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Abstract—Two micro crystal element (MiCE) detector unit
designs are evaluated. The detector units are built using highly
packed arrays of 0.8x 0.8 x 6 mm mixed lutetium silicate (MLS)

Teflon + Aluminum

crystals. The first detector unit, MiCE1, consists of a 5x 5 array TiO; paint
of 0.8 mmx 0.8 mmx 6 mm MLS crystals. The detector unit . .
is coupled to four channels of a Hamamatsu multichannel photo- Optical resin

multiplier tube (PMT) viaa 2 x 2 array of 2 mm x 2 mm square
optical fibers. The crystal of interaction is determined using
simple Anger style logic. Light is shared within the crystal array to
help facilitate decoding of the crystals. A full detector module will
consist of a 4x 4 array of detector units coupled to a 64-channel
PMT. The second detector unit, MiCE2, consists of an array of
0.8 mmx 0.8 mmx 6 mm MLS crystals directly coupled to a
6 + 6 cross-anode PMT. The crystal of interaction is determined
using simple Anger style logic. In both designs, individual crystals
are well visualized. Simulations were performed to determine the
imaging characteristics of a detector system consisting of MiCE1
detector modules (12.8-cm ring diameter). Results indicate that a
detector system built with our MiCE detectors will have an image
resolution of less than 1 mm for the central 2 cm of the field of
view.

Index Terms—High-resolution positron emission tomography
(PET) detectors, small animal PET.

Fig. 1. Crystal interfaces for MiCE1 detector unit.

'

Fig. 2. Picture of sample MiCE1 detector unit resting on a dime.

of MLS are very similarto LSO and are listed together in Table I.
Five sides of the crystals were polished; one 0®8 mn?
|. INTRODUCTION side was left unpolished and faced away from the PMT. Each

HE need for<1 mm image resolution for positron emis_detector unit consists of a5 crystal array connected to a

sion tomography (PET) is being driven by research in geneti%‘sl'(:h"’mneI PMT via a 2x 2 array of 2x 2 mn¥ cross-section

(where the mouse is the main laboratory animal). Physical ffucal f|be_rs. _Thde OF’“C?" f|(ljoers_ were 6 (I:m Io_ngl. The %rysLt_alh
spatial resolution is limited by positron range, noncollinearit} interaction is determined using simple ratio logic [3]. Light

of the photons, and the size of the resolution element of the shared within the crystal array to help facilitate decoding of

tector system. However, the image resolution of the highest rét%@ crystals. The design of the crystal-crystal interfaces for the

olution scintillator-based PET system [1] is still limited by th&letector unitis illustrated in Fig. 1. Optical resin is used to allow

size of the crystals (versus positron range or noncollinearitygnt sharing along an interface. TFE Teflon, aluminum foil, and

In this paper, we investigate the decoding characteristics of dd92 Paint are used as opaque reflectors. The inneB3array
tector modules built with 0.8& 0.8 mn? cross-section lutetium ©f crystals was first wrapped with a single layer of TFE Teflon

oxyorthosilicate (LSO) crystals [2]. We call our detectors thior Optimum light collection efficiency. The aluminum foil was
micro crystal element (MiCE) detectors. used to make the interface opaque while minimizing the spacing

between neighboring crystals. Ti(paint was used because it
facilitated the construction of the detector unit. A full detector
module will consist of a 4« 4 array of optically isolated detector
A. MICE1 units coupled to a 64-channel PMT. A sample detector unit s il-

The MICE1 detector unit was built with 0:80.8x 6 mn?  lustrated in Fig. 2.
mixed lutetium silicate (MLS) crystalsThe physical properties ~ Crystal maps and energy spectra were produced using signals
, _ _ _from either four or 12 channels of the PMT, as shown in Fig. 3.
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TABLE |
SCINTILLATOR CHARACTERISTICS
BGO LSO MLS
Density (g/cm’) 7.13 74 7.30-7.39
Effective Atomic Number 74 66 63-65
Linear Atten. Coeff. (cm™) 0.96 0.87 ~0.85
Decay Constant 300 40 36-39
Light Output 15 60 65-75
(% Nal(T1)
PMT anode
” coupled o detector unit Fig. 4. lllustration of MICE2 detector grid. Grid is made of a multilayer
: ical Giber polymer mirror material that has been laser cut as shown in the illustration
!l ¥ii CpRacl Toe (right side of picture).
|| TNl |[|‘ not directly coupled 1o
a s detecior it TABLE I
CHARACTERISTICS OFMULTILAYER POLYMER MIRROR FILM
Fig. 3. Sixteen channels of 64-channel PMT. Detector unit is directly coupled i _
to central four channels via optical fibers. Event is positioned using either four Luminous Reflectivity (LR) >98%
or 12 signals. Bandwidth (>90% LR) (400-415)-(775-1020) nm
Transmits Wavelengths >775-1020 nm
Absorbs Wavelengths <400 nm
the corner of the PMT, only the four channels directly coupled Usage Angle 0-90 degrees
Thickness 2.4-2.7 mils

