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Since our last progress report, the project at The University of Michigan

has continued to concentrate on the development of gamma ray spectrometers

fabricated from cadmium zinc telluride (CZT). This material is capable of

providing energy resolution that is superior to that of scintillation detectors,

while avoiding the necessity for cooling associated with germanium systems. In

our past reports, we have described one approach (the coplanar&id electrode)

that we have used to partially overcome some of the major limitations on

charge collection that is found in samples of CZT. This approach largely

eliminates the effect of hole motion in the formation of the output signal, and

therefore leads to pulses that depend only on the motion of a single carrier

(electrons). Since electrons move much more readily through CZT than do

holes, much better energy resolution can be achieved under these conditions.

In our past reports, we have described a 1 cm cube CZT spectrometer fitted with

coplanar grids that achieved an energy resolution of 1.8% from the entire

volume of the crystal. This still represents, to our knowledge, the best energy

resolution ever demonstrated in a CZT detector of this size.

We are continuing to develop the coplanar grid approach, and have

made improvements in the specific grid pattern that we now favor. These

improvements came about because our study of the existing pattern

demonstrated that a slight imbalance in the induced charges on the two

components of the grid resulted from an unavoidable asymetry in their

placement on the crystal face. This imbaTance turned out to be the principal

limitation on the energy resolution that we reported earlier. As a result, we
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invested considerable analytical effort in a re-design of the grid to minimize

this imbalance. Our analytic studies showed that a redesigned grid could

reduce the effect of the asymetry to insignificant levels. A new generation of

CZT I cm cube detectors was then fabricated and tested, with mix~ results.

While we were able to definitely see the improvement from there-designed

grid pattern, this, new generation of detectors showed a much higher noise level

than observed from the previous generation. Both were fabricated at Digirad

laboratories, using ostensibly the same fabrication steps. The increased noise

level in the second generation has prevented us from achieving the better

energy resolution expected from the re-designed grid pattern. Once our initial

measurements were compIeted, we returned these crystals for re-fabri.cation in

the hope that this anomalous source of noise wiIl be eliminated by reprocessing

the devices. The exact origin of this noise has not yet been identified, nor have

the personnel at Digirad been able to identify any change in the processing

steps that could account for the very different observed behavior.

We therefore feel that a critical step in the further development of

coplanar grid devices on CZT is a better understanding of the surface properties

and electrode formation on this materiaL We are somewhat disappointed by

the lack of consistency in the results obtained from the devices fabricated at

Digirad, and are pursuing alternatives at this point. We are in discussions

with personnel at NASA/Goddard laboratory involving the fabrication of new

CZT coplanar grid devices at their facilities. We have past experience in

working with this laboratory and feel that their surface processing techniques

offer an alternative that should be investigated. We are also evaluating

whether an effort on a more fundamental understanding of surface preparation

and electrode formation on CZT should be undertaken here at The University of

Michigan.

Past progress reports have also described our pioneering efforts at

extracting depth information from CZT s~ctrometers through the use of a third

output signal from the cathode. This new technique has now been widely
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4. adopted by other laboratories studying CZT spectrometers. Its advantage is that

we are able to understand the variations in charge collection properties as a

function of depth into the material, and are thus able to make 1-D corrections

for trapping that inevitably occur. Because these corrections will be different at

each depth, we are able to compensate for some of the variability in the

composition of the original crystalline materiaL

Taking this concept one step fi.wther, we have embarked on a major effort

to develop a fully three-dimensional CZT spectrometer that is capable of

corrections not only with depth, but throughout the fill volume of the detector.

This has involved the fabrication of an 11 by II pixel pattern on the surface of

a 1 cm3 CZT crystal, and the separate readout of each of these 121 pixels

through a recently developed low-noise integrated circuit. We then apply the

same depth sensing technique described earlier to further resolve 20 separate

layers that are parallel to the pixellated surface. The net result is that we have

over 2400 voxels defined in the volume of the detector, each one of which can

provide an independently measured pulse-height spectrum. This now allows us

to make pulse height corrections not only as a function of depth, but also that

can vary in a non-uniform manner throughout the detector volume. Two such

3-D spectrometers have now been fabricated and tested. First raults are

described in the papers that are attached to this report and have already shown

excellent energy resolution from the entire volume of the device. To our

knowledge, these are the first 3-dimensional semiconductor spectrometers ever

successfully demonstrated, including the intensive development efforts in silicon

and germanium over the past several decades.

