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Carrier Lifetime and Mobility Characterization
using the DTU 3D CZT Drift Strip Detector
S. Howalt Owe, I. Kuvvetli, and C. Budtz-Jørgensen

Abstract—At DTU Space a 3D CdZnTe (CZT) drift strip detector prototype of size 20mm x 4.7mm x 20mm has been developed.
It has demonstrated excellent submillimeter position resolution
(< 0.5mm), and energy resolution (< 1.6%) at 661.6keV using
pulse shape signal processing. Signal formation on each of the 26
electrode readouts uses bi-polar Charge Sensitive Pre-amplifiers.
The output is sampled using high speed digitizers; providing
us with the full pulse shapes generated by each interaction in
the detector. In order to optimize and understand the detector
performance, a model of the 3D CZT drift strip detector has
been developed using COMSOL Multiphysics® and Python. It
simulates the 26 pulse shapes generated by an interaction, and
provides an output similar to that of the real detector setup. In
order to create a trustworthy model, the material properties of
the detector must be well understood. The generated pulse shapes
are greatly affected by the electron mobility (µe ) and lifetime
(τ e ) of the detector material. Therefore, 3D maps of µe and τ e
have been calculated as look-up tables for the model, utilizing the
high resolution 3D interaction position and energy information
provided by the 3D CZT drift strip detector. In conclusion, the
model performance is compared to real event data. We show
that the model performance is greatly improved using the newly
calculated 3D maps compared to the uniform material properties
provided by the crystal manufacturer.
Index Terms—3D CZT detectors, CZT Drift Strip Detectors,
Digitized pulse shape analysis, Carrier lifetime and mobility

I. I NTRODUCTION
Pulse shape formation in a semiconductor detector is greatly
affected by the electrode geometry (weighting potential effect),
and the charge carrier mobility (µ) and lifetime (τ ) of the
detector material. To build a reliable model for simulation of
the pulse shape formation within a semiconductor detector,
the detector material properties must be well understood. A
method for determining the electron mobility (µe ) and lifetime
(τe ) has previously been described [1] [2], estimating uniform
material properties of the detector. In this paper, we investigate
how to use these methods to create a 3D map of µe and τe
within the 3D CdZnTe (CZT) drift strip detector utilizing its
3D position and spectroscopic capabilities. The material nonuniformities will thereby be taken into account. The 3D maps
are then implemented as look-up tables in the 3D CZT detector
model, and its impact on the model performance investigated.
High resolution 3D CZT drift strip detectors are showing
promising results within both medical and astrophysical applications [3] [4] [5]. The CZT drift strip detector principle,
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[6] [7], screens the anodes from the poor hole movement in
CZT, such that the detector performance mainly depend on the
electron charge transport characteristics. The high-resolution,
3D position sensitive, CZT detector prototype developed at
DTU Space, is of size 20mm × 4.7mm × 20mm. The CZT
crystal was manufactured by REDLEN, and details on the
detector prototype fabrication can be found in [8]. On one
plane of the detector 10 cathodes are deposited, and on
the other side 12 anodes and 37 drift strips are deposited
perpendicular to the cathodes. The drift strips are sectioned
into four readouts, resulting in four drift strip sections. At
standard operation the anodes are grounded, the cathodes are
biased at -350V, and the drift strips are biased at -120V (central
drift strips are held at a bias of 2/3 of -120V and the two
adjacent drift strips are held at 1/3 of -120V, such that electrons
are drifted towards collection at the anode). See Fig. 1 for an
electrical diagram of the 3D CZT detector.
The readout technique and the developed interaction position reconstruction algorithms have resulted in excellent
3D position, and energy resolution for high energy photon
interactions [9]. The system has currently been tested at
661.6keV using a 137 Cs source. It demonstrated a position
resolution of 0.5mm × 0.4mm × 0.5mm in the x-, y-, and
z-direction respectively, and an energy resolution of <1.6%
[5]; the current setup suffers from high electronic noise (57keV FWHM) and is therefore the limiting factor to this
resolution. The high-speed digitizers enable sampling of the
full pulse shape formation of the signal; see Fig. 2 for an
example. The pulse shapes of the given interaction contain
substantial information about the interaction, for example, 3D
interaction position, energy deposition, electron drift time,
and interaction type (e.g. photoelectric absorption event, or a
Compton interaction event). 3D position information in the
detector, in combination with the knowledge of interaction
types, makes this detector an excellent candidate for future
high energy Compton camera applications [5]. Understanding
how the signals are generated within the detector is a key
factor for further development and improvements.
To optimize and understand the detector performance, a
model of the 3D CZT drift strip detector has been developed
using COMSOL Multiphysics® and Python. The 3D CZT
detector electrode geometry was implemented in COMSOL in
order to calculate the electrostatic conditions of the detector,
as input for the charge movement and transport Python script.
The detector model can be configured by a set of input
parameters, such as sample time, sample length, and start time
and initial 3D position of the photon interaction. The detector
model calculates the induced signals on all 26 electrodes, and
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A. Experimental setup

