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Abstract

We are developing a PET camera using small semiconductor detectors, whose resolution is equivalent to the physical
limit of spatial resolution. First, a coincidence system of 16 Schottky CdTe detectors of 0.5 mm width obtained a res-
olution of <1 mm and it was confirmed that the Schottky CdTe detector is suitable for high resolution PET. Next, the
performance of a pair of 32 channel CdTe arrays (1.2 mm width per channel) was investigated for the development of
the prototype of high resolution PET. The time resolution between opposing detector pair was 13 ns (FWHM) when
high voltage (700 V) was applied. The image of a 0.6 mm diameter point source was obtained in an experiment with
opposing detector arrays using four channels, indicating that, a higher resolution can be achieved with the 32 channel
CdTe array.
© 2005 Elsevier B.V. All rights reserved.
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scintillation detectors coupled to position sensitive
photomultipliers.

The intrinsic spatial resolution of a PET camera
is mainly affected by three factors [2]. One factor is
the detector size [3], and the other two are caused
by angular fluctuation, which are proportional to
the gantry diameter, and by the extended positron
range that depends on the emission energy of the
positron emitter [4]. The physical limit of spatial
resolution is determined by latter factors.

Although, scintillation type PET cameras
cannot achieve spatial resolution of <1 mm, the
calculated physical limit of spatial resolution for
8F used as label nuclide is 0.4 mm for 10 cm dia-
meter gantry, and 0.7 mm for 20 cm diameter
gantry. These values indicate that detector size
dominates the spatial resolution in conventional
PET cameras.

We propose to use semiconductor detectors in-
stead of scintillation detectors in order to pursue
the physical limit of spatial resolution because
semiconductor detectors can be miniaturized easily
and signals are output from each small detectors
individually, allowing to develop a semiconductor
high resolution PET with small diameter gantry
(about 10 cm) for small laboratory animals. CdTe
detectors have been applied to y-ray cameras [5],
and are thus expected as detector for PET. We
investigated the performance of a Schottky CdTe
detector and confirmed that this detector is suit-
able for a PET camera.

The spatial resolution of CdTe detector pairs
was measured, and images of a *’Na point source
and a finely structured phantom were obtained.
From these results, it could be confirmed the spa-
tial resolution of <1 mm can be achieved by using
small size semiconductor detectors for PET.

2. The performance of CdTe detectors
2.1. Schottky CdTe detector

CdTe (cadmium telluride) is a compound semi-
conductor, and is a promising detector for a PET
because the detector material is sensitive to
511 keV annihilation photons and can be used at
room temperature. Moreover, because this detec-
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Fig. 1. ?>Na Energy spectrum measured with CdTe detector at
200 V bias. The peak near channel 300 corresponds to 511 keV
annihilation photon.

tor type is commercially available, a steady supply
is guaranteed.

However, the CdTe detector is afflicted with a
long output signal risetime, which leads to poor
time resolution, and PET detectors require good
time resolution. Although this problem is reduced
when high detector bias voltage is applied, leakage
current of the detector increases concurrently.

By contrast, Schottky CdTe detector can be
used at high bias voltage with low noise [6]. There-
fore, we propose the use of Schottky CdTe detec-
tor produced by evaporating Pt and In as
electrodes onto surfaces of CdTe wafer. We inves-
tigated the spectral performance and the time
resolution of Schottky CdTe detector (5.0 x 5.0 x
0.5 mm?®) with a **Na point source (0.6 mm diam-
eter, 2.0 MBq).

The **Na energy spectrum obtained is shown in
Fig. 1. When the applied bias voltage is 200V, a
sharp peak followed by Compton edge and tail
corresponding to 511 keV annihilation photons is
measured.

Moreover, the time resolution measured with
the >*Na point source in coincidence between a
detector pair was 8 ns at full width at half maxi-
mum (FWHM) in the coincident spectrum.

2.2. Intrinsic spatial resolution

By moving a positron emitter source between a
pair of coincidence detectors, the count rate profile
as a function of source position is obtained. The
width of the profile compared to the point source
indicates the intrinsic resolution defining the limit
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of resolution of the PET system. The profile of a
pair of 0.5mm wide Schottky CdTe detectors
was obtained with the *?Na point source, resulting
in a FWHM of 0.8 mm at 10 cm distance between
the detector pair. Because the profile includes the
point source size, the intrinsic spatial resolution
of the CdTe detector pair is <0.8 mm.

3. Coincidence system

To evaluate the spatial resolution of PET image
with CdTe detectors, a coincidence system of a
detector array with opposing detector pair and a
rotating sample stage between the detector pair
was built including signal processing electronics
and a PC based data acquisition.

For the hot measurements, a pair of detector
units including eight CdTe detector crystals were
mounted on opposing sides of a movable stage
pair, and annihilation photons emitted from the
sample were measured.

