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Development of thallium bromide semiconductor detectors for whole-body PET scanners
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Thallium bromide (TIBr) semiconductor detectors were developed for whole-body
positron emission tomography (PET) scanners. Large volume TIBr crystals were grown successfully and
technologies for stable fabrication of 5 mm x 5 mm x 5 mm TIBr detectors were established in this
study. The developed TIBr detector exhibited a timing resolution of 6.5 ns. The TIBr detectors operated
stably for 48 hours at room temperature and the result indicates that the TIBr detectors have sufficient
stability as gamma-ray detectors for PET scanners. The TIBr detector exhibited the best energy resolution
of 1.1% FWHM for 662-keV gamma rays at room temperature. The TIBr detectors developed in this study are
very promising not only for PET applications but also for other advanced gamma-ray applications.

PET



(positron emission
tomography: PET)

PET 511
keV
PET
PET
mm
(CdTe)
PET 1mm
CdTe
1092 °C
PET
CdTe
(T1Br)
T1Br
460 °C
T1Br
PET
T1Br
PET
PET
T1Br
T1Br
T1Br
(1
T1Br

(2

T1Br
ICP-MS
T1Br
(3)
PET
T1Br
(4
T1Br
-20 °C
(5)
T1Br PET
T1Br
(1
T1Br
1 T1Br
18.5 mm
T1Br
5mm X5 mm X5 mm
T1Br
2 5HSmmX5mmX5mm
T1Br

T1Br

1 TIBr



/HH{HHIHH'IIH‘II

o e

2

2 TIBr (b mm X 5 mm X 5 mm)
(2
ICP-MS
Ag Al Bi Ca Cd
Co Cr Cs Cu Fe La Mg Mn Na
Ni Pb 16 ICP-MS
(<1 ppm)
T1Br
3
2 mm X 2 mm
4.4 mm TIBr
T1Br
24.2 cm?/Vs
2.1 X 103 ecm2/V
86.8 us
T1Br
CdTe
T1Br
(4)
PET 2
PET
T1Br

6.5 ns

Counts/Channel
2

560 - 350 keV

T 6.5ns FWHM

0 50 100

3 TiBr

(5)
T1Br

1 Y <
150 200 250 300 350 400 450 500
Channel Number

(0.5 mm )

TIBr

Tl

PET

(6)

662 keV

T1Br
48

TIBr PET

-20 °C

T1Br

1.1%
4 TIBr
137Cg

TI1Br NalI(TD

T1Br

T1Br

PET



662 keV
10 — TiBr
Nal(Tl)
— Ge
05 <— 1.1% FWHM
0.0 - -
400 500 600 700 800 900

(keV)
4 TIBr Ge Nal(TD
137CS

T1Br
5.5eV
T1Br

8

K. Hitomi, T. Onodera, S.-Y. Kim, T.
Shoji, K. Ishii, Characterization of
pixelated TIBr detectors with Tl
electrodes, Nuclear Instruments and
Methods in Physics Research Section A,
747, 7-12, 2014. ( ).

DOI: 10.1016/j.nima.2014.02.020

K. Hitomi, T. Shoji, K. Ishii, Advances
in T1Br detector development, Journal
of Crystal Growth, 379, 93-98, 2013. (

).
DOI: 10.1016/j.jcrysgro.2013.03.002

K. Hitomi, T. Tada, T. Onodera, T. Shoji,
S.-Y. Kim, Y. Xu, K. Ishii, Timing
performance of TIBr detectors, IEEE
Transactions on Nuclear Science, 60(4),
2883-2887, 2013. ( ).

DOI: 10.1109/TNS.2013.2268855

K. Hitomi, T. Tada, T. Onodera, S.-Y.
Kim, Y. Xu, T. Shoji, K. Ishii, TIBr
capacitive Frisch grid detectors, IEEE
Transactions on Nuclear Science, 60(2),
1156-1161, 2013. ( ).

DOI: 10.1109/TNS.2012.2217155

K. Hitomi, T. Tada, S.-Y. Kim, Y. Wu, T.
Tanaka, T. Shoji, H. Yamazaki, K. Ishii,
Recent development of TIBr

o

gamma-ray detectors, IEEE
Transactions on Nuclear Science, 58(4),
1987-1991, 2011. ( ).

DOI: 10.1109/TNS.2011.2123115

40

K. Hitomi, T. Onodera, S.-Y. Kim, T.
Shoji, K. Ishii, Characterization of TIBr
gamma-ray detectors, 2014 IEEE
Nuclear Science Symposium and
Medical Imaging Conference, and 21st
Symposium on Room-Temperature
Semiconductor X-Ray and Gamma-Ray
Detectors, Seattle, USA, Nov. 8 - 15,
2014.

K. Hitomi, T. Onodera, S.-Y. Kim, Y. Xu,
T. Shoji, K. Ishii, Development of
pixelated TIBr detectors, 2013 IEEE

Nuclear Science Symposium and
Medical Imaging Conference, and
Room-Temperature Semiconductor

X-Ray and Gamma-Ray Detectors
Workshop, Seoul, Korea, Oct. 27 - Now.
2, 2013.

K. Hitomi, T. Tada, T. Onodera, T. Shoji,
S.-Y. Kim, Y. Xu, K. Ishii, Timing
performance of TIBr detectors, 2012
IEEE Nuclear Science Symposium and
Medical Imaging Conference, and
Workshop on  Room-Temperature
Semiconductor X-Ray and Gamma-Ray
Detectors, Anaheim, USA, Oct. 27 -
Now. 3, 2012.

K. Hitomi, T. Tada, S.-Y. Kim, Y. Wu, H.
Yamazaki, T. Shoji, K. Ishii,
Semiconductor detectors fabricated
from TIBr crystals, 2011 MRS Spring
Meeting and Exhibit, San Francisco,
USA, Apr. 25 - 29, 2011.

K. Hitomi, K. Ishii, Y. Kikuchi, T.
Tanaka, H. Yamazaki, S.-Y. Kim, T.
Shoji, Evaluation of TIBr strip
detectors  for  medical 1imaging
applications, SPIE Optics + Photonics,
Conference 7805, Hard X-ray,
Gamma-Ray, and Neutron Detector
Physics XII, San Diego, USA, Aug. 2 - 4,
2010.

HITOMI, KEITARO

60382660



