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Characterization of charge carrier collection in a CdZnTe Frisch collar
detector with a highly collimated 137Cs source
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a b s t r a c t

A 4.7 �4.7�9.5 mm3 CdZnTe Frisch collar device was characterized through probing the device with a

highly collimated 137Cs 662 keV gamma ray source. In a systematic series of experiments, the detector

was probed along the length and width with a 137Cs gamma ray source using a 43.0 mm long Pb-

collimator with a 0.6 mm circular hole. The detector was probed along the central line under different

operating voltages of 1200, 1000, 800, 600 and 400 V. The experimental results correlated well to charge

collection calculations for a modeled device with the same size and operating conditions. It was proved

that, unlike the planar configuration, the charge collection efficiency profile along the length of Frisch

collar device is considerably improved. The CdZnTe raw materials for this study were acquired from

Redlen Technologies, and the Frisch collar device was fabricated and characterized at S.M.A.R.T.

Laboratory at Kansas State University.

& 2010 Elsevier B.V. All rights reserved.

1. Introduction

An ideal gamma ray spectrometer would operate at room
temperature, exhibit low noise characteristics, possess good
gamma ray absorption efficiency, and have high energy resolu-
tion. The relatively wide band gap and high resistivity of CdZnTe,
along with its high effective Z-number (which provides good
gamma ray absorption efficiency), allows CdZnTe to be a good
candidate for room-temperature operated gamma-ray spectro-
meters. CdZnTe Frisch collar detectors demonstrate promising
results as high energy resolution gamma-ray spectrometers [1–4],
which perform as single carrier devices by negating the
deleterious effects of hole trapping [1–16]. Further, the simplicity
of the Frisch collar device lowers manufacturing costs and makes
it attractive as a portable instrument.

An important gamma-ray spectrometer characteristic is the
uniformity of response to gamma ray interactions. In other words,
it is important that the pulse height response is constant for any
given energy deposited in the detector and is not dependent upon
the location where the gamma ray was absorbed. For a device
with large differences in charge carrier trapping times between
electrons and holes, a non-uniform current induction distribution
along the device length can reduce position dependent responses
and allows for enhanced energy resolution [9].

The charge collection distribution for a Frisch-collar type
device was first reported for a trapezoidal-shaped Frisch grid
CdZnTe gamma-ray detector [11]. In a systematic series of
experiments, the detector was probed with a collimated 241Am
59.5 keV gamma-ray source along the bottom cathode and the
sides. For cathode and sidewall probing, almost all charge carriers
were excited near the surface because 97% of 59.5 keV gamma
rays are absorbed within 1.0 mm of CdZnTe material surface. The
results of the study proved that the charge-carriers were collected
uniformly from all locations along the surface. A similar study was
later conducted along the length of a bar-shaped Frisch collar
device using a collimated gamma-ray source [16]. The study was
performed for a 3.4�3.4�5.5 mm3 CdZnTe Frisch collar device,
with a variety of conductive Frish collar lengths [16]. It was
shown that the charge collection efficiency (CCE) profile along the
length of a Frisch collar detector is considerably improved over
that of a planar detector. The study clearly showed and confirms
the robustness of Frisch collar technology.

In this study, CCE characterization of a two terminal 4.7
�4.7�9.5 mm3 CdZnTe Frisch collar device is performed by
probing the Frisch collar device with highly collimated 137Cs
gamma ray source. The collimator was a 43.0�43.0�43.0 mm3

lead block with a 0.6 mm diameter hole through a central axis.
The collimator was fabricated by pouring molten lead into a cast
with a 0.6 mm diameter steel rod placed vertically in the center of
the cast. After the lead cooled, the steel rod was removed, leaving
behind the collimator hole. The spectroscopic response was
investigated by probing the entire lateral side of the CdZnTe
Frisch collar device with the collimated 137Cs gamma ray source.
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The experimental results correlated well to charge collection
efficiency models for detectors with the same dimensions and
operating conditions.

