
2015Publication Year

2020-04-10T12:59:25ZAcceptance in OA@INAF

Signal compensation in CZT detectors grown by the Vertical Bridgman method 
using a twin-shaping filter technique

Title

AURICCHIO, NATALIA; SCHIAVONE, FILOMENA; CAROLI, EZIO; BASILI, 
ANGELO; STEPHEN, JOHN BUCHAN; et al.

Authors

10.1109/NSSMIC.2015.7582271DOI

http://hdl.handle.net/20.500.12386/23986Handle

PROCEEDINGS..IEEE NUCLEAR SCIENCE SYMPOSIUM AND MEDICAL 
IMAGING CONFERENCE

Series



N. Auricchio, F. Schiavone, E. Caroli, A. Basili, John B. Stephen and A. Zappettini

 Abstract– CdTe/CZT is now a material consolidated for the 
detectors realization operating at room temperature, which find 
a large variety of applications in astrophysics, medical imaging 
and security.  

An Italian collaboration, involving the CNR/IMEM and 
INAF/IASF institutes, was born several years ago with the aim to 
develop a national capability to produce CZT detectors starting 
from the material growth to the final detection device.  

The collection efficiency of the charge carriers affects some 
important features of these detectors, such as the pulse height, 
energy resolution, photopeak efficiency. In fact the low mobility 
of the charge carriers (particularly the holes) and 
trapping/detrapping phenomena can degrade the CdTe/CZT 
detector response, depending on the distance between the charge 
formation position and the collecting electrodes.  

Two kinds of techniques can be used to improve both the 
collection efficiency and the energy resolution, based on the 
optimization of the electrode geometry and/or signal 
compensation methods.  

We have implemented a biparametric method that uses a twin 
pulse shaping active filter to analyze the same signal from the 
detector: one “slow”, which is proportional to the energy of the 
incident photon, and one “fast”, which depends on the position of 
the interaction with respect to the collecting electrode.  

We present this biparametric technique applied on planar 
CZT detectors grown by the Vertical Bridgman method at 
CNR/IMEM (Parma), the experimental results obtained as a 
function of the bias voltage, photon energy, shaping time pairs 
and the compensated spectra. 

I. INTRODUCTION

dZnTe is a semiconductor material with a high atomic 
number and high density well suited for realizing efficient 

and compact room temperature hard-X and γ-ray detectors 
covering the energy range from a few keV to the MeV region. 
The fields of application of these detectors are various, such as 
astrophysics, nuclear medicine and material safeguards. 

The spectroscopic performance in terms of energy 
resolution depends strongly on the detector geometry and on 
the quality of the semiconductor material: the detector 
capacitance and the leakage current produced at room 
temperature by the sensor contribute to the total noise of the 
system. The trapping centers in the semiconductor, in addition 
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to these factors, produce a loss in charge collection efficiency 
because of the low mobility of the charge carriers (particularly 
the holes) degrading the CdZnTe detectors response as it 
depends on the distance between the charge formation position 
and the collecting electrodes.  

The deterioration of the spectroscopic performances can be 
reduced by both using hardware (HW) and software (SW) 
techniques. The bi-parametric method described is based on a 
hybrid HW and SW technique by utilizing a double pulse 
shaping active filter in order to analyze the detector signals. 
Using this method we can have an indirect measurement of the 
interaction position of an incident photon in the detector active 
volume.  

An Italian collaboration, involving the CNR/IMEM and the 
INAF/IASF institutes, was born some years ago, in 2005 with 
the aim to develop a national capability to produce CZT 
detectors starting from the material growth to the final 
detection device.  

We present the bi-parametric distributions obtained with the 
application of this technique on CdZnTe detectors grown by 
the standard vertical Bridgman method by CNR/IMEM as a 
function of the shaping time pair values, for different primary 
photon energies and bias voltages. The detector performances 
have been evaluated at several energies with calibration 
radioactive sources and the charge transport properties have 
been studied by mobility-lifetime product measurements. We 
report the corrected maps and compensated spectra obtained 
by a preliminary analysis.

