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ARTICLE INFO ABSTRACT

Keywords: We evaluated a novel 2-D flat-panel detector (FPD) adapting it for megavoltage (MV) therapeutic imaging and
TFT radiation QA. The prototype uses a thick dielectric layer to create a semi-transmissive structure, changing and
D etector eliminating structure conventional semiconductor conversion layers. Performance was tested on a Harmony Pro
?;::_Zg;n LINAC (Elekta, Sweden) with a 20 x 20 cm? field at an SSD of 100 cm. Datasets were acquired at 50-300 MU for
Dose 6,10, and 15 MV beams. Linearity with MU was excellent (R = 0.99). Reproducibility and repeatability showed
X-ray coefficients of variation of 1-2 %. In energy dependency, the 6/10 MV response ratio remained near 80 %, rising

to 84 % at 300 MU, while the 6/15 MV ratio was 70.8 % at 50 MU and stabilized at 75-80 % thereafter, with R?
> 0.99 for all energies. Spatial resolution satisfied AAPM TG-142 tolerances. The detector demonstrates per-
formance characteristics comparable to those of conventional electronic portal imaging device (EPID), exhibiting

robust durability in high-energy irradiation and excellent portability enabled by its compact design.

1. Introduction

In recent years, the demand for advanced detectors in radiation
therapy has significantly increased, driven by the need for accurate and
safe treatment delivery. Flat-panel detectors (FPDs) have become
essential components in both diagnostic X-ray imaging and high-energy
therapeutic applications due to their superior energy resolution and
sensitivity, substantially enhancing image quality and treatment preci-
sion [1-4].

Beyond conventional patient imaging, two-dimensional (2D) mea-
surement techniques now play a critical role in quality assurance (QA),
ensuring precise dose delivery and improving overall treatment effec-
tiveness [5,6]. The commonly employed 2D QA methods include
semiconductor-based FPDs and radiochromic films [6]. Radiochromic
films offer exceptional spatial resolution, water-equivalent properties,
and a thin profile (278 pm), making them suitable for accurate 2D dose
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measurements [7]. However, their requirement for extensive develop-
ment time (approximately 8 h) before readout precludes real-time
feedback, necessitating batch-specific dose calibration. Additionally,
their single-use nature elevates long-term operational costs. Electronic
portal imaging devices (EPIDs), consisting of semiconductor materials,
are frequently used for obtaining high-resolution images; nonetheless,
their effectiveness can be compromised by intrinsic semiconductor
properties, pixel size limitations, and sensitivity degradation due to
radiation-induced aging. Furthermore, substantial installation and
maintenance costs pose significant clinical challenges [8].
Semiconductor-based 2D detectors, utilizing materials such as
amorphous selenium, directly convert radiation into electrical signals
through electron-hole pair generation [9]. This direct detection
approach typically provides superior resolution compared to indirect
methods, where scintillator materials convert radiation to visible light
first. Despite these advantages, semiconductor-based detectors can
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Fig. 1. Simplified illustrations of a dielectric layer based FPD and conventional FPD.
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Fig. 2. A) The response of the detector during a 100 MU irradiation, recorded at 4 fps. B) The 2D image of 100 MU irradiation with a 20 x 20 cm? field.
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Fig. 3. Detector response measured at 50-300 MU. Black line indicated the linear regression fit.

experience performance degradation over time and possess inherent
constraints regarding spatial resolution and response speed.

Previous studies have demonstrated that commercially available
semiconductor-based FPDs perform effectively in diagnostic and portal
imaging systems utilizing kilovoltage (kV) photon beams [10,11].
However, further investigation is required to confirm their performance
under megavoltage (MV) therapeutic radiation conditions.

Addressing these needs, a novel dielectric-based FPD structure
design is developed explicitly for high-energy and high-intensity radia-
tion environments. By removing the semiconductor charge-generating
layer and integrating a thicker dielectric layer, this innovative design
establishes ionization paths under intense radiation exposures, thereby
reducing charge trapping and enhancing image quality [12].