2. Theoretical considerations

The CdZnTe Frisch collar device used in this study was
operated with the conductive collar grounded and the collecting
contact positively biased. Laplace’s equation is used to determine
the position dependent current induction from the weighting

potential distribution Vw [17],

rðke0rVwÞ ¼ 0 ð1Þ

where e0 is the permittivity of vacuum and k is the material
dielectric constant. The weighting potential Vw(x,y,z) distribution
is normalized, in which the collecting electrode (anode in this
case) is set to unity (Vw = 1) with all other electrodes grounded
(Vw = 0). If more than one media exists within the domain, then
Laplace’s equation must to be solved separately in each medium
with appropriate k values and appropriate boundary conditions.
The weighting field distribution Ew (cm�1) is determined with [17],

Ewðx;y;zÞ ¼ �rVw: ð2Þ

Poisson’s equation is used to determine the operating potential

V, which is the actual voltage distribution within the detector
during operation,

rðke0rVÞ ¼�r ð3Þ

where r is the space charge density. With the absence of space
charge, Poisson’s equation reduces to Laplace’s equation, and the
operating potential and electric field for a two terminal device
become,

Vðx;y;zÞ ¼DV � Vwðx;y;zÞ ð4Þ

and,

Eðx;y;zÞ ¼DV � Ewðx;y;zÞ ð5Þ

where DV is the voltage drop across the detector contacts. Under
the special operating condition that the collecting electrode is
biased and the non-collecting electrode is grounded, the operating
potential and electric field for a two-terminal Frisch collar device
reduce to,

Vðx;y;zÞ ¼HV � Vwðx;y;zÞ ð6Þ

and,

Eðx;y;zÞ ¼HV � Ewðx;y;zÞ ð7Þ

where HV is the high voltage applied to the detector, V(x,y,z) is the
operating potential distribution in volts, and E(x,y,z) is the electric
field distribution in V cm�1. Therefore, the voltage distribution
V(x,y,z) resembles the distribution of the weighting potential
Vw(x,y,z), scaled by HV. Similarly, the electric field distribution
E(x,y,z) resembles the weighting field distribution Ew(x,y,z) for a
two-terminal device also scaled by HV.

By applying the Shockley–Ramo theorem [18,19], an analysis
method initially applied to vacuum tubes, but later shown to be
valid for semiconductor detector analysis [17,20–24,26], CCE
maps for a Frisch collar device can be determined. It is assumed
that the effect of recombination and long term trapping of the
charge carriers is well-represented by a single value, the mean
free drift time t, while considering de-trapping effects negligible
[25]. The mean free drift time is used to determine the average
time interval in which current is induced on the desired electrode
before a charge carrier is lost. The time needed to collect a charge
carrier type (either electrons or holes) from any random starting
location in the detector to its corresponding electrode is denoted
tc, and is dependent upon the mobility and electric field.

For the following analysis, the authors draw attention to the
coordinate convention shown in Fig. 1. Consider the case in which
a gamma ray interacts in a radiation detector and N0 charge pairs
are excited at time t = t0 = 0 at a random location x0. A voltage
applied across the device will cause electrons to drift towards the
anode and the holes to drift towards the cathode. The total
number of free charge carriers N(t) remaining in motion at time
t¼ t0 is,

NðtÞ ¼N0exp �
t0

te

� �
þN0exp �

t0

th

� �
ð8Þ

where te and th are the mean free drift times for electrons and
holes, respectively. For simplicity, it is assumed that charge
carriers have a velocity related to the charge carrier mobility m
and electric field,

vðxÞ ¼
dx

dt
¼ mEðxÞ: ð9Þ

Hence, for any segment of time past t0,

t0 ¼
x

v
¼

x

mEðxÞ
ð10Þ

Fig. 1. Coordinate system for the Frisch collar device under investigation. Notice that the positive x direction increases towards the left.
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where x is the distance traveled. Consider a device of total length
L where an ionizing event has occurred at location x0. Assume the
convention where electrons move in the positive ‘x’ direction and
holes move in the negative ‘x’ direction. Substituting Eq. (10) into
Eq. (8), the remaining number of charge carriers is

NðtÞ ¼N0exp
x0�xe

mteEðxÞ

� �
þN0exp

xh�x0

mthEðxÞ

� �
ð11Þ

where xe is the position of the electron cloud and xh is the position
of the hole cloud. Note that the actual charge in motion is

