CPC(HEP & NP), 2011, 35(11): 1070-1073 Chinese Physics C

Preliminary study of depth of interaction
measurement for a PET detector”

LIAO Yan-Fei(B# )23  ZHANG Zhi-Ming(&EM)2 LI Dao-Wu(Z=ii i) 2

SHUAI Lei(J %)  SHAN Bao-Ci(#{#2)"* HUANG Xian-Chao(¥{5ti)">
LIU Jun-Hui(X%#%)4%2  CHEN Yan(BfifF)%22  WANG Ying-Jie( FHA)123
LIU Shuang-Quan(XJX{4x)t*3  WANG Pei-Lin( E}i#k)123
WEI Shu-Jun(#13%4)"?  WEI Long(%i k)"

1 Key Laboratory of Nuclear Analysis Techniques, Institute of High Energy Physics,
Chinese Academy of Sciences, Beijing 100049, China
2 Beijing Engineering Research Center of Radiographic Techniques and Equipment, Beijing 100049, China
3 Graduate University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: In this work we studied the feasibility of detecting the depth of interaction (DOI) with two layers
of crystal arrays of LYSO and BGO scintillators coupled to a position-sensitive photomultiplier tube (PS-PMT)
R8900-C12. A front-end electronics was designed, with which we got different pulse shapes for different crystals
to obtain depth information. With the double integration method, we got the DOI histogram of a divided
integration ratio of two crystals as the standard to determine the layer-of-interaction. The DOI accuracy,
measured by scanning a 2?Na slit source along the side of the module, was 98% for the LYSO layer and 95% for
the BGO layer. The energy resolution at 511keV was 13.1% for LYSO and 17.1% for BGO. We obtained good
crystal separation in 2D position histograms of both layers. These results could be useful in the manufacture
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of PET scanners with high spatial resolutions.
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1 Introduction

Using smaller scintillator crystals is an effective
measure to improve the spatial resolution of a PET
scanner, while a large angle gamma ray may pass
through several crystals before it is stopped. These
oblique crossing events which occur on the edge
of field of view (FOV) lead to the incorrect loca-
tion of lines-of-response (LOR), and limit resolution
uniformity. PET detector modules with depth-of-
interaction (DOI) capability improve spatial resolu-
tion and resolution uniformity [1-4]. A phoswich
detector module comprised of different scintillators
can provide DOI information by identifying the scin-
tillators [5-9]. Here, we made a phoswich detector
module with LYSO and BGO scintillators. Simulta-
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neously, double integration, (a method that exploits
differences in the light decay time of the two scintil-
lators) is used to determine the layer of interaction.
With this method the DOI accuracy of this detector
was measured.

2 Materials and methods

2.1 Detector module

The detector module was comprised of 8x8 arrays
of Lu,; 5Y.25105:Ce (LYSO) crystals and 8x8 arrays
of Bi;Ge30,, (BGO) crystals, as shown in Fig. 1. The
crystal size of two layers is 1.9 mmx1.9 mm (2.0 mm
pitch), 5 mm long. The BGO crystals comprised the
exit layer, which was coupled to the face of a Hama-
matsu R8900-C12 position—sensitive photomultiplier
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tube (PSPMT) with silicon oil. The LYSO crystal
elements were polished on all sides, while the BGO
crystal elements were diffusely ground on the con-
tact side to LY SO crystals to improve the scintillation
light output [10], and polished on all other sides.
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Fig. 1. The phoswich detector module.
2.2 Electronics data acquisition and process-
ing

The R8900-C12 PSPMT contains six X anode
plates and six Y anode plates that collect the ampli-
fied charge generated by each scintillation event. The
six X anodes were directly connected to a simple re-
sistive string to divide the signals in the X direction
to two outputs, and the same for the six Y anodes.
After being shaped, the four output signals were fed
to a Continuous Sampling Module (CSM) and digi-
tized by the charge-integrating analog-to-digital con-
verters in it. These digital values were used to calcu-
late the X, Y position of the event within the field-
of-view of the tube, the energy deposition in the scin-
tillator crystals and the DOI parameter of the event
for layer assignment.

