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Purpose: A characterization of a clinical unit for digital radiography (FUJIFILM FDR D-EVO) is
presented. This system is based on the irradiation side sampling (ISS) technology and can be equipped
with two different scintillators: one traditional gadolinium-oxysulphide phosphor (GOS) and a needle
structured cesium iodide (CsI) phosphor panel.
Methods: The characterization was achieved in terms of response curve, modulation transfer func-
tion (MTF), noise power spectra (NPS), detective quantum efficiency (DQE), and psychophysical
parameters (contrast-detail analysis with an automatic reading of CDRAD images). For both scin-
tillation screens the authors accomplished the measurements with four standard beam conditions:
RAQ3, RQA5, RQA7, and RQA9.
Results: At the Nyquist frequency (3.33 lp/mm) the MTF is about 35% and 25% for CsI and GOS
detectors, respectively. The CsI scintillator has better noise properties than the GOS screen in almost
all the conditions. This is particularly true for low-energy beams, where the noise for the GOS system
can go up to a factor 2 greater than that found for CsI. The DQE of the CsI detector reaches a peak
of 60%, 60%, 58%, and 50% for the RQA3, RQA5, RQA7, and RQA9 beams, respectively, whereas
for the GOS screen the maximum DQE is 40%, 44%, 44%, and 35%. The contrast-detail analysis
confirms that in the majority of cases the CsI scintillator is able to provide improved outcomes to
those obtained with the GOS screen.
Conclusions: The limited diffusion of light produced by the ISS reading makes possible the achieve-
ment of very good spatial resolution. In fact, the MTF of the unit with the CsI panel is only slightly
lower to that achieved with direct conversion detectors. The combination of very good spatial resolu-
tion, together with the good noise properties reached with the CsI screen, allows achieving DQE on
average about 1.5 times greater than that obtained with GOS. In fact, the DQE of unit equipped with
CsI is comparable to the best alternative methods available which are based on the same technology,
and similar to others based on an a-Se direct conversion detectors. © 2013 American Association of
Physicists in Medicine. [http://dx.doi.org/10.1118/1.4820364]
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1. INTRODUCTION

The traditional field of projection x-ray imaging went through
a significant transformation into the digital age during the
last decade. Digital radiography (DR) has become an every-
day technique in clinical practice since the beginning of this
century. Its popularity around the world is mainly a result
of the increased availability of flat panel detectors (FPDs)
on the market. FPDs are constituted of two main compo-
nents: an x-ray conversion layer (such as phosphor or pho-
toconductor) that transforms the incident x-ray energy into a
distribution of secondary quanta (such as light photons or

electron-hole pairs) and a detector that measures this sec-
ondary quantum field. Two types of FPDs have been devel-
oped: direct and indirect systems. In the former x rays are
directly converted into electron–hole pairs, whereas in the lat-
ter x rays are first converted into visible light photons that
are then detected by photosensitive elements.1–3 The major-
ity of indirect FPDs available on the market employ an x-ray
converter made of gadolinium oxysulfate (GOS), while some
FPDs are available with cesium iodide (CsI) scintillators. It is
important that the scintillation layer absorbs as many of the
incident x-ray photons as possible. This can be achieved by
increasing the thickness of the scintillator, although this must
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be done while maintaining sufficient spatial resolution for the
particular clinical task.

For a conventional indirect FPD system, the scintillator
and the photodiode are arranged in the front and the back to
the incident direction of x rays, respectively. This configura-
tion causes considerable attenuation and diffusion of light in
the scintillator, especially for thick scintillation layers. A vari-
ant on the design of indirect detectors consists of mounting
the photodiode array on the anterior side of the detector, the
so-called irradiation side sampling (ISS) technique. This ori-
entation allows the light photons to exit the scintillator from
the x-ray incidence surface. As a matter of fact, with the ISS
system the layers of the flat panel detector are in reverse or-
der to conventional detector.4, 5 The benefit of this configura-
tion is a reduction of light attenuation and blurring effects. In
fact, due to the energy deposition profile of the x rays into
the depth of the phosphor material, the ISS design can signif-
icantly improve the spatial resolution of the system. It has al-
ready been shown that the use of an ISS system allows one to
increase the thickness of the scintillator layer thus improving
the sensitivity without reducing the spatial resolution. This
gives rise to an improved detective quantum efficiency (DQE)
of the system.4, 5