Fig. 1. Electrical diagram of the 3D CZT drift strip detector.

To determine µe and τe of the detector material, sets of data
collected at varying voltage bias (V ) between the anodes and
cathodes are used. The anodes are grounded and the drift strips
and cathodes are biased in a total of six configurations varying
the cathode bias from -150V to -400V. For each cathode bias
the drift bias was chosen to be a 3rd of the cathode bias,
with a maximum bias of -120V, due to electronic noise. See
Table I for an overview of the measurement voltage settings. A
137
Cs (661.6keV) source was placed, illuminating the entire
XZ-plane (anode plane) of the detector, at a distance of 20
cm. For each bias setting a set of 20 hour measurements were
taken, resulting in a total of 120 hours of data collection.
TABLE I
C ATHODE AND DRIFT VOLTAGE BIAS SETTINGS .

Fig. 2. Example of 26 pulse shapes measured by the 3D CZT drift strip
detector system. Left: 12 anode signals. Center: 10 cathode signals and the
sum of the cathode signals. Right: Four drift strip signals.

returns the 26 generated pulse shapes for the given interaction
position. For comparison purpose, the output is provided in a
data format similar to the one for the real detector setup using
digitizers.
The current model uses uniform material properties for the
entire detector volume. Since the pulse shape formation is
greatly affected by µe and τe of the detector material, it is
imperative that the values used by the model resembles the
ones from the true detector. If not, the simulated pulse shapes
and the true pulse shapes are incomparable.
II. M ATERIALS AND METHOD
To investigate the µe and τe parameters throughout the 3D
CZT detector volume, three estimations are produced. First,
we estimate the product µe τe , next we estimate the electron
lifetime τe , and finally, we use the two estimations to isolate
the electron mobility µe . For the analysis we utilize the 3D
CZT detector data. All single event interactions are extracted,
and for each of these events the following information is
determined using pulse shape analysis:
1) 3D position of the event in the 3D CZT detector.
2) Deposited energy by the photon in the 3D CZT detector.
3) Drift time of the generated electron charge cloud.
The 3D position information is used to divide the detector
volume into a virtual grid of data volumes (i.e. voxels), to each
of which a pair of µe and τe values are associated, utilizing
the events occurring within the voxel. In order to do this,
the deposited energy and electron drift time is used, extracted
from measurements taken at different voltage bias settings,
resulting in a change in the electric field strength in between
each measurement.

Measurement
1
2
3
4
5
6

Cathode bias [V]
-150
-200
-250
-300
-350
-400

Drift bias [V]
-50
-66
-83
-100
-120
-120

B. Estimating the electric field strength
The change in voltage bias between each measurement is
done in order to vary the electric field strength (E) inside
the detector. This affects the movement of the electron charge
cloud, which will drift quicker towards collection and experience less electron charge trapping as the electric field strength
increase. We know the bias voltage values exactly, but how do
we then make a proper estimation of the electric field strength
within the detector? When it comes to the electron drift path,
the 3D CZT drift strip detector can be assumed as a planar
detector for most of the detector volume. See Fig. 3, which
illustrate the electric field path within one drift cell of the 3D
CZT detector simulated using COMSOL. A uniform electric
field path is seen throughout most of the detector medium,
only close to the anode side (y < 1mm) we see this assumption
will no longer hold. For this analysis we have chosen to model
and estimate the electric field strength and shape by simulation
using COMSOL.

