete dissociation of the NMP

Fig. 2. Schematic experimental setup for (a) dark current kinetics
measurement and (b) temporal performance characterization.

solvent carrier and full imidization of the PI film) and cured
under constant dry nitrogen flow with parameters shown in
Table I.

In order to be able to make an electrical connection to the
ITO side of the substrate, which is essential for electrical and
X-ray characterization of the detector described further in the
text, the edges of the substrate were masked with a Kapton PI
tape prior to the spin coating. The tape was peeled off after
the coating.

A 19-μm-thick layer of a-PbO was deposited afterward
by the ion-assisted thermal evaporation technique with the
following parameters: base pressure ∼5 × 10−5 Pa, process
pressure ∼6 × 10−2 Pa, furnace temperature ∼1000 ◦C,
substrate temperature ∼100 ◦C, deposition rate ∼0.2 μm/min,
ion energy ∼50 eV, and ion flux ∼0.2 mA/cm2. A detailed
description of the deposition process can be found in [35].
Finally, a gold contact, 20 nm in thickness and 1 mm in
diameter, was sputtered atop of the a-PbO in a dedicated
chamber.

B. Dark Current Kinetics Measurement

Dark current was measured as a function of time for
different bias voltages relevant to the direct conversion detector
operation [Fig. 2(a)]. The sample was placed in a light-tight
shielded box to prevent photogeneration. A positive voltage
(Stanford Research Systems PS350 power supply) was applied
to the ITO electrode, and the dark current was read out
from the Au electrode with Keithley 35617EBS electrometer.
A power supply and an electrometer were connected through a
GPIB interface (Tektronix AD007) to a host computer which
provided control and data acquisition. A 100-M� resistor was
connected in parallel to the sample to allow the recovery
current to flow in a circuit in between the measurements.

Prior to measurement, the sample was short-circuited in the
dark for at least 10 h to allow complete detrapping of charge
carriers. The voltage was ramped at a rate of 5 V/s, and the
dark current was read out every second during a 2-h period.
After the decay is recorded, the voltage was ramped to 0 V at
the same rate and the detector is left unbiased for 10 h.

C. Temporal Performance Characterization

The main goal of this work is to investigate the impact of
the PI blocking layer on the temporal performance of a-PbO-
based X-ray detector and to evaluate signal lag and ghosting
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effects. Signal lag is the residual current after the termina-
tion of X-ray irradiation and ghosting is the degradation of
the detector’s sensitivity as a result of previous irradiation.
In order to evaluate the detector’s temporal performance in
near clinical conditions, it is necessary to irradiate it with a
sequence of short X-ray pulses (with a rate up to 30 frames/s)
and to measure the current during the irradiation and with
X-rays OFF.

The characterization was carried out using the X-ray-
induced photocurrent method (XPM) in a pulsed mode, where
a rotating chopper was used to modulate an X-ray pulse
at a variable frequency. The experimental setup is shown
in Fig. 2(b). A sample is placed in the shielded aluminum
box. Prior to measurement, the sample was short-circuited
in the dark for at least 2 h to allow complete detrapping
of charge carriers. A positive dc bias was applied to the
ITO from a high-voltage power supply (Stanford Research
Systems PS350), and the photocurrent was readout from the
Au electrode on an oscilloscope (Tektronix TDS 2024C) with
1-M� native input resistance. A bias was applied to the sample
for 10 min prior to irradiation to allow the dark current to
stabilize and drop to a level below 5 pA/mm2. The X-ray
tube (Dunlee PX1412CS, insert DU-304) with a Tungsten
target was used to generate 1-s-long 60-kVp X-ray pulses.
At this energy and thickness of the sample, the detector has
an absorption efficiency of 25%. A 1.3-mm Al filter was
used to attenuate low-energy photons and minimize Compton
backscattering noise, and a 2-mm lead collimator was used
to prevent stray scattering. The exposure was monitored by
the Keithley 96035 ionization chamber; attenuation by a glass
substrate and a chopper was considered when calculating the
total incident on the detector exposure. A chopper controller
(Stanford Research Systems SR540) drives a 2-mm-thick
copper chopper with an adjustable frequency and a 50% duty
cycle.

D. Lag and Ghosting Measurements

To evaluate lag and ghosting, the sample was irradiated with
a train of 1-s-long X-ray pulses modulated at a frequency of
5–30 Hz. 20 pulses were fired with an interval of 60 s (interval
time was limited by the risk of overheating the X-ray tube).

A typical response to a continuous and modulated X-ray
pulse is shown in Fig. 3. The photocurrents with X-rays ON

(PCON) and OFF (PCOFF) for every frame as well as the
dark current prior to irradiation (DC) were recorded for each
pulse. The first and the last frames were omitted due to
asynchronization of the X-ray pulse and the chopper, and the
initial overshoot in the X-ray pulse.

