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ABSTRACT. We report on the characterization of 2 mm thick CdTe diodeater with Schottky
contacts to be employed in a novel conceptual design of PEinss. Results at <€ with an ap-
plied bias voltage of -1000 V/mm show a 1.2% FWHM energy netsoh at 511 keV. Coincidence
time resolution has been measured by triggering on the yiféan output signal to improve the
timing resolution of the detector. Results at the same hiastemperature conditions show a
FWHM of 6 ns with a minimum acceptance energy of 500 keV.

These results show that pixelated CdTe Schottky diode isxemllent candidate for the de-
velopment of next generation nuclear medical imaging aevisuch as PET, Compton gamma
cameras, and especially PET-MRI hybrid systems when usadriagnetic field immune configu-
ration.

KEYWORDS. Solid state detectors; Timing detectors; Spectrome@asnma detectors (scintilla-
tors, CZT, HPG, Hgl etc)

1Corresponding author.

(© 2013 0P Publishing Ltd and Sissa Medialab srl doi:10.1088/1748-0221/8/02/C02015


mailto:garino@ifae.es
http://dx.doi.org/10.1088/1748-0221/8/02/C02015

Contents

1 Introduction 1
2 Energy resolution 1
2.1 Experimental setup 1
2.2 Results 2
3 Coincidencetimeresolution 3
3.1 Experimental setup 3
3.2 Results 3
4 Conclusions 4

1 Introduction

Cadmium Telluride (CdTe) diode detectors are good caneid&d be used in many nuclear
medicine applications16]. The aim of this work is to prove the feasibility of the desigf a
PET scanner presented if] pt the level of a single detector. A characterization of &€8chot-

tky diode of size 4 mmx 4mm x 2 mm kept at 5cm from the radiactive source has been done. It
consists of the measurement of the energy resolution ofatectbr at 511 keV and the measure-
ment of the coincidence time resolution for a configuratiathwwo equal CdTe detectors and a
22Na source placed between them. A bias voltage of -1000 V/mstbban applied to the detector
to minimize the drift time and charge trapping in order toiaeé a better energy resolution. A
low energy threshold has been applied to the preamplifiggubigignal to obtain a response as
fast as possible.

2 Energy resolution

2.1 Experimental setup

The setup consists of one Schottky CdTe detector of 4mmm x 2 mm size, developed by
ACRORAD 8], with the pixel electrode made of Au/Ti/Al, and the cathadade of Pt. Its output
signal is integrated with aAMPTEKpc250 which has a preamplifier based on the charge sensitive
preamplifier A250. DC coupling configuration is used to cartribe detector to the board. The
output of the AMPTEK pc250 is amplified in a 2 gain buffer andiected to al\MPTEKpc275,
which is a shaper based on the pulse amplifier A275. The “Bspaenfiguration is used. The
VME Peak sensing moduleAEN 785N is used to measure the maximum of the signal within a
time window that is generated by discriminating the sigrahing from the AMPTEK pc250 in

a LeCroyquad discriminator 821, with the equivalent threshold s25 keV. The pulse width is

4 us. TheCAEN 785N module is controled by the DAQ software developed Wwéhview[9].
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Figure 1. Spectroscopy of?Na isotope at 1000 V/mm at <&€. FWHM @ 511keV = 6 keV (1.2%).

The bias voltage is applied with Hivolt power supply model J4-3N. To avoid polarization
effects, the bias voltage is periodically ramped down amat k&0 V for 30 seconds before being
ramped up again. This process is repeated every 15 minutes.

In order to reduce the leackage current of the detector, timensetup is kept at °& [10]
using an industrial fridge. A flux of nitrogen gas continguBushed the detector box inside the
fridge in order to keep humidity below condensation pointlmmdetector (Dew Point at <& and
20% humidity is -27C).

2.2 Resaults

The??Na energy spectrum obtained by the aforementioned setinvsrsin figurel. It shows an
energy resolution of 6 keV FWHM at 511 keYAE/E = 1.2%) which is comparable to the values
presented ing, 5, 11-13] for the same energy and similar conditions.