Fig. 3. COMSOL simulation and illustration of the electric field lines zoomed
in on a single drift cell in the 3D CZT drift strip detector at a cathode bias
voltage of -350V and a drift bias voltage of -120V.
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C. Estimation of the µe τe -product
The µe τe -product is estimated utilizing the electric field
strengths, electron drift distance, and photopeak position using
the relation [1],


yd
N = N0 exp −
(1)
µe τe E
where N is the number of electrons collected after a drift
distance of yd , E is the electric field strength in the detector,
and N0 is the original number of electron-hole pairs. Consider
the two cases where measurements are taken at two different
bias voltages between anode and cathode (V1 and V2 ). This
will result in two different electric field strengths (E1 and
E2 ), and two different measured photopeak amplitudes (N1
and N2 ) as the photopeak amplitudes are proportional to the
number of electrons collected at the anode surface. Using this,
two expressions of (1) can be used to solve and get rid of N0
such that [1]


 
1
1
yd
N1
−
=
(2)
ln
N2
µe τe E2
E1
where yd is the electron drift length for data with photopeak
amplitudes N1 and N2 [1]. Both the measurement of N1 and
N2 have the same non-linear weighting potential effect on the
signals as a function of yd ; as previously described [9]. The
ratio of the two signals given in (2) will cancel out this effect.
The six measurements (Table I) are then used to calculate
five points. N1 is described by the data measured at biases
from measurement number 1 to 5, and N2 is described by the
data measured at the highest bias (measurement 6). Plotting
ln(N1 /N2 ) as a function of (1/E2 −1/E1 ) and fitting a linear
regression model, results in the slope,
yd
α=
(3)
µe τe
and knowing the electron drift length yd , we can estimate the
µe τe -product. For an estimation of the error in the calculated
µe τe -product error propagation is applied to (2). The electric
field strengths are assumed to be known accurately, which
results in the uncertainty in N1 , N2 , and yd contributing to
the error.
D. Estimation of the electron lifetime τe
τe is estimated utilizing electron drift times together with
photopeak positions measured at different voltage bias between anode and cathode. Given the decay of the freecarrier concentration as a function of time, and assuming that
the collected charge is proportional to the amplitude of the
photopeak position, we have for two measurements at different
bias voltage settings [2]


td1
(4)
N1 = N0 exp −
τe


td2
N2 = N0 exp −
(5)
τe
where td1 is the electron drift time from the initial interaction
position at the first bias setting, and td2 is the electron drift

3

time from the initial interaction position at the second bias
setting. Solving using (4) and (5), we can again cancel out the
original number of electron-hole pairs N0 ,
 
1
N1
=
(td2 − td1 ) .
(6)
ln
N2
τe
The six measurements (Table I) are then used to calculate
five points. N1 and td1 is described by the data measured at
biases from measurement number 1 to 5, and N2 and td2 is
described by the data measured at the highest bias (measurement 6). Plotting ln(N1 /N2 ) as a function of (td2 − td1 ) and
fitting a linear regression model, results in the slope,
1
(7)
τe
allowing us to estimate the electron lifetime τe . For an
estimation of the error in the calculated τe , error propagation
is applied to (6). The error calculation will be affected by
the uncertainties of the estimated energies and electron drift
times, N1 , N2 , td1 , and td2 . The uncertainty of the estimated
energies are mostly affected by the energy resolution of the
detector, where the uncertainties of the electron drift times are
strongly affected by the voxel size. Especially close to drift
cell boundaries, electron drift times will vary more, compared
to directly above the anode.
α=

E. Estimation of the electron mobility µe
µe is lastly estimated from the determined values of µe τe
and τe ,
µe τe
.
(8)
τe
The error estimation is again done using error propagation
applied to (8) with the estimated errors in µe τe and τe
contributing.
µe =