Q ðtÞ ¼�qN0exp
x0�xe

mteEðxÞ

� �
�qN0exp

xh�x0

mthEðxÞ

� �
: ð12Þ

As the charge carriers move through the device and experience
trapping, the differential change in the induced charge at the
device terminals is a function of the total number of charges in
motion and the differential weighting potential through which
they move,

dQ ðtÞ ¼ �qN0exp
x0�xe

mteEðxÞ

� �
dVw

����
xe

�qN0exp
xh�x0

mthEðxÞ

� �
dVw

����
xh

: ð13Þ

For a differential change in charge carrier location, the
weighting potential can be described as

dVw ¼ Ew dx ð14Þ

where Ew is the weighting field at either xe or xh (depending on the
evaluation point), and Eq. (13) becomes,

dQ ðtÞ ¼ �Q0EwðxeÞexp
x0�xe

mteEðxÞ

� �
dx

����
xe

�Q0EwðxhÞexp
xh�x0

mthEðxÞ

� �
dx

����
xh

:

ð15Þ

The total change in the induced charge can be determined by
integrating the induced charge dQ over the length of the Frisch
collar device. It is this change in the induced charge, that is
measured by electronic spectroscopy circuits, often simply
referred to as the induced current. The induced current can
be stored on an external capacitor, commonly referred to as the
induced charge.

A close estimate of the same operation can be performed
by summing the incremental induced charge DQ for each

incremental change in position Dx over the entire device. Take,
for instance, a Frisch collar detector that has been divided into N

segments labeled as Dx. Here, one can write,

Dx¼
L

N
ð16Þ

where L is the length of the Frisch collar device. The number of
remaining free charge carriers at time ti after the initial event at
time t0 is described by

QiðtiÞ ¼Q0exp
t0�ti

te

� �
þQ0exp

t0�ti

th

� �
ð17Þ

provided that tirtc of either charge carrier. For the special case in
which charges are moving along the central longitudinal axis of
the device, it can be assumed that the change in induced charge is
dependent upon charges moving parallel along the axis, desig-
nated as the x direction in the present case. It is also assumed that
charge cloud diffusion is negligible compared to charge cloud
drift. This assumption is valid for detectors with large area

Fig. 2. The charge collection efficiency (CCE) profile at different voltages of 1200,

1000, 800, 600 and 400 V applied to anode (collecting electrode) along the central

line of a 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The CCE is plotted based

on Shockley–Ramo theorem and through electric field and weighting field

modeling of the device with 0.35 mm of insulator layer, and 9.5 mm long Frisch

collar (entire device) held at cathode bias (grounded).

Fig. 3. The schematic setup for the gamma ray source, Pb-collimator, and the

CdZnTe Frisch collar detector, showing only the narrow collimater hole section of

the 43.0 �43.0 �43.0 mm3 Pb-collimator. A 2MBq 137Cs gamma ray source was

placed at the far end of 0.6 mm circular hole. The CdZnTe Frisch collar detector was

held stationary at a distance of 8.7 mm from the emerging end of the Pb-

collimator. The 43.0 �43.0 �43.0 mm3 Pb-collimator block and gamma ray

source were mounted on a linear stage with two degrees of freedom, and adjusted

to irradiate specific probing locations along the Frisch collar detector.
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collecting electrodes, such as Frisch collar detectors with
electrode surface areas of 4.7�4.7 mm2. Diffusion effects can,
however, contribute significantly for long drift detectors
with small collection areas, such as observed with pixelated
devices [6].

The transport time intervals Dte;h over incremental distances of
Dx for electrons and holes are

Dte;h ¼
Dx

ve;h
¼

Dx

me;hE
ð18Þ

where ve,h is the velocity (cm s�1) of either the electrons or holes;
and E is magnitude of electric field (V cm�1) in the direction of
charge carrier motion. From any starting location x0, holes will
travel from x = x0 to 0 and electrons travel from x0 to L. Dividing
the device into N segments, the electron contribution to the
change in the induced charge at location xi after moving from

location xi�1 is

DQiðtiÞ ¼Qi�1DVwðxiÞexp
�Dx

mteEðxiÞ

� �
ð19Þ

¼Qi�1EwðxiÞexp
�Dx

mthEðxiÞ

� �
Dx ð20Þ

and the hole contribution to the change in the induced charge at
location xj after moving from location xj�1 is

DQjðtjÞ ¼Qj�1DVwðxjÞexp
�Dx

mteEðxjÞ

� �
ð21Þ

¼Qj�1EwðxjÞexp
�Dx

mthEðxjÞ

� �
Dx ð22Þ

where E(x) (V cm�1) is the actual electric field at the charge
carrier location, and the terms Ew and DVw are the normalized
weighting field and the change in the normalized weighting

Fig. 4. Pulse height spectra taken with the 4.7�4.7�9.5 mm3 CdZnTe Frisch

collar device being fully radiated with a 137Cs gamma ray source positioned right

underneath the device. The measurement setup and equipment are listed on the

figure. A 0.89% FWHM energy resolution is achieved at 662 keV.
Fig. 6. The Pb collimator/detector arrangement within the Al test box. The Pb

collimator is mounted on a linear stage with two degrees of freedom, and the

CdZnTe Frisch collar detector is stationary, ready to be probed by the collimated

gamma ray source.