Considering the recognized limitations of semiconductor-based
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Fig. 4. A comparative analysis was performed on the detector responses obtained from consecutive 100 MU beam acquisitions conducted on different measure-

ment dates.
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Fig. 5. Measurements were conducted at MU settings of 50, 100, 150, and 300 across photon beam energies of 6, 10, and 15 MV. Light gray bars represent 6 MV,

dark gray bars represent 10 MV, and gray bars represent 15 MV.

Table 1

These values represent the spatial resolution and contrast of images measured
with high-energy photon beams. The reference values were obtained from im-
ages acquired using QC-3 phantom on the Electronic Portal Imaging Device
(EPID) of the Harmony Pro system.

Image Quality Parameters Measured Reference
Spatial Resolution (50 % MTF) 0.47 lp/mm 0.50 lp/mm
Contrast 17.6 % 18.2%

FPDs, including long-term degradation and restricted resolution and
response speed, characterizing this new dielectric-based FPD for high-
energy radiation applications is essential. Consequently, this study sys-
tematically evaluates the performance and clinical applicability of
dielectric-based FPDs for high-energy therapeutic photon beams. Key
performance parameters, including linearity, reproducibility, repeat-
ability, energy dependency, and resolution, are comprehensively
analyzed to ensure the detector’s consistency, accuracy, and reliability.

2. Materials and methods
2.1. Experimental conditions

2.1.1. Dielectric based FPD

In contrast to conventional FPDs that utilize amorphous selenium as
the primary charge-generating medium, the detector used in this study
replaces this layer with a Kapton polyimide dielectric material (Fig. 1).
In typical semiconductor-based FPD structures, the dielectric layer
serves to prevent charge accumulation at the top electrode. However, in
this newly developed dielectric-based FPD, a substantially thicker (38
pm) dielectric layer is used. The dielectric layer shows radiation induced
conductivity [13]. Consequently, electrons generated within the
dielectric layer can be collected by the electrode and the TFT layer under
high-intensity radiation. As a result, although the overall
charge-generation efficiency is relatively low, the detector demonstrates
a more stable response under high-intensity and high-dose irradiation
conditions, thereby enhancing its suitability for therapeutic applications
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Table 2
The performance of commercial detectors, including EPID, iQM, MatriXX, and MapCHECK, on the Linac was compared with that of the newly developed detector by
Vieworks.
Evaluation Parameters Vieworks iQM MatriXX MapCHECK EPID (CCD Based)
Linearity (%) 0.99 About 1 0.99 0.99 0.98
Reproducibility (%) 0.83-2.12 0.47 0.75-1.08 1 0.8
Repeatability (%) 0.84-1.05 0.14 0.8 Under 1 Within 2
Spatial Resolution (Ip/mm) 0.47 0.28-0.33 0.55 - 0.41
[12].

2.1.2. LINAC irradiation

To evaluate the performance of the FPD, a linear accelerator (LINAC)
(Harmony Pro, Elekta, Sweden) was used. This LINAC undergoes regular
quality assurance (QA) procedures, ensuring that at 6, 10, and 15 MV
photon energies, an output of 100 monitor units (MU) corresponds to
100 cGy delivered at the depth of maximum dose [14-16]. For this
study, the reference condition was set to 6 MV, a 20 x 20 cm? field size, a
source-to-surface distance (SSD) of 100 cm, and 100 MU. Variations in
these parameters were then introduced to comprehensively assess the
detector’s characteristics.

2.1.3. Signal processing

In this study, when the beam was delivered using the field size of 20
x 20 cm?, the detector’s response was obtained by defining a 16 x 16
cm? region of interest (ROI) at the center of the field and calculating the
mean pixel value within that area. Furthermore, during beam irradia-
tion, images acquired at 4 frames per second were used to calculate the
mean pixel value of each frame, and these values were then merged to
derive the overall average response (Fig. 2).