III. DATA PREPARATION
For each of the six bias setting measurements, the 26
pulse shapes for each photon interaction were processed, with
only single trigger event data considered. This resulted in a
dataset containing the following information for each photon
interaction: 3D position, 26 ADC pulse heights, and electron
drift time.
A. Position determination
The position determination algorithms will be briefly described in this section. Further information on the positioning
algorithms can be found in [5] and [9].
1) x-position: The x-position in the 3D CZT detector is
along the direction of the anodes; see Fig. 1. For the xposition determination we utilize the peak value of the two
adjacent inverted drift strip current signals to the triggered
anode, denoted ADL and ADR . Coupled with this information,
the triggered anode number xtrig is used to determine the xposition,


Pan
ADR − ADL
· Pan −
, (9)
x = 0.4 + xtrig + F ·
ADR + ADL
2
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where the constant 0.4 is the initial distance from the edge to
the first electrode, F is an adjustable factor for calibration of
the x-scale, currently set to 0.69, and Pan is the anode pitch
of 1.6mm.
2) y-position: The y-position of the detector describes the
depth of the interaction between the anode side, and cathode
side of the detector, see Fig. 1. When determining the yposition, the cathode pulse heights, Cn , are summed and
divided by the pulse height of the triggered anode Am . This
returns the depth parameter of the detector, which is then
calculated in units of detector thickness, D,
P10

n=1

y=

Cn

Am

· D.

(10)

3) z-position: The z-position is determined utilizing the 10
cathode amplitudes in a center of gravity of cathode strip
calculation. Utilizing the cathode pulse heights, Cn , and the
cathode pitch, Pca , of 2mm, the z-position is given by,

D. The dataset

P10
z=

n=1 n · Cn
P
10
n=1 Cn

Fig. 4. Illustration of the procedure of utilizing the sum of cathode pulse
shapes to determine the start time, t0 , and end time, t1 , of the event. The
drift time in seconds can then be calculated by td = 4 · (t1 − t0 ) · 10−9 .

· Pca .

(11)

B. Pulse height determination
All 26 pulse shapes are adjusted to have the same baseline
(see Fig. 2). The cathode and anode pulse heights are simply
determined by subtracting the average value of the first 150
samples from the average value of the last 150 samples. The
drift strip signals are bi-polar, and therefore the pulse heights
are not extracted. However, the peak position of each derivative
of the pulse shape (current profile) is extracted, and used when
determining the x-position.
C. Drift time determination
The electron drift time of each event is determined by the
sample time of the beginning, t0 , and the end, t1 , of the event.
To determine these, the sum of the cathode signal pulse shapes
is utilized. The cathode sum is obtained by summing the 10
cathode pulse shapes after readout. Fig. 4 shows an example of
the summed cathode signal of an arbitrary event. The cathodes
will see the electron cloud movement at the instant the charge
cloud starts to drift. This results in an increase in the induced
signal. The pulse shape will continue increasing until the
electron charge cloud is collected, where the pulse shape once
again will flatten. The beginning and end of the event can
then be determined by applying a linear fit to the slope of
the signal. The point where the linear fit intersects with the
baseline, is chosen as the beginning of the event, t0 . The point
where the linear fit intersects with the point where the cathode
signal sum flattens is chosen as the end of the event t1 . The
two time values, t0 and t1 , can then be used to calculate the
drift time, td . The unit of these values are the sample time
4ns. For events close to the anode side, the created cathode
pulses will be characterized by small pulse heights. This can
result in the determined drift time being distorted. Therefore,
this method is not covering events close to the anode side.