One of the technologies available for improving the image
quality of an indirect FPD system is to use columnar scintilla-
tors (e.g., CsI crystals). Indeed, CsI crystals can be grown in a
dense, needle-like (5–10 μm in diameter) structure, in layers
with thickness up to 600 μm. The generated fluorescent light
can therefore be guided to the photodetector array without
much lateral dispersion, as happens with optical fibers. The
“light piping” properties for light generated within the needles
allow these materials to be deposited in a significantly thicker
layer than a traditional powdered phosphor while maintain-
ing a similar spatial resolution. CsI-based FPD systems with
thicker scintillation layers can increase the x-ray absorption,
thus improving the noise properties, while the spatial reso-
lution capabilities are maintained. In other words, the CsI
scintillator, thanks to its needle structure, is able to deliver
high image sharpness and to provide a spatial resolution better
than the conventional GOS screens. In addition, the inherent
morphology of the needle-like structure also allows the ef-
fective packing density of the layer to more closely approach
the single crystal density, which further improves the x-ray
absorption.

The aim of this paper is to characterize two clinical units
for digital radiography based on an indirect conversion detec-
tor with ISS technology (named FUJIFILM FDR D-EVO),
through physical figures of merit (MTF, NPS, and DQE),
and psychophysical parameters (CD analysis).6 The two units
were equipped with two different scintillators: one with CsI
phosphor (Model plus C35i) and one with GOS (Model
G35i).

2. MATERIALS AND METHODS

For conventional indirect conversion flat panel detectors,
x rays enter the phosphor layer and come out of the photo-
diode. On the other hand, for ISS detectors, the incident side

FIG. 1. Simplified representation of the attenuation and spreading of light
for thin (a) and (c) and thick (b) and (d) phosphor layers in the conventional
(a) and (b) and irradiation side (c) and (d) technologies. In the conventional
technique, the intensity and spread of light degrades as the thickness of the
phosphor increases. On the other hand, for the irradiation side method the
response does not change when the phosphor thickness increases.

for x rays is the glass substrate (Fig. 1). This may affect the
outcome of the process. In fact, with traditional flat panels the
DQE of the detector usually increases for small increases in
the value of the phosphor thickness, whereas when the phos-
phor thickness is too large the DQE could reach a plateau
or even decreases. In other words, in such systems there is
a limit on how much one may increase the effective absorp-
tion via (the) thickening of the phosphor layer. In contrast, for
ISS systems it is possible to increase the integral DQE even
for very thick phosphor layers, as reported in Ref. 5. Besides,
the ISS system can also be advantageous in terms of point
spread function, especially for very thick phosphor layers. In
fact, for conventional systems, the spread of the emitted light
increases when the layer is increased. Figures 1(a) and 1(b)
illustrate this property. Instead, as depicted in Figs. 1(c) and
1(d), for ISS systems the spread at the x-ray entrance does not
change even if the phosphor layer is increased.

Two FDR D-EVO systems were considered, differing in
the scintillator layer: the first one used a conventional GOS
(Gd2O2S) screen (Model G35i) while the second one was
based on a CsI structured scintillator (Model plus C35i). We
tested both systems and in this paper we present their charac-
terization and a comparison of their performance. The main
characteristics of the investigated systems are reported in
Table I. More details about the investigated systems can be
found in the literature.5

All measurements were achieved for four different beam
conditions: RQA3, RQA5, RQA7, RQA9, as defined by IEC
standards.7 For the added filtration, we used aluminum type
1199 (99.99% purity). The exposure to the detector was

TABLE I. Main characteristics of the investigated systems.