Looking ahead, we are continuing to develop both the coplanar grid and

the three-dimensional volume approach to overcoming the current limitations

in CZT performance. We continue to feel that the 3-D electronic correction of

the response in CZTj while adding to the complexity of the device, will prove to

be more feasible for field instrumentatio=as the integrated circuits designed

specifically for parallel readout of this type of devise become more mature. This



A is an area where the current growth curve is very steep, and we are in a good

position to benefit from the more sophisticated ICSthat are currently under

development. We have established a collaboration with IDE Corporation

which will yield the next generation IC that will greatly reduce the electronic

noise level and expand the capability of our current CZT spectrometers.
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060998



.
.

3-D Position Sensitive CdZnTe Gamma-Ray Spectrometers

Z. He, W. Li, G.F. Knoll, D.K. Wehe, J. Berry
Department of Nuclear Engineering and Radiological Sciences,

The University of MicMgan,
Ann Arbor, Michigan 48109-2104, U.S.A.

C.M. Stable
Orbital Sciences Corp./NASA Goddard Space Flight Center,

Code 553, Greenbelt, MD 20771, U.S.A.

Presented at the 1998 Symposium on Radiation
Measurements and Applications, Ann Arbor, Michigan, May 12-14.

Submitted to:
Nuclear Instruments and Methods in Physics Research A

May 1998

—



*

3-D Position Sensitive CdZnTe Gamma-Ray Spectrometers

2. H@W. Li, G.F. Knoll, D.K. Wehe, J. Berry
Department of Nuclear Engineering and Radiological Sciences,

University of Michigan, Ann Arbor, MI 48109, U.S.A.

C.M. Stable
Orbital Sciences Corp./NASA Goddard Space Flight Center,

Code 553, Greenbelt, MD 20771, U.S.A.

Abstract

Two3-Dposition-sensitive room temperature semicon-
ductor ~-ray spectrometers have been built using 1 cm3
cubic CdZnTe crystals. The lateral coordinates of y-
ray interaction are obtained from the location of the
11(x) x n(y) pixellated anodes and the depth (z) is ob-
tained from the ratio of the signals coming from the
cathode and the anode. Energy spectra from 662 keV
incident ~-rays have been collected from each of the
11(z) x 11(Y) x 20(z) voxeis in both of the CdZnTe de-
vices. After corrections for electron trapping, the dif-
ference of weighting potentials in 3-D, and for the gain
variation of the readout circuitry, energy resolutions of
1.70% (11.3 keV) FWHM and 1.84%(12.2 keV) FWHM
were obtained at 662 keV -pray energy on the first and
second detectors respectively, from the whole bulk for
single-pixel events. Possible improvements in the detec-
tor performance are discussed.

1 Introduction

By combining 2-D position sensing using a pixellated
anode array [1] yielding good energy resolution fkom the
small pixel effect [2], and the depth sensing technique
[3, 4] for electron trapping corrections, the iirst two 3-
D position sensitive CdZnTe ~-ray spectrometers have
been fabricated.

An 11x 11 pixellated anode array was fabricated on
one 10x 10 mm surface of each 1 cm3 cube CdZnTe crys-
tal at NASA Goddard Space Flight Center. The de
tails for the fabrication process to achieve good metal
electrodes for wire bonding and high surface resistivity
was published previously [5]. The (x,y) coordinates (in
the plane parallel to the anode surface) of ~-ray interac-

Figure 1: Top view of pixellated anode.