For each measurement of all voltage bias settings, the pulse
heights, 3D positions, and drift times, are extracted using the
methods described in the previous sections. This resulted in
six data sets; one for each voltage bias setting. Fig. 5 shows
2D-histograms of the XZ-plane and the XY-plane of the 3D
position information for the measurement at cathode voltage
bias -350V and drift voltage bias of -120V. The XZ-plane
shows no events for z < 2mm and z > 18mm, due to more
severe edge effect on the signals. Furthermore, we do see
areas where there are fewer or no events around anodes 5
(A5), 6 (A6), 11 (A11), and 12 (A12) for z < 5.0mm, as
encountered earlier [5]. Investigating the XY-plane we see the
same artefacts as earlier encountered [5], [9], with anode 1
(A1) and 12 (A12) showing clear edge effects and the xposition algorithm not covering events with y < 1mm.
Investigating the 2D-histograms of the XY- and XZ-plane,
a subset region was chosen for this analysis. The subset
considered in this analysis is made only of anodes 2-11 with
the y-position limits 2.0mm ≤ y ≤ 4.0mm, and the zposition limits 13.0mm ≤ z ≤ 15.0mm. Furthermore, along
the x-direction, only data within 0.2mm from each drift cell
boundary is considered. The white highlighted areas in Fig. 5
indicate the data subset used for this analysis. The subvolume
is then divided into virtual volumes, each of size (dx, dy,
dz) = (0.4mm, 0.2mm, 1.0mm). The size is mainly limited
by statistics. If we wish to make the volumes even smaller,
more data must be collected. However, for the aim of the
current analysis this volume size is sufficient. We have chosen
to minimize dy since we wish to determine the drift time
as precisely as possible. Table II shows an overview of data
division boundaries. The analysis can be expanded to include
the entire detector volume at a later time.
IV. DATA ANALYSIS
A. Determination of pulse heights and drift time
Each data set (Table I), all followed the same data analysis
procedure, described in Section III. Using the 3D position
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Fig. 5. 2D-histograms displaying the calculated 3D positions for the measurement taken with a cathode bias of -350V and a drift bias of -120V. White
dashed lines indicates drift cell boundaries. Anode numbers are defined within
each drift cell. The white highlighted areas indicate the chosen data subset of
the detector volume.

OVERVIEW
Direction
x
x
x
x
x
x
x
x
x
x
y
z

(anode
(anode
(anode
(anode
(anode
(anode
(anode
(anode
(anode
(anode

2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

OF THE

Number
of slices

TABLE II
3D DATA DIVISION BOUNDARIES

Slice thickness
[mm]

3

0.4

10
2

0.2
1.0

Minimum
value [mm]
2.2
3.8
5.4
7.0
8.6
10.2
11.8
13.4
15.0
16.6
2.0
13.0

Maximum
value [mm]
3.4
5.0
6.6
8.2
9.8
11.4
13.0
14.6
16.2
17.8
4.0
15.0

information, each data set was divided into the virtual volumes
described by Table II. To calculate µe and τe following the
methods described in Section II, it is essential to determine a
pulse height, drift time, and electron drift distance representing
each volume element (or voxel). Therefore, for each voxel, a
histogram of the photopeak and electron drift time distribution
was plotted, and fitted with a Gaussian distribution. The peak
position of the fit was chosen to represent the pulseheight
position and electron drift time for the volume. Fig. 6 shows
an example of this fitting procedure. Here we see data collected
by anode number 2, for the cathode voltage bias of -350V, for
y-slice number 4, z-slice number 1, and all three x-slices.
B. Estimation of the electron drift distance
The electron drift distance, yd , is used to determine the
µe τe -product as stated in (2). For a planar detector, the electron
drift distance can be determined as the interaction depth (yposition) in the detector, since the drift path is perpendicular
to the anode. However, the geometry of the 3D CZT drift strip
detector results in the electron drift path bending towards the
anodes close to collection; as illustrated in Fig. 3. Therefore,
the electron drift distance is only comparable to the y-position
for interactions occurring directly above the anode. An overall

Fig. 6. 2D-position histograms, and Gaussian fit of photopeaks and drift times
for three voxels in drift cell number 2, for the measurement settings: Cathode
bias -350V and drift bias -120V.

estimation of the drift distance for each voxel must therefore
be determined, since the volumes closer to the drift cell
boundary will have a longer drift path. This was done by
investigating data from anode number 8 at a cathode bias
of -350V and drift bias of -120V. Data along the entire zdirection (0mm < z < 20mm) and a 0.2mm slice along the
y-direction (3.8mm < y < 4.0mm) was used. Along the xdirection (11.8mm < x < 13.0mm) the data was divided
into 11 voxels. For each voxel, the electron drift time was
determined. This resulted in 11 values for the electron drift
time, where the central value is that of the volume directly
above the anode. The drift distance of this volume is assumed
to be the central y-position of 3.9mm. Knowing both drift
distance and time, using the central voxel, the electron drift
velocity was determined to be
ve =

yd
= 5.94 · 106 mm/s.
td

(12)

