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Integration and Performance Evaluation of a TIBr X-ray Imager
for CT Imaging Systems
*Moh Hamdan', Kenji Shimazoe!, Hiroyuki Takahashi!, Mitsuhiro Nogami?, Keitaro Hitomi?, Takanori Tsunashima®, and
Takashi Nakamura®
IThe University of Tokyo, >Tohoku University, *Japan Display Inc.

Abstract
This study develops and characterizes a TIBr-based direct-conversion flat panel detector (FPD) for X-ray imaging. Integrated
with a rotating stage, the system was tested as a computed tomography (CT) imaging system, demonstrating its potential for
advanced X-ray imaging applications.
1. Introduction

Direct-conversion FPDs are widely studied for medical and industrial X-ray imaging. The performance of these detectors
heavily depends on the choice of conversion materials. TIBr stands out due to its optimal energy bandgap (2.68 eV), high atomic
numbers (T1: 81, Br: 35), and high density (7.56 g/cm?®) [1]. This study develops and characterizes a direct-conversion FPD with
a 25 pm thick TIBr film, evaluating its performance as a CT imaging system.
2. Materials and Methods

The TIBr film, deposited via evaporation, had a thickness of 25—50 um and an active area of 29.61 x 39.48 mm? [2]. The
electrodes included Au film for the top and ITO-coated glass for the bottom. A pixelated sensor matrix (168 x 126 pixels, 235 x
235 pum? each) was fabricated using low-temperature polysilicon thin-film transistor (LTPS TFT) technology (Figure 1(a)). CT
imaging utilized a Raytech TX-120 X-ray tube (25-50 kV, 0.25-2 mA) with a 75 cm source-to-detector distance, 3 cm rotation
center offset, and angle pitches of 1°-2° for 1000 frames per pitch (Figure 1(b)). Detector sensitivity was tested on plastics, metals,
and electrolytic capacitors, with reconstruction via Filtered Back Projection (FBP).
3. Results and Discussion

The pixel intensity increased with rising X-ray tube voltage (30—100 kV, 2 mA), with saturation observed starting at 80 kV
attributed to energy deposition in the high-energy region. The spatial resolution, determined from the LSF profile, ranged from
222 to 280 um in terms of Full Width at Half Maximum (FWHM), primarily constrained by the pixel size (Figure 1(c)). The CT

imaging using plastics, metals, and electrolytic capacitors are expected to distinguish the structures and shapes of the objects.
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Figure 1. (a) TIBr-based direct-conversion FPD, (b) CT imaging setup, and (c) spatial resolution using ESF profile with FWHM of 22 um.
4.  Conclusion
The T1Br-based FPD exhibited strong X-ray imaging performance, with increasing pixel intensity up to saturation at 80 kV
and a spatial resolution of 222-280 pm (FWHM). Preliminary CT results are expected to demonstrate its potential to distinguish
object structures and shapes, highlighting its suitability for advanced X-ray imaging applications.
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Abstract

PET is crucial for diagnosing cancer, heart disease, and neurological disorders. Improving Depth of Interaction (DOI)
accuracy reduces parallax errors, enhancing spatial resolution. Traditional methods using segmented scintillators are
precise but costly. Our Double Side Readout (DSR) method with cost-effective monolithic crystals and phase-shifting
achieved 1 mm resolution. Experiments with Cs-137 validated this efficient and practical PET imaging solution.

Keywords: Double side readout, Phase shifting, Depth of interaction.

1. Introduction

PET is particularly significant for diagnosing cancer, heart disease, and neurological disorders. Enhancing
Depth of Interaction (DOI) accuracy in PET detectors improves spatial resolution by reducing parallax errors, which
blur images, especially for larger objects. While advanced systems like segmented scintillators and 3D crystal arrays
improve resolution, they are costly and complex. What’s more, current 3 mm Silicon Photomultiplier (SiPM) systems
are limited, prompting the need for innovative, cost-effective solutions to advance PET imaging capabilities.
2. Methods and Results

The Double Side Readout (DSR) method provides a cost-effective approach to enhancing Depth of
Interaction (DOI) accuracy in monolithic crystals by utilizing the signal ratio A/(A+B) from both sides of the crystal
as shown in Figure la. In our experiment, an 88 MPPC array (2 mm % 2 mm pixels) was paired with a 16x16 YAP
scintillator array (0.9 mm % 0.9 mm pixels). A phase-shifting technique was applied, shifting the detector by half a
pixel along the x and y axes to achieve quarter-pixel sampling as shown in Figure 1b and lc, effectively improving
spatial resolution to 1 mm without requiring denser configurations.

Coincidence experiments with a Cs-137 source validated this approach, showing distinct spectral peaks and

consistent alignment across shifts. Dual-side readout, integrating MPPCs on both scintillator sides, captured and

correlated signals, further enhancing DOI accuracy. This method demonstrated superior spatial resolution and image

clarity,
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Figure 1 a Depth of Interaction b 1D phase shifting ¢ 2D phase shifting
3. Conclusion
I successfully prove the phase shifting principle and test the DOI with double side readout to achieve 1mm

spatial resolution.
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