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Abstract

New flat-panel X-ray image sensors are being studied for medical imaging applications. The combination of
a thin film transistor (TFT) array and X-ray detection material constitutes the basis of the flat-panel X-ray
image sensor.

We developed two prototypes of direct-detection sensors with an amorphous Se film and poly-crystalline
CdTe film as the X-ray detection materials. We achieved high spatial resolution and good linear sensitivity
with wide dynamic range. These image sensors have great promise as high-performance digital radiograph
and fluoroscopy systems for the next generation.

Introduction

In the field of medical diagnostics, a variety of imaging systems have traditionally been used to generate X-
ray images, including screen/film (S/F) systems utilizing a phosphor screen and film, computed radiography
(CR) systems using laser scanning to capture a latent image recorded on an imaging plate, and image
intensifier TV (II-TV) systems combining a photomultiplier tube with a CCD. Recently, however,
development has been accelerating of flat-panel digital X-ray image sensors, a new type of imaging systern
that has the potential to supersede tffesehe key devices used in these flat-panel X-ray image sensors are

a large-area thin-film transistor (TFT) array commonly used in active-matrix LCDs, and an X-ray
photoconductor that converts X-rays into electrical signals. This new system offers a variety of advantages
over traditional X-ray imaging systems. Compared to conventional S/F systems, a film-less system can be
achieved, facilitating improved image quality based on digital image processing, diagnostic support,
electronic filing, and networking. Compared to CR systems, imaging results can be instantly converted to
screen-image signals. And compared to II-TV systems, a significantly thinner form is achieved, which
enables high-resolution X-ray images to be obtained over a large area.

These flat-panel X-ray image sensors can be classified into "indirect conversion" and "direct conversion”
systems differentiated by the X-ray detection principle. The "indirect conversion" system first converts X-ray
information to visible light using scintillators and then converts the visible light into electrical signals using
photodiodes. In contrast, the "direct conversion" system converts the X-ray information directly to electrical
signals using an X-ray conversion film (X-ray photoconductor). In general, although the former (indirect
conversion system) can take advantage of the excellent photodetection capabilities of photodiodes, it has
problems such as inherent deterioration of spatial resolution due to optical scattering and the need to build
photodiode into each pixel of the TFT array on the process side. For this reason, we focused on "direct
conversion systems" which eliminate the need for photodiode arrays and for which the TFT arrays used for
LCDs are readily adaptable, and in which there is theoretically little deterioration in resolution. We



developed two types of flat-panel X-ray image sensors-one using an amorphous Se (a-Se) film and the othe
using a polycrystalline CdTe film as X-ray photoconduétars this paper, we report on the structure of the
sensor panel, captured image characteristics, and status of recent developments.

1. Structure of the sensor panel

1.1 Principle of operation

Fig. 1is a schematic diagram of a direct-conver~i~=
flat-panel X-ray image sensor illustrating the princ X-ray photoconductor
of operation. An X-ray photoconductor and a | el ol
electrode cover almost the entire surface of the
array. X-rays emitted from an X-ray generator |
through a subject such as the human body and
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dose is induced. The generated charge migrates N N =

pixel electrode in accordance with the polarity of
bias being applied to the X-ray photoconductor, a
stored in a storage capacitor (Cs) within the -
array. By subsequently scanning the TFTs line by line, the charge information stored in the storage
capacitors can be read out from the data bus lines. The data bus line terminations connect to a charge
sensitive amplifiers (CSAs) and A/D converters, and the scanned charge information is converted to digital
image signals and output sequentially.

Fig. 1 Scheme of a direct-detection flat-panel X-ray image sensor.

1.2 X-ray photoconductors
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Fig. 2 Detective quantum efficiency of a-Se and CdTe.
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Fig. 3 Panel structure: (a) a-Se and (b) CdTe.

with its easy film deposition over large areas, and CdTe which we anticipated would offer better sensitivity.

Next, Fig. 2 shows the dependency of the detective quantum efficiency (DQE) on the film thickness for a-Se
and CdTe. We set a goal of attaining a DQE better than existing II-TV imaging systems (target value:
approximately 0.7), and decided that a film thickness of approximately 000 m when using a-Se and
approximately 30(* m when using CdTe would be required.

1.3 Panel structure

Fig. 3is a cross-sectional block diagram of the two se CdTe film Substrate (~500°C)
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Fig. 4 Close-spaced sublimation.

the formation of a polycrystalline-structured CdTe filn R T ——
high speeds (greater thar5 m/min), and is expected _ _ _
applicable to larger surface areas in the near future. Fig. 5 Patterned conductive resin.

For electrical connections between the CdTe film and the TFT array, we adopted a conductive resin with
adhesive propertie§ig. 5is a photograph showing the conductive resin in a patterned configuration on top
of the TFT array. This conductive resin is a dry film in which a conductive pigment is dispersed in



photosensitive resin, and can be formed as bumps on the top of the pixel electrodes of the TFT array usin
standard photolithography techniques. The TFT array on which the bumps of conductive resin are formed
and the CdTe film can be joined by using the hot pressing methods employed in the bonding process foi
LCD panels.

The interconnect resistance of the conductive resin is approximate( /pixel, but if we take account of
the capacitance (1 to 1.5 pF) of the storage capacitor (Cs), the value of the CR time constant relative to thi
readout rate (33 ms per scan period) will be sufficiently low.

