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Charge Collection and Depth Sensing Investigation
on CZT Drift Strip Detectors

I. Kuvvetli, C. Budtz-Jrgensen, E. Caroli, N. Auricchio, E. Kalemci, J. B. Stephen

Abstract—CZT drift strip detectors with Planar Transverse
Field (PTF) configuration are suitable for high energy astro-
physics instrumentation, where high efficiency, high energy and
position resolution are required from the sensors. We report on
experimental investigations on the DTU Space developed CZT
drift detector operated in PTF configuration with the purpose of
demonstrating that the good energy resolution of the CZT drift
detector can be combined with the high efficiency of the PTF
configuration. A CZT drift strip detector (10 mm x 10 mm x
2.5 mm) was characterized in PTF configuration at European
Synchrotron Radiation Facility (ESRF) using ID 15A beam with
its very fine collimations (beam spot size typically of 50;m and
energies up to 500 keV). The depth resolution is measured
to be 100ym FWHM @150keV and 200um FWHM@500keV.
These are well agree with the theoretical values. With these
measurements, we demonstrated to achieve high efficiency due
to large effective thickness, high energy resolution due to small
electron drift lengths and sub mm position resolution using depth
information using CZT drift strip detectors with N+1 readout
channels in PTF configuration.

Index Terms—Compound semiconductors; X-ray detection;
Gamma-ray detection; Depth sensing; CZT drift strip detectors,
High energy astrophysics instrumentation

I. INTRODUCTION

OMPOUND room temperature semiconductor detectors

such as CdZnTe and CdTe are good candidates for the
hard X-ray (>10 keV) and Gamma-ray astronomy instrumen-
tation. A major drawback for these type of detectors is the
ineffective charge collection within the detector especially for
the holes which affects and degrades the detectors spectral
performance. At DTU Space, Technical University of Den-
mark, a development project on CZT detectors resulted in
a significant spectral performance improvements by applying
drift strip method on CZT detectors. A short description of
the DSM is given below, but a more detailed explanation can
be found in [1] and [2]. Semiconductor drift detector was first
time introduced by Emilio Gatti and Pavel Rehak in 1983 [3]
and [4].

Figure 1 shows principle of the DSM. The structure consists
of a CZT detector with a planar electrode on one side and
strips on the other. A drift strip detector cell is shown between
the dashed lines marked with A and B. A voltage divider
supplies each drift strip with a bias of Vi=Vd*(i/4), (i=1,2,3,4),
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Fig. 1. Principle of the DSM. A drift strip detector cell is shown between
dashed lines marked with ”A” and ”B”. The drift strip electrodes and the
planar electrode are biased in such a way that the electrons move to the
anode strips.

whereas the anode strips are held at ground potential. The drift
strip electrodes and the planar electrode are biased such that
the electrons with their transport properties mobility-life time
product ut, are drifted to the anode readout strip.

The DSM is an electron only devices and provides an
electrostatic shield so that movement of the holes will induce
only a small signal at the anode strip. Thus, the sensitivity to
the trapping of holes is strongly reduced for the anode strip
whereas the planar electrode sensitivity to holes is unchanged.
Application of the DSM on CZT detectors leads to a consid-
erable improvement in energy resolution and is described in
details in [1] and [5]. Although the spectroscopic properties of
these detectors are almost independent of material hole collec-
tion characteristics, they are of course very dependent on the
electron collection efficiencies and, especially, material with
fluctuating electron trapping lengths will result in degraded
detector performance, which the drift strip technique cannot
improve.

Not only does the strip readout technique provides an
improved energy determination for CZT detectors but it yields
also information about the interaction depth of the detected
photon. The depth information (also called depth sensing) can
be derived from the ratio R = @Qp/Qs, where Qp is the
planar electrode signal and Qs the anode strip signal. Here the
Qs is independent of material hole collection characteristics
therefore represent the full energy signal of the detected
photon. The quantity R is almost linearly dependent on the
photon interaction depth, x, with a value close to unity for
interactions close to the planar electrode and a value close
to zero for interaction near the strip electrodes. The depth of
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Fig. 2. Detector illumination geometries. (a)PPF configuration. (b)PTF
configuration.

interaction (DOI) information can be used to correct residual
electron trapping effect on anode signal and improve further
the detectors energy resolution.

II. BACKGROUND

The drift strip detectors yield some of the best performance
figures yet reported for full illumination of wide energy range
[5]. These measurements show that CZT drift strip detector
energy resolution was limited by the total electronic noise
below energies of 100 keV. The article [5] reports that the
DSM can achieve energy resolutions which are within a factor
of 2 to 3 of the CdZnTe Fano-limited resolution in wide energy
range.