to the detector unit were used to generate the crystal maps.
Crystal maps were made using simple ratio logic. Gain bal-
ancing between channels was done in software and values were
initially based upon channel gain values provided by the factory.
Gains for the four channels directly coupled to the detector unit
were further adjusted to align the photopeaks of the corner four
crystals. Crystal maps were generated from singles data (i.e.,
not coincidence data) using&Ge point source. A program was
written to determine the individual crystal boundaries within the
crystal map. By binning the data i, Y, and energy, the energy
spectra for each individual crystal could be acquired. The data
used to look at the energy spectra characteristics of the detector
unit were collected in coincidence usin@%e point source. Fig. 5. lllustration of 22<x 4 MLS crystal MiCE2 detector. Detector unit is
shown next to a dime.

B. MIiCE2

The MICE2 detector was built with the same &.8.8x 6 min to build. Once the grid was assembled, the MLS crystals
mm? MLS crystals. Our goal is to decode a %5 array of were slid into the openings.
crystals using a 12 (6 6)-channel cross-plate anode PRMT. A 22 x 4 crystal detector module was assembled, illustrated
The advantages of using the R5900-00-C12 PMT versus fheFig. 5. Each of the crystals was polished on five sides. The
R5900-00-M64 are threefold. side facing away from the PMT was left unpolished. The size of
1) The PMTs are less expensive. the detector array was limited by the number of crystals we cur-
2) For the same outer package size, the minimum effectit@ntly possess with the proper surface treatment. Once assem-
area of the photocathode is larger (i.e., 22 versus 18 mraled, the detector array was directly coupled to a R5900-00-C12
3) Because of the larger effective photocathode area, it mM8)YIT using BC-630 optical coupling greaselhe individual
be feasible to couple the MLS crystals directly to the PM¥ignals from the PMT were fed to a resistor network that pro-
and still have a minimal gap between detector modulééices four position signals{(+, X —, Y+, Y'—). Crystal maps
when placed in a ring configuration. were produced using simple Anger style logic. Only singles data
Methods to tightly pack crystal arrays while still keeping th#ere collected (i.e., not coincidence data) usirf@e point
crystals optically isolated were investigated. We are usingSQurce.
grid, illustrated in Fig. 4, made of a highly reflective multilayer
polymer material [4] to house the crystals. The grid illustrated:
can be used to construct a 224 crystal detector module. The Detector system simulations were performed using the
mirror film was slotted, as illustrated in the figure, using an ulSimSET software package [5]. Extensions to the current
traviolet laser (i.e., solid-state tripled YAG laser with a waverelease were added to allow full Monte Carlo tracking of
length of 355 nm). Properties of the mirror film material ar@hoton interactions in the detector modules [6]. Events were
listed in Table II. The grids were hand-assembled and to®® positioned according to the weighted average of interactions

Simulation Studies

3Hamamatsu, R5900-00-C12. 4Bicron, Newbury, OH.
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Fig. 7. Composite energy spectrum for the MiCE1 detector unit.
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Fig. 6. (@) Crystal map using 12 PMT channels with gain adjustment. (inverse 0 50 100 150 200
grayscale) (b) Profile of counts in lower row of crystal map. energy (arb. units)
(a)
. ) corner crystal
in the detector block. The effects of positron range and photon 4000y
noncollinearity were included in the simulations. The option to
model coherent scatter was set to off. 3000+ ~
The detector system consisted of 24 detector modules and 2000

had an inner ring diameter of 12.8 cm. The detector system

was simulated as having 22% energy resolution and a 250-650 1000
keV energy window. The data were binned into 256 by 400
distance-angle sinograms. Each distance bin was 0.2 mm. A 0 L
pseudowobble was incorporated in the detector binning proce- 0 50 100 150 200

dure to support the sinogram binning requirements [6]. Simula- energy (arb. units)

tions were performed to determine the image resolution at dif- ®

ferent radial positions (0.1, 1.0, and 2.0 cm off-center) in thﬁg. 8. Energy spectra for individual MiCE1 detector unit crystals: (a) the
field of view (FOV). The two-dimensional direct and cross-sliceenter crystal and (b) a corner crystal.

