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Abstract

CdZnTe (CZT) continues to be a major thrust interest mainly due to its potential 

application as a room temperature radiation detector.  The performance of CZT detectors 

is directly related to the charge collection ability which can be affected by the 

configuration of the electrical contact.  The charge collection efficiency is determined in 

part by the specific geometry of the anode contact which serves as the readout electrode.  

In this report, contact geometries including single pixel, planar, coplanar, and dual anode 

will be systematically explored by comparing the performance efficiencies of the detector 

using both low and high energy gamma rays.  To help eliminate the effect of crystal 

quality variations, the contact geometries were fabricated on the same crystal detector 

with minimal polishing between contact placements.

Introduction

CdZnTe (CZT) detectors have been introduced as gamma- and X-ray detectors 

with significant advances over current industrial detection techniques, such as silicon and 

germanium detectors, because of their high atomic number and room temperature 
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operation ability.1, 2 The bulk and surface properties of CZT are often relevant to its 

various applications.3 The major factors that influence detector performance include the 

geometry of the contact and thickness of a detector as well as crystalline quality and 

defect content. To optimize the energy resolution for gamma detectors, previous studies 

have focused on the electron charge transport properties of the material, crystal 

uniformity, and the contact geometry aimed at resolving the effects of hole trapping.4  

Electron transport properties and crystal uniformity are mainly dictated by the type of 

detector (i.e. silicon, high purity germanium (HPGe), CZT), in addition to the growth 

process (i.e. traveling heater method (THM), modified vertical Bridgman (MVB),

physical vapor transport, etc.) that was used to produce the low defect materials. 

The room temperature dark current of a useful CZT spectrometer is on the order 

of a few nA which corresponds to a concentration of 104 – 106 carriers cm-3. When an 

ionizing particle interacts with a CZT detector, additional electron and hole carriers are 

generated. As the electrons move through the detector, an electric charge will be induced 

on the collecting anode.5 However, a fraction of the electron density that is driven to the 

surface can be lost due to the high trapping rate at the CZT surface.6, 7  With good charge 

carrier mobility, a highly resistive surface with a contact will efficiently collect the signal 

from the detector. The charge collection at the anode contact is significantly altered on a 

single crystal detector by simply changing the geometry of the gold (Au) contact on the 

crystal face.8, 9, 10, 11

The geometries that are currently used to produce highly energy efficient 

detectors include planar,1 coplanar grid,12, 13, 14, 15, 16, 17 single pixel,1,18 and dual anode.5, 19  

Because the geometry of the contacts directly affects the collection of electrons at the 
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surface, it also provides some insight into the electron transport properties of the material. 

The contact acts as a guide to direct the electron flow toward a particular part of the 

surface if so desired. There is a significant difference in the carrier collection based on 

geometry used in addition to the dependence of the carrier mobility on the homogeneity 

of the crystal.  Additionally, the separate components of the contact geometries including 

ground or dead voltage, pixels, and/or guard rings influence how the surface leakage 

current affects the overall performance of the detector.13

Gold is an ideal material for use with non-injecting and non-blocking contacts on 

semi-insulating CZT during room temperature operation. Additionally, the work 

functions of Au and CZT are nearly identical which affects the ability of charge carriers 

to flow through the material.7  The geometry of the Au contact also allows for various 

regions of collection on the anode face of the crystal. Finally, the performance depends 

on how the internal electric field is distributed and collected at the contact.

In this report, we present a systematic study of the detector performance using 

four different detector geometries on a single CZT crystal.  A systematic study was 

conducted using multiple geometries re-fabricated on the same CZT crystal. We 

performed minimal polishing between fabrications to help maintain similar crystal 

thicknesses and surface properties for all geometries. The use of one CZT crystal helps 

to eliminate any discrepancies in performance that could arise due to differences in 

internal uniformity and crystal size independent to each detector. To our knowledge, this 

is the first systematic study showing the performance differences associated with using 

various contact geometries for both low and high energy gamma sources.  These 

geometries include planar, coplanar, single pixel, and dual anode using Au contacts 
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deposited using standard photolithography and sputtering techniques on “as polished” 

crystals with no etching. The same crystal was used for all geometries where the crystal 

was polished and the Au contacts were re-deposited onto the surface in between 

measurements.  