Special detector illumination configuration can be used for
the 1D CZT drift strip detectors to increase the effective
thickness to achieve high detector efficiency without increas-
ing the electron drift length, thus avoiding of spectroscopic
performance degradation [6].

Figure 2 shows the illumination geometry used for CZT
detectors: (a) Standard illumination geometry so-called Photon
Parallel Field (PPF). The photons enter the detector perpendic-
ular to the planar electrode. (b) Side illumination configuration
so-called Photon Transverse Field (PTF). The photons enter
the detector perpendicular to the side of the detector [6].

Recently, CZT drift strip detectors were evaluated for the
first time in the PTF configuration at DTU Space detector
laboratory [7]. 2D scans were conducted using a collimated
57Co (230pum FWHM ) beam on the side of a 2.5 mm thick
CZT drift strip detector with 0.1 mm steps in both directions (x
and y). Detectors shown both high efficiency, due to the larger
effective thickness, and good energy resolution, due to the
small drift length for the electrons in PTF configuration. The
depth sensing technique of the drift strip detector was also in-
vestigated performing 2D scans in the PTF configuration. Us-
ing this configuration, position sensitivity was achieved in the
direction along the planar electrode to strips using the depth
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Fig. 3. DTU Space CZT drift strip detectors.

information. The measured depth distributions were dominated
by the beam size and their width was 300um FWHM @ 122
keV. The conclusion was that the achievable minimum depth
resolution 90ym FWHM can be demonstrated using finer
beam size.

Therefore we decided to perform measurements at the
European Synchrotron Radiation Facility (ESRF) ID 15A.
This beam with its very fine collimations (beam spot size of
50pum and energies up to 500 keV) and its high intensity
cannot be matched using standard radioactive sources and
collimator technique. Here we report and discuss the CZT
drift strip detector position capability and energy response
characteristics obtained from the test campaign at ESRF during
the between 5-10 of May 2010 using the ID 15A beam.

III. MEASUREMENT SETUP
A. CZT Drift Strip Detector Setup

Figure 3 shows a real picture of the CZT drift strip detector
used for the ESRF beam test. The detector is one of the several
detectors fabricated almost 10 years ago.

The CZT drift strip detector was of spectroscopic grade
material from eV-Products with a size of 10 mm x10 mm x
2.5 mm. The strip pitch was 200um with a 100pum strip
width and consisted of a double layer of Pt/Au. The planar
electrode (cathode) was in Pt. The anode readout strips are held
at ground potential and the drift strips are negatively biased by
a voltage divider providing: Vi=i/4*Vd. The common planar
electrode is biased negatively at Vp. The readout strips and the
planar electrode were connected to eV-550 preamplifiers (see
Figure 4), main shaping amplifiers and then fed to a multi-
parameter data acquisition system.

B. Beam Setup at ESRF

The detector and preamplifier box is placed onto the XYZ
stage as shown in Figs 6. This system is capable of moving
the detector box in 3 directions, controlled by a DTU Space
developed programs (using Labview). The beam setup at ESRF
that are used in detector scan is shown in Figure 5 and Figure
6.

The beam was shaped by using two different collimators,
one in the optical hutch, in front of the white beam and the
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Fig. 5. Mechanical setup at ESRFE.
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Fig. 6. The beam setup definition at ESRF.

second in the experimental hutch, after the mono-chromators.
For the scan, the beam was shaped to be S0um x 50um size
for the selected energies of 150 keV, 250 keV, 350 keV, 400
keV and 500 keV. All the scan for different energies were
repeated on the same scan area which cover 2 drift detector
cells with x:30 steps and y: 36 steps totally covering 3.0 mm
x 3.6 mm scan area.

This result shown in this paper are selected from a set of
positions on a line across the detector from the planar side to
the strip side. The same line and positions are used consistently
for all different energies. In the bi-parametric distributions, the
R between 0 to 1.0 represents the thickness 2.5 mm of the CZT
drift strip detector. R value O is the strip side and R value 1.0
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Fig. 7. Spectrum (without any energy correction) recorded by the detector

with 500 keV beam energy and beam and 50pum x 50pum beam size at ESRF.

is the planar side.

IV. EXPERIMENTAL RESULTS
A. Mesurements

For the measurements lus shaping time and Vp=-150V
planar bias was used. For the drift biases: V1=-30V, V2=-60V,
V3=-90V, V4=-120V were used. A number of 2D scans with
the selected energies of 150 keV, 250 keV, 350 keV, 400 keV
and 500 keV were conducted on the CZT drift strip detector
in PTF configuration using the 50pm x 50pum size ID15A
beam. The same area of the detector was Always scanned for
all different energies with 0.1 mm steps in both directions (x
and y). Calibration spectra were recorded from '33Ba source
before the scan was started. A pulser was included to the
calibration spectra in order to to measure the electronic noise
in the system. The electronic noise was measured to be 2.1
keV for the (Qs) anode strips and 3.6 keV for the (Qp) planar
electrode. The threshold levels were 8 keV for the (Qs) anode
strips and for the (Qp) planar electrode.