Fig. 5. The irradiated points on the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar

device. The collimated gamma ray source on a linear stage allows for irradiating

the desired points shown on the CdZnTe device. The Frisch collar device was

radiated in increments of 1.3 mm along the length, and 1.6 mm along the width.

The partially irradiated area is due to the size of the 137Cs gamma ray source,

which was comparable to the collimator hole (0.6 mm).

Fig. 7. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row r at 1200 V for

2 h real time.
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potential, respectively, over distance Dx. The mete and mhth are
assumed to be constant over the entire device.

For equal incremental distances Dx, the total measured
induced charge DQT is the summation of the charge induced
per segment by the electrons traveling from point x0 to the anode
(from x = x0 to x = L) and the charge induced per segment by the
holes traveling from point x0 to the cathode (from x = x0 to x = 0),

DQT ¼�
XL

i ¼ x0

DQi e�
Xx0

j ¼ 0

DQj

������
������
h

ð23Þ

noting that appropriate signs are needed for charge carrier
direction and charge carrier type (negative or positive). The
charge collection efficiency CCE(x0) for a gamma-ray interaction
at location x0 can be evaluated as

CCEðx0Þ ¼

PL
i ¼ x0

DQi eþ
Px0

j ¼ 0

DQj

�����
�����
h

Q0
¼�

DQT

Q0
: ð24Þ

Plots of CCE for a two-terminal 4.7 �4.7�9.5 mm3 CdZnTe
Frisch collar device at different applied voltage (HV) are provided
in Fig. 2. The plots are along the device central line where the
electric field (and weighting field) vectors lay on a straight line.
The device length L is divided into 1000 segments of Dx for
the numerical simulation. The device is modeled in three-
dimensional geometry, and the weighting field and electric field
distributions were determined using Integrated Engineering
Software, LORENTZ. The mobility-lifetime products of 0.045 and
10�4 cm2 V�1 were assumed for the electrons and holes,
respectively.

3. Experimental procedure

A 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device was fabri-
cated as previously reported [5]. The CdZnTe raw materials for
this study were acquired from Redlen Technologies. The collima-
tor was formed from a cast 43 �43�43 mm3 Pb block with a
0.6 mm circular hole formed clear through perpendicular to one of

Fig. 8. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row v at 1200 V for

2 h real time. Note that there is a beveled corner at top right part of the device near

the cathode (row v, column 1), which accounts for the lower number of counts in

the spectrum at 1 v in the graph.

Fig. 9. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 1200 V for

2 h real time.

Fig. 10. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 1200 V for

2 h real time. The measurement setup and equipment are listed on the figure.

Fig. 11. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 1000 V for

1 h real time.

A. Kargar et al. / Nuclear Instruments and Methods in Physics Research A 620 (2010) 270–278274



Author's personal copy
ARTICLE IN PRESS

the faces. The 43.0 mm Pb thickness attenuates approximately
99.6% of 662 keV gamma rays, and the large block of material
reduces Compton scattered gamma rays from entering the CdZnTe
detector. Due to beam divergence through the collimator, the
irradiated region at the surface of the CdZnTe detector was a
0.72 mm diameter circle. The collimator-detector geometry and
the irradiated points on CdZnTe Frisch collar detector are depicted
in Fig. 3.

Before performing the probing experiment, pulse height
spectra were taken using a 137Cs gamma ray source placed
directly below the fabricated CdZnTe device, first in the planar
configuration and afterwards in the Frisch collar configuration.
Comparison pulse height spectra for the entire device being
irradiated with 662 keV gamma rays are shown in Fig. 4. Sub-0.9%
full width half maximum (FWHM) energy resolution at 662 keV is
achieved for the Frisch collar device with no electronic correction
while using a commercial ORTEC 142A preamplifier. The
measurement settings and the counting time are shown in Fig. 4.