II. PRINCIPLE OF THE TWIN-SHAPING TIME METHOD

The twin-shaping time method here described can be 
considered as a particular case of the rise time technique based 
on the correlation between the rise time of a signal from the 
detector and the loss in its pulse height because of the 
incomplete charge collection. The rise time technique is 
usually applied to improve the performance of planar 
semiconductor detectors. 

The signal from CSP (charge sensitive preamplifier) 
coupled with the detector is shaped by two parallel amplifiers 
with different shaping time constants: one “fast” and one 
“slow”. The “slow” component of the signal represents the 
integrated charge collected at the detector anode which is 
proportional to the total energy of the incoming photon, while 
the “fast” value mainly depends on the position of the 
interaction with respect to the collecting electrode. The ratio 
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between the two signals (R = VFast/VSlow

measurement of the interaction position betwe
electrodes [1, 2]. The off-line analysis 
components allows us to recover the loss of 
the crystal and, as a consequence, to reconstr
the primary photon.  

III. EXPERIMENTAL SET-UP

We report in Fig. 1 the experimental set-up
parametric data acquisition.  

 

Fig. 1. Experimental set-up utilized for the bi-paramet
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Fig. 3. Leakage current vs. bias voltage. 
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Fig. 4. 241Am energy spectra recorded 
irradiating a sample. 
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Fig. 5. Energy spectra recorded at different energies of the incident 

photons, by irradiating the detector with 241Am (top), 109Cd (center) and 133Ba 
(bottom). 

 
TABLE I 

FWHM AT DIFFERENT ENERGIES. 
Energy 
(keV) 

FWHM 
(keV) 

22.10 4.3 
59.54 3.9 
88.04 4.7 
122.06 5.4 

 
Fig. 6. Charge Collection Efficiency as a function of the bias voltage 

applied to one of the three detectors. (μτ)e = (2.6 ± 0.2) 10-3 cm2/V. 

V. BI-PARAMETRIC DATA  
The data collected with the experimental set-up displayed in 

Fig. 1 are used to fill a two-dimensional map in which the 
horizontal axis reports the “slow” signals while the vertical 
axis represents the “fast/slow” ratios (R = VFast/VSlow).  

The bi-parametric distribution acquired with 137Cs at the 
bias voltage of 300 V is shown in Fig. 7. In this map it is 
possible to distinguish the photopeak structure at 662 keV and 
the Compton edge. We have also increased the bias voltage up 
to 600 V to improve the charge collection, as we can see in 
Fig. 8 in the map recorded with the same shaping time pair, 
where the interaction depth is enhanced.  

 
Fig. 7. Ratio VFast / VSlow versus slow signal map obtained with a 137Cs 

source, shaping time pair of 0.25–3.0 μs and by biasing the detector at 300 V. 
 
To compensate the maps we have applied a compensation 

algorithm to each pair (fast, slow), calculated by using (1): 

×=           (1) 

where Emax corresponds to the centroid in the best 
spectroscopy region and G(ratio) is a function which 
represents the best fit of Eslow as a function of the ratio values. 
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Fig. 8. Ratio VFast /VSlow versus slow signal map obtained with a 137Cs 

source, using the same 0.25–3.0 μs shaping time pair at 600 V. 
 
In Fig. 9 we report the corrected maps obtained by applying 

two different fits, a polynomial and a power law respectively. 
It is worth noting that the photopeak structure is compensated.  

 

 
Fig. 9. Corrected maps obtained with a 137Cs source. The data were 

acquired by using the 0.25–3.0 μs shaping time pair at 600 V. G(ratio) is fitted 
with a polynomial law (top) and a power law (bottom). 

Fig. 10 shows the compensated spectra by applying both laws. 

 

 
 

Fig. 10. 137Cs spectra acquired at 600V with a 0.25–3.0 s shaping time 
pair. The pink plot represents the original spectrum, while the blue one is the 
spectrum after the compensation. 

VI. WORK IN PROGRESS  
The data analysis is in progress in order to obtain the 

corrected spectra acquired at several bias voltages, with 
different shaping time pairs and compare the results with those 
achieved by detectors of different quality grades. 

We want to point out that this technique could be 
implemented in an array of detectors, with front-end 
electronics composed of ASICs where the shaping time can be 
selected for each channel, like the RENA-3 IC (NOVA R&D). 
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