Experimental

The CZT sample used in this study was grown using the THM with an 

incorporation of 10% Zn as described previously20, 21 and was provided by Redlen 

Technologies (Victoria, B.C., Canada).  The CZT crystal measured 10 x 10 x 2.1 mm3

and is hereby referred to as “Redlen 64039B.”22  The sample was polished with standard 

techniques down to a fine polish with 0.05 µm alumina. Au contacts were sputtered onto 

the crystal and testing was performed using 241Am (59.5 keV) as a low energy gamma 

source and 137Cs (662 keV) as a high energy gamma source.

The geometries of the contacts include single pixel, planar, coplanar, and dual 

anode as shown in Figure 1.  The pixel geometry has a diameter of 2.7 mm with a 150 

µm gap between the pixel and guard. The planar geometry was a uniform layer of Au 

applied to the entire surface of the crystal.  The coplanar geometry used 14 Au strips with 

a width of 315 µm and inter-strip gaps of 195 µm in an inter-digitized “comb-like” 

system.  Also, Au wires were placed at opposite corners to attach to the electrical probes 

to prevent damage to the contact using an epoxy adhesive to connect the wires to the 

surface. The dual anode geometry used two parallel Au strips on the anode face.  The 

centered Au strips are 0.2 mm wide with a 0.2 mm gap between them to provide the most 

efficient collection.19  For both the coplanar and dual anode geometries, there was a 

secondary DC power supply providing a differential bias of 50 V used across the 
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alternating coplanar strips and on the readout anode contact to focus the electron 

collection to the specified electrode. The shaping time for all measurements was 

maintained at 2 µs to eliminate the effect of curve shaping on peak resolution. The 

cathode for all configurations was a uniform layer of Au on the crystal face opposite the 

anode.  

The peak resolution was obtained by dividing the full-width at half maximum 

(FWHM) of the spectral peak by the selected peak energy of the gamma source.  The 

performance data for the detector was obtained via an Amptek A250 CF charge sensitive 

preamplifier (Oak Ridge, TN) in addition to an Ortek (Oak Ridge, TN) amplifier.  These 

instruments were coupled to a multi-channel analyzer made by Camberra (Meriden, CT). 

A LeCroy DA 1855A differential amplifier was used in the coplanar and dual anode 

geometries. 

Results and Discussion

Low Energy Gamma Detection

The use of single crystals as gamma ray detectors shows a significant energy 

dependence on the performance of each detector based on its size and its individual 

uniformity.  Traditionally, higher energy (662 keV) gamma emitters like 137Cs are more 

often studied in single crystal detectors than low energy (59.5 keV) emitters like 241Am17  

and in general, high gamma energy detection is largely determined by material 

uniformity due to the deeper penetration ability of the higher energy gamma radiation.  In 

contrast, the low energy gamma radiation has very shallow penetration depths and 

consequently require more iterations (longer scan times) to overcome the detector signal 

to noise contribution.23  For this reason, it is necessary to analyze radiation detectors for 



SRNL-STI-2011-00373

6

SRNL-STI-2011-00373

both low and high energy sources to report their overall effectiveness.  In addition, the 

difference in the charge collection area that is available via different detector geometries 

impacts the collection efficiency of a specific radiation source. This observation was 

based both on the energy of the emission peak, which can range widely throughout the 

gamma energy spectrum, and the width of the detector.  In addition, the different effects 

of surface and side leakage current contributions on detector performance from with

detector geometry are considered. 

The geometry and gamma radiation source energy impact the collection efficiency 

and, subsequently, the performance of the detector.  To assess the collection response 

using a low energy gamma source (241Am) shown in Figure 2, we compare the FWHM as 

a function of bias voltage for the four geometries.  The single pixel geometry is the most 

efficient detector geometry for this particular crystal with an average peak width of 2.425 

keV (4.1%) across the entire bias range.  The planar contact has a peak width of 3.304 

keV (5.5%) across the bias range which is still a very good detector.  Both the dual anode 

and the coplanar detectors are relatively poor in their collection efficiencies with peak 

width averages of 7.407 keV (12.4%) and 15.207 keV (25.5%) for the dual anode and 

coplanar geometries, respectively.  The rapid decrease in peak resolution for both dual 

anode and coplanar geometries as compared to pixel and planar geometries is unexpected 

and the decreased resolution is assumed to be due to the sharp increase of surface 

contributions with the increased exposed surface.  In addition, the coplanar grid and dual 

anode geometries represent detectors where two anode channels are used.  They exhibit 