Manufacturer FUJIFILM
System FDR D-EVO
Detection type Indirect conversion
Detector material [GOS] − [CsI]
Imaging area (cm × cm) 35 × 43
Array size 2304 × 2880
Pixel pitch (μm) 150
Image depth (bits) 12
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FIG. 2. Absorption curves for the two detectors as a function of the detector
thickness for the four x-ray beams. To derive the curves, density values of
4.51 and 7.1 g/cm3 and packing density of 100% and 75% have been consid-
ered for CsI and GOS, respectively.

measured using a calibrated ionization chamber (UNFORS
Xi, Unfors Instruments, Billdal, Sweden). The source-to-
detector distance was chosen to be around 180 cm for all the
measurements.

In digital chest radiography the ratio of the maximum to
minimum x-ray exposures incident on the detector surface can
be greater than 100:1.8 However, the most interesting range
analyzed for characterizing detectors for digital radiography
is from about 1 μGy to an upper limit of around 10 μGy, as
reported and considered by many authors.9–19 Hence, in this
paper we achieved the characterization of the clinical unit in
the range 1–15 μGy.

All systems manufactured by FUJIFILM, both for com-
puted and direct radiography adopt the same image process-
ing technology. The readout electronics generates 16 bit linear
data, and a subsequent logarithmic transform is applied to the
data, giving rise to a 12 bit image. The 16 bit linear image is
never accessible to users, whereas the 12 bit data are made
available through one of the processing modes. In fact, users
are required to choose among one of the processing methods
(automatic, semiautomatic, FIX mode, and others). The FIX
mode is the only one that allows users to keep under con-
trol all the parameters, as the sensitivity (S) and latitude (L)
values, such that the pixel values in the resultant image are
directly linked to exposure in a manner that mimics a film
screen system. All the images used in this work were acquired
with the FIX mode processing using the following two sets of
reading process parameters: S = 200 and L = 3, and the CRF
filter set to “OFF.”18 The FIX-mode is typically chosen to get
unprocessed images for achieving the physical characteriza-
tion, when a FUJIFILM unit was included.16, 20–22 The system
was calibrated with the standard clinical procedures. Since
some sort of image processing is inherent to the images com-
ing from these devices, and some details of the image process-
ing are unknown, this could limit the validity and interpreta-
tion of the measurements reported. Nevertheless, comparison
of the measurements between the two similar ISS systems is
of practical interest, whereas the direct comparison of these

FIG. 3. Response curve for the two detectors at the four considered x-ray
beams (RQA3, RQA5, RQA7, and RQA9). The response is logarithmic for
all the x-ray conditions and fittings were achieved with a R2 > 0.99.

measurements to those of other systems (acquired without im-
age processing) should be carefully considered.

2.A. Response curve

The response curve was determined by exposing the de-
tector to a wide range of values for uniform x-ray exposures.
For each quality beam the response curves were fitted with a
logarithmic function in the analyzed dose range.

The relative sensitivity Si is estimated to be the ratio be-
tween the air kerma needed at a certain beam energy to the
same signal obtained with a reference beam (in our case the
RQA5 beam). In practice, we calculated Si at a predetermined
air kerma value (2 μGy) with the following formula:

Si =
∫

E · φi(E) · (1 − exp (−μ(E) · t)) · dE/Di∫
E · φRQA5(E) · (1 − exp (−μ(E) · t)) · dE/DRQA5

(1)

where E is the energy, μ is the linear attenuation coefficient
for the detector material, t is the detector thickness, D is
the air kerma value, and φ is the photon fluence at the de-
tector incident surface. The relative sensitivity calculated via
Eq. (1) is then compared to the one calculated via experimen-
tal data.

2.B. Physical characterization

Due to the logarithmic response, all images used for the
physical measurements were linearized by using the fitted re-
sponse function. The quantitative comparison was achieved
by calculating MTF, NPS, and DQE, as reported by IEC
standards.23

Presampling MTF was measured by using the edge tech-
nique: an oversampled edge spread function was obtained by
a tungsten edge test device (TX5, IBA Dosimetry, Schwarzen-
bruck, Germany). MTF was calculated along both directions,
horizontal and vertical, and finally presented as the average
along the two directions. NPS was computed by means of
flood images acquired at various exposure levels. We calcu-
lated the 2D NPS from averaging the Fourier transformations