Detector’s sensitivity (S) is defined as the amplitude of the
photocurrent during the irradiation (PCON), corrected for the
DC. The average values of the photo- and dark currents were
used for each pulse. Signal lag (Lag) is quantified as a ratio of
the photocurrent after irradiation (when a chopper blade blocks
X-rays, PCOFF) to the detector’s sensitivity. The ghosting effect
can be quantified as a relative sensitivity—a ratio of the
sensitivity at a given pulse to the initial sensitivity of a well-
rested detector. Sensitivity and lag values were calculated for

Fig. 3. Typical X-ray response to a continuous and modulated irradiation
and measured values within each pulse.

Fig. 4. Kinetics of dark current density at different electric fields.

each pulse n as follows:
Sn = �PCON �n − DCn (1)

Lagn = �PCOFF�n − DCn

Sn
. (2)

III. RESULTS AND DISCUSSION

A. Dark Current Kinetics Measurement

Fig. 4 shows the decay of the dark current over time
at different electric fields (5–20 V/μm). After a bias is
applied, the current rapidly decays with time, reducing by
nearly 2 orders of magnitude. At 10 V/μm, it drops from
30 to 0.2 pA/mm2 within 2 hours. However, the dark current
increases with the electric field: 0.1 pA/mm2 at 5 V/μm and
0.7 pA/mm2 at 20 V/μm after biasing for 2 h.

This behavior is similar to what has been observed in
a-Se-based n–i , i– p, and n–i– p blocking structures (where
the i -layer is stabilized a-Se), and in PI/a-Se, the dark
current rapidly decreases with time by 1–3 orders of mag-
nitude (depending on the layer configuration) over several
hours. The lowest attainable steady-state dark current was
achieved in n–i– p and PI/a-Se detectors: 0.01–0.05 pA/mm2 at
10 V/μm [36], [37]. This minimal dark current was attributed
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to the bulk thermal generation in the PI/a-Se detector, but in the
n–i– p detector, it was assigned to the electron injection [38]
or balancing of the carrier trapping and detrapping rates due to
Schottky emission over the barrier in the n-layer [39]. Either
way, the steady-state dark current in a-Se blocking structures
is well below the tolerable level for detector applications
of 1 pA/mm2.

Although further investigation of the dark current kinetics
in PI/a-PbO is needed, it can be qualitatively explained in
the following model. There are two main sources of the dark
current: thermal generation in the bulk of the photoconductor
and carrier injection from the electrodes. As PbO has a
wide bandgap (∼1.9 eV [5]), the bulk thermal generation is
relatively small, thus carrier injection is dominant. After the
positive bias is applied to the ITO, holes (major carriers in
PbO [40]) are injected from the ITO into the PI layer and are
accumulated at the ITO/PI interface. This causes screening of
the electric field, suppressing further injection, and hence the
dark current. After the hole injection is reduced, the electron
injection from the negative Au electrode and the thermal
generation in the bulk of a-PbO has a dominant effect.

In the PI/a-PbO detector, the dark current did not reached
a steady state after 2 hours, meaning that it is not completely
suppressed yet. This gives a potential for further dark current
reduction. Depending on the mechanism responsible for the
final decaying portion of the dark current, it can be achieved
by waiting for a longer time (a warm-up period of the detector)
or by introducing a second blocking layer into the structure
that would prevent the injection of electrons. However, even
in the current configuration, an acceptable dark current level
of 1 pA/mm2 can be easily achieved.

B. Temporal Performance
When the detector is exposed to continuous irradiation

(Fig. 3), it exhibits a quasi-rectangular response with a con-
stant amplitude and low (<1%) lag. A small overshoot at
the beginning of the pulse is a characteristic feature of the
X-ray tube, not the detector, since a similar response was
observed in the silicon photodiode used to trigger the oscil-
loscope. A uniform amplitude indicates that the dark current
is constant and the photocurrent neither builds-up due to the
X-ray triggered injection (as observed, for example, in poly-
PbO and early PI/a-Se detectors [20], [24]) nor decreases
due to the degradation of the internal electric field caused by
the accumulation of X-ray-generated charge at the PI/a-PbO
interface. Moreover, when the detector is exposed to mod-
ulated irradiation, both the photocurrents during each frame
and the amplitude in successive frames remain constant. This
indicates the unhindered flow of photogenerated electrons from
the photoconductor through the PI layer to the ITO electrode.
Indeed, if an accumulation of photogenerated electrons at the
interface would occur, a decrease in the photocurrent at the
end of each frame would be observed [37]. In [37], a small
decrease in the photocurrent during each frame was attributed
to a temporary change in the internal electric field, which is
restored by hole injection from the anode, keeping the same
amplitude of consecutive pulses. Therefore, our analysis of
the X-ray response of the PI/a-PbO detector to continuous and

Fig. 5. Signal lag measured as a function of the electric field, modulation
frequency and incident exposures in a PI/a-PbO detector. A data set was
connected with lines as a guide for the eyes. For the a-Se-based detector,
lag values were extracted from the literature.

modulated irradiation suggests that the presence of the PI layer
does not affect charge collection efficiency. This conclusion,
together with a suggested mechanism responsible for the dark
current kinetics (accumulation of the injected holes from the
ITO and screening of the electric field), demonstrates that
the PI layer indeed acts as a blocking layer, rather than an
insulator.