B. Results

Figure 7 shows a 500keV spectrum obtained from the CZT
drift strip detector illuminating it in PTF configuration. The
energy resolution is measured 1% FWHM at 500 keV.

The minimum R value that can be measured depends on
the low energy threshold for Qp. For the current detector scan
setup the minimum R value is 0.05 for 150 keV and 0.02 for
500 keV.

Figure 8 (left) shows the bi-parametric distributions of the
ratio, R between the planar electrode signal, Qp and the strip
signal, Qs versus Qs for the 3 beam position. Figure 8 (right)
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Fig. 8. (left) The bi-parametric distributions of the ratio, between the planar
electrode signal, Qp and the strip signal, Qs versus Qs for 3 different 150
keV beam position. (right) The corresponded measured depth resolution for
these 3 different beam position.

shows the 3 measured depth spectra. The derived R (Qp/Qs)
distributions for the 150 keV line were fitted and the FWHM
values are given at the peaks.

Figure 9 shows the bi-parametric distributions as of the
Figure 8 with 500 keV beam energy. The R depth resolution
is broader due to the photoelectron range increased with the
energy.

Figure 10 shows measured and derived R values versus
depth for energies of 150 keV to 500 keV. The quantity R is
linearly dependent on the beam position x, with a value close
to unity for interactions close to the planar electrode and a
value close to zero for interaction near the strip electrodes. The
depth resolution is determined by the un-correlated electronic
noise of the Qp and Qs signals and by the photoelectron
range within the detector material. The electronic noise is the
dominant contribution for the R resolution at low energies
whereas the photoelectron range contribution is the dominant
contribution at high energies.

The measured depth resolution as function of beam position
is given in Figure 11. The data are obtained from the same
positions on the detector. The position resolution increase with
photoelectron range that increase at higher energies.

The achievable depth resolution as function of energy is
given in Figure 12. The best achievable depth resolution is at
200 keV. At higher energies, the photoelectron range became
the dominant contributor to the depth resolution. The minimum
width measured is 80 um FWHM @ 200 keV.
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Fig. 9. (left) The bi-parametric distributions of the ratio, between the planar

electrode signal, Qp and the strip signal, Qs versus Qs for 3 different 500
keV beam position. (right) The corresponded measured depth resolution for
these 3 different beam position.
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Fig. 10. The measured and derived R values versus depth for energies 150
keV, 175 keV, 200 keV, 225 keV, 250 keV, 350 keV, 400 keV and 500keV.

C. Subsection Heading Here
V. CONCLUSION

CZT drift strip detectors are tested at ESRF high energy
beam line, ID15A, using energies from 150 keV to 500keV
and beam spot size of 50 um x 50 um: 2D scan using ESRF
high energy beam line is conducted on the side of a 2.5 mm
CZT drift strip detector (in PTF configuration) with 0.1 mm
step on both directions (x and y). Detector Energy resolution
were measured for PTF configuration and it is 3Depth sensing
technique is investigated on 2D scan data for PTF using anode



JOURNAL OF KIgX CLASS FILES, VOL. 6, NO. 1, JANUARY 2007

[ e e o e ISR s e e e Sy s e
F [*—*—*150 keV
04 F v—v—7250 keV
r *—*—*350 keV r
8400 keV
o—*—2500 keV |
To03F
E
I
b -
Q02
01
oobedbo e Lo i b ) -
“0.0 0.5 1.0 1.5 2.0 25 3.0
Beam position (mm)
Fig. 11. Measured depth resolution values versus beam position for energies

of 150 keV, 250 keV, 350 keV, 400 keV and 500 keV
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Fig. 12. The measured depth resolution for energies 150 keV, 175 keV, 200
keV, 225 keV, 250 keV, 350 keV, 400 keV and 500keV

and cathode signal amplitudes (Qp/Qs). The minimum depth
resolution is dependent on none-correlated noise on the signals
(it is 70pm FWHM @150keV for the current detector setup).
Measured depth resolution is 100pum FWHM @ 150 keV
and 200pm FWHM @ 500 keV. This is well agree with the
theoretical values.

CZT drift strip detectors in PTF configuration can achieve
both high efficiency, due to the larger effective thickness,
and good energy resolution, due to the small drift length for
the electrons. They are therefore well suited for high energy
astrophysics instrumentation
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