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ABSTRACT

Effect of misalignment on the performance was evaluated for the development of time-of-flight(TOF)-PET
detector. A pair of TOF-PET detector consists of Lutetium-yttrium oxyorthosilicate(LYSO) scintillation crystal
with a volume of 3 mm x 3 mm X 20 mm and Geiger-mode avalanche photodiodes(GAPD) photo-sensor with
a active area of 3.07 mm X 3.07 mm. Analog output signals from TOF-PET detector were sent to the
pre-amplifier and then fed into the gain adjust circuit for achievement of gain homogeneity for each detector. The
amplified signals were recorded and digitized by data acquisition system based on oscilloscope. The effect of the
detector misalignment between LYSO and GAPD was examined for four different alignment offsets of 0.0 mm,
0.5 mm, 1.0 mm and 1.5 mm for a pair of TOF-PET detector. The photopeak position decreased from ~400 mV
to ~250 mV with increasing detector misalignment. the energy resolution and time resolution were degraded from
11.6% to 16.2%, and from 477 ps to 632 ps, respectively. This study demonstrated that PET detector performance
was degraded considerably depending on the detector misalignment, which would be a critical issue for the

development of TOF-PET detector.
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II. MATERIAL AND METHODS
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Fig. 1. Picture of LYSO scintillation crystal and
GAPD photo-sensor used in this study.
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Table 1. Specifications of the pulse shapes
Parameter A detector B detector
Rise time (10%-90%) 7.76 ns 6.95 ns
Fall time (90%-10%) 36.55 ns 36.30 ns
Pulse width (50%-50%) 28.51 ns 27.63 ns
Offset 20.16 mV 19.21 mV
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(a) Schematic diagram of low-noise charge sensitive
preamplifier and gain adjustment circuits

Amplitude (mV)

Time (ns)

(b) Example pulse shape of A and B detectors

Fig. 2. Analog circuits and pulse shape of detectors.

Fig. 3. Experimental setup used in this study.
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Fig. 4. Process of obtaining energy and time
information.
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Fig. 5. Energy spectra obtained from A detector with
0.0 mm, 0.5 mm, 1.0 mm, 1.5 mm misalignment.
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(a) Photopeak position (b) Energy resolution

Fig. 6. Photopeak position and energy resolution as a
function of the misalignment of each detectors.
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Fig. 7. Representative time spectra obtained from A
and B detectors with 0.0 mm, 0.5 mm, 1.0 mm, 1.5
mm misalignment.
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Fig. 8. Time resolution as a function of the
misalignment of each detectors.
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