Since the light decay time of the two phoswich
scintillators differs (LYSO=40 ns, BGO=300 ns), a
shaping circuit was designed to shape the two signals
as different widths (LYSO=750 ns, BGO~1500 ns),
as shown in Fig. 2. and Fig. 3. The DOI of the event
is obtained by dividing the shaped signal into two
parts for charge integration, and calculating the inte-
gration ratio of the first 750 ns and full 1500 ns signal
as the DOI parameter. A DOI histogram, shown in
Fig. 4, was obtained by accumulating the divided in-
tegration ratio data of two layers when each layer was
illuminated alone.

This DOI histogram contained two peaks of corre-
sponding layers and nearly no overlap area. To con-
firm the difference in the DOI histogram of crystals,
we acquired the DOI histogram of 16 BGO crystals
and 16 LYSO crystals illuminated by a 22Na point

source. As a result, they had almost the same peak
position with a difference of less than £0.5%. The
DOI standard value for the whole module was deter-
mined from the DOI histogram to identify the layer
of detected events.
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Fig. 2. The output pulse shapes before shaping.
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Fig. 3. The output pulse shapes after shaping.
= | =
20 |
~ 15
2 10 |
3 BGO LYSO
0 20 40 60 80 100
ratio (%)
Fig. 4. The DOI histogram of divided integration ratio.

2.3 DOI accuracy

A highly collimated 1 mm-wide slit source of 22Na
was stepped at 1 mm increments along the side of the
detector module to illuminate a slice at each point,
and the layer of every event which occurred was de-
termined by it’s DOI parameter. At the same time,
a BGO-detector was placed opposite in time coinci-
dence in order to suppress the background count rate
of '"Lu (300 s7'- cm™ of LYSO), which has a big
noise to coincidence rate of 511 keV photon beam
(=8 s71). The geometry of the experiment is shown
in Fig. 5.
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A fraction of events occurring in each layer com-
pared with the events occurring anywhere in the mod-
ule was obtained when the module was illuminated at
each point. This was considered to be the DOI accu-

racy.
100 mm
LYSO Fb l =l mm BGO
BGO l
PMT PMT
Fig. 5.  Geometry of the scanning slit source ex-

periment.

2.4 2D position histogram and energy reso-
lution

To localize the LOR of every coincidence event,
the ability of the module to identify crystals within a
layer is also important for a PET scanner as well as
DOI information. 2D position histograms of two lay-
ers were created by applying the DOI standard value
to event acquisitions from the 2?Na point source.
Next, we obtained crystal identification lookup tables
(LUT) for each layer to get the count and energy spec-
trum of each crystal. The energy spectrums of each
crystal revealed the energy resolution and the collec-
tion of scintillating light for two scintillator crystals.

3 Results

The counting rate plot of coincidence events with
different collimating height along the side is shown in
Fig. 6. It is about 7cps when the slit source is placed
at a height of 2 mm to 10 mm, and less than 0.5cps
when the slit source is away from the module. The
phoswich detector module was illuminated for 3600s
at each point.
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side.

The fraction of events occurring in the illuminated
layer is plotted in Fig. 7 as the DOI accuracy. It is
about 98% for the LYSO layer and 95% for the BGO
layer.
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Fig. 7. Fraction of events assigned to each layer

with different collimating height along the
side.

The field flood image of the module illuminated
by a 22Na point source from the top is shown in
Fig. 8 (upper). It is a sum 2D position histogram of
all events occurring anywhere in the module without
DOI information. When the DOI parameters are im-
plied, this histogram separates into two 2D position
histograms, one for each layer (middle in Fig. 8). The
2D position histograms of two layers are not exactly
the same because of the gap of reflector material in

Fig. 8.
flood image into two images, and the count

DOI decomposition of the sum field

profiles along the central row.
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the crystal arrays. From the count profiles along the
central row of the two histograms shown in Fig. 8, the
LYSO layer has a higher peak-to-valley ratio, which
is due to LYSO having more scintillation light out-
put. The crystal identification LUT of each layer was
created from the 2D position histograms.

An energy spectrum of all events occurring in the
phoswich module appears as “SUM” line in Fig. 9.
When the DOI parameters are implied, the layer in-
formation of each event is acquired to plot the BGO
energy spectrum and LYSO energy spectrum of the
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Fig. 9.
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Fig. 10. Typical energy spectrum of signal
LYSO and BGO crystal in the center or corner
of the module.
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