surrounded by a cominon non-collecting grid whkh is bl-
ased at a potential lower than that of the pixel anodes
[6]. As shown in Fig. 1, each pixel has a dmenaion of
0.7x0.7 mm, with a collecting anode of 0.2x0.2 mm at
the center surrounded by a common non-collecting grid
with a width of 0.1 mm. Since the non-collecting grid is
blazed at lower potential relative to that of the collect-
ing anodes, electrons are guided towards the collecting
pixel anodes. More importantly, the dmension of the
pixel anode that is smaller than the pixel dmension en-
hances the small pixel effect and rnininizes any induced
signal from the movement of holes. The 11x 11 anode
array covers an area of 7.8x7.8 mm on the 10x 10 mm
CdZnTe anode surface. The gaps between the boundary
of the non-collecting grid and the edges of the crystal
facilitated fabrication, but resulted in an effective vol-
ume of peripheral pixels, especially the four corner pix-
els, that is larger than the volume of each of 9x9 central
pixels. A picture of the CdZnTe detector wirebonded
to the fanout board whkh is then wire bonded to the
readout ASIC (VA1 chip) is shown in Fig. 2.

2 Depth Sensing
tions are obtained from the location of the pixel anode—
where electrons are collected. Instead of using an array

The ~-ray interaction depth between the cathode and the

of simple square pixel anodes [1], each square anode is
anode is obtained from the ratio of the cathode and the
anode signals [3, 4]. This technique provides the depth

●&mail: hezhong@engin.umich.edu (z) of the ~-ray interaction for singl~site events, and
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F@ure 2: A picture of the detector system.

the centroid depth for multipl~site interactions, such as
Compton scattering events.

In order to identify individual 7-ray interaction
depths for multipk+site events, the signal from the non-
collecting grid is read out using an A250 [7] charge sen-
sitive preamplifier. When electrons generated by an en-
ergy deposition are deflected towarda the collecting pixel
anode near the anode surface, a negative pulse is induced
on the non-collecting grid as shown in Fig. 3. A defer-
ential circuit provides a positive pulse corresponding to
the negative drop of the non-collecting grid signaL A
threshold circuit uses the differential output to produce
a logic pulse when the differential signal is above the set
threshold. The threshold circuit triggers the data ac-
quisition system, and provides start and stop signals to
a time-tcwmnplitude converter (TAC) so that the inter-
val of drifting times of electron clouds can be measured.
By combtig the centroid depth, pulse amplitudes from
each pixel anode and the depth interval between energy
depositions, the depth of each individual energy deposi-
tion can be obtained.

Although the diEerential circuit can identify multiple
-pray interaction depths, the TAC limits the number of
interactions to two. Therefore, the current system pro-
vides yray interaction deptha for only single and two-
site events. Events having more energy depositions than
two can be identfied by the number of anode pixels with
recorded signals, but only the centroid interaction depth
can be obtained. The threshold on the grid signaI is
relatively high at about 100 keV in the present measure-
ments.

-~
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Figure 3: Illustration of depth sensing for multipl~site
Wents.
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Figure 4: The schematic diagram of the data acqtiltion
system.

3 Data Acquisition System

The data acquisition system is schematically shown in
Fig. 4. Signals induced on the 11x 11 pixel anodes are
read out by a VA1 integrated circuitry [8] which has 128
channels of independent preamplifiers, shaping ampli-
fiers and sample/holds. The cathode signal is processed
by an A250 preamplifier followed by an EG&G Ortec 572
shaping amplifier with a shaping time constant of 0.5
ps. Since the sample/hold signal required by the VAI
circuitry holds the pulse amplitudes of all 128 channels
simultaneously, the peak amplitudes of Compton scat-
tering events will not be obtained correctly by the fixed
sample/hold time due to diflerent pulse peaking times.
Because of the high threshold needed due to the poor
signal-to-noise ratio of the grid signal, the trigger is in-
stead taken from the cathode signal for low energy v-ray
events. BY using the combination of the grid and the
cathode triggers, v-rays within the whole energy range
can be collected. For simplicity, the grid trigger was used
for higher energy ~-ray sources, such as 137CS, and the
trigger from the cathode signal was used for low energy
v-rays, such as 241Am, in our measurements.

—

4 T-Ray Spectroscopy

Both 1 cm3 cubic 3-D position sensitive CdZnTe spec-
trometers have been tested using a 10 @ 137CSsource

2
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Figure 6: The centroida of 137CSphotopeak amplitudes
ss a function of the depth parameter (1-20) from pixel
#6 of the ilrst detector.

Figure 5: Energy spectra of ~37Cs obtained from pixel
#6 of the first detector at different depths.