2.2. Measurement items for the detector characteristics

2.2.1. Linearity

To assess the detector’s response at various dose levels, the several
MU settings were used including 50, 100, 150, and 300 MU. Linearity
was evaluated by plotting the relationship between the measured re-
sponses and the corresponding MU settings, and the coefficient of
determination (R?) was calculated via linear regression analysis to
confirm the detector’s linear response. The formula for the coefficient of
determination (R?) is as follows:

S\2
Rzzl_Z(Yi*):i)z 1
-y

, where y; are the actual values, ¥; are the predicted values from the
regression model, ¥ is the mean of the actual values.

2.2.2. Repeatability

The measurements were repeated 5 times to assess the repeatability
of the detector. The MU were also varied among four levels (50, 100,
150, and 300 MU), with each MU value measured 5 times continuously
without changing the experiment setup. Then the responses were sta-
tistically analyzed to calculate the average and standard deviation.

2.2.3. Reproducibility

Measurements were conducted on different days over a period of
several months, maintaining identical experimental setup and beam
conditions. The mean and standard deviation were calculated through
statistical analysis, and the coefficient of variation was derived from
these values to evaluate reproducibility. A lower coefficient of variation
indicates higher reproducibility. The percentage difference is calculated
as follows:

Responseaveraged — Responseeach day

Coefficient of Variation =
Resp Onseaveraged

x 100 2)

, where the Response yeraged represents the average value of response
data obtained under consistent experimental conditions.

2.2.4. Energy dependency

LINAC uses various photon energies to deliver prescribed dose to
tumor target depending on its location and depth. Therefore, to use FPD
for the beam QA procedure, the energy dependency of FPD should be
measured. The energy dependency was measured by varying photon
beam energies (6, 10, and 15 MV). To assess the detector’s response
across different photon energies, MU settings of 50, 100, 150, and 300
were utilized.

2.2.5. Resolution

To analyze the resolution, the QC-3 phantom (Standard Imaging,
United States) was utilized, and the analysis was performed using the
same methods applied in clinical LINAC systems for quality assurance
with phantoms suitable for evaluation at megavoltage levels. This setup
allowed for the assessment of spatial resolution and contrast corre-
sponding to 50 % modulation transfer function (MTF). These values are
compared with the clinical tolerance criteria recommended by AAPM
Task Group 142 [15].

Linearity, reproducibility, repeatability, and energy dependency
were evaluated based on the average pixel values within designated
regions of interest (ROIs). In contrast, resolution analysis was performed
using an accumulated dose image acquired during radiation exposure,
thereby providing a different perspective on the detector’s performance.
Through this comprehensive analytical approach, the performance in-
dicators of the FPD were systematically evaluated, and its characteristics
as a radiation detector were thoroughly characterized.

3. Results
3.1. Linearity

As a result of measuring the radiation intensity from low MU to high
MU in steps at 6 MV energy, the pixel value of the detector showed a
linear relationship to MUs. The linear regression analysis yielded a
correlation coefficient (R?) of 0.99, indicating an excellent degree of
linearity (Fig. 3). Residual analysis of the detector’s output signals at MU
settings of 50, 100, 150, and 300 revealed that at 100 MU, the mean
pixel value was 5456 representing a 1.4 % deviation from the value
predicted by the linear regression model. Furthermore, the residuals for
all data points remained within 2 % of their predicted values. These
results provide further evidence that the detector exhibits a consistent
response across a wide range of radiation energy levels.

3.2. Repeatability & reproducibility

Reproducibility was evaluated by acquiring the detector signal at
100 MU under identical photon-beam parameters. The coefficient of
variation (CV) of pixel values within a centrally placed 20 x 20 cm? ROI
remained below 2 %, demonstrating minimal inter-session variability
and excellent stability under fixed exposure conditions.

Repeatability was assessed by performing five consecutive acquisi-
tions at 100 MU, yielding coefficients of variation of 0.86 %, 0.84 %, and
1.05 %, respectively, thereby demonstrating high intra-session
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consistency and negligible variation between successive measurements
(Fig. 4).

Taken together with the detector’s demonstrated linear response
across varying MU settings, these results confirmed that, even when
beam output energy change, the detector provided superior reproduc-
ibility and repeatability under identical exposure conditions (Fig. 3).