Medical Physics, Vol. 40, No. 10, October 2013



101902-4 Rivetti et al.: Clinical unit for digital radiography with ISS technology 101902-4

FIG. 4. Relative sensitivity for the two detectors at an exposure of about 2 μGy. Theoretical values are derived from Eq. (1).

of fixed-size ROIs (256 × 256 pixels) extracted from four dif-
ferent images at each exposure. The 1D NPS was then ex-
tracted from the 2D NPS along the horizontal and vertical
directions, excluding the central axes, and averaged for the
evaluation of the DQE. To assess the quantum-noise-limited
conditions of the detector, the product of the NPS and ex-
posure (air kerma) was also evaluated. The DQE was finally
calculated as

DQE (f ) = MTF2 (f )

NPS (f, q) · q
, (2)

where q is the number of photons per unit area. For each beam
condition we used tabulated data for the photon fluence. MTF,

NPS, and DQE were calculated by using an ImageJ plugin
freely available at the site www.medphys.it.

2.C. Contrast-detail analysis

We realized a contrast-detail (CD) analysis of the two sys-
tems by means of an automatic reading of the CDRAD 2.0
phantom (Artinis, Medical Systems B.V., Zetten, The Nether-
lands). To this end, we acquired four images for each expo-
sure level. The exposure values were the same as those used
for the physical characterization. In order to avoid the re-
mains of small details in the same detector area, the phan-
tom was repositioned after each exposure. We used inhouse

FIG. 5. Modulation transfer function of the two detectors for the four considered x-ray beams. The MTF for the CsI panel is remarkably better than the GOS
one. There are no appreciable differences between the MTF along the horizontal and vertical direction. Here we show the MTF estimated from the average of
the two directions.
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FIG. 6. Comparison of the MTF obtained for the two detectors (D-EVO–CsI and D-EVO–GOS) for the RQA5 beam with some of the best data available from
the literature: system based on a thick a-Se layer (AcSelerate), other indirect-conversion systems based on GOS (DRX1) and CsI (DRX1-C) scintillators.

software written in IDLTM (ITTVIS, Pearl East Circle Boul-
der, USA) to achieve the automatic reading of the images.
This also may be freely downloaded from www.medphys.it.
More details about the functioning of this software can be
found in the literature.18 From the CD analysis we derived
the image quality figure (IQF) defined as follows:

IQF =
15∑

i=1

Di · Ci,th, (3)

where Di is the diameter of the details in row i and Ci,th

denotes the threshold contrast in row i. Summation over all
diameter rows yields the IQF; the smaller the IQF, the better
the visibility of the details.

3. RESULTS AND DISCUSSION

Figure 2 shows the absorption curves for the two detec-
tors as a function of their thickness for the four considered

x-ray beams. Spectra for the four x-ray beams were calculated
by using the software Spekcalc, developed by the Institute of
Cancer Research in London (UK) and freely available on the
web.24 Density values of 4.51 and 7.1 g/cm3 were used for CsI
and GOS, respectively, for calculating the absorption values.
A packing density value of 75% was considered for the GOS
layer, according to data available from the literature,5 whereas
for CsI we utilized a packing density of 100%. The absorp-
tion curves can give some hints with regards to the depth of
interaction of the x rays: indeed at least half of the fluence
is stopped in less than 150 μm, even for the most energetic
beams. We can thus observe that many of the light emissions
happen in the proximity of the incident surface. As a con-
sequence, the diffusion of light is limited with the ISS sys-
tem, whereas it results larger for conventional systems, espe-
cially those with thick scintillators. We also note that for CsI
the absorption efficiency continuously decreases with increas-
ing x-ray energy. This is due to the position of the K-edge of
cesium and iodine (36 and 33 keV, respectively). In contrast,

FIG. 7. 2D noise power spectrum for the two detectors at an exposure of around 2.5 μGy (RQA5 beam condition): GOS (left) and CsI (right). The contrast of
the images has been adjusted for achieving a better visibility of the pictures.
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due to its 50 keV K-edge, for GOS the absorption efficiency
is almost constant across the different energies.