In conjunction with the electron drift velocity, the drift distance
of the remaining 10 voxels was estimated using the electron
drift time information. In Fig. 7, the resulting difference in
drift distance, compared to the central data slice, is shown
along with the x-slice boundaries of the material analysis; also
defined in Table II. As expected, the interactions that occur
closer to the drift cell boundary, will experience a longer drift
distance. Values approaching the drift cell boundaries (0.6mm
from the drift cell center along the x-direction), will drift a
distance of around 0.4mm longer than that of the interactions
directly above the anode. The central voxel do not have a big
variability in electron drift distance. However, events within
the boundary volumes vary close to 0.4mm in electron drift
distance. Since we use the drift distance to determine the µe τe product in (2), this does impose an uncertainty introduced
from the drift distance, especially for the boundary volumes.
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The drift distance representing the boundary volumes was then
added a distance of 0.15mm (mean difference) compared to
the central volume.

Fig. 7. Difference in drift distances between the an event directly above the
anode (x = 12.4mm) and events closer to the drift cell boundaries. Red
dashed lines: Boundaries for the voxels used for the analysis.

Fig. 8. µe τe -map of the chosen detector subvolume. The mean estimated
error of the calculated µe τe -values is ∼ 10%. White dashed lines: Drift cell
boundaries.

B. Estimation of the electron lifetime τe

V. R ESULTS
A total of three 3D maps was generated for the chosen
detector volume. A map for the µe τe -product, τe , and µe . The
calculated maps were compared to the original values provided
by the manufacturer of the detector crystal given in Table
III. In the following sections, the calculated 3D maps will
be presented together with a comparison to the manufacturer
values.
TABLE III
M ATERIAL PROPERTIES OF THE DETECTOR CZT

CRYSTAL .

Electron
Hole

M ANUFACTURER
µτ [cm2 /V]
τ [s]
1.5e-2
3.0e-5
0.0006e-2
3.0e-7

µ[cm2 /Vs]
500
20

Electron
Hole

3D MAP AVERAGE
µτ [cm2 /V]
τ [s]
2.9e-2 ± 0.3e-2
3.2e-5 ± 1.6e-6
−
−

µ[cm2 /Vs]
909.7 ± 91
−

The τe -map was calculated using the method described in
Section II-D, also done for each of the voxels in our 3D map
grid. In Fig. 9 the calculated τe -map of the chosen detector
subvolume is shown. We identify similar tendencies as for
what we observed in the µe τe -map. Using error propagation,
the mean estimated error of the calculated τe -map was determined to be ∼ 5%. Compared to the manufacturer value given
in Table III, we see that we are in the same order of magnitude,
however with a non-uniformity in the detector material. We
note that the variation in τe is similar to that of µe τe , and
must therefore also be responsible for the variation in µe τe .

A. Estimation of the µe τe -product
The µe τe -map was calculated using the method described
in Section II-C for each of the voxels in our 3D map grid.
In Fig. 8 the resulting calculated µe τe -map of the chosen
detector subvolume is shown. The 3D-map is illustrated in
2D by showing each of the two slices along the z-direction
alone. The upper map is the first z-slice and the lower the
second. Using error propagation the mean estimated error of
the calculated µe τe -map was determined to be ∼ 10%. We
do see a variation in the µe τe -product throughout the detector
material, with almost a factor of 3, especially along the xdirection. Thus, we do see variation significantly larger than
the estimated error. The variation is of course not provided
by the manufacturer, since the manufacturer values assume
uniform material properties. Moreover, the presented results
are for large parts of the detector significantly larger than the
nominal values given in Table III.

Fig. 9. τe -map of the chosen detector subvolume. The mean estimated error
of the calculated τe -values is ∼ 5%. White dashed lines: Drift cell boundaries.

C. Estimation of the electron mobility µe
µe is estimated using the calculated values for µe τe and
τe , as described in Section II-E. In Fig. 10 the calculated µe map of the chosen detector subvolume is shown. Using error
propagation the mean estimated error of the calculated µe -map
was determined to be ∼ 10%. This error is large compared to
the variances we see in the map. Therefore, we cannot draw
any conclusions on the material variability, however we can
state that the average estimated electron mobility is almost
a factor of two larger than the nominal value provided by
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the manufacturer; see Table III. This method estimates the
electrons to have a much better mobility than the uniform
manufacturer estimation provides.