3.3. Energy dependency

Measurements were performed with 6, 10, and 15 MV photon beams,
and the detector output exhibited a dependence on beam energy.
Furthermore, evaluation of linearity across varying MUs showed slopes
of 59.51, 50.52, and 45.61 pixels/MU for 6, 10, and 15 MV, respectively,
with all coefficients of determination (RZ) exceeding 0.99.

Energy dependency was evaluated by comparing responses at iden-
tical MU settings relative to 6 MV. The 6 MV-10MV response ratio
remained near 80 % across 50-150 MU and rose modestly to 84 % at 300
MU. For 15 MV, ratio was lowest (70.8 %) at 50 MU before stabilizing
around 75 % at higher MUs. Although both higher energies showed a
slight upward trend in relative response with increasing MU, their ratios
remained generally constant throughout the tested range (Fig. 5).

3.4. Resolution

When spatial resolution and contrast were evaluated using the QC-3
phantom acquired at high energy levels, the results were compared
against the acceptance test procedure (ATP) values recommended by
AAPM Task Group 142. The measured contrast was 17.6 %, which was
0.6 % lower than the previously reported value of 18.2 %. However, the
spatial resolution was measured at 0.47 lp/mm, indicating improved
performance compared to the ATP benchmark of 0.50 lp/mm.

4. Discussion

In this study, the FPD incorporating a dielectric sensitive layer was
characterized under MV therapeutic photon beams with respect to
linearity, repeatability, reproducibility, energy dependence, and spatial
resolution as shown in Table 1. The detector met performance bench-
marks suitable for 2D dosimetry and imaging, indicating its potential
application in patient-specific quality assurance and routine LINAC QA.
As shown in Table 2, the detector exhibits comparable performance to
other commercial LINAC QA detectors [17-25]. Especially, the dielec-
tric layer of this FPD is fabricated from a transparent material. This al-
lows for the simple detachment of opaque components such as the TFT
panel, enabling the transmission of the LINAC’s light field while the FPD
remains attached to the LINAC head. This feature facilitates mechanical
quality assurance (QA) procedures without the need to detach the entire
FPD from LINACs. Furthermore, it enables real-time acquisition of 2D
beam profiles during patient treatment beam delivery. Unlike Electronic
Portal Imaging Devices (EPIDs) that measure the transmitted beam after
passing through the patient, this approach allows for the measurement
of the incident beam, potentially leading to more accurate dose
calculations.

In addition, this study investigated the phenomenon of lagging
during the imaging process of the radiation detector. Lagging, charac-
terized by the persistence of afterimages in the detector output, was
observed, with pixel values diminishing within a few seconds. This effect
is particularly critical in high-energy radiation therapy, necessitating
further investigation in future studies to reduce lagging time for more
accurate response. Moreover, implementing a complete pixel reset
during calibration, rather than relying on uniform output images, could
facilitate a more thorough examination of the reliability and stability of
the detector’s output.

This study also highlights the imperative for further research on QA
in radiation therapy. The QA is essential for monitoring and evaluating
the performance and safety of medical equipment throughout the
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treatment process. The findings of this study demonstrate the potential
of FPDs, confirming their applicability for the QA and high-energy
treatments. Prior to evaluating the detector’s performance, an irradia-
tion 5000 MU at 6 MV was conducted both for hardness testing and to
serve as a warm-up procedure. The data collected under these conditions
demonstrate the detector’s robustness in handling high radiation in-
tensities, confirming its stability and reliability in high-dose scenarios.
In future work, Investigating the QA validity of FPDs can significantly
enhance the quality and consistency of medical equipment performance
across all clinical procedures.

5. Conclusion

The novel dielectric layer based FPD demonstrated robust perfor-
mance to use in 2D dosimetry and imaging of MV photon beams on a
clinical LINAC. Owing to its optically transparent sensitive layer, the
device facilitates straightforward setup with light field of LINAC, and
seamless integration into both routine machine QA and patient-specific
verification workflows. Provided that the residual lagging time (few
seconds) is further mitigated through refined readout electronics and
post-processing algorithms, the detector will be well positioned to serve
as a practical QA instrument in clinical radiotherapy.
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