In the detector unit, four 0.5 mm wide CdTe
detectors are aligned with 2.4 mm spacing in trans-
axial direction, and four additional detectors are
aligned behind. Data in the gap between detectors
is acquired by moving the unit in 0.6 mm steps
in transaxial direction. Angular data sample is
acquired by rotating the sample.

Fig. 2 shows images reconstructed from data
measured by this coincidence system with 10 cm
distance between opposing detector units. The left
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image shows the reconstruction of the 0.6 mm
diameter *’Na point source with FWHM of the
image profile being 0.9 mm. The right side shows
the image of a finely structured phantom with sev-
eral **Na hot spots of 0.6 mm and 1.0 mm diame-
ter. The larger hot spots could be reconstructed
and identified well; the small hot spots are at least
visible in the image.

Conventional PET cameras cannot resolve this
complex hot spot image due to their poor spatial
resolution. By contrast, the coincidence system
achieved high spatial resolution, attained by using
small CdTe semiconductor detectors.

4. 32 Channel CdTe array

We are developing a semiconductor PET with
small gantry (<10 cm) that will be applied to small
laboratory animals like mice. When using an
animal, it is necessary that detectors be packed
densely unlike the above-mentioned coincidence
system because efficient data acquisition is needed.

We suggest a multi-channel detector array ob-
tained by dividing the surface electrode of a semi-
conductor crystal, is suitable for PET application.
Thus we investigated the performance of a pair of
32 channel CdTe arrays (size per channel
1.2 1.15 x 4.5 mm®) shown in Fig. 3.

The ?*Na energy spectrum was measured with
two detector arrays. The detector response to
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Fig. 2. Reconstructed image from data measured with the coincidence system. The coincidence system covers a field of view of 9.5 mm.
The image was obtained with EM algorithm reconstruction method. The image size is 9.6 x 9.6 mm?, at pixel size of 0.3 x 0.3 mm?.
Left: Image of >Na point source with 0.6 mm diameter. Center: Schematic arrangement of hot spots in finely structured phantom.

Right: Reconstructed image of finely structured phantom.
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Fig. 3. The picture of 32 channel CdTe detector array. The 32
channel detector array is composed of eight CdTe crystals and
each crystal is divided into four sections. Each section works as
an individual detector.

511 keV annihilation photons measured for each
channel of the detector arrays is practically identi-
cal. Therefore, the threshold level of energy dis-
crimination can be set easily and precisely in this
type of PET detector array. Moreover, because
the noise level of Schottky CdTe detector is very
low compared with 511 keV, it is possible to lower
the threshold and obtain better efficiency.

Time resolution (FWHM) was measured with
two detectors, one is each of the detector arrays
and the other is BaF, detector. The time resolu-
tions of the two detector arrays were not identical,
and the average of resolution per channel in one
detector array (detector array 1) was 4.4 ns, and
was 9.7ns in the other (detector array 2) at
700 V bias.

Time resolution of the CdTe detector array pair
was 13 ns at 700 V bias. A resolution below 10 ns
can be expected when using superior CdTe detec-
tor arrays like the detector array 1. A time resolu-
tion of <10 ns is sufficient for injecting activity of
several hundred decays per second as is actually
used in PET scans.

The spatial resolution of the CdTe detector
array pair was measured in the same way as de-
scribed for 0.5 mm wide CdTe detector pair, and
a resolution of 1.0 mm at 10 cm distance between
detector pairs was obtained. Note that this value
includes the size of the point source (0.6 mm),
and thus the intrinsic resolution is below 1.0 mm.

The image of the **Na point source was ob-
tained with opposing detector arrays using four
channels. It was assumed that three hot spots ex-
isted by moving the point source in steps of
1.5 mm during measurement.
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Fig. 4. Image reconstructed from data measured with opposing
32 channel detector arrays. Point source with 0.6 mm diameter
was moved by 1.5 mm in two steps. The image was obtained
with EM algorithm reconstruction method. The image size is
15.4 x 15.4 mm?, at a pixel size of 0.35 x 0.35 mm”.

Fig. 4 shows the reconstructed image. Three hot
spots are well resolved in the image, and this shows
that the detector array conserves high spatial reso-
lution, although the intrinsic spatial resolution is
inferior to the detector with 0.5 mm width.

5. Conclusion

The performance of the Schottky CdTe detector
is largely sufficient for PET applications, and the
spatial resolution of detector pairs as well as the
images acquired in coincidence shows that, using
small semiconductor detectors makes it possible
to achieved high spatial resolution in a PET cam-
era. The detectors can be packed densely in small
space by using segmented multi-channel detectors.

We are now developing the prototype of semi-
conductor PET that can achieve a spatial resolu-
tion of <1 mm with small gantry diameter using
a multi-channel detector array.
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