Finally, comparing the drift signals (Fig. 12(g-j)), once again
we see that the signals are represented much better by the
model using the 3D maps than the one using the uniform
manufacturer values.
We clearly see that the model demonstrates a great improvement in prediction when applying the calculated 3D maps
compared to using a uniform assumption with manufacturer
provided values. Currently the discrete values for a given voxel
extracted from the 3D maps, are used as model input for all
interaction positions within that voxel. However, in reality the
µe τe , τe , and µe values should vary gradually throughout the
material. Interpolation of the 3D maps could be implemented
in the future.

Fig. 10. µe -map of the chosen detector subvolume. The mean estimated
error of the calculated µe -values is ∼ 10%. White dashed lines: Drift cell
boundaries.

D. Implementation in the 3D CZT detector model
The next step is to investigate how the newly generated 3D
maps affect the performance of the 3D CZT detector model.
In this article, one example of the comparison between a real
event and the detector model performance will be presented.
Fig. 11 shows the measured pulse shapes for a real event in the
3D CZT detector. To simulate this event, we calculate the x-,
y-, and z-position alongside the start time of the event. This is
then used as input for the 3D CZT detector model. This will
of course carry the error of the calculation in position and start
time into the modelled data, however, this should only introduce small disagreements between model and data. The model
then extracts the µe and τe values representing the voxel from
which the position of the event originates, from the calculated
3D maps, subsequently, the model was run; simulating the
event. The event was simulated using two sets of µe - and τe values. The ones provided by the manufacturer, and the ones
from the calculated 3D maps. For the hole material properties,
the hole mobility (µh ) and lifetime (τh ) values used are the
ones provided by the manufacturer in Table III, assuming
uniform values. Fig. 12 shows a comparison of the real data
and the two models, including the main triggered electrodes.
Inspecting the three anode signals (Fig. 12(a-c)), we conclude
that the model using the newly calculated 3D maps improves
the modelled signal greatly, compared to the model using the
uniform value provided by the manufacturer. Consequently,
the modelled transient signals on the neighbouring anodes
are improved. Investigating the cathode signals (Fig. 12(df)), we clearly observe that the model using the 3D maps,
simulate the slope of the cathode signal much better than the
manufacturer values. We do see however, that the real data
have an increase in the cathode signal after electron collection,
that does not occur in the model. This indicates that the hole
mobility and lifetime is better than what was provided by the
manufacturer. This invites for a future characterization of the
hole mobility and lifetime in the 3D CZT drift strip detector.

Fig. 11. Anode, cathode, and drift pulse shapes of a real event. x = 2.66mm,
y = 3.95mm, z = 14.52mm, and t0 = 352.6 samples.

Fig. 12. Comparison between pulse shapes of a real event, and pulse shapes
simulated by the model using manufacturer provided values of µe and τe ,
and the model using the µe and τe values extracted from the calculated 3D
maps.
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VI. C ONCLUSION
Utilizing the 3D position and spectroscopic capabilities
of the 3D CZT drift strip detector, a material analysis was
performed, to create 3D maps of the detector material electron
mobility and lifetime. This resulted in three 3D maps for a
subsection of the detector volume; a map of the µe τe -product,
a map of τe , and finally a map of µe . The 3D maps were
tested, simulating real data events, using the 3D CZT detector
model first using the uniform µe and τe values provided by the
manufacturer, and second simulating the event using the newly
calculated 3D maps. Comparing modelled pulse shapes with
the pulse shapes of the real event, the model demonstrated a
great improvement when applying the calculated 3D maps.
It also did show that the current assumptions of the holematerial properties (manufacturer provided) did not represent
the detector material. We can therefore conclude that the newly
calculated 3D maps have greatly improved the 3D CZT detector model performance, to produce more reliable predictions.
Not only will these 3D maps provide better possibilities for
data correction in the 3D CZT drift strip detector; a model
that correctly simulates the pulse shapes makes it possible to
generate training data for artificial neural networks.
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