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I. Introduction
Recently introduced nuclear medicine cameras in which Positron Emission
Tomography (PET) and the traditional Single Photon Emission Computerized
Tomography (SPECT), are combined opened new horizon for the nuclear medicine

field These systems applying Nal(Tl) scintillation detectors are very well tested and
available for some time in the medical imaging field.
However the traditional Nal(Tl) cameras, optimized for low energy radiation
imaging, suffer some severe limitations. The relatively low density (3.67 g/cm3) of
Nal(Tl) limits the sensitivity. By incarcerating the NalfTl) thickness, the spatial
resolution decreases. The long decay time (230 nsec) of the light emitted in Nal(Tl)
restricts the use of coincidence technique , as well as the count rate. In recent years
CdZnTe (CZT) detectors are studied for the purpose of SPECT nuclear medical
radiation imaging in the form of pixellated and microstrip detectors. CZT detector
can served as a good candidate for replacing Nal(Tl) for PET and SPECT imaging
due to their relatively high stopping power (density = (6.0 g/cm3), high Z(48,30,52))
and their high count rate capability. Unfortunately there are several difficulties in
PET application due to the difficulty in manufacturing thick crystals, registration of
the full energy deposited in several pixels and their timing capabilities. The latter is
due to large ballistic signal variation induced. This variation is caused by the pulse
shape, which is composed of two main components, the electron and the hole. The
electrons travel about ten times faster than the holes. A photon absorbed near the
cathode plane will cause a large and fast signal induced by the electron and a small
and slow signal induced due to the holes. Photons absorbed near the anode plane will
induce the opposite signals. The distribution of photon absorption depth in the crystal
causes signal splits over a number of pixels, due to the well-known 'small pixel effect'.
The different pulses slope, together with the electronic noise, cause serious difficulties
in implementing a coincidence circuit. The present work examines in a direct way, the
timing limitations, in measuring coincidence events in CZT pixellated detectors. A
solution to the time jitter is proposed.

2. Experimental system
To mvid the need of a complicated electronic timing systems, we haw developed a
system enabling processing off-line algorithms of the CZT ballistic signals.
This method allowed implementing various 'electronic' circuits.
Several types of readout from various combinations of electrodes were implemented.
The basic scheme was as follow:
The timing performance was tested with two crystals Cdo.9Zno.1Te detectors. Their
dimensions were 4x4 pixels of 2x2 mm', with a 0.5 mm distance between pixels and
crystal thickness of 4 mm, fabricated by 'Imarad'. The testing setup was used to
measure dual photon induced signals from two detectors in coincidence. Pulses from
tH'o pre-amplifiers EG&G Ortec 142A charge-sensitive, were fed into two fast delay
line amplifiers model Ortec 460 (Gain=IO,integ. time=40nsec) and then split into a
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digitizing oscilloscope Hp 54510A, channels 1 and 2 and into two Single Channel
Analyzers (SCA) Ortec 552. The system is shown in Fig. I. The SCAs provided logic
pulses, lead into a Time to Amplitude Converter (TAC).
The TAC provided an accurate and stable trigger signal for the digitizing
oscilloscope. This configuration enabled us to have simultaneous signals even
thought their respective SCA logical pulses were hundreds qfnano seconds apart.
Channel 1 and 2 SCAs discriminators levels were higher then the noise level in order
to select true signals. We developed software for data acquisition for the hp digitizing
oscilloscope control and to install the signals from the digitizing oscilloscope into a
PC hard disc. A detailed analysis of the onset of the respective pulses was done
off-line by a dedicated software on a PC workstation. Software was written also for
data analysis (rise time, coincidence timing correlation mode).
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Fig. 1. Schematic diagram of the electronic chain for the coincidence timing correlation.

The Pre-amplifiers were connected to various electrodes as shown in Fig. 2.

Fig. 2. (a) Time correlation between two
pixels from ftvo different crystals.

Fig.2.(b) Time correlation between two
cathodes from two different crystals.

Fig.2.(c) Time correlation between the
cathode and one of the crystal pixels.
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Fig.2.(d) Time correlation between two
cathode and the pixels sum.
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Fig.2.(e) Time correlation between the sum of pixels from two different crystals
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3. Results
The following timing circuits were implemented:
A. Coincidence measurements from two parallel pixels.
Typical coincidence pulses measured simultaneously from two parallel pixels of
different crystals are shown in Fig. 3. One can clearly observes the wide range of
signal slopes and between the coincidence couple.
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Fig.3. Two sets of coincidence signal pair from two parallel pixels of 4 mm Cdo.pZnalTe . The pixel
area is •/ mm2, irradiated by photons from a Ge68 point source. Operation voltage is 800 V.