The Pb-collimator was mounted on a linear stage with two
degrees of freedom, allowing the 4.7�4.7�9.5 mm3 CdZnTe

Frisch collar device to be probed by the highly collimated 137Cs
gamma ray source at desired locations along the length and width
of the device (see Fig. 5). The irradiation matrix has 21 locations
with seven x-coordinate positions and three y-coordinate
positions, labeled (r, t and v). The Frisch collar detector was
placed 8.7 mm away from the Pb-collimator and was held
stationary during all measurements (Fig. 6). The 137Cs gamma
ray source was placed on the linear stage and aligned underneath
the Pb collimator hole. The detector, gamma ray source,
Pb-collimator and the linear stage were placed inside an
aluminum test box, as shown in Fig. 6.

The 4.7�4.7 �9.5 mm3 CdZnTe Frisch collar device was then
probed with the collimated 137Cs gamma ray source to investigate
the uniformity of the Frisch collar device’s response to 662 keV
gamma rays. The aluminum test box was connected to an eV-550
preamplifier through an SHV connector. The aluminum test box
and preamplifier were placed inside a copper Faraday cage. The

Fig. 12. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 800 V for 1 h

real time.

Fig. 13. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 600 V for 1 h

real time.

Fig. 14. Pulse height spectra collected from a collimated 137Cs gamma ray source

with the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device

was probed with a highly collimated gamma ray source along row t at 400 V for 1 h

real time.

Fig. 15. The peak channel of photo-peak for the irradiated points of the 4.7�4.7

�9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device was probed with a

highly collimated gamma ray source of 137Cs along row r, row t (central line) and

row v at 1200V. The error bars are representing the photo-peak FWHM in channel

and are shown for all the data points.
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preamplifier was connected to a high-voltage supply, amplifier
(CANBERRA Model 2021) and a pulse generator. An oscilloscope, a
multichannel analyzer (MCA) and a personal computer were used
to monitor and acquire the data. At an operating bias of 1200 V,
the device lateral side was probed at the indexed positions shown
in Fig. 5, where a 2 h radiation measurement was conducted for
each of the twenty one probe locations. The pulse height
spectra acquired for the twenty one data points are presented in
Figs. 7–10.

Afterwards, the device was probed along the central axis for all
positions on row t at operating bias voltages of 1000, 800, 600,
and 400 V. For the different bias voltages, 1 h real time radiation
measurements were conducted for each of the seven probe

locations of row t. Accurate source placement was performed by
moving the collimator-source with the two-dimensional linear
stage in increments of 1.3 mm along the device central line (row t

at locations 1–7 in Fig. 5). The pulse height spectra are presented
in Figs. 11–14.

4. Results and discussions

The spectra collected (Figs. 7–14) from the CdZnTe Frisch collar
device as irradiated with the collimated 137Cs gamma ray source
shows a uniform response for most of the device volume. This
uniform response to gamma rays is confirmed after plotting the

Fig. 17. The CCE profile at 1200 V applied to anode (collecting electrode) along the

central line of the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The experi-

mental data points are the normalized peak channel of photo-peak for the

irradiated points (row t) of the Frisch collar device. The error bars represent the

photo-peak FWHM.

Fig. 18. The CCE profile at 1000 V applied to anode (collecting electrode) along the

central line of the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The experi-

mental data points are the normalized peak channel of full energy peak for the

irradiated points (row t) of the Frisch collar device. The error bars represent the

full energy peak FWHM.

Fig. 19. The CCE profile at 800 V applied to anode (collecting electrode) along the

central line of the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The experi-

mental data points are the normalized peak channel of full energy peak for the

irradiated points (row t) of the Frisch collar device. The error bars represent the

full energy peak FWHM.

Fig. 16. The peak channel of photo-peak for the irradiated points of the 4.7�4.7

�9.5 mm3 CdZnTe Frisch collar device. The Frisch collar device was probed with a

highly collimated gamma ray source of 137Cs along row t (central line) at different

voltages of 1200 V, 1000 V, 800 V, 600 V and 400 V applied to anode (collecting

electrode). The error bars are representing the photo-peak FWHM in channel and

are shown only for the data points collected at 1200V.
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peak channel number of each spectrum versus the irradiated
positions, as shown in Figs. 15 and 16. From Fig. 15, the peak
channel of the full energy peak remained unchanged for nearly
two-thirds of the device length (from columns 1 to 5) and for the
entire device width (rows r, t and v). The peak channel location is
consistent for spectra collected along rows r, t and v (Figs. 7–9).