Sooo

located about 5 cm from the cathode surface. The bi-
ases between the cathode and the anode were 2000 V
and 1400 V for the two devices, and the bkws between
the pixel anodea and the non-collecting grid were 50 V
and 30 V respectively. The lower voltages used on the
second device were dictated by higher leakage currents
which saturated the preamplifiers on the VA1 chip. En-
ergy spectra were measured sorted by the number of pix-
ek producing signals per incident gamma.

Fig. 5 shows the energy spectra obtained from pixel
anode #6 of the first detector as a function of 20 ~-ray
interaction deptha ranging from near the anode surface
to the cathode surface. siigle-pixel events, including
multiple interactions depositing energy within the col-
umn underneath one anode pixel, were selected for the
spectra. The energy threshold for rejection of multiple-
pixel events was N1O keV. Since a depth resolution of
less than 0.5 mm can be acldeved at 662 keV -pray en-
ergy [4], spectra were binned into 20 depths. Thus each
of the 2420 resolved voxels corresponds to a volume of
about 0.7(x) x0.7(y) xO.5(Z) mm in the detector.

The centroida of 662 keV photopeak amplitudes from
each voxel were measured. Electron trapping can be ob-
served from the significant decrease in pulse amplitude
with increasing electron drift distance as shown in Fig.
6. The sharp drop in photopeak amplitude near the an-
ode surface (depth parameter < 3) is caused by the non-
linear weighting potential in the vicinity of the anode
surface. The correction for electron trapping, the effect
of the weighting potential, and the electronic gain varia-
tion is performed by applying a multiplicative constant
to the pulse amplitude depending on the voxel and the
energy deposition (if necessary), so that the photopeak
centroida of all voxels are aligned at each y-ray energy.

After these corrections, the energy spectrum of 662

Ss3 I(9V

I
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(11.3kav)
d —
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Figure 7: Energy spectrum of 137Cs obtained from the
whole bulk of the first detector for single-pixel events.

keV ~-rays was obtained from the whole bulk for single-
pixel events. The result, as shown in Fig. 7, yielded en-
ergy resolutions of 1.70% (11.3 keV) FWHM and 1.84%
(12.2 keV) FWHM horn the two devices.

Siice there is a gap of X1 mm left between the bound-
ary of the non-collecting grid and the edges of the 1
cm square CdZnTe surface, the effective volume and the
charge collection of peripheral pixels are dtierent from
that of central pixels. In order to isolate the detector
performance from this edge effect, the energy spectra of
662 keV ~-rays were collected horn just the central 9x9
pixels. Energy resolutions of 1.51% (10.0 keV) FWHM
(see Fig. 8) and 1.74% (11.5 keV) FWHM were obtained
from the two devices respectively.

— The first detector was also tested at 60 keV using a
241Am source located IU5 cm from the cathode surface.
After the correction for electronic gain variation, an en-
ergy resolution of 11.3% (6.7 keV) FWHM was obtained
(see Fig. 9).

.
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Figure8: Energyspectrum of 137Cs obtained from the
central 9x9 pixela of the first detector for single-pixel
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Figure 9 Energy spectrum of 241Am obtained from the
whole bulk of the first detector for singl-pixel events.

5 Discussions

There are several factors which liited the detector per-
formance. First, the VA1 chip was designed for very low
leakage current at its inputs. The feedback FETs on
the VA1 preamplifiers must be operated in an ad hoc
status to prevent preamplifier saturation by the leakage
current of even a few nA from each pixel anode. The
electronic noise thus increased from X3 keV to 6-7 keV
FWHM. The electronic noise should reduce to -3 keV
FWHM if AC coupliig or equivalent circuitry between
the pixeliated anodea and the VA1 chip replaces the DC
coupliig currently used. Second, the sample/hold sig-
nal required by the VA1 chip holds the pulse amplitude
of all 128 channels simultaneously. For Compton scat-
tering events, the peak amplitudes can not be correctly
sampled due to the variable electron driftiig times. This
leads to significant degradation in energy resolution for

indicate that -50Y0 of 662 keV ~-ray interactions should
be registered as single-pixel events when electron cloud
size is not considered, only 25% and 15% of 662 keV
~-ray events were recorded as singl~pixel events on the
two detectors. This discrepancy indicates that the ac-
tual size of the electron clouds incresses the fraction of
mukipl~pixel events. Since the energy resolution de-
grades when the number of pixels which record signals
increases, the optimum pixel dimension should be large
enough to minimize charge sharing between anode pix-
els, yet small enough to corrtict for the non-uniformity of
the detector material and produce the small pixel efFect.

