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Performance characterization of a new high
resolution PET scintillation detector

A. Vandenbroucke, A.M.K. Foudray, FW.Y. Lau, P.D. Olcott, P.D. Reynolds, C.S. Levin

Abstract—We present measurements of a new high resolution
PET scintillation detector. The detector is capable of recording
the 3-D coordinates, energy, and arrival time of the individual
photon interactions in the scintillation crystal. The incident
radiation interacts edge-on with the crystal array. This new
detection concept is very different than the standard block design.
Measured energy, time and spatial resolution of the detector
modules are reported.

Index Terms—PET, PSAPD, scintillation, Depth of Interaction

I. INTRODUCTION

OSITRON Emission Tomography (PET) is known to be a

very specific molecular imaging modality. Current clinical
systems are able to detect tumors of about | cm or bigger.
Despite this limitation, PET is currently the most sensitive
imaging modality to detect lymph node metastases [1]. Clearly,
cancer diagnosis, staging and follow-up would benefit from
improved PET systems.

A Dbetter PET image quality can be achieved in a number
of ways. High energy resolution could distinguish in-tissue
scatter from scatter-free events. A good timing resolution
would reduce the non-coincident event background. If we
could build a system with a high packing fraction, more
annihilation photons would be detected in the same field
of view, yielding a higher signal to noise ratio in the PET
image. Additionally, the spatial resolution could be improved
by building systems with a fine detector pixel pitch, and, by
having an instrument capable of determining the depth of
interaction, accordingly reducing the parallax error. Evidently,
the fine detector pitch and high packing fraction account for
an increasing channel density and scanner complexity. By ap-
plying channel reduction techniques, the cost and complexity
of the scanner could be reduced.

This report describes the design and performance of a high
resolution PET scintillation detector being built in our lab. The
first section reports the design, while the second section covers
the initial tests being performed to verify the design.
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[I. DESIGN OF A HIGH RESOLUTION PET SCINTILLATION
DETECTOR

We are studying a high resolution PET scintillation detector
module capable of detecting lesions of 1 mm3. This section
describes the main building blocks of the system: scintillation
crystal, photo detector and packing fraction.

A. Scintillation Crystal

The requirements for a scintillation crystal for PET are a
high light yield combined with a fast decay time. Furthermore,
a high density and atomic number is ideal. Additionally, the
crystal should be easily machineable so that a fine segmen-
tation for high spatial resolution can be achieved. We choose
to use Lutetium Yttrium Orthosilicate (LYSO) crystals which
have a light output of about 27000 electrons per MeV of
deposited energy, a 40 ns decay time and a photofraction of
about 32 % for 511 keV photons. The density is -dependent
on the amount of Yttrium doping - about 7.25 _E&5.

We choose to have crystal sizes of 1 x 0.91 x 0.91 mm3
ordered in an 8 x 8 array. These dimensions match the sensitive
area of the photodetector used in our design. The sides of
every individual crystal are covered with a specular reflector
(VM2000 by 3M). Details on the crystal array configuration
can be found in [2].

B. Photodetector

We use Position Sensitive Avalanche Photodiodes (PSAPD)
made by RMD INC. to convert the scintillation light into an
electrical charge. Position information is obtained by reading
out the four corners of a resistive sheet coupled to the n—side
of the avalanche photodiode. These PSAPDs have a gain of
about 1000 combined with a high quantum efficiency of about
77 % at 400 nm [3]. The PSAPDs need to be operated at
around -1700 volts. The active area - defined as the area for
which decent floods can be produced is 8 x 8 mm? [4], while

the PSAPD’s surface measures 10 mm?.

C. Detection Module and Packing Fraction

In order to achieve a high packing fraction, the PSAPD
modules are mounted on a Kapton flex circuit. In order to fix
the crystal arrays in space, an alumina (Alz03) frame is glued
to the flex circuit. A Liquid Crystal Polymer (LCP) coverlay
is needed to prevent moisture from leaking to the PSAPD. A
photograph of a detector module is shown in Fig. 1.

By coupling the crystal array to a PSAPD the channel
density is reduced by a factor of almost 13 as opposed to
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Fig. 4. Top: A flood histogram for the face-on radiation. Center and bottom
show a profile histogram for the top row and the fourth row of the crystal
flood histogram respectively. The crystal numbering scheme is also indicated
in the top panel.

B. Edge-On Radiation

For the edge-on measurement, a 250 ym wide 22Na source
was positioned on a translating stage located in between two
detector module fixtures. Data was obtained in coincidence
between two detector modules. The source was moved in
steps of 165 um. Also here CREMAT preamplifiers and
conventional NIM electronics were used to perform pulse
processing. A photograph of the edge-on setup is shown in
Fig. 8.

Fig. 9 shows a flood histogram for edge-on incident radia-
tion. As expected, an exponentially decreasing number of hits
can be seen in the lateral direction.

For every position of the source, the number of coincidences
between opposing rows were recorded. Accordingly the so-
called ‘Point Spread Function’ (PSF) is obtained, which is
depicted in the top panel of Fig. 10. The average FWHM of
the peaks is 0.837 + 0.045 mm. We did not correct for the
250 pm wide source diameter. The measured PSF is smaller
than the crystal size. From the figure it is evident that the
peaks overlap below half maximum. The bottom panel shows
the coincident time resolution of the 8 lines of response in
this setup. An average time resolution of 2.98 £ 0.13 ns was
obtained. Also here, no systematic variation across the crystal
is observed.
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Fig. 5. Energy spectra for one individual crystal (top) and the % energy
resolution (FWHM) across the array (bottom).
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Fig. 6. Coincident time resolution for onc individual crystal (top) and the

time resolution across the array (bottom).

C. Building a Block Detector

In order to analyze intercrystal scatter a block setup consist-
ing of 2 x 5 detector modules is currently under construction
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Fig. 9. Crystal positioning histogram for both detector modules for the edge-on incident annihilation radiation.
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Variation of the signal arrival time across the array.

Fig. 7.

Fig. 8. Photograph of the setup used for edge-on coincidence detection
between two LSO-PSAPD modules. Two test fixtures can be seen with a
translation stage in between them. The CREMAT preamplifiers are visible as
well.

in our lab. The construction of this block detector will allow
us to test the system under more complicated circumstances:
long traces will be used and many channels need to be read out
simultaneously. Additionally, there will be many high voltage
channels which all need to be individually accessible. We will
use the RENA ASIC [6] built by NOVA, INC for detector
readout. A dedicated interface board to match the RENA input
was built.
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Fig. 10. The top panel shows the coincidence point spread function across
the edge of the array, the bottom panel shows the coincidence time resolution
of the 8 lines of response for this setup.

IV. SUMMARY AND CONCLUSIONS

We are studying a high resolution PET scintillation detec-
tor capable of depth of interaction measurement as well as
positioning the 3-D coordinates of individual photon multiple
interactions in the scintillator. In this new detector orientation,
annihilation photons interact with the detector edge-on. De-
tector modules are built out of LYSO crystal arrays coupled
to PSAPDs.

We presented tests of those detector modules for both face-
on and edge-on radiation. An energy resolution of 13.5+0.7%
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