Simulations made with GAMOSLH] show that~ 2/3 of the events with energy below 350 keV
have scattered outside the detector and are detected aftisrwihe remaining events are due to
photons that underwent a Compton scattering inside theedietbre escaping.

The fraction of collected events for different trigger sinelds is shown in figur2. The photo-
detection efficiency decreases with increasing triggegsiold. In the case of a full PET ring,
where a non-negligible fraction of 511 keV photons underge or more Compton interactions
before being finally stopped, the system efficiency depemdshe trigger threshold of the single
channels. For a 100 keV energy threshold, for example, fimezfcy loss of the single detector is
of 20% with respect to a 25 keV threshold, whereas for PETtevewould be of 62%.
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Figure 2. Fraction of collected events for different offline appltedesholds with respect to the 25 keV one.

3 Coincidencetimeresolution

3.1 Experimental setup

The setup consists of two identical CdTe detectors and teagistems as the ones previously
described, an scheme is shown in figBreln order to measure the time difference between the
time of detection of two photons (one per detector), the {imdigital-converter VME (TDC)
CAEN 1290N module is used.

The configuration of the AMPTEK pc250 and the AMPTEK pc275He bne previously
described for every detector readout. The thresholds@froyquad discriminators 821 are set to
the equivalent of 25keV on the preamplifier output signahvéit output pulse width of 200 ns.
Signals are duplicated in a logic fan-in/fan-out. One sdheftriggers are AND bY’AEN 3 Fold
Unit Logic N405 to enable the TDC. The other two outputs atayd 250 ns and fed in the TDC
inputs channels. The mean trigger rate was abduB80 Hz.

For every coincidence, three parameters are measuredetietion time difference) t=t,-t,
the energy in detector A, and the energy in detector By. The cooling system and the high
voltage sources are the same as with the energy spectrunuaeests.

3.2 Resaults

For each coincidence, the time difference between the titateof the two photons has been ac-
quired. The more energetic the photon is, the bigger amductiarge carriers it generates. This
leads to the conclusion that it takes less time for more @tiergvents to reach the threshold level
of the discriminator, which makes the response signal faBliéferent minimum acceptance ener-
gies have been applied in order to get different coincideince distributions. The FWHM and the
width of the region containing 70% and 90% of the coincideritave been measured for each dis-
tribution, as shown in figuré. As expected, the FWHM improves with increasing energysthoéd
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Figure 3. Scheme of the setup used to measure the time differencebetive signals of two CdTe detec-
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Figure 4. On the left is the FWHM and window width for 70% and 90% of tleéncidences for distribu-
tions with minimum acceptance energy within 25-500keV. mright is the coincidence time measure-
ment for -1000 V/mm at -8 with trigger threshold at 25 keV. Minimum acceptance eneésgs00 keV.
FWHM =6ns.

up to the 340 keV Compton threshold. Above such thresholly, statistical fluctuations are ob-
served. Overall, the measured FWHM varies between 12.5a§ an. The resulting coincidence
time resolution is comparable with findings th7] and outperforms previous results b, 15, 16].

4 Conclusions

Spectroscopy results show the excellent energy resolafi@uTe detectors with 1.2% at 511 keV
and -8°C. This would allow one to improve the scattered events tiejeof the PET scanner (and

hence improve the signal-to-noise ratio) given that stétdne-art crystal-PMT detectors have a
limited energy resolution close to 10%q].



Results on the coincidence time resolution with a triggeeghold at 25 keV show a FWHM
of 6 ns for a minimum acceptance value of the total depositenigy of 500 keV. This result is
comparable with the result achieved &v] with a 0.5 mm thick detector.

Unlike crystal-PMT based scanners, where the maximum dibeeeal to avoid pile-up is
limited by the processing dead time, the maximum anniloitatiate of the VIP-PET is mostly
dominated by the coincidence time resolution because dftige number of channels in the de-
tector. With 20 ns coincidence time window no pile-up effiscéxpected up to 7@Bq activity in
the field of view. The system is expected to saturate aBb0[7], well above the typical integral
activity of 1% Bq of a brain scan.

This work proves that pixel CdTe detectors are excellentlicktes for the developing of next
generation high-sensitivity/high-resolution PET scasne
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