Both 1 cm3 cubic CdZnTe detectors were fabricated
using discrimination grade crystals [10]. Signiikant ma-
terial defects were observed within the”bulk of the second
device. These defects may account for the higher leak-
age current and the low fraction of single-pixel events
compared with the first device (which showed a much
more uniform v-ray response within the detector vol-
ume). Thus we feel that the measured energy resolutiona
do not represent the limitations of future 3-D position
sensitive CdZnTe spectrometers, especially for muMple-
pixel events. Our initial investigation has been focused
on the single and two-site interaction events, which ac-
count for N60Y0 of 662 keV v-ray interactions collected.
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Abstract

Two 3-D position-sensitive semiconductor -pray spectrometers operable at room temperature, have been

fabricated using 1 cd cubic CdZnTe crystals. Gamma-ray spectra have been obtained born 11(x)x n(y) x20(z)

voxels, each corresponds to -0.7x0.7x 0.5 mm in the detector volume. Individual spectra fkom each of the 2420

voxele were corrected for electron trapping, differences in weighting potentials, and the gain variation of the

readout circuitry. Energy resolutions of 1.7090(11.3 keV) FWHM md 1.84~o(12.2 keV) FWHM were obtained

at 662 keV from the combined output of the entire volume for single-pixel events. Charge sharing between

neighboring pixels has been observed and the sizes of electron clouds are estimated from these experimental

data. An understanding of electron cloud dimensions is important for the design of future detectors using

pixilated electrodes.

“Ernaik hezhonj+ngin.umich.edu



.

1 Introduction.

Gamma-ray spectrometers with 3-D position sensitivity are of interest

ray astronomy, medical imaging and high energy physics applications.

in nuclear spectroscopy and imaging, 7-
,

CdTe, Hglz and CdZnTe have attracted

attention for decades because of their high atomic number constituents desired for high stopping power and wide

band-gaps needed for room temperature operation. However, widespread use of these devices has been hindered

by charge trapping, material non-uniformity and polarization problems.

By combining 2-D position sensing using a pixellated anode array [1], which can yield good energy resolution

from the small pixel effect [2], and the depth sensing technique [3, 4] that makes use of the low hoIe mobtity in

CdZnTe, two 3-D position sensitive CdZnTe ~-ray spectrometers have been fabricated using 1 cm3 cubic crystals.

Because of the small pixel eilect [2], the induced charge on each pixel anode ia dominated by the number of electrons

collected by the anode. Therefore, the incomplete charge collection generally observed in conventional planar

detectors due to severe hole trapping can be dramatically improved. The 3-dimensional position sensitivity not

only provides imaging capability in the devices, but also permits voxel-specific corrections to be applied throughout

the volume to accommodate non-uniform charge transport properties. To our knowledge, these are the first fully

3-dimensional v-ray spectrometers fabricated fkom semiconductor crystals.

z System Description

Each detector system [5] consists of a 10x10x 10 mm CdZnTe crystal with an 11x 11 pixellated anode array

fabricated on the anode surface. Signals induced on pixel anodes are read out by an integrated circuit VA1 [6]

which has 128 channels of independent preamplifiers, shaping amplifiers and sample/holds. The data acquisition

system is based on a National Instrument ATMIO- 16E ADC board. Each pixel of the anode has a dimension

of 0.7x0.7 mm, with a collecting anode of 0.2x 0.2 mm at the center surrounded by a common non-collecting

grid electrode with 0.1 mm width. The 11x 11 anode array covers an area of 7.8x 7.8 mm on the 10x 10 mm

CdZnTe anode surface. The margins between the anode pattern and the edges of the crystal facilitated the anode

fabrication, and can be reduced in future devices. The electrode fabrication was performed at NASA Goddard—

Space Flight Center [7], and wire bonding and detector assembly were carried out at Johqs Hopkins University

Applied Physics Laboratory.