3.A. Response curve

In Fig. 3 the response curves for all the considered con-
ditions (four x-ray beams and two scintillator materials) are
reported. We fitted a logarithmic function to the experimen-
tal data; all fittings were achieved with (a) R2 > 0.99 in the
dose range between 1 and 15 μGy. For both scintillators the
response of the system to the RQA3 beam is remarkably dif-
ferent to those achieved with all other beams. This is due to
the different sensitivity of the detector material to the various
energies of the incoming x rays, as shown in Fig. 4, both for
experimental data and theoretical values derived from Eq. (1),
using estimated thickness of 0.2 and 0.5 mm for GOS and CsI,
respectively. The two systems present a peak response at the
RQA7 beam, as also reported by other authors.10 However,
for RQA5, RQA7, and RQA9 beams the sensitivity is similar,
and this is reflected also in the similar response curve shown
in Fig. 3.

3.B. Physical characterization

Figure 5 shows the presampling MTF estimated with the
edge technique, for the four different x-ray beams and the two
detectors. MTF resulted to be independent from both the ex-
posure values and the direction of the edge. Here we present
MTFs calculated as the mean of the horizontal and vertical
directions. At the Nyquist frequency (3.33 lp/mm) the MTF
is about 35% and 25% for CsI and GOS detectors, respec-
tively. It is worth noting that all the MTFs decrease to zero
in a smooth and continuous way, thus indicating a negligi-
ble influence of image processing or noise in the line spread
function.

These outcomes are better than most of the ones obtained
from other systems available on the market,10, 11, 17, 19, 25 as re-
ported in Fig. 6. This is in accordance to the better properties
in terms of spatial resolution claimed for ISS systems. More-
over, the CsI panel presents MTF for a wide range of fre-
quencies comparable to that achieved with direct conversion
detectors and about 20% worse at the Nyquist frequency, as
shown in Fig. 6.18 It is worth noting that when the CsI scin-
tillator is considered there is clear improvement of the MTF,
for all the x-ray beams. In fact, an average improvement of
about 30% can be observed for the CsI FPD, in agreement to
some of the data from the literature for systems dedicated to
breast imaging.26, 27 This confirms that the reduction of light
spread by the needle structure of the scintillator is effectively
able to improve the spatial resolution of the system. All digital
radiography systems are subject to large area glare resulting
from internal x-ray scatter. This lateral signal spread can be
expected to result in a relatively rapid decrease in MTF at low
spatial frequencies. From our data it is hard to deduce differ-
ent low-frequency drops for the two phosphors.

In Fig. 7 an example of 2D NPS is presented, for both
detectors at an exposure of about 2.5 μGy. For both sys-
tems the NPS shape is more uniform than expected for a

FIG. 8. NPS for the two detectors at various exposure values for the four
investigated beams (RQA3, RQA5, RQA7, and RQA9). In the majority of
conditions the CsI detector is able to provide noise properties better than the
GOS one.
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FIG. 9. NPS multiplied by air kerma for the RQA5 beam. For most cases this product is reasonably independent from the exposure, meaning that both detectors
are in a quantum noise limited condition.

conventional indirect detector. In fact, the steep fall in NPS
with spatial frequency, typical for the scintillator based FPDs,
can hardly be observed here: this is due to the better MTF
achievable with ISS reading, when compared to conven-
tional systems, as reported in the literature.5 Analyzing the
2D spectra it seems that some sort of processing is applied
to the images; as already observed for other systems from
FUJIFILM.9, 15–17, 26, 28–30 In fact, in this case a 1D sharpness
filter seems to be applied by the acquisition software along the
principal directions, causing a decreasing of the noise along
the axes.

Figure 8 shows the NPS of the two systems at various ex-
posure levels for the four investigated beams. We note that the
CsI scintillator, thanks to the greater thickness of the scintil-

lation layer, is able to improve the GOS screen noise prop-
erties in many conditions. This was expected and indeed had
already been reported in the literature.31 In particular, for the
low-energy beams, the improvement of the CsI is clear and
the noise for the GOS system can go up by a factor 2 greater
than that found for CsI. On the contrary, at high energies the
NPS of the GOS is shown to be comparable or even lower at
high spatial frequencies.