1.4 Specifications of 3-inch prototypes

Table 2 gives the specifications for a 3-inch prototype for ¢ Table 2 Specification of 3" prototypes.

type of panel using an a-Se film and a CdTe film for the > |—_2==Fn e unit
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radiographic range. In addition, it was confirmed that the ¢ e T
has roughly four times the sensitivity, in spite of the smaller B o | Tube voltage: 30 kv
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Fig. 7 shows the resolution chart patterns imaged by Fl.g 6 X-ray sensitivity of 3" prototypes.

respective prototype units. For a-Se, a resolution of 3.2 Ip/mm was confirmed, equivalent to the pixel pitch of
the TFT array (0.15 mm). For the CdTe film, it appears that the resolution is somewhat inferior compared to
the a-Se film. Accordingly, we evaluated the frequency response of the spatial resolution of both (MTF:
modulation transfer function). The results are showRign 8. The MTF of the a-Se film shows a response
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that follows theoretical values, but the MTF of the CdTe
deviates from theoretical values. Therefore it is confirmed th:¢
resolution is reduced with the CdTe film. The primary cau:
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Figs. 9and 10 are radiographic images generated by each ¢ T
prototype units. IrFig. 9, the fibrous structure of the bone is cle e ' z . 2 :
evident, which illustrates the superior resolving power of the Spatial Frequency [Ip/mm]

film. Meanwhile, the example in which the image was acqi Fig. 8 Modulation transfer function of 3" prototypes.

using a CdTe film as the X-ray photoconductor is unprecede

andFig. 10is the world's first X-ray image obtained from a CdTe film. It should also be noted that it has
been confirmed that both sensor panels are capable of capturing real-time video images at 30 frames/secont

3. The challenges of larger surface areas and performance improvements

3.1 a-Se sensor panel

The feasibility study described above confirmed that the a-Se sensor panel has excellent resolution as well &
sensitivity usable on the practical level. Accordingly, as a step toward practical application, we decided to
develop a new prototype sensor panel with an enlarged image area of®" x 9"

Fig. 9 X-ray image of a hand phantom (3" a-Se). Fig. 10 X-ray image of a watch (3" CdTe).

Table 3 lists the specifications for this 9-inch sensor
panel, andrig. 11 shows an external view of t

resulting sensor module. Six driver ICs are T, Table 3 Specification of a 9" a-Se prototype.
mounted along the top edge, and 12 amplifier

mounted the same way on the left and right edge Pa@aer. Specification ont

Array dimensions 230x 230 mm2
a total of 24) enable readout data to be output Array format 1536 x 1536 Sots
both the right and left sides. When a bias of 1/ V, Pixel pitch 150 m
was applied to this sensor panel, a DQE Film thickness 1000 m
approximately 0.75 was measured at an X-ray Readout rate 30 fps




voltage of 80 kV. This high value exceeds tha 230mm
conventional 1I-TV imaging systems.

Fig. 12 shows a radiographic image of a head phal
taken using this sensor panel. Superb resolution anc
dynamic range resulted in clear, distinct image qu
over the entire area. Of course, real-time video imagi
30 frames/second is also possible.
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In the future, as a step toward commercialization, we _

improvements in low-noise amplifier ICs, reliabil Fig. 11 Appearance of a 9" a-Se prototype.
evaluations such as tolerance to ambient temperatures.
and development of a sensor panel designed for ge
purpose radiographic systems capable of taking thc
images (imaging area: 17" x 17"), and are worl
toward eventual evaluation in the clinical setting.

3.2 CdTe sensor panel

The previously noted feasibility study demonstrated
CdTe sensor panels exhibit higher sensitivity than
sensor panels. This indicates that using a CdTe <
panel would enable a reduction in the X-ray dosag
body would be exposed to, and therefore, reducec
during fluoroscopic (moving) imaging.

Fig. 12 X-ray image of a head phantom (9" a-Se).

At present, the problem with the resolution of CdTe films has been identified, and as a solution, we think
that, by doping the CdTe film with Zn, it would be possible to widen the bandgap, or increase the film
resistance and reduce the leakage (dark) current. When we actually constructed a prototype sensor pan
using a Zn-doped Cd(zZn)Te film, we confirmed that the MTF (at 1 Ip/mm) was improved from 0.6 to 0.8. In
addition, no deterioration was apparent in the X-ray detection characteristics even though we omitted the
collection electrode formed in the pattern on the CdTe film in the panel structure shieign3(b), which

means that it is possible to simplify the panel design

In view of above-mentioned results, we think that Cd(Zn)Te sensor panels have great promise for next-
generation high-performance sensor panels.

Conclusions

We developed direct-conversion flat-panel X-ray image sensors that combine an X-ray photoconductor (a-Se
film or polycrystalline CdTe film) with TFT array technology, the key technology in active-matrix LCDs.
We constructed a 9-inch-square prototype sensor panel using a-Se, and confirmed excellent resolution a
well as sensitivity usable on the practical level. Meanwhile, by adopting a novel and original hybrid panel
structure, we demonstrated for the first time that a polycrystalline CdTe film can be utilized as an extremely
high-sensitive X-ray photoconductor. These flat-panel X-ray sensor panels hold out promise as digital
imaging devices that can be used for both real-time imaging (fluoroscopy) and static imaging (radiography)
in the near future, and new diagnostic systems taking advantage of telecommunications networks can b



anticipated.

In addition, through this research, we confirmed that the TFT arrays used in LCDs can be applied to input
devices, and in the near future, new applications for TFT arrays beyond the display field can be expected.
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