2



The energy of a ~-ray interaction is obtained from the pulse amplitude from each anode pixel. The lateral.

position of the interaction is determined by identifying the pixel anode where electrons are collected, and the depth
(

is obtained from the ratio of the cathode and the anode signals. The combination of signals from the cathode and ‘

the non-collecting grid electrode provides the trigger of the system [5] .

Both detectors have been tested using -pray sources [5]. Energy spectra were obtained from each of the

voxels corresponding to a volume of about 0.7x 0.7x0.5 mm in each device. The obsetied photopeak pulse height

varies depending on electron trapping, the dfierence of weighting potentials and the variation of electronic gain

of the VA1 chip. After aligning the centroids of the photopeak amplitudes of all voxels, the energy resolution can

be dramatically improved. Energy resolutions of 1.70% (11.3 keV) FWHM and 1.84% (12.2 keV) FWHM were

obtained at 662 keV ~-ray energy for the whole volume from the first and the second detectors respectively, for

single-pixel events. The voltages applied between the cathode and the anode were 2000 V and 1400 V, and the

biases between the pixel anodes and the non-collecting grid were 50 V and 30 V on the first and second detectors

respectively. The energy threshold for rejection of multiple-pixel events wss N1O keV. In order to observe the

detector performance without the edge effect, energy spectra were collected from the central 9x9 pixel anodes, and

the total energy spectra before and after the alignment of photopeak centroids are shown in Fig. 1 for comparison.

The first detector wss also tested at 60 keV using a 241Arn source located M5 cm from the cathode surface;

After correction for electronic gain variations, an energy resolution of 11.3% (6.7 keV) FWHM was obtained.

As summarized in our earlier paper [5], several factors limit the current detector performance, such as the satu-

ration of the VAl preamplifiers by leakage currents, the error in pulse peak sampling due to the ihed ssmple/hold

timing of the VA1 chip, and the material defects within the CdZnTe crystals. Therefore, the messured energy

resolutions certainly do not represent the limitations of future 3-D position sensitive CdZnTe spectrometers. We

are presently liiited by the timing characteristics of the VA1 tilp to selecting single pixel events for best energy

resolution since the sampling of multiple pixel events is not accurate. We present some results later for multiple

pixel events, but the ener~ resolution is currently poorer for these cases.

By observing the variation of the photopeak counting rate ss a function of the location of each voxel, the first

detector shows a uniform detection efficiency within its a~ive volume. In contrast, significant material defect was

observed within about a third of the detector volume in the second device. Therefore; the first detector was used

to carry out the following measurements.

3
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3 3-Dimensional Position Sensing

The depth sensing technique [3, 4] provides the depth (z) of the ~-ray interaction for single-site events, and the ~
\

centroid depth for multiple-site interactions, such as Compton scattering. events. The current system can also

provide individual interaction depths for two-site y-ray interaction events by measuring the drift time interval

between the two electron clouds [5].

In order to demonstrate the 3-dimensional position sensing capabfity of the system, an experiment was con-

ducted as illustrated in Fig. 2(a). In the first 10 hour data collection, a 2.5 cm thick Pb coll@ator was located

between a 10 pCl 137Cs source and the detector. Site a portion of the 1 cm3 cubic CdZnTe detector towaxds the

cathode side was shielded by the shadow of the collimator, the photopeak counts of the voxels in the shadow was

lower than those not in the shadow. Then the Pb collimator was removed, the second 10 hour data collection was

carried out by keeping the 137Cs source at the same location. The ratio of the photopeak counts with detector

partly shielded to the counts without the Pb collimator is shown in Fig. 2(b). The counts along the vertical

direction (y) were added together for better statistics. The ratio of the counts was used to cancel geometrical

effects ad ~-ray attenuation within the detector, and its value is normalized to a maximum of 64. The edge of

the Pb collimator was clearly seen in Fig. 2(b). When the ratios of photopeak counts were calculated using the

data from each of the 11 horizontal slices (a specific y value), similar attenuation results were obtained, but with

poorer statistics due to the lower photopeak counts. The shadow of the edge of the Pb collimator was smeared in

this image because of the long attenuation length of 662 keV -prays and the finite size of the 137CS source.

