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Abstract

The construction of a photon-counting x-ray computed tomography (CT) system utilizing a cadmium
telluride (CdTe) detector is described. The CT system is of the first generation type and consists of an x-
ray generator, a turn table, a translation table, a motor drive unit, a CdTe detector, two amplifiers, multi-
channel analyzer (MCA), and a personal computer (PC). Tomography was performed by the repetition
of the translation and rotation of an object. Penetrating x-ray spectra from an object are measured by a
spectrometer utilizing a CdTe detector and a MCA, and both the photon energy and the energy width
are determined by the MCA.
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1. Introduction

Monochromatic x-ray generators have been developed corresponding to specific radiographic
objectives. To perform high-speed radiography, we have developed monochromatic flash x-ray
generators'” with x-ray durations less than 1 us. In particular, we have confirmed the irradiation of clean
K-series characteristic x-rays and their harmonics from weakly ionized linear plasmas. Next, steady-
state monochromatic x-rays*® are also useful for performing mammography, iodine K-edge
angiography,’** gadolinium K-edge angiography, and x-ray fluorescence analysis of low-density atoms in
biomedical objects.

Monochromatic radiography can be performed utilizing photon-counting imaging by selecting the
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Fig. 1. Block diagram of a photon-counting x-ray CT system utilizing a CdTe detector.

photon energy and by controlling the energy width. Using a CdTe detector in conjunction with a MCA,
monochromatic photon-counting radiography can be performed using polychromatic x-rays.
In this paper, we report a photon-counting x-ray CT system utilizing a CdTe detector, used to perform

preliminary energy-selective biomedical tomography.

2. Photon-counting x-ray CT system

Figure 1 shows the block diagram of a photon-counting x-ray CT system utilizing a CdTe detector (Fig.
2). The CT system is of the first generation type and consists of an x-ray generator, a turn table, a
translation table, a motor drive unit, the CdTe detector, two amplifiers, a MCA, and a PC. Tomography
was performed by the repetition of the translation and rotation of an object. The turn and the
translation tables are driven by two motors, respectively. Penetrating x-ray spectra from an object are
measured by a spectrometer utilizing a CdTe detector and a MCA, and both the photon energy and the
energy width are determined by the MCA for counting photons. The pitches of translation and rotation
are selected corresponding to the objectives, and the spatial resolution improves with decreasing the

two pitches.

3. I'-ray spectra from an Am241

In order to measure y-ray spectra for determining the photon energy, we employed a CdTe detector in
the CT system. The count and the channel number are proportional to the relative photon number and
the photon energy, respectively. We observed typical y-ray spectra of 26.3 and 59.5keV from an
americium radioisotope (Am241) (Fig.3). Therefore, penetrating x-ray spectra from the object are

measured, and photon counting CT can be performed.
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Fig. 2. Experimental setup for photon counting.

4. Tomography

Photon-counting CT was performed with a tube voltage of 60kV using a 3.0-mm-thick aluminum filter.
Figure 4 shows x-ray spectra and tomograms of a PMMA phantom filled with iodine medium (water)
with an iodine density of 35mg/mL. These x-ray spectra were measured after penetrating an iodine-
based contrast medium, and the iodine K-edge and photon pileups were observed. Using all photons
with energies from 20 to 60 keV, a PMMA phantom is seen, and the iodine medium is observed with high
contrasts. Next, the image contrast of the PMMA phantom falls using photons with energies from 37 to
60 kV.

5. Conclusions and outlook

We developed the photon-counting x-ray

CT system with the CdTe detector and

performed CT with energies from 20 to 800

60keV. In this CT system at a constant Noise 59.5keV
600 4 OkeV
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k2
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This CdTe detector used in this proportional to the photon energy mostly.
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Fig. 4. X-ray spectra and tomograms of a PMMA phantom filled with iodine contrast medium with an iodine
density of 35 mg/mL (a) using a photon energy range from 20 to 60keV and (b) a range from 37 to 60 keV.

experiment detects x-ray photons with energies from 5 to 150keV, and various biomedical objects can
be imaged using optimum x-ray spectra discriminated by the MCA. Subsequently, the third generation
type photon-counting CT utilizing a CdTe line detector is useful for decreasing the exposure time.

Lately, several different drug delivery systems (DDS) have been developed and can be applied to
diagnose cancers in molecular imaging. In view of this situation, an x-ray fluorescence CT utilizing
photon counting is useful for cancer diagnosis because several drugs accumulate in cancers with low

densities.
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