data, containing the point source, were reconstructed using fil-

tered back projection with a 0.4-mm ramp filter. The radial anghown is 20%. The range of energy resolutions for the crystals
tangential components of the reconstructed point sources Wgfehe block is 20-27%, with most being around 21%.

measured. The crystal map for the MiCE1 detector unit coupled to the
corner of the PMT is illustrated in Fig. 9. Again, all 25 crystals

ll. RESULTS AND DISCUSSION are easily visualized. The average peak-to-valley ratio for the

bottom row of crystals is 4.8. The composite energy spectrum

A. MiCE1 for the detector unit s illustrated in Fig. 10. The range of energy

A crystal map for the MiCE1 detector unit is shown iffesolutions for the individual crystals in the detector unitis 17 to

Fig. 6(a). The map illustrated was formed using the 12-chanrfef%, with most crystals having an energy resolutior-2fl %.
data with the detector unit coupled to the central four channels
of the PMT. All 25 crystals are easily visualized using four dp- MICE2
12 channels of data. The profile of the bottom row of crystals is A crystal map for the 2% 4 MiCE2 detector array, with the
displayed in Fig. 6(b). The average peak-to-valley ratio for tHeng axis of the array along theaxis of the PMT, is illustrated
row of crystals is 5.3. The average peak-to-valley ratio for the Fig. 11. All 88 crystals are easily visualized. A profile through
same row of crystals using the four-channel data to generéte lower row of crystals is illustrated in Fig. 12. The average
the crystal map is 4.4 (not shown). peak-to-valley ratio for the row of crystals is 4.1. All crystals
The composite energy spectrum for the full detector unit igere also easily visualized with the detector array positioned
shown in Fig. 7. A sample energy spectrum for a specific crystalong they-axis (results not shown). The average peak-to-valley
is illustrated in Fig. 8. The energy resolution for the crystahtio for a column of crystals along theaxis is 4.7.
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Fig. 9. Crystal map for MiCE1 detector unit coupled to corner channels of . . .
PMT. Average peak-to-valley ratio of lower row of crystals is 4.8 (invers§'9- 13. Composite energy spectrum for MiCE2 detector unit.
grayscale).
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Fig. 10. Composite energy spectrum for MiCE1 detector unit coupled to
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Bl sssrsy vape e s g aas Fig. 14. Sample energy spectra from individual crystals. Notice shift in

photopeak positions between the two crystals: crystal located (a) in central

Fig. 11. Crystal map for 2& 4 array of crystals (MiCE2 design). All crystals region of detector array and (b) at edge of crystal array.
are easily visualized (inverse grayscale).
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Fig. 12. Profile of counts in lower row of crystal map (i.e., in dotted box)Fig. 15. Images of reconstructed point source offset by (a) 0.1, (b) 1.0, and (c)
Average peak-to-valley ratio of profile is 4.1. 2.0 cm (inverse grayscale).

The composite energy spectrum for all 88 crystals is showgelected to illustrate the significant difference in light collection
in Fig. 13. The photopeak of the energy spectrum is broaderefticiency for crystals positioned near the center of the detector
because of differences in the light collection efficiency betweenray and crystals positioned near the edge of the window of the
crystals at the center and the edge of the PMT. Overall, the é1MT.
ergy resolution for individual crystals ts16%. Energy spectra  Similar results were collected with the detector array posi-
from two crystals are illustrated in Fig. 14. The crystals wergoned along they-axis (results not shown).
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C. Simulation Studies also planning to extend our MiCE2 design to work with the new

Images of the reconstructed point source are iIIustratedflﬂt'panel PMTs when they become available.

Fig. 15. The radial and tangential image resolutions for a point

source at0.1, 1.0, and 2.0 cm from the center of the FOV are 0.8,

0.9, and 1.2 mm (radial) and 0.9, 0.9, and 0.9 mm (tangential), The authors thank J. Grierson, Ph.D., for bringing the multi-

respectively. layer polymer film material to their attention. They also thank
The characteristic broadening of the radial response functioffAR International for providing them with samples of MLS

for sources away from the center of the FOV is evident evenystals during the MiCE1 phase of this work.

when using 6-mm crystals. The effect should be small when
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