4 Observation of Charge Sharing

The energy spectra of 662 keV v-rays incident from the cathode surface were sorted by the number of anode pixels

producing signala per -j-ray event. The probability of a photopeak event as a function of pixel number was obtained

from the entire crystal and the result is shown in Fig. 3. Monte-Carlo simulations using GEANT3 [8] were also

performed under the assumption that the size of the electron clouds is negligible and no K-shell X-ray is generated.

One can see that the fraction of single-pixel photopeak e~nts actually observed is significantly lower than that of

the simulation result. This shows that the dimension of electron clouds can not be neglected in comparison with the

0.7x0.7 mm anode pixel size. If we simply assume that the electron-hole pairs arrive at the anode within a circle
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s

,.

= of diameter of ~, a value of ~ = 100 pm can be estimated from the ratio of the measured single-pixel photopeak

probability to that of the simulation at 662 keV.
/

There are several factors which can contribute to the size of the electron clouds when they are collected at the ‘

anode surface, They include the range of the primary photoelectron, the diffusion of charge carrier electrons, the

range of K-shell X-rays (the range of X-rays horn L, M, ... shells are very short), and Coulomb repulsion between

electrons. Fig. 4 shows a simulation of the trajectory of a 662 keV photoelectron incident from (0,0,0) along the

z axis. Fkom the distribution of electron-hole pairs generated along the trajectory along the range of ~ 100 pm,

the increase of electron cloud size during the pulse collection time due to the Coulomb repulsion force between

electrons can be calculated and is very smaII compared to this range. Therefore, the dimension of electron clouds

are mainly determined by the first three factors.

In order to estimate the contribution from diffusion, the fkaction of photopeak counts as a function of-pixel

number was obtained at 122 keV where the photoelectric effect dominates y-ray interactions in CdZnTe. The

experimental results at two interaction depths and two voltages between the cathode and the anode are summarized

in Fig. 5. Again assuming that the electron clouds arrive at the anode with a diameter + and that all interactions

are photoelectric, the results shown in Fig. 5 lead to an estimate of ~ = 41 pm for interactions that occur near the

anode, where the effect of diffusion is minimum. For interactions near the cathode, the additional effect of charge

diffusion leads to values of 58 and 76pm for applied voltages of 2000 V and 1400 V, respectively.

5 Conclusions

Two 3-D position sensitive room temperature ~-ray spectrometers were constructed using 1 cm3 cubic CdZnTe

crystals. Position sensing in 3-D was demonstrated and used to enhance the energy resolution obtained from

the entire detector volume. The 3-dimensional data provides a powerful tool in studying the non-uniform charge

collection properties of semiconductor crystals, and allows a new approach to overcoming some of the resulting

limitations in their performance as spectrometers.

Significant charge sharing was observed between the 0.7x 0.7 mm2 pixels, and the results fit to a simplified
—

model. In choosing the optimum pixel size for future detectors, several factors will need to be balanced. Small

pixel size provides the best spatial resolution and enhance the small pixel effect that minimizes the effects of

5



* poor hole transport. However, the fraction of multiple pixel events will increase as pixel dimensions are reduced,

increasing the electronic noise contribution to summed full-energy pulses. Better models of the charge sharing

behavior will bean important help in the choice of optimum pixel size for future applications.
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Figure captions

.
Fig. 1: Energy spectra of 137cs obtained from the central 9x9 pixels of the first detector for single-pixel events.
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.
Fig. 2: Demonstration of 3-dimensional position sensing of the device. (a) Top view of the experimental setup.>

(b) Ratio of the photopeak counts at 662 keV with detector partly shielded to the counts when detector was not
i

shielded by a 2.5 cm thick Pb collimator.
\

Fig. 3: The fraction of photopeak counts versus pixel number. The size of the electron clouds was not consid-

ered in simulation.

Fig. 4: The trajectory of a 662 keV photoelectron obtained from Monte-Carlo simulation using EGS4.

Fig. 5: The fraction of photopeak counts versus pixel number measured at 122 keV q-ray energy,
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