difficulties in localization of charge and diminished collection efficiency due mainly to 
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increased surface contributions.  This combination results in decreased energy resolution 

as compared to other geometries.5

High Energy Gamma Detection

In general, solid state detectors of CZT will resolve high energy gamma radiation 

better than low energy gamma radiation due to poor hole transport and moderate electron 

trapping that occurs at low energy.24, 14 However, using electron-only detection 

techniques (i.e. pixels and coplanar grids) allow for highly efficient charge collection in 

uniform crystals.25, 26  In the literature, the majority of detector studies presented compare 

the capabilities of electron only detectors using high energy 137Cs sources as a standard 

for measuring energy resolution.27, 28  

High energy radiation interacts with the entire volume of the crystal.  It requires a 

highly homogeneous material to prevent charge trapping (at the surface and in the bulk),

which decreases the resolution of the energy peak.  High energy gamma spectrometer 

responses from 137Cs are shown in Figure 3 where the line spectra illustrate the difference 

in the performance of different contact geometries.  The small single pixel geometry has 

the best resolution of 137Cs with a peak width of 13.44 keV (2.0%).  Both dual anode and 

coplanar geometries have a significant decrease in the high energy gamma resolution 

when acquired under identical experimental conditions.  The dual anode geometry has a 

peak width of 36.81 keV (5.5%).  The coplanar grid geometry has a peak width of 51.23 

keV (7.7%).  The diminished performance of these geometries clearly illustrates the 

increase in the surface contribution. This is evidenced by the decreased performance in 

geometries of relatively greater exposed surface area, such as the coplanar and dual anode 

geometries. However, both coplanar grid and dual anode detectors are highly effective in 
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minimizing data acquisition and analysis complexity relative to that of most single pixel 

detectors.5  

Contrary to those low-energy response results that we report above (in which the 

best performance was observed for the single pixel geometry), we find that the opposite 

is true for high energy gamma detection. For high energy gamma detection, the planar 

geometry had the worst resolution. The peak width could not be determined or measured 

without the introduction of significant amounts of error.  The different geometries were 

monitored by changes in the FWHM of the detector.  This provides insight into the 

mechanism by which surface geometry contributes to the observed changes in detector 

performance.  

Conclusions

This work compiles the results from our testing of four different contact 

geometries using the same CZT detector crystal and the same electronics throughout. 

The tabulated form of the collected data is shown in Table 1. One of the most important 

results from this study is the observed difference between the high energy response from 

137Cs and the lower energy response from 241Am.  Our results highlight several important 

issues for consideration when evaluating performance and making the determination for 

the optimal configuration for a detector. One would expect a disparity in collection 

efficiencies between contact geometries due to the varying charge collection efficiencies 

and surface contributions. However, in our experiments the extreme difference in 

performance of certain anode geometries was unexpected due to the fact that the same 

crystal was used throughout, which helped eliminate potential discrepancies in 

performance due to variations in crystal quality. Our study determined that the best 
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overall contact geometry for both low and high gamma sources is the single pixel 

geometry. The contact geometry with a very poor performance was the widely used 

coplanar. Its performance was low in the low energy region and not as well as dual 

anode and single pixel geometries in the high energy region.  With respect to geometry 

versus performance at certain energies, this work provides some insight into choosing 

contact geometries. The best geometry must be highly efficient throughout the full 

energy spectrum of interest. It must also have the best performance and energy 

resolution.  This approach is important to the assessment of candidate CZT material for 

potential radiation spectrometer use.
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Figure Captions

Figure 1: This figure shows the four different detector geometries described in this 

manuscript including: single pixel (upper left), coplanar (bottom left), planar (upper 

right), and dual anode (bottom right). 
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Figure 2: The detector performance of CZT using a 241Am source with four different 

surface geometries: coplanar (blue triangles), dual anode (green diamonds), planar (black 

squares), and small single pixel (red circles) on the anode contact. The plot displays a 

difference in FWHM as a function of voltage bias. 

Figure 3: The 137Cs detector performance line spectrum is displayed showing the 

difference between the resolving ability of four different geometries: dual anode (green 

dash dot dot dash line), single pixel (blue dash dot dash line), coplanar (red dash line), 

and planar (black solid line). The spectra are separated vertically for visual clarity only. 

Table 1: The 241Am and 137Cs peak resolutions are tabulated in both FWHM (keV) and 

resolution (%) for the discussed geometries including planar, co-planar, single pixel, and 

dual anode. 
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