Figure 9 shows the product of the NPS and the exposure
for the two detectors for the RQA5 beam, whereas in Fig. 10
the same product is presented for all the beams at an ex-
posure of 5 μGy. These values confirm that, in terms of
noise spectra, the CsI detector is generally better than the one
based on GOS. Further, from Fig. 9 we can affirm that both

FIG. 10. NPS multiplied by air kerma at and exposure of around 5 μGy for the four investigated beams. As has already been noted, the CsI detector can provide
better noise properties.
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detectors are in quantum noise limited condition in the en-
tire range of investigated exposure levels. The poor sensitivity
for the RQA3 beam is responsible for the poor outcomes of
this beam. This also can clearly be seen, for both scintillators,
from Fig. 9.

In Fig. 11 the DQE of the two detectors at various
exposure levels for the four beams is presented. Again, the
CsI scintillator clearly improves the outcomes of the system
in all the investigated conditions. The DQE of the CsI system
is on average about 1.5 times that of the GOS one, even if
the improvement is higher at low energies and lower at high
energies. The DQE of the CsI detector reaches a peak of
60%, 60%, 58%, and 50% for the RQA3, RQA5, RQA7, and
RQA9 beams, respectively. For GOS, the maximum DQE is
40%, 44%, 44%, and 35% for the RQA3, RQA5, RQA7, and
RQA9, respectively. Across the various energies we can see a
remarkable decrease of the performance for the CsI panel for
the most energetic beam. On the contrary, the GOS response
is not very dependent from the energy of the x-ray beam.
From the DQE plots we also notice that the system is in the
quantum noise limited condition in almost all the cases. This
is since the DQE is not strongly dependent on the exposure.

Figure 12 shows the DQE of the two systems for the four
beams at an exposure of 5 μGy. Both systems present a non-
negligible dependence on the x-ray beam resulting from the
different outcomes obtained at the various energies in terms
on sensitivity, MTF and NPS. The DQE of the CsI panel
continuously drops with increasing energy, whereas the GOS
presents a peak for the RQA7 beam. This is a direct conse-
quence of the absorption properties of the two materials, as
shown in Fig. 2 and also reported by other authors.29, 32 It is
well known that clinical units based on CsI screens might not
be advantageous for chest radiography, where the high tube
voltage used makes the use of GOS scintillators profitable.
However, according to our DQE outcomes, the performance
of D-EVO with the CsI screen should not be inferior to other
systems based on GOS scintillators.

In Fig. 13 a comparison of the DQE achieved for the
two D-EVO systems and some of the best recent data avail-
able from the literature is presented, for two different beams
(RQA5 and RQA9) at an exposure of 2.5 μGy.18, 19 For RQA5
the D-EVO unit with CsI panel provides DQE outcomes com-
parable to the best outcomes from other methods based on the
same technologies, and similar to others based on an a-Se di-
rect conversion FPD. At higher energies the DQE of the unit
based on a-Se detector is worse than the DQE of the CsI sys-
tems. This is due to the low atomic number of the Selenium.
The DQE of the D-EVO GOS panel is slightly better than that
obtained with a unit based on the same technology.

3.C. Contrast-detail analysis

In Table II the IQF outcomes achieved from the CD analy-
sis of the two systems for the four beams at two different dose
levels is presented. The mean and the error are computed from
averaging the outcomes from the four images acquired for
each condition. As expected, the results improve with dose, as
demonstrated by the lower IQF values at high exposures. The

FIG. 11. DQE of the two detectors for the four investigated beams at vari-
ous exposures. It is worth noting that the DQE of the CsI detector is always
better than that obtained with GOS, and both systems present a DQE almost
independent from the exposure.

Medical Physics, Vol. 40, No. 10, October 2013
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FIG. 12. DQE for the two detectors at an exposure of about 5 μGy for the four considered beams. For both detectors there is a noticeable decrease of DQE for
the most energetic beam.