The full energy peak channel for spectra along the device
central line (row t) at different applied voltages is presented in
Fig. 16. The peak channel of the full energy peak remained
unchanged for approximately two-thirds of the device (from

columns 1 to 5) even at the low applied voltage of 400 V. This
characteristic response is also observed from the spectra pre-
sented in Figs. 9–14. The experimental results of Fig. 16 and the
theoretical predictions of Fig. 2 compare well. Comparisons for
each bias voltage increment are shown in Figs. 17–21. Notice in all
cases the experimental results match well with the theoretical
prediction, clearly showing that the Frisch collar device responds
uniformly to gamma rays over most of the detector volume. This
uniform response is observed despite the non-uniform electric
field distribution within the device and the relatively low electric
field near the cathode region [27]. Even though the electric field
distribution is relatively low near the cathode region, the device
performance is actually enhanced in that region. In other words,
the overall energy resolution enhancement on device spectral
performance is so remarkable that sub-0.9% FWHM energy
resolution is achieved without any electronic correction (Fig. 6).

Finally, there is a feature present in all spectra (Figs. 7–14), a
small peak, that appears for irradiated data points near the anode
(columns 5, 6 and 7). The feature appears due to the uncollided
662 keV gamma rays, which pass unattenuated through the lead
collimator edges and interact in regions of the device outside the
probed area. These low flux uncollided 662 keV gamma rays
interact in other regions of device with better CCE (regions
between columns 1 and 5), thereby producing a tiny peak in the
full energy channel, clearly seen as a new feature in column 6 of
all spectra (Figs. 7–14).

Note that the Frisch collar detector, as a single carrier device, is
a robust design that achieves sub-0.9% FWHM energy resolution
without any digital or electronic corrections. Unlike many other
single carrier device designs, such as pixelated devices [28]
and co-planar devices [29], the Frisch collar device does not
need electronic corrections to produce sub-1% FWHM energy
resolution. Comparing the uncorrected spectra of three reported
single carrier designs (Frisch collar device in Fig. 6, pixelated
device [28], and co-planar device [29]), it appears that the Frisch
collar design offers excellent spectroscopic performance at the
lowest cost, because complicated read-out electronics are un-
necessary.

5. Conclusions

The uniformity of gamma ray response for a 4.7�4.7
�9.5 mm3 CdZnTe Frisch collar device has been investigated by
probing the detector from the lateral side along the length and
width with a collimated 662 keV gamma ray source. The results
show uniform charge collection efficiency (CCE) over two-thirds
of the device volume (Figs. 15 and 16), which was predicted with
simple CCE simulations (Fig. 2). This uniform response was
investigated experimentally and theoretically for a wide range of
applied voltages. The reduced performance for irradiations in the
near-anode region, where the Frisch collar effect is diminished, is
mainly due to the low mobility-lifetime ðmtÞ product of hole
charge carriers. Note that the Frisch collar configuration is
designed to negate the effects of severe hole trapping and low
mobility. Hence, long CdZnTe Frisch collar device performance is
dominated by electron motion, and therefore the performance
will be limited almost entirely by the electron transport proper-
ties. As reported previously, a planar CdZnTe device shows a
non-uniform response along device length [16]. Hence, planar
CdZnTe detector designs are not well-suited for spectroscopic
measurements of high energy gamma rays. Poor hole transport
necessitates the use of advanced single carrier device designs.
Among those, the Frisch collar design is one of the most
inexpensive and robust.

Fig. 21. The CCE profile at 400 V applied to anode (collecting electrode) along the

central line of the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The experi-

mental data points are the normalized peak channel of full energy peak for the

irradiated points (row t) of the Frisch collar device. The error bars represent the

full energy peak FWHM.

Fig. 20. The CCE profile at 600 V applied to anode (collecting electrode) along the

central line of the 4.7�4.7�9.5 mm3 CdZnTe Frisch collar device. The experi-

mental data points are the normalized peak channel of full energy peak for the

irradiated points (row t) of the Frisch collar device. The error bars represent the

full energy peak FWHM.
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