Observing the pulse shape, we can identify serious difficulties in carrying a simple,
fast (few nsec) and high efficiency coincidence measurements. When an electric field
is applied to a semiconductor exposed to radiation, the electron-hole pairs are
separated and drift in opposite directions. This induces a signal, whose amplitude is
proportional to the induced charge. For an accurate energy measurement, it is
required that all charge carriers will reach their respective electrodes, or at least will
transfer a significant portion of their charge to the electrode. It should be noted that
the inducted signal is a continuos process resulting from the motion of the free
charges, and terminates when the charges reach the collecting electrodes. The main
difficulty is the small pixel effect. The induced signal is divided between several pixels
according to the photon absorption depth. The number of pixels that receive the
inducted signal, changes in a continuous process following the free charge drifting
motion. The induced charge division also terminates when the charges reach the
collecting electrodes. The distributions of the time jitter between the 'start' time and
the coincidence pulse are shown in Fig.4(a) and (b), in which (a) is for all energy
events and (b) is only the highest 10% energy pulses. The start time of each channel
was measured offline by the constant fraction software. The FWHM decreased from
71 nsec to 40 nsec at the cost of loosing 90% of the events.
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/•Vg. 4. (a) and (b) are the distribution of the events time difference between two pixels - channel 1 and 2
for all events measured (a), and the 10% highest pulse coupled pulses. The pixel area is 4 mm'
irradiated from Ge68 point source. Operation voltage is 800 V.

B. Coincidence measurements of two parallel pixels sum.
Typical coincidence of sum pulses measured simultaneously from two-parallel 16
pixels of two different crystals is shown in Fig. 5.
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Fig.5. Coincidence of sum signals from two parallel 16 pixels (4x4) of 4 mm Cd0.9Zn0.iTe. The pixel
area is 4 mm', irradiated by a Ge63 point source.
Operation voltage is 800 V
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The distribution of the start time difference between both channels is shown in Fig. 6.
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Fig.6. The distribution of the time difference between two 16 pixels sums form two identical crystals -
channel 1 and 2 for all events (energies) measured photons from Ge68 point source. Operation voltage
is 800 V.

The time jitter between the 'start' correlation time pulses yielded a FWHM of
5.1 nsecfor all energies. From this test we can learn about the best way to implement
coincidence circuit for CZT.

4. Discussion
The present work attempted to find a way of implementing high efficiency, fast, and
simple coincidence circuit for pixellated CZT detectors. A distribution of the time
jitter between the coincidence 'start' time events from two parallel pixels, provided a
FWHM of 84[nsec] for all energy pulses and 40 nsec when only the highest 10%
energy pulses are considered. The Charge carrier mobility-lifetime product in CZT
produces timing jitter. The pulse slope changes with the charge collection efficiency
depending on the photon interaction depth. In practice, using this kind of crystal, the
main reason for the time jitter is the well-known small pixel effect. We can learn this
by using the same crystal and changing the read-out setup. The time jitter distribution
between the coincidence start time pulses from the cathodes yielded a FWHM of 17
nsecfor all energies. The cathode can be looked at as a large pixel all over the
crystal. That prevents the small pixel effect, in that case the FWHM went down by the
factor of 5. This is emphasized in the timing correlation measurements between the
cathode and one of the 16 pixels. The same crystal yielded a FWHM of 24 nsec. Better
results were obtained when the coincidence timing correlation was made between two
16 pixels sums. A distribution of the time jitter between the coincidence 'start' time
pulses from the pixels sum, yielded a FWHM of 5 nsecfor all energies. The signals
received from the cathode were followed by noise, this noise originated from the high
voltage supply connection and the effective capacity between the crystal and the
pre-amplifier. The noise contribution to the time jitter inscribed in the timing
correlation measurements between the cathode and the 16 pixels sum, in the same
crystal that yielded a FWHM of 7.3 [nsec]. The cathode noise can be filtered, but it
would complicate the circuit. Some difficulties were observed in the Implementation
of a coincidence circuit wish the cathode read-out.
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