Fig. 5 shows signal lag values for the PI/a-PbO detector
calculated using (2) for various electric fields (5–20 V/μm),
modulation frequencies (5–30 Hz), and incident exposures
(1–4 R). Signal lag was found to be nearly constant at
each pulse (at fixed field, frequency, and exposure); therefore,
the values shown have been averaged over 20 pulses.

The application of a stronger electric field improves
temporal performance and reduces signal lag. Its value
decreases with field: 5.6% at 5 V/μm down to 0.9% at
20 V/μm (with a frequency fixed at 30 Hz). On the contrary,
lag increases at higher modulation frequencies and reaches
1.9% at 30 Hz and 10 V/μm. Incident exposure has little effect
on the lag in the range investigated, which demonstrates the
stability of the X-ray response at different exposure levels.
It should be noted that the detector investigated here absorbs
only 25% of the incident X-rays under the given beam
conditions, thus the absorbed dose by the photoconductor is
the only one-quarter of the incident dose.

To compare the temporal performance of a PI/a-PbO detec-
tor with an a-Se-based detector, lag values were extracted
from [24] and [25] (at the most advantageous bias polarity)
and plotted on the same graph. In these works, the lag in
a-Se was measured with the same technique and under similar
conditions (electric field, modulation frequency, exposure, and
interval between pulses); however, the X-ray tube voltage was
28–32 kVp (in contrast to 60 kVp in this work). A blocking
layer structure was also used in both a-Se detectors: a PI layer
between the photoconductor and the substrate in [24] and two
undisclosed blocking layers in [25]. Although the a-Se detector
mostly demonstrates a slightly faster response than PI/a-PbO
(1.3% and 1.9% lag, respectively, at 10 V/μm, 30 Hz, and 1 R),
at the higher field they have a similar performance.

The PI/a-PbO detector exhibits a remarkable improve-
ment of temporal performance over other photoconductors
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Fig. 6. Degradation of the detector’s sensitivity (ghosting) with consec-
utive pulses at different incident exposure rates.

considered for use in the direct conversion digital detectors
(such as polycrystalline layers of PbO, PbI2, HgI2, CdTe,
CdZeTe, and perovskites) [11]–[21] and marginal signal lag
with a-Se [24]–[26], [37] and CsI [8], [10]. So far, a-PbO and
a-Se are the only photoconductors where the lag problem was
resolved. Combining the high absorption efficiency of PbO in
the diagnostic X-ray energy range and the low dark current
of the blocking structure, the PI/a-PbO detector has become
the most favorable candidate for application in real-time
diagnostic imaging.

Degradation of sensitivity for different incident exposure
levels is shown in Fig. 6. At the lower exposure rate,
sensitivity remains nearly constant showing no ghosting effect.
However, at the elevated radiation level, the detector’s sensi-
tivity drops with each subsequent pulse. For 4 R/s exposure,
the sensitivity decreases by 9% after 20 pulses (an accumu-
lated exposure of 80 R). Note that it is not a permanent
degradation of the detector; it restores its initial sensitivity
after resting unbiased in the dark for a few hours. Relatively,
the a-Se detector had a 10% degradation of sensitivity after
20 R of a cumulative exposure [24] and 15% after 60 R of a
cumulative exposure [25].

It should be noted that X-ray doses used here are much
larger than those used in the clinical practice [41], [42], and
thus represent operation under an extreme load. Indeed, typical
exposures to the patient in the dynamic imaging are 0.1–1 R
for DBT (accumulated from multiple, usually 9–25, projec-
tions over less than 10-s period). For fluoroscopic imaging in
surgery, the exposure of some Roentgens can be accumulated
over a period of up to few hours. These values of exposure
in the patient plane are equivalent to the incident on the
detector exposure outside the patient (typically at the periphery
of the detector); behind the patient, the exposure would be
10–100 times smaller.

IV. CONCLUSION

A direct conversion X-ray detector based on the a-PbO pho-
toconductor with a single blocking layer of PI was developed
and evaluated. The application process of the PI blocking
layer is simple, cost-efficient, and compatible with large-area
fabrication. A PI/a-PbO detector satisfies the requirements for

low dark current (<1 pA/mm2) at electric fields as high as
20 V/μm. The detector demonstrates temporal performance
suitable for real-time imaging with lag values down to 0.9%
at 30 Hz. The detector’s response remains constant at a
low exposure rate (<1 R/s), but at a high radiation level,
the sensitivity degrades. Overall, our approach to use a PI
blocking layer in a-PbO-based detector permits the application
of a higher electric field for enhanced charge collection and
sensitivity, while maintaining suitable temporal and dynamic
properties in various clinical and industrial X-ray imaging
applications.
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