FIG. 13. Comparison of the DQE obtained for the two detectors (D-EVO–CsI and D-EVO–GOS) at an exposure of about 2.5 μGy with some of the best data
available from the literature: system based on a thick a-Se layer (AcSelerate), other indirect-conversion systems based on GOS (DRX1) and CsI (DRX1-C)
scintillators. (a) RQA5 beam and (b) RQA9 beam.

Medical Physics, Vol. 40, No. 10, October 2013
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TABLE II. Values of IQF for all the investigated contrast-detail conditions.
Two different dose levels were considered: low (about 2.5 μGy) and high
(about 5 μGy).

GOS CsI

X-ray beam Low dose High dose Low dose High dose

RQA3 0.55 ± 0.05 0.39 ± 0.04 0.47 ± 0.05 0.37 ± 0.03
RQA5 0.43 ± 0.04 0.37 ± 0.03 0.41 ± 0.05 0.34 ± 0.03
RQA7 0.42 ± 0.04 0.34 ± 0.03 0.41 ± 0.04 0.37 ± 0.03
RQA9 0.46 ± 0.05 0.36 ± 0.03 0.47 ± 0.05 0.39 ± 0.04

CD analysis shows that the CsI scintillator performs compa-
rably with the GOS screen in many of the considered condi-
tions. The CsI scintillator is able to provide outcomes better
than those obtained with the GOS screen at the lowest energy
(RQA3), especially at the lowest dose, where the good noise
properties of CsI allow getting a good visibility of the de-
tails. In general, a slight improvement of the CsI scintillator
can be seen at low energies, whereas for the more energetic
beams the performance of the two systems is quite similar.
The slightly reduced performance observed for the GOS de-
tector agrees well with data from the literature6 and also with
recent data from mammography systems.26

As already observed in previous studies,33 it is hard to es-
tablish a direct relationship between the DQE and the CD re-
sponse. Though, it seems that the NPS can be a more impor-
tant feature, for a better comprehension of the CD data. In
fact, the differences observed in the DQE for the two phos-
phors are not reflected in analogous variations in IQF. How-
ever, it seems that the NPS outcomes would provide more use-
ful information for understanding the IQF results. Indeed, the
noise performance of CsI is remarkably better than that ob-
tained for GOS at low energies, whereas for the two most en-
ergetic beams it is comparable or, in some cases, even worse.
This is also reflected in the IQF outcomes: the CsI unit is able
to provide a more markedly improvement at low energies,
whereas at high energies the outcome of the two systems is
comparable.

4. CONCLUSION

In this paper we presented a characterization of a new
clinical system (named FDR D-EVO) for digital radiography
based on an irradiation side sampling technique and equipped
with two different scintillators: CsI and GOS.

The limited diffusion of light produced by the ISS reading
allows one to achieve a very good spatial resolution. In fact,
the MTF of the D-EVO unit is better than most of the systems
available on the market, and the CsI panel presents MTF only
slightly inferior to that achieved with direct conversion detec-
tors. Thanks to its columnar structure, the CsI scintillator is
able to provide an MTF which is remarkably better than that
from GOS for all the considered x-ray beams: at the Nyquist
frequency (3.33 lp/mm) the MTF is about 35% and 25% for
CsI and GOS detectors, respectively.

The CsI scintillator, thanks to the greater thickness of the
scintillation layer, can also provide noise properties which are
better than the ones from the GOS screen, especially at low
energies. The very good MTF, achievable with ISS reading,
also affects the NPS shape since the typical steep fall with spa-
tial frequency seen on the scintillator based FPDs can hardly
be noticed for the D-EVO system.

The combination of improved spatial resolution, together
with the good noise properties reached with the CsI screen,
makes possible the achievement of very good DQE outcomes.
In fact, the DQE of the CsI system is on average about
1.5 times that of the GOS one, even if the improvement is
higher at low energies and lower at high energies. The D-EVO
unit with CsI panel is able to provide DQE comparable to the
best others based on the same technology and similar to oth-
ers based on an a-Se direct conversion FPD. The CD analysis
shows that the CsI scintillator is able to provide outcomes bet-
ter than those obtained with the GOS screen at the lowest en-
ergy (RQA3), whereas it performs comparably with the GOS
